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ABSTRACT 

 

 

Moro BLP. Evaluation of two visual criteria on diagnosis and treatment decisions of 
caries lesions around restorations [thesis]. São Paulo: University of São Paulo, 
Faculty of Dentistry; 2021. Original Version. 

 

This research aims to evaluate the effect of using two visual criteria on diagnosis and 

treatment decisions of caries lesions around restorations, focusing on clinical studies 

in primary teeth. The selected criteria were the International Dental Federation (FDI) 

criteria and the Caries Associated with Restorations and Sealants (CARS) system. 

For the FDI criteria, the subcategories marginal staining, marginal adaptation, and 

recurrence of caries were used. For the CARS system, a proposed treatment 

decision was used in association with the criteria. This thesis presents a compilation 

of studies related to this subject, being (I) a study protocol of a randomized clinical 

trial (RCT) to evaluate restorations in children, (II) a cross-sectional study to compare 

treatment decisions, (III) a delayed type cross-sectional prospective accuracy study 

in primary teeth, and (IV) an in vitro study using the criteria in permanent teeth. The 

RCT (I) objective, which is the main study, was to evaluate the effect of two visual 

criteria in the assessment of 626 restorations in primary teeth in a sample of children 

from three to 10 years old. The primary outcome will be the need for a new 

intervention in the evaluated restorations after two years of follow-up. The changes in 

children's oral health-related quality of life and the restorative dental treatment cost 

will also be analyzed as secondary outcomes. The cross-sectional study (II) aimed to 

investigate the influence of the FDI and CARS system on the decision to replace 550 

restorations in primary posterior teeth in the same sample of children of the study (I). 

Variables that might influence this decision were also considered. The delayed type 

cross-sectional prospective accuracy study evaluated the sensibility, specificity, and 

accuracy of the FDI and CARS system in detecting caries lesions around 651 

restorations in primary teeth in the same sample of children of the study (I). The 

reference standard methods were the restoration removal and visual-tactile 

examination of dentin beneath the margin interface when the replacement was 

indicated or visual-tactile detection and assessment of the restoration after six and 12 

months of follow-up. An in vitro study (IV) was also carried out in a sample of 116 

composite restorations of permanent posterior teeth. This study aimed to evaluate 



the FDI, CARS, and three-dimensional (3D) intraoral scanner's performance in 

detecting secondary caries lesions and predicting their severity. The reference 

standard was the histological examination. It was observed that restorations 

evaluated according to the FDI criteria were more frequently indicated for 

replacement than those assessed with the CARS system. Besides that, children's 

caries experience and multisurface restorations influenced the decision to replace 

restorations. Regarding the accuracy of the methods, the CARS system was more 

accurate than the FDI criteria. However, the FDI criteria for evaluating recurrence of 

caries and marginal adaptation presented similar performance to the CARS system 

when the dentin threshold is considered. On the other hand, marginal staining was 

not an accurate parameter to evaluate caries around restorations in primary teeth. In 

a sample of permanent teeth, both visual criteria are moderately correlated with 

lesion depth. The 3D intraoral scanner does not add further information to gap size 

assessment than visual inspection. In conclusion, the CARS system seems to be the 

most accurate diagnostic visual method and suggests less invasive treatment 

decisions than FDI criteria. However, the FDI recurrence of caries is similar to the 

CARS system. The marginal staining definitely should not be used to evaluate caries 

lesion around restorations or to indicate restoration replacement. 

 

Keywords: Dental Caries. Diagnosis. Dental Restoration Failure. Dental Restoration 

Repair. Clinical Study. 

 

 

 



RESUMO 

 

 

Moro BLP. Avaliação de dois critérios visuais no diagnóstico e decisões de 
tratamento de lesões de cárie ao redor de restaurações [tese]. São Paulo: 
Universidade de São Paulo, Faculdade de Odontologia; 2021. Versão Original. 

 

O objetivo desta pesquisa foi avaliar o efeito do uso de dois critérios visuais no 

diagnóstico e decisões de tratamento de lesões de cárie ao redor de restaurações, 

dando ênfase à realização de estudos clínicos em dentes decíduos. Os critérios 

utilizados foram o sistema proposto pela Federação Dentária Internacional (FDI), 

composto pelos parâmetros manchamento marginal, adaptação marginal e 

recorrência de cárie, e o Caries Associated with Restorations and Sealants (CARS) 

associado a uma proposta de decisão de tratamento para ser utilizada em 

associação ao critério. A presente tese contém um compilado de estudos 

relacionados a esse tópico, sendo (I) o protocolo de um ensaio clínico randomizado 

(ECR) de avaliação de restaurações em crianças, (II) um estudo transversal 

comparando decisões de tratamento, (III) um estudo de acurácia diagnóstica com 

desfecho tardio em dentes decíduos e (IV) um estudo in vitro utilizando os métodos 

em dentes permanentes. O objetivo do ECR (I), que é o estudo principal, foi avaliar o 

efeito dos dois critérios visuais na avaliação de 626 restaurações em dentes 

decíduos, numa amostra de crianças de 3 a 10 anos, considerando desfechos 

relacionado com a saúde oral de crianças e com os custos relacionado as avaliações 

após dois anos de acompanhamento. O desfecho primário será a necessidade de 

uma nova intervenção na restauração avaliada após 2 anos de acompanhamento. 

Mudanças na qualidade de vida das crianças após dois anos, assim como os custos 

e efeitos dos tratamentos por criança, serão analisados como desfechos 

secundários. O estudo transversal (II) teve como objetivo investigar a influência dos 

critérios FDI e CARS na avaliação de 550 restaurações em dentes decíduos na 

decisão de substituição das restaurações na mesma amostra de crianças do estudo 

(I). Outras variáveis que possivelmente poderiam influenciar esta decisão de 

tratamento também foram consideradas nas análises. No estudo de diagnóstico com 

desfecho tardio (III) foram avaliadas a sensibilidade, especificidade e acurácia dos 

critérios FDI e CARS na detecção de lesões de cárie ao redor de 651 restaurações 



em dentes decíduos, na mesma amostra de crianças do estudo (I). O padrão de 

referência utilizado foi a avaliação visual-tátil da dentina abaixo da restauração 

quando indicada a substituição na linha de base ou o exame visual-tátil da 

restauração após 6 e 12 meses de acompanhamento. Um estudo in vitro (IV) 

também foi realizado numa amostra de 116 dentes permanentes posteriores 

restaurados com resina composta, com o objetivo de avaliar a performance dos 

métodos FDI, CARS e do scanner 3D na detecção de lesões de cárie secundárias e 

na predição de severidade das lesões. O padrão de referência utilizado neste estudo 

foi a avaliação histológica. Observou-se que restaurações avaliadas pelo critério FDI 

receberam maior número de indicações de substituição comparadas as avaliadas 

pelo critério CARS. Além disso, a experiência de cárie da criança e restaurações 

multisuperfície influenciaram a decisão de substituição. Em relação a acurácia dos 

métodos, o CARS apresentou maior acurácia que o critério FDI, mas os parâmetros 

de avaliação da adaptação marginal e cárie recorrente propostos pelo FDI 

apresentaram performance similar ao CARS quando o limiar da dentina foi 

considerado nas análises. No entanto, o manchamento não se mostrou um 

parâmetro acurado para detectar lesões de cárie ao redor de restaurações em 

dentes decíduos. Quando avaliados in vitro numa amostra de dentes permanentes, 

os dois critérios visuais mostram uma correlação moderada com a profundidade das 

lesões de cárie ao redor de restaurações de dentes permanentes, e o scanner 3D 

não melhora a avaliação de falhas marginais das restaurações, comparado com o 

exame visual. Em conclusão, o CARS parece ser um sistema mais acurado e que 

leva a intervenções operatórias menos invasivas do que o FDI. No entanto, o critério 

de avaliação de recidiva de cárie do FDI é semelhante ao CARS. A avaliação do 

manchamento definitivamente não deve ser utilizado como um parâmetro para 

determinar a presença de lesão de cárie ou para indicar a troca das restaurações. 

 

Palavras-chave: Cárie Dentária. Diagnóstico. Falha de Restauração Dentária. 

Reparação de Restauração Dentária. Estudo Clínico. 
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PREFACE 

 

Four chapters compose the present thesis in chronological order of its 

development. Three chapters (I, II, and III) were focused on clinical studies 

performed to evaluate restorations in primary teeth. These studies are nested in a 

randomized clinical trial named CARies DEtection in Children n° 3 (CARDEC-03). 

The trial was designed to investigate the effect of two clinical criteria in assessing 

caries lesions around restorations in children. The study was registered on 

Clinicaltrials.gov (NCT03520309) on 9 May 2018. The local ethics committee from 

the School of Dentistry of the University of São Paulo approved the study 

(registration no. 2.291.642) on 22 September 2017 (Attachment A). The main clinical 

trial was carried out at the University of São Paulo and was supported by the São 

Paulo Research Foundation (FAPESP; Grant # 2017/22897-3) and by the National 

Council for Scientific and Technological Development (CNPq; Grant # 141425/2017-

2). The last chapter (IV) is a study developed at the University of Copenhagen as part 

of an exchange program supported by the São Paulo Research Foundation 

(FAPESP; Grant # 2019/21760-0).  

Chapters I and II are published in international journals. The pre-proof version of 

these two manuscripts is presented in this thesis. Chapter III and IV are being 

reviewed by the co-authors and will be submitted for publication soon. 
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DP, Braga MM, Ekstrand KR, Cenci MS, Mendes FM; CARDEC collaborative 

group; CaCIA collaborative group. The effect of two clinical criteria in the 

assessment of caries lesions around restorations in children (CARDEC-03): 
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III.  Clinical performance of CARS system and FDI criteria in detecting secondary 

caries lesions in primary teeth 

IV. In vitro performance of three-dimensional intraoral scanner and two visual       

criteria in detecting caries around composite restorations 
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1 INTRODUCTION 

 

Dental caries is still one of the most prevalent chronic diseases in the world (1). 

Several accuracy studies have been carried out on different methods for detecting 

primary caries lesions in primary and permanent teeth (2-4). However, the detection 

of caries lesions around restorations has been much less investigated, which can be 

seen in the quantity and quality of published studies (5, 6). 

 Caries around restoration is often called "secondary caries" or "recurrent caries" 

(7). Nevertheless, its pathogenesis follows the same concept of any caries lesion, 

involving demineralization and enzymatic dissolution of dentin's organic component 

(8). These lesions have been traditionally associated with defective restorations, 

mainly gaps between the tooth and the restoration, allowing biofilm to enter the 

interface (9, 10). However, increasing evidence indicates that the lesion around 

restoration could not necessarily be associated with the restoration at all. It could be 

a result of the insufficient control of patient caries activity (11).   

 The visual or visual-tactile examinations, often combined with bitewing 

radiographs, are the most common methods for detecting secondary caries lesions 

(12, 13). Nevertheless, there is no standard to be recommended for performing such 

detection, with dentists using various methods, with greater heterogeneity of 

subsequent treatment decisions (5). Standardized diagnostic criteria for caries 

around restoration are important since marginal staining and marginal defects are 

often mistakenly interpreted as an early stage of caries (14). One of the 

consequences in clinical practice is the high number of replaced restorations 

performed, being secondary caries the primary reason for this decision-making (15).  

 However, the criteria on which replacement are based have limited accuracy 

leading to false-positive diagnoses and invasive interventions (11). Most studies 

about secondary caries detection were performed in vitro (5). A recent systematic 

review included only 23 studies about the detection of caries around restoration, and 

of that, only two investigated caries detection under clinical conditions (5). Besides, 

only two in vitro studies assessed primary teeth (16, 17). 

Among the available criteria to evaluate restorations, two are highlighted due to 

the current use in research and clinical practice: the International Dental Federation 

(FDI) criteria (18) and the Caries Associated with Restorations and Sealants (CARS) 

criteria (19, 20). The FDI criteria were published in 2007 for the first time and were 
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considered “standard criteria” to be applied when restorative materials or operative 

techniques are clinically investigated (18). The criteria evaluate three parameters 

(esthetic, functional, and biological), totalizing 16 criteria expressed with five scores. 

On the other hand, the CARS system focuses only on caries and has been integrated 

into the International Caries Classification and Management System (19) and its 

more recent update, named CariesCare 4D (20).  Using the FDI criteria may lead to a 

more interventional approach, while the CARS system is probably more conservative 

when it comes to restoration reintervention. Nevertheless, no study has compared 

the impact of using the FDI criteria and the CARS system clinically in detecting caries 

lesions around restorations in primary teeth. 

The decision on the best method for detecting secondary caries should evaluate 

whether patients undergoing such methods would have greater health-related 

benefits than patients undergoing some other method (21). A diagnostic strategy that 

leads to overtreatment would not be desirable. It is also expected that the correct 

diagnosis of secondary caries is in line with the current philosophy of minimal 

intervention approach (22) and prolonging restoration longevity (5). 
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2 PROPOSITION 

 

 

 The present research aims to investigate the impact of using the International 

Dental Federation (FDI) criteria and the Caries Associated with Restorations and 

Sealants (CARS) system for detecting caries lesions around restorations, mainly in 

primary teeth. Thus, a randomized clinical trial was designed to reach this objective, 

testing both methods for the caries detection and treatment decision in restored 

primary teeth. Three chapters were written considering different studies nested in the 

main trial (the study protocol of the randomized clinical trial, a cross-sectional study, 

and a delayed type cross-sectional prospective accuracy study). Furthermore, a 

fourth chapter was written based on an in vitro study designed to compare the use of 

both FDI and CARS criteria with a digital technology device in permanent teeth. The 

specific aims of each study were: 

 

I. To describe the randomized clinical trial protocol, methods, and data analysis 

proposed before the study's beginning. 

II. To evaluate the influence of using both clinical criteria to assess caries lesion 

around restorations on the decision to replace restorations in primary posterior 

teeth.  

III. To investigate the accuracy of both visual methods for caries lesion detection 

around restorations in primary teeth in a delayed type cross-sectional 

prospective accuracy study. 

IV. To evaluate the in vitro performance of the 3D intraoral scanner and two visual 

criteria, the FDI and the CARS criteria, in detecting caries lesions and predict 

their severity around composite restorations in permanent posterior teeth. 
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Abstract 

 

Introduction: The detection of caries lesions around restoration can be challenging. 

Therefore, the use of some criteria has been proposed to give more objectivity to the 

diagnosis process. Two of them are the International Dental Federation (FDI) and the 

Caries Associated with Restorations and Sealants (CARS) criteria. Both methods 

have a different approach to caries, and it is not possible to know which one of them 

is the best to use in clinical practice to assess children's restorations. Thus, the 

present protocol aims to evaluate the effect of using the FDI and CARS criteria in the 

assessment of caries lesions around restorations in primary teeth on outcomes 

related to oral health in children and costs resulting from the assessments. 

Methods and analysis: A total of 626 restorations of children from three to 10 years 

were randomly assessed and are being treated following the FDI criteria (FDI group) 

or CARS criteria (CARS group). Participants will be followed-up after six, 12, 18, and 

24 months. The primary outcome will be the need for a new intervention in the 

evaluated restorations. This outcome consists of several components, and each of 

these events will be analyzed separately as secondary outcomes. The changes in 

children’s oral health-related quality of life and the restorative dental treatments cost 

will also be analyzed as secondary outcomes. The methods will be compared using 

the Cox regression model with shared frailty. A significance level of 5% will be 

adopted for all statistical analyses. 

Discussion: This will be the first randomized clinical study carried out regarding the 

detection of caries lesions around restorations in primary teeth.  

Trial registration: The study underwent registration in Clinicaltrials.gov 

(NCT03520309) on 9 May 2018. 

 

Keywords 

Randomized Controlled Trial, Dental Caries, Diagnosis, Permanent Dental 

Restoration, Dental Restoration Repair, Pediatric Dentistry. 

 

 

 

 

 



33 

 

3.1 Introduction  

 

Caries lesions around restoration, also known as secondary caries or recurrent 

caries, are the main reason for restoration failure [1]. However, the detection of these 

lesions can be challenging for a few reasons, as the presence of gaps between the 

restoration and tooth surface [2] and the presence of stained margins on resin-based 

composite restorations makes it difficult to differentiate between lesions and 

demineralization [3].  For this reason, the use of some criteria has been proposed to 

give more objectivity to the diagnosis process.  

 One such set of criteria is the International Dental Federation (FDI) criteria [4], 

developed in 2007. Although largely used to assess restorations, it evaluates some 

aspects that might not be related to caries lesions, such as marginal staining and 

marginal adaptation. However, these aspects could be relevant to be evaluated when 

using the FDI criteria since many dentists and studies associate marginal staining 

and defects in the marginal adaptation with the presence of caries lesion around the 

restoration [5]. Using these criteria may lead to a more interventional approach. 

Another set of criteria is the Caries Associated with Restorations and Sealants 

(CARS) criteria, which has been integrated into the International Caries Classification 

and Management System [6] and its more recent update, named CariesCare 4D [7]. 

The CARS criteria [6] focus on aspects related to caries and not on other possible 

reasons for restoration failure. This method is probably more conservative when it 

comes to restoration reintervention.  

 When it comes to the management of restorations in primary dentition, it is not 

possible to know if a more conservative or invasive approach would bring more 

benefits to children. Restorations that are repaired seem to be more likely to have an 

additional treatment compared to restorations that are replaced [8]. On the other 

hand, replacement often causes the loss of healthy dental structure [9,10], leading to 

a repeated restorative cycle [11], increasing the professional time and costs for 

health systems [9].  

It would be preferable that the criteria for assessing caries around restorations in 

children is in line with the philosophy of minimal intervention dentistry [12]. However, 

the majority of studies about the detection of these lesions were performed in vitro, 

assessed caries lesion in permanent teeth, and did not evaluate relevant aspects to 

the clinical practice [5,13]. This lack of evidence inspires the conduction of a third 



34 
 

study, which is part of an initiative that aims to build scientific evidence for diagnostic 

strategies in children - CARies DEtection in Children nº 3 (CARDEC-03).  

Thus, this trial aims to evaluate the effect of the use of two different visual 

criteria, the FDI and CARS criteria, for assessing caries lesions around restorations 

in primary teeth on outcomes related to children’s oral health and costs resulting from 

the assessments. We hypothesize that the diagnostic criteria that lead to a more 

conservative approach would bring more benefits to children’s oral health, decreasing 

the treatment costs and professional time. 

 

3.2 Methods 

 

 A controlled, triple-blind (participant, care provider, outcomes assessor), 

randomized clinical trial with two parallels arms (1:1) is being carried out. The present 

protocol is reported according to the Standard Protocol Items: Recommendations for 

Interventional Trials (SPIRIT) guidelines [14]. The completed checklist can be 

accessed at the Figshare online repository [15] 

 The local ethics committee from the School of Dentistry of the University of São 

Paulo, São Paulo, Brazil, previously approved the study (registration no. 2.291.642) 

on 22 September 2017. The participants of the study were recruited from 16 

November 2017 to 30 November 2018. The trial was retrospectively registered on 

Clinicaltrials.gov (NCT03520309) on 9 May 2018 and the initial release started on 6 

March 2018. The explanation for registration deficiencies is due to the lack of 

knowledge that registration must occur before enrolling the first study participant in 

the trial. However, no changes were made to the study after approval by the local 

ethics committee in 2017, and no results were analyzed before the trial registration 

on Clinicaltrials.gov. The authors are aware of possible causes of publication bias 

and selective reporting and are committed to promoting complete transparency in our 

research. 

 

Participants, interventions, and outcomes 

Study setting 

 

This trial is being conducted at the School of Dentistry Dental Clinic of the 

University of São Paulo, Brazil. The participants (three to 10 years old) were selected 
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from a list of patients who sought dental treatment at the School of Dentistry. Those 

that fulfilled the eligibility criteria were randomly allocated to the intervention groups. 

A random sequence was generated using the website “Sealed envelope” through the 

tool “Create a randomisation list”. The patients were included in the study after their 

legal guardians signed the informed consent form and literate children signed an 

assent form. Both documents are available as Extended data in English [16,17] and 

original language [18,19]. 

 

Participant eligibility 

 

The inclusion criteria for the present study are children: 

a) Who have sought treatment at the School of Dentistry; 

b) From three to 10 years old; 

c) Presenting at least one restoration of any restorative material (composite resin, 

amalgam or glass ionomer cement), regardless of its condition, on a primary tooth 

(anterior or posterior) without fistula, abscess, pulp exposure, history of spontaneous 

dental pain or mobility. 

The exclusion criteria for the present study are children: 

a) Whose parents refuse to participate in the study; 

b) Who did not agree to participate or showed behavior problems during the first 

appointment. 

All children’s restorations which fulfill the inclusion criteria were included for the 

assessment.  

 

Allocation: sequence generation and concealment mechanism 

 

 Firstly, participants were stratified into different strata: (1) children aged 3 to 6 

years presenting three restorations or less; (2) children aged 7 to 10 years presenting 

three restorations or less; (3) children aged 3 to 6 years presenting more than three 

restorations; (4) children aged 7 to 10 years presenting more than three restorations. 

The number of restorations considered for stratification was those placed in primary 

and permanent teeth. Then, randomization using blocks of different sizes (2, 4, 6 or 

8) was performed within each stratum. 
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All participants of the study could be classified as having a high caries risk since 

past caries experience is the most important component for the development of 

caries lesions [20]. However, stratified randomization was performed considering the 

children number of restorations to subdivide them in children with higher and lower 

caries experience. The caries lesion activity was not considered for randomization. 

On the other hand, the children's age was a parameter for stratification in order to 

consider the different time of exfoliation of the evaluated teeth. In this way, the 

number of teeth with different time of exfoliation was balanced between the FDI and 

CARS criteria. 

The random sequence was generated using the website “Sealed envelope” 

through the tool “Create a randomisation list”. It was done by an external examiner 

and to guarantee allocation confidentiality, blocks with allocation sequences were 

kept in opaque sequential envelopes.  

 

Interventions 

 

A preliminary visual inspection was performed to assess all participants’ dental 

surfaces according to the International Caries Detection and Assessment System 

(ICDAS) [21] described in the CariesCare 4D to detect and assess the caries lesions 

stage and activity [7]. The assessment was performed by an examiner (LRAP) who is 

not participating in the subsequent phases of the study. All the assessments of the 

study are being conducted under a dental clinic setting using a dental chair and 

artificial illumination. Participants’ teeth receive a professional oral hygiene using a 

rotating bristle brush, pumice/water slurry and dental floss. A plane buccal mirror and 

a ball-point probe are being used for all visual inspection and tactile examination of 

the clinical trial.  

Then, children meeting the inclusion criteria were classified into subgroups for 

further block stratification, according to the number of restorations present in mouth 

(0 to 3 restorations vs. more than three restorations) and age (3 to 6 years old vs. 7 

to 10 years old). 

The children included in the study were randomly allocated in two groups to 

have their restorations evaluated and treated according to different clinical criteria for 

caries lesion around restoration: 
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a) FDI group: diagnosis and treatment decision based on the International Dental 

Federation (FDI) criteria [4] (Table 1 and Figure 1). 

b) CARS group: diagnosis according to the Caries Associated with Restorations 

and Sealants (CARS) detection criteria, described in the ICCMS [6] and in 

CariesCare 4D [7] (Table 2 and Figure 2), and proposed treatment decision (Table 

3). The definitions and characteristics of activity for primary caries from CariesCare 

International 4D will also be used in association (Table 4). 

A clinical example of the restoration assessment performed with both FDI and 

CARS criteria is illustrated in Figure 3.  

The restorations assessment was performed by an examiner (BLPM), who was 

trained and calibrated before the beginning of the study. Calibration involves a 

lecture of clinical criteria and training was carried out using photos of clinical cases. A 

web-based training and calibration tool was also used for this purpose regarding the 

CARS detection criteria: ICCMS e-learning. The e-learning from ICCMS is an open 

access service and the tool “ICDAS Calibration for ICCMS(TM)” was used in this 

study.   

After these procedures, the examiner evaluated restorations in 10 children who 

did not participate in the clinical trial. The examiner repeated the same evaluation, in 

the same 10 children, for intra-examiner agreement. A benchmark examiner (TLL) 

also performed the tests to assess inter-examiner reproducibility twice in the same 

sample of children. In this way, the exams were compounded, and the weighted 

kappa scores were re-calculated. The assessment of children included in the study 

started after the intra-examiner and inter-examiner weighted kappa value reached 

values greater than 0.75 for both FDI and CARS criteria.  

For examinations using the FDI criteria, all tooth surfaces are dried before. 

When using the CARS criteria, teeth are examined firstly wet and then dried for 5 

seconds with a dental 3-in-1 air water syringe.  

The first assessment was performed with the participant’s allocated group (FDI 

or CARS). After reaching the diagnosis and treatment decision according to the 

allocated group, the same examiner performed a second assessment according to 

the other criteria. This procedure aims to compare the methods since a cross-

sectional study was developed nested in this randomized clinical trial. The second 

assessment did not influence or change the classification and treatment decision 

proposed by the criteria the participant is allocated.  If a legal guardian presents a 



38 
 

complaint related to any children’s restoration, it can be repaired or replaced 

independently of the criteria used. The scores obtained with the restoration 

assessment were collected using a specific sheet that can be found as Extended 

data in English [22] and Portuguese [23]. 

At the first appointment, legal guardians were asked to answer a questionnaire 

to assess the impact on children’s oral health-related quality of life. The instrument 

used was the Brazilian version [24,25] of the Early Childhood Oral Health Impact 

Scale (ECOHIS) [26]. We decided to use an instrument answered by the parents 

since our sample's age range is large and involves small children who would have 

difficulty answering other questionnaires. This choice was made to allow data to be 

collected for the entire sample and for the same instrument to be standardized. 

Besides that, an anamnesis related to children’s health and medical history was 

carried out (this form is available as Extended data in English [27] and original 

language [28]). At the end of the first appointment, oral hygiene instructions were 

delivered, showing the correct use of toothbrush and fluoride toothpaste (1000 to 

1500 ppm of fluoride) [29]. Dietary advice was also given to all participants and their 

parents or legal guardians to reduced intake of free sugars throughout the life course 

[30]. 

For all appointments, the time spent, and materials used on patient care are 

collected using a specific sheet that can be found as Extended data in English [31] 

and original language [32]. Parents or guardians are asked about transportation and 

absenteeism in the workplace. 

 

Dental treatment protocols  

 

In the subsequent appointments, dental treatments following a predefined 

protocol are being performed by postgraduate dental students in Pediatric Dentistry, 

who are blind to the criteria used to reach the treatment decision. In all situations, if 

there is active dentine tissue, it is removed using dentin excavators. Diamond burs 

are used to remove the restorations, if necessary. 

The treatment decisions for the restorations evaluated according to the FDI and 

CARS criteria are being classified into:  

• No treatment: no intervention needed, and the restoration will be followed-up; 
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• Professional topical fluoride application: a treatment for non-cavitated active 

caries lesions detected by the CARS criteria;  

• Refurbishment: restorations finishing and polishing; 

• Repair: minimally invasive approach resulting in the addition of a restorative 

material, with or without a preparation of the restoration and/or dental hard tissues 

[33]. Composite resin or glass ionomer cement will be used as a restorative material; 

• Replacement: complete removal of the restoration present on the tooth [33]. 

Composite resin will be used as restorative material for the new restoration. 

The presence or absence of soft or hard carious tissue is evaluated and 

recorded by the postgraduate dental student who provides dental care after the 

restoration removal when replacement is indicated. Training and calibration were 

conducted before the assessments. An experienced researcher in Cariology 

performed a theoretical lecture about the clinical characteristics of caries lesions, and 

training was carried out using photos of clinical cases.  The procedure of evaluating 

the carious tissue is performed to record a possible false-positive diagnosis for 

dentine caries lesion around the restoration. The authors will also develop an 

accuracy study nested in this clinical trial.  

The same operators are performing additional dental treatment needs (not 

related to the restorations included in the study). Treatment plan related to additional 

dental treatment was carried out by the examiner responsible for children's initial 

clinical examination. Details of the pre-established treatment protocols can be found 

in Figure 4.  

 

Follow-up visits 

 

After the completion of the treatment plan, participants will be followed up 

considering the outcome evaluation after six, 12, 18, and 24 months. At the follow-up 

visits, if a new dental treatment is needed (related or not to the restorations), 

necessary procedures will be carried out. Hygiene and dietary instructions will be 

given to children at each follow-up visit. 

The treatment decisions for the restorations evaluated during the follow-up visits 

will be decided according to the FDI or CARS criteria, considering the child’s 

allocation group. The same trained and calibrated examiner (BLPM) who conducted 
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the assessments at the beginning of the study, with the FDI or CARS criteria, will 

perform the assessments with the FDI or CARS criteria during all follow-up visits. 

During the 24 months follow-up visit, a new ECOHIS questionnaire will be 

applied for parents or legal guardians who had previously answered at the time the 

child was included in the study. 

 

Adherence 

 

The stimulus to the participants' adherence to the treatment and follow-up 

sessions are happening through contacts via mobile and social networks. Facebook 

and an Instagram profile were created to stay in touch with the patient through social 

media. Humanized care is provided for all participants, focusing on the patient's well-

being and providing empathy, affection, and familiarity between the CARDEC 

collaborative group and children and their families. Explanations about the 

importance of participation for their benefit are also being given. 

 

Outcomes 

 

The primary outcome of this trial will be the need for a new intervention during 

the follow-up of restorations evaluated by different criteria. This outcome consists of 

several components. Thus, the outcome occurrence will be considered if any of the 

following conditions are detected: 

• Presence of secondary caries lesion exposing dentin; 

• Need for repair; 

• Need for restoration replacement; 

• Need for extension of the existing restoration on the examined tooth due to a 

tooth fracture or caries lesion development exposing dentin; 

• An episode of pain or need for endodontic treatment; 

• Extraction requirement (except in the case of prolonged retention). 

The occurrence of any of these conditions at any time of follow-up will be 

considered as an event related to the primary outcome. Each of the events that make 

up the primary outcome will be analyzed separately as secondary outcomes. 

Changes in children's oral health-related quality of life after two years will be 

considered as a secondary outcome. The costs and effects per child of the 
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treatments performed during the follow-up, considering the teeth included in our 

sample, are also going to be analyzed as a secondary outcome.  

The occurrence of the outcomes will be evaluated according to predetermined 

criteria from two other criteria during the follow-up visits of six, 12, 18, and 24 

months. Different criteria will be used according to the number of surfaces the 

restoration involves: 

• For one-surface restorations: the criteria used will be according to Frencken et 

al. [34];  

• For a multi-surface restoration: the criteria used will be according to Roeleveld et 

al. [35]. 

 

According to Frencken et al. [34] criteria, scores related to restoration success 

will be 0, 1 or 7. Those considered to have failed will be scored as 2, 3, 4 or 8; while 

those considered being unrelated to success and failure will be scored as 5, 6 or 9. 

Concerning the Roeleveld et al. [35] criteria, restoration success will be scored as 00 

or 10. Those considered to have failed will be scored as 11, 12, 13, 20, 21, 30 or 40; 

while those considered being unrelated to success and failure will be scored as 50, 

60, 70 or 90. 

The information regarding presence of secondary caries lesions exposing 

dentin; the need for repair; the need for restoration replacement; the need for 

extension of the existing restoration on the examined tooth; the need for endodontic 

treatment, and extraction requirement are obtained directly using the criteria systems 

proposed (Frencken et al. [34] and Roeleveld et al. [35]). In cases of suspected pulp 

involvement, a radiograph is taken. We also asked the parents about pain 

occurrence. 

The follow-up evaluations will be carried out by an examiner (TKT) blind to the 

children’s allocation group. The examiner was previously trained and calibrated for 

both criteria (the weighted Kappa value for interexaminer was 0.89, and the intra-

examiner agreement was 0.94). The researcher (TKT) did not participate in the 

previous phases of the trial and will perform the evaluations according to the 

Frencken et al. [34] or Roeleveld et al. [35] during all follow-up visits (six, 12, 18, and 

24 months), considering the number of restorations surface, to assess the outcome 

of the study. 
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Sample size 

 

The sample size calculation was performed based on the primary outcome 

(percentage of restorations requiring reintervention). A failure rate of 10% after two 

years was considered for occlusal restorations [36] and 30% for occlusal-proximal 

restorations [37]. It was also considered that approximately 10% of the replaced 

restorations and 14% of the restorations undergoing repair fail again [8]. Considering 

that half of the sample is occlusal restorations, an operative reintervention 

requirement rate of 24% is expected in two years. The minimum number of 522 

restorations was reached, based on an absolute difference of 10% between the 

groups, using a two-tailed test. As a child can contribute with more than one 

restoration, 20% was added to the sample size (n = 626).  

Considering that children with restored teeth have on average 3.7 restorations 

[38], and adding 20% for possible participants loss, a minimum number of 204 

children presenting at least one restored primary tooth (without fistula, abscess, pulp 

exposure, history of spontaneous dental pain or mobility) is required to be included in 

this trial.  

 

Data management and analysis 

Data management 

 

Clinical data will be entered directly into predetermined sheets. Data quality will 

be ensured by validation checks that include missing data, out-of-range values, and 

illogical and invalid responses. 

 

Statistical methods 

 

Examiners' reproducibility will be performed using the weighted kappa test, 

calculating the weighted value of kappa and also the 95% confidence intervals. The 

primary outcome of the study is a dichotomous variable (with or without the need for 

intervention); therefore, the unit of analysis is the restored tooth. As children can 

have more than one tooth included in the study, the comparison between the groups 

will be carried out using survival analysis, considering the cluster-effect. Kaplan-
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Meyer graphs will be constructed, and the methods will be compared using the Cox 

regression model with a shared frailty. 

Secondary clinical outcomes will also be analyzed using the same statistical 

tests. Quality of life will be analyzed using Poisson regression analysis and the unit of 

analysis will be the child.  

A trial-based economic evaluation will be performed considering the difference 

of the inputs (costs) and outputs (effects) of the two diagnostic criteria (FDI and 

CARS) after two years. Further details regarding the economic evaluation will be 

described on a health economic analysis plan. 

A p-value of 5% as the level of significance will be considered for all tests. The 

analyses will be performed using the statistical package Stata 13.0 (Stata Corp, 

College Station, USA). 

 

Participant recruitment and timeline 

 

Recruitment took place at the School of Dentistry of the University of São Paulo 

from November 2017 to November 2018. Each allocated participant will have an 

average treatment period of one month and will be followed-up for 24 months, 

resulting in a total of 25 months of enrollment. The detailed timeline for data 

collection is summarized in Figure 5. 

 

Monitoring 

 

Data monitoring 

 No data monitoring committee is needed in this trial since adverse events are 

unlikely to happen during restoration evaluation and dental treatments. For this 

reason, the chief investigator of the study (FMM) will assume an independent 

oversight of trial data collection, management, and analysis.   

 

Harms 

The effects expected in this study are the ones listed as trial outcomes. All of 

them are usually expected to happen during pediatric dentistry clinical practice. Any 

other adverse event is unlikely to happen. 
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Auditing 

The data will be periodically subjected to audit by the coordinator of the study. 

Any discrepancies will be verified, corrected and registered.  

 

Ethics and dissemination 

 

Confidentiality 

Sequential numbers will be used to identify and ensure participant 

confidentiality. Participants’ identifiable information will be stored in filing cabinets in a 

locked secure room.  

 

Access to data 

The full data generated from this trial will be placed in a public repository 

(University of São Paulo Data Repository). 

 

Ancillary and post-trial care 

Participants included in this trial will have dental treatments provided at the 

School’s dental clinic during and after the completion of the trial if necessary. 

 

Dissemination policy 

All the findings of this trial will be reported in peer-reviewed journals, patient 

newsletters and a website (School of Dentistry of University of São Paulo website). 

 

Study status 

The patient recruitment took place from 16 November 2017 to 30 November 

2018. The follow-up evaluations of 6 and 12 months were concluded; however, the 

study is now temporarily suspended since 16 March 2020 due to COVID-19.   

 

3.3 Discussion 

 

Restoration assessment is a challenge in dentistry, and the main point of debate 

is caries around restoration [1,39]. However, due to the scarcity of well-conducted 

studies, its diagnosis is not based on objective clinical criteria, and there is a 

considerable variation in the criteria used. As a consequence, a significant number of 
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restorations presenting small defects are often indicated to be replaced since they 

can be misdiagnosed as caries lesions [9]. Also, there is no homogeneity on the 

treatment decision-making for secondary caries between dentists [5,40], and studies 

based on clinical practice have shown that they tend to replace more restorations 

than necessary [41]. 

Two recently published systematic reviews included around 20 accuracy studies 

of methods for detecting caries lesions around restorations [5,13]. The majority of 

these studies were performed in vitro, assessed caries lesions in permanent teeth, 

and did not evaluate relevant aspects to the clinical practice [5,13]. Nevertheless, the 

decision on what is the best method to be used should evaluate whether patients 

undergoing such methods would have greater health-related benefits than patients 

undergoing some other method [42]. For this assessment, ultimate health outcomes 

for patients must be considered. The experimental design to assess it is the 

randomized clinical trial (Phase IV question). 

Randomized clinical trials are considered the best study design on which 

clinicians and policymakers rely most to determine whether an intervention is 

effective [43]. However, as far as we know, no randomized clinical study has been 

carried out regarding the detection of caries lesions around restorations in primary 

teeth. Besides that, no study compared the accuracy of FDI and CARS criteria 

clinically to detect caries around restoration on primary teeth, and the impact of the 

use of the criteria on the restorative treatment decisions for children. For this reason, 

an accuracy study (Phase III question) with the FDI and CARS methods will be 

developed nested to this trial. 

For the present trial, the authors decided to use among the FDI criteria the 

subcategories marginal staining and marginal adaptation, beyond recurrence of 

caries. The decision was based on the fact that both aspects can be misinterpreted 

with secondary caries during restoration assessment [44–46]. Therefore, we tried to 

simulate what can clinically be a reason for restoration reintervention in the daily 

clinical practice. Regarding the CARS criteria, the system does not present any 

treatment decision linked to the evaluation method. For this reason, we adapted the 

decisions based on the ICCMS recommendations for treating primary caries lesions 

[6].  

The criteria systems used to assess the study outcome, although different, were 

defined mainly to evaluate our primary endpoint, which is the necessity of 
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replacement of the restoration. The difference between the two criteria is because 

one is used to assessing one-surface restorations (Frencken et al. [34]), and the 

other is used for assessing multi-surface restoration (Roeleveld et al. [35]). However, 

both are used to evaluate the necessity of restoration replacement. Regarding the 

patient perspective, the reason that led to the replacement probably is not important. 

We could assess this information with some patient-reported variables (or proxies, 

reported by the parents). The suitability of the two criteria for the dentists will not be 

evaluated in our study. Still, we can speculate about this topic in the main manuscript 

after obtaining the results. 

The study’s limitation is that the first assessment performed with the participant’s 

allocation group (FDI or CARS criteria) and the second assessment according to the 

other criteria will be done at the same dental appointment. This will be done to 

reduce the number of dental appointments for the patients, enhancing their 

adherence to the clinical research. However, a carry-over effect could occur between 

the methods. Contrariwise, a strength of the study is the procedure used to avoid 

selection bias. The evaluations will be conducted in a sample of children randomly 

selected from a list of patients who sought dental treatment at our School. Besides 

that, the outcome assessor will be blinded regarding the allocation group to avoid 

assessment bias. 

Thus, with the development of this clinical trial and expected results, we aim to 

define between FDI and CARS criteria the best approach for diagnosis and 

management of dental restorations in children, considering the impact on the 

treatment decision on clinically relevant outcomes for the patient and costs resulting 

from the treatments performed. 

 

Data availability 

 

Underlying data 

No data are associated with this article. 

 

Extended data 

Figshare: Consent form. https://doi.org/10.6084/m9.figshare.12327644.v1 [16]. 

Figshare: Consent form in the original language (Portuguese). 

https://doi.org/10.6084/m9.figshare.12327674.v1 [18]. 
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Figshare: Assent form.  https://doi.org/10.6084/m9.figshare.12327731.v1 [17]. 

Figshare: Assent form in the original language (Portuguese). 

https://doi.org/10.6084/m9.figshare.12327779.v1 [19]. 

Figshare: Restorations assessment form. 

https://doi.org/10.6084/m9.figshare.12331460.v1 [22]. 

Figshare: Restorations assessment form in the original language (Portuguese).  

https://doi.org/10.6084/m9.figshare.12331466.v1 [23]. 

Figshare: Anamnesis form. https://doi.org/10.6084/m9.figshare.12324212.v1 [27]. 

Figshare: Anamnesis form in the original language (Portuguese). 

https://doi.org/10.6084/m9.figshare.12327578.v1 [28]. 

Figshare: Time and cost form. https://doi.org/10.6084/m9.figshare.12327854.v1 [31]. 

Figshare: Time and cost form in the original language (Portuguese). 
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Reporting guidelines 

Figshare: SPIRIT checklist. https://doi.org/10.6084/m9.figshare.12331484.v1 [15]. 
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Tables 

Table 1 - International Dental Federation (FDI) criteria linked to the treatment decision - adapted 
 

 
Source: The author 

 

FDI scores 
FDI 

treatment 

Scores Classification 
 

Marginal staining* 
 

Marginal adaptation 
Recurrence of 

caries 
Indication 

1 
Clinically 
excellent/ 
very good 

No marginal 
staining 

Harmonious outline, 
no gaps, no white or 

discolored lines 

No secondary or 
primary caries 

No treatment 

2 
Clinically good 

 

Minor marginal 
staining, easily 
removable by 

polishing 

Marginal gap (<150 
μm), white lines. 
Small marginal 

fracture removable 
by polishing. 

Slight ditching, slight 
step/flashes, minor 

irregularities. 

 
 

Very small and 
localized 

demineralization 
 
 

 
 

No treatment 
 

 
 
 
3 

 
 
 
 

Clinically 
sufficient/ 

satisfactory 
 

 
 
 
 

Moderate marginal 
staining, not 
esthetically 

unacceptable 

Gap < 250μm not 
removable 

 
Several small 

marginal fractures. 
Major irregularities, 

ditching or flash, 
steps. 

 
 
 
 

Larger areas of 
demineralization 

 
 
 
 
 

No treatment 
 

 
 
4 

 
 
 

Clinically 
unsatisfactory 

 

 
 
 

Pronounced 
marginal staining; 
major intervention 

necessary for 
improvement 

Gap > 250μm or 
dentine/base 

exposed 
 

Severe ditching or 
marginal 
fractures. 

Larger irregularities 
or steps 

 

 
 

Caries with 
cavitation 

 
 

Repair 

5 
Clinically poor 

 

Deep marginal 
staining, not 

accessible for 
intervention 

Restoration 
(complete or partial) 
is loose but in situ. 
Generalized major 

gaps or 
irregularities 

 

Deep secondary 
caries or exposed 
dentine that is not 

accessible for 
repair of 

restoration 

Replacement 
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Table 2 - Caries Associated with Restorations and Sealants (CARS) criteria - adapted 

 

Source: The author 

Caries Associated with Restorations and Sealants codes 

Code 0 

Sound tooth 
surface with 

restoration or 
sealant 

A sound tooth surface adjacent to a restoration/sealant margin. There 
should be no evidence of caries (either no or questionable change in 
enamel translucency after prolonged air drying for 5 seconds). Surfaces 
with marginal defects less than 0.5mm in width (i.e. will not admit the ball 
end of the CPI Probe), developmental defects such as enamel 
hypoplasias; fluorosis; tooth wear (attrition, abrasion and erosion), and 
extrinsic or intrinsic stains will be recorded as sound. Stained margins 
consistent with non-carious habits (e.g. frequent tea drinking) and which do 
not exhibit signs consistent with demineralization should be scored as 
sound. 
 

Code 1 
First visual 

change in enamel 

When seen wet there is no evidence of any change in color attributable to 
carious activity, but after prolonged air drying (for approximately 5 
seconds) an opacity or discoloration consistent with demineralization is 
visible that is not consistent with the clinical appearance of sound enamel. 

Code 2 

Distinct visual 
change in 

enamel/dentin 
adjacent to a 

restoration margin 

 
If the restoration margin is placed on enamel the tooth must be viewed 
wet. When wet there is an opacity consistent with demineralization or 
discoloration that is not consistent with the clinical appearance of sound 
enamel (Note: the lesion is still visible when dry). 
If the restoration margin is placed on dentin: Code 2 applies to 
discoloration that is not consistent with the clinical appearance of sound 
dentin or cementum. 
 

Code 3 
Carious defects of 
<0.5 mm with the 
signs of code 2 

Cavitation at the margin of the restoration/sealant less than 0.5mm, in 
addition to either an opacity or discoloration consistent with 
demineralization that is not consistent with the clinical appearance of 
sound enamel or with a shadow of discolored dentin. 
 

Code 4 

 
Marginal caries in 

enamel/dentin 
/cementum 
adjacent to 

restoration with 
underlying dark 

shadow from 
dentin 

 

The tooth surface may have characteristics of code 2 and has a shadow of 
discolored dentin which is visible through an apparently intact enamel 
surface or with localized breakdown in enamel but no visible dentin. This 
appearance is often seen more easily when the tooth is wet and is a 
darkening and intrinsic shadow which may be grey, blue, orange, or brown 
in color. Note: view tooth wet and then dry. This lesion should be 
distinguished from amalgam shadows. 

Code 5 
Distinct cavity 

adjacent to 
restoration 

Distinct cavity adjacent to restoration/sealant with visible dentin in the 
interfacial space with signs of caries as described in code 4, in addition to 
a gap > 0.5mm in width. 
OR 
In those instances where margins are not visible, there is evidence of 
discontinuity at the margin of the restoration/sealant and tooth substance 
of the dentin as detected by 0.5mm ball-ended probe run along the 
restoration/sealant margin. 
 

Code 6 
Extensive distinct 
cavity with visible 

dentin 

Obvious loss of tooth structure, the extensive cavity may be deep or wide 
and dentin is clearly visible on both the walls and at the base. 
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Table 3 - Treatment decision linked to the Caries Associated with Restoration and Sealants (CARS) 
criteria – adapted 

 

 

Source: The author 

 

 

 

 

 

 

CARS 
code 

CARS Treatment 

0 
No 

treatment 
No treatment - 

1 

Non-
operative 
treatment 

 
No treatment 1 

Topical fluoride application 2 
 1 Adjacent inactive 

lesion 
2 Adjacent active 

lesion 
2 

No treatment 1 

Topical fluoride application 2 

3 
No treatment 1 

Topical fluoride application 2 
 

4 

Operative 
treatment 

 

Repair 

Replacement3 
3 Replacement should 
be indicated in case 
the carious lesion 

involves more than 
half of the restoration. 

5 

 
Repair 

Replacement3 

 

6 

 
Repair 

Replacement3 
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Table 4 - Characteristics of active and inactive caries linked to caries around restorations system - 

Caries Associated with Restoration and Sealants (CARS) – adapted 
 
 

ICCMS Code 

 

Characteristics of Lesion 

Signs of Active Lesions Signs of Inactive Lesions 

ICCMS 
Initial and 

Moderate Caries Stage 

Surface of enamel is 
whitish/yellowish; 

opaque with loss of 
luster, feels rough when 
the tip of the ball-ended 
probe is moved gently 

across the surface. 
Lesion is in a plaque 

stagnation area, i.e. in 
the entrance of pits and 

fissures, near the 
gingival margin or, for 

proximal surfaces, below 
or above the contact 

point. The lesion may be 
covered by thick plaque 

prior to cleaning 

Surface of enamel is 
whitish, brownish or 

black. Enamel may be 
shiny and feels hard and 
smooth when the tip of 
the ball-ended probe is 

moved gently across the 
surface. For smooth 
surfaces, the caries 

lesion is typically located 
at some distance from 

the gingival margin. 
Lesion may not be 

covered by thick plaque 
prior to cleaning 

ICCMS 
Extensive Caries Stage 

Dentine feels soft or 
leathery on gentle 

probing 

Dentine is shiny and 
hard on gentle probing 

 
Source: The author 
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Figure 1 - Patient’s plan decision flowchart based on the International Dental Federation (FDI) criteria 

Source: The author 
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Figure 2 - Patient’s plan decision flowchart based on the Caries Associated with Restoration and 
Sealants (CARS) criteria 

Source: The author 
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Figure 3 - Clinical example of the restoration assessment performed in a primary posterior tooth 
according to the FDI and CARS criteria 

 

 
 
Source: The author 
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Figure 4 - Patient’s plan decision flowchart based on the International Caries Detection and 
Assessment System (ICDAS) criteria 

 

Source: The author 
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Figure 5 - Clinical trial's timeline 

Source: The author 
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Extended data - Consent form 

 

 
Source: The author 



64 

 

 

 

Source: The author 
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Source: The author 
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Extended data - Consent form in the original language (Portuguese) 

 

Source: The author 
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Source: The author 
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Source: The author
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Extended data - Assent form 

 
 

Source: The author
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Extended data - Assent form in the original language (Portuguese) 

 

 
 
 
Source: The author
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Extended data - Restorations assessment form 
 

 
 
Source: The author 
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Source: The author
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Extended data - Restorations assessment form in the original language (Portuguese) 
 

 
Source: The author 
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Source: The author 
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Extended data - Anamnesis form 

Source: The author
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Extended data - Anamnesis form in the original language (Portuguese) 

 
Source: The author 





 





83 

 

Extended data - Time and cost form 

 
Source: The author
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Extended data - Time and cost form in the original language (Portuguese) 

 

 
Source: The author
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Extended data - SPIRIT checklist 
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Influence of different clinical criteria on the decision to replace restorations in 

primary teeth 

 

Abstract 

 

Objectives: This cross-sectional study is nested in a randomized clinical trial. It was 

designed to evaluate the influence of using two different clinical criteria to assess 

caries lesion around restorations on the decision to replace restorations in primary 

posterior teeth. Variables that might influence this decision were also considered. 

Methods: One trained and calibrated examiner assessed 550 restorations of 160 

children (3-10 years old). Children were randomized to have their restorations 

evaluated and subsequently treated according to World Dental Federation (FDI) or 

Caries Associated with Restorations and Sealants (CARS) criteria. After reaching the 

treatment decision, the same examiner performed another evaluation using the other 

criteria. Spearman’s correlation coefficients and 95% confidence intervals (95%CI) 

between the scores obtained with both criteria and respective treatment decisions 

were calculated. Poisson multilevel regression analysis were performed between the 

exploratory variables related to children, restored tooth and restoration assessment; 

the outcome variables were decisions related to restoration replacement, any 

operative intervention and presence of secondary caries. 

Results: The strongest correlation observed between the methods was for 

recurrence of caries. A total of 94 restorations (17.1%) were indicated for 

replacement with FDI criteria and 30 (5.5%) were indicated for replacement with 

CARS. Besides the diagnostic method used, number of decayed teeth and 

restorations with two and three restored surfaces were associated with the decision 

of replacement and presence of recurrent caries lesions. 

Conclusions: The decision to replace posterior restorations in primary teeth is 

influenced by the criteria used for the restorations assessment and also by the 

children's caries experience and multisurface restorations. The restoration material 

did not influence the decision of restorations replacement. 

Clinical Significance: The decision to replace posterior restoration in primary teeth 

is strongly related to the evaluation method and not only by patients' risk factors. 
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4.1 Introduction 

 

Restorations replacement is one of the most performed procedures carried out 

by dentists in public and private practices [1, 2]. Current data estimate that 58% of 

restorations performed by clinicians are actually replacements of existing restorations 

and not a new procedure in cavitated caries lesions [3]. However, this procedure 

often causes the loss of healthy dental structure [2-4] leading to a repeated 

restorative cycle [5]. As a consequence, there is also an increase in professional 

clinical time, as well as the financial costs for health systems [2]. To minimize these 

consequences and to increase the longevity of the defective restorations, minimal 

intervention procedures have been proposed as the repair and the refurbishment [6]. 

Although repaired restorations were more likely to receive additional treatment 

compared to replaced restorations, repairs lead to a lower index of more aggressive 

treatments such as endodontic or tooth extraction [7].  

Several reasons for failure and replacement of restorations have been reported. 

The main reason is caries lesions around restorations [8], also called “secondary 

caries” or “recurrent caries”. Contrary to the common-sense, the material exerts only 

a minor effect on the necessity of replacing a restoration in permanent teeth [9]. 

Factors related to the failure of restorations in adults are patients’ caries risk [2, 10-

12], occlusal stress [12], number of restored surfaces [11], and tooth type and arch 

[12]. On the other hand, in primary teeth, the restorative material [13] and other 

treatment-related factors [14] seemed to have a stronger influence on restoration 

replacement. Moreover, restorations made in children with higher caries risk were 

also more probable to be replaced [13-15]. 

Besides those variables associated with the necessity of replacement of 

restorations, factors related to the diagnostic procedure might exert influence on this 

decision. Visual and radiographic methods are the most used methods to evaluate 

dental restorations for failures and presence of caries lesions [8]. However, this 

diagnostic process is not based on objective clinical criteria and there is a 

considerable variation in the methods used [8, 16]. As a consequence, clinicians are 

more prone to cofound small defects of the restorations (staining, for example) with 

caries lesions [17], which can lead to a potential overtreatment [3]. 
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To minimize this consequence and to promote greater objectivity to the 

diagnosis of caries lesions around restorations, some clinical criteria have been 

proposed to be used in research and in the clinical practice. Two examples are the 

criteria developed by the International Dental Federation (FDI) [18], and the Caries 

Associated with Restorations and Sealants (CARS), which has been integrated into 

the International Caries Classification and Management System (ICCMS) [19], and its 

more recent update, named CariesCare 4D [20]. However, the accuracy of these 

systems and other methods have been poorly investigated, mainly in primary teeth 

[8, 16]. Moreover, the impact of the use of these criteria on the decision to replace 

restorations has not been evaluated yet. It would be important that the method for 

assessing dental restorations is in line with the current philosophy of minimal 

intervention [21, 22].  

Therefore, the aim of this paper is to evaluate if two different visual criteria for 

restorations evaluation, the FDI and CARS criteria, might influence the replacement 

decision-making of restorations in primary teeth. Our working hypothesis is that, 

besides other variables, the diagnostic strategy to evaluate the restorations also 

influences the decision of replacement. Other objectives were to investigate the 

differences between the visual methods concerning the detection of caries lesions 

around restorations in primary teeth and considering the decision for any type of 

treatment. 

 

4.2 Materials and Methods 

 

Study Design, Ethics Approval, Setting and Participant Selection 

 

This is a cross-sectional study conducted a Dental School. We followed the 

STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) 

statement to write the manuscript. The local committee for ethics in research 

approved the protocol. Written informed consent was obtained from all the 

parents/caregivers, and assent form was signed by literate children. 

This research is nested within a clinical trial performed to test different 

diagnostic strategies for the assessment of restorations in primary teeth. The main 

clinical trial, named Caries Detection in Children nº 3 (CARDEC-3), is registered at 

the platform Clinicaltrials.gov (NCT03520309). 
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Briefly, the abovementioned clinical trial was designed to compare the impact of 

two different diagnostic strategies and consequent treatment in the long-term 

success of restorations placed in primary teeth. Children aged 3 to 10 years, who 

sought dental treatment in our dental school, were randomly selected from a pool of 

enrolment forms, from November 2017 to November 2018. Therefore, the study was 

conducted in a dental office setting. Participants were randomly allocated in two 

groups according to the diagnostic strategy used. One group of participants 

corresponded to patients who received diagnosis and treatment decision according 

to FDI criteria [18] (FDI group). The other group of participants received diagnosis 

and treatment decision according to CARS criteria from ICCMS [19] (CARS group). 

Then, the children are being followed-up for two years, and the primary endpoint is 

the longevity of the restoration. More details on the clinical trial can be accessed in 

the clinicaltrials.gov platform. 

The inclusion criteria were children: (1) who sought dental treatment at the 

School of Dentistry; (2) from 3 to 10 years old; (3) with at least one restoration on a 

primary tooth of any material (composite resin, amalgam or glass ionomer cement), 

on anterior or posterior primary tooth. The exclusion criteria were children: (1) whose 

parents did not agree to participate in the study; (2) who had behavioral problems 

during the initial appointment. 

All children’s teeth presenting restorations were included in the evaluation, 

except restored teeth presenting signs or symptoms of pulp involvement (fistula, 

abscess, pulp exposure, history of spontaneous dental pain) or mobility. Children 

presenting these conditions in one or more teeth, but also presenting at least one 

eligible tooth fitting the inclusion criteria were still included in the study. 

At the end of the first appointment, dietary advice and oral hygiene instructions 

were delivered, showing the correct use of toothbrush and fluoride toothpaste (1000 

to 1500 ppm of fluoride) to all children and their parents or legal guardians. 

 

Explanatory Variables and Outcomes 

 

The main explanatory variable was the diagnostic strategy used to assess the 

restorations placed in primary teeth: FDI or CARS criteria. A trained and calibrated 

examiner assessed all restorations. The calibration processes involved theoretical 

classes about both clinical criteria and training with photos of clinical cases through 
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the web-based training and calibration tool called e-calib (www.e-calib.info) and 

through the e-learning from ICCMS (https://www.iccms-web.com). After these 

procedures, the examiner evaluated restorations in 10 patients and repeated the 

same evaluation for intra-examiner agreement. A benchmark examiner also 

performed the tests to evaluate interexaminer reproducibility. The evaluations in the 

children included in the study began only when the intra-examiner and inter-examiner 

weighted kappa value reached values greater than 0.75 with both FDI and CARS 

criteria. 

The examinations were conducted on a dental chair under illumination after the 

teeth had been cleaned with rotating bristle brush, pumice/water slurry, and dental 

floss. The evaluation was performed with a plane buccal mirror and a ball-point 

probe. For the exam performed with the FDI criteria, all surfaces were dried before 

the evaluation. In the assessment of restorations performed with CARS criteria, the 

teeth were evaluated wet and then were dried for 5 seconds with a 3-in-1 syringe. 

Restoration’s evaluation was first performed with the participant’s allocated 

group considering the clinical trial. After reaching the diagnosis and treatment 

decision, the same examiner performed a second evaluation according to other 

criteria. This procedure was conducted only to compare the methods of the study and 

the second evaluation did not influence the classification and treatment decision 

proposed by the first criteria which the participant was allocated. 

The two diagnostic criteria were: 

 

•  FDI: diagnosis and treatment decision based on the International Dental 

Federation (FDI) criteria [18] 

•  CARS: diagnosis and treatment decision according to CARS (Caries 

Associated with Restorations or Sealants) detection criteria, described in the 

ICCMS and in CariesCare 4D [19, 20] 

 

Originally, the FDI system is based in three different categories: aesthetic, 

functional and biological. Each category is divided into subcategories totalizing 

sixteen evaluated aspects. Each subcategory is scored according to a five-step 

grading of the restoration. The restoration final score is the highest score obtained 

among all categories. However, for our study we selected three subcategories to use 

among the FDI criteria: marginal staining, marginal adaptation and recurrence of 
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caries. According to the FDI authors, researchers do not have to use necessarily all 

sixteen subcategories but should select the most suitable according to the study [18, 

23]. The detailed description of the FDI criteria categories used in our study are 

presented in the Appendix A in Supplementary material. 

The CARS criteria were derived from the International Caries Detection and 

Assessment System (ICDAS), and it has been the criteria proposed in the ICCMS 

and the updated CariesCare International 4D [19, 20] (Appendix B in Supplementary 

material). The definitions and characteristics of active and inactive lesions for primary 

caries evaluation from CariesCare International 4D (Appendix C of the Supplemental 

material) were also used in association with CARS criteria in this study [20]. 

However, as this system does not define a treatment decision linked to the CARS 

classification, we adapted the decisions based on the recommendations for the 

treatment of primary caries lesions. This treatment decision matrix is presented at the 

Appendix D (Supplementary file). 

The treatment decisions for the restorations evaluated according to the FDI and 

CARS criteria were classified into: no treatment (without necessary intervention and 

follow-up of the restoration over time), professional topical fluoride application (as a 

treatment for non-cavitated active caries lesions detected by the CARS criteria), 

refurbishment (finishing and polishing of the restoration), repair (minimally invasive 

approach that implies in any case the addition of a restorative material, with or 

without a preparation in the restoration and/or dental hard tissues) [23] and 

replacement (complete removal of the restoration) [23]. 

The explanatory variables were related to three different levels: children (3rd level), 

restored teeth (2nd level) and clinical evaluation (1st level). The main exposure 

(method for the assessment of the restoration) is related to the 1st level (FDI or CARS 

method). Another variable related to the 1st level was the order that the diagnostic 

method was performed. Explanatory variables related to the teeth were: Dental arch 

(upper or lower), number of restored surfaces (1 surface, 2 surfaces, 3 or more 

surfaces), and dental material (composite resin, glass-ionomer cement or amalgam). 

The variables related to the children (3rd level) were sex, age (3 to 6 years-old and 7 

to 10 years-old), number of restorations (1 to 3 restorations or more than 3 

restorations), number of decayed teeth (quantitative variable), number of filled teeth 

(quantitative variable), number of missed teeth (quantitative variable), dmf-t + DMF-T 

(quantitative variable). 
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The main outcome of this study was the decision to replace the restoration 

evaluated by the different criteria. Other outcomes were the decision of any operative 

intervention for the restorations (repair or replacement), and the presence of caries 

lesion around restorations defined by FDI or CARS criteria. 

 

Sample size calculation and statistical analysis 

 

The sample size calculation was based on the primary outcome of the 

randomized clinical trial, which was the percentage of restorations requiring 

reintervention. For the main clinical trial, the minimum sample size was 626 restored 

primary teeth. Thus, in the presented study, 1272 evaluations were conducted. 

Considering a two-sided 95% confidence interval (95%CI), a restoration replacement 

rate of around 16%, a prevalence ratio (PR) value of 1.5 as minimal clinically relevant 

difference, we had a statistical power of 81.9%. 

For the data analysis, firstly, Spearman’s rank correlation analyses were 

conducted between the scores obtained with CARS and FDI, in relation to marginal 

staining, marginal adaptation and presence of caries lesions, separately. With this 

approach, Spearman’s correlation coefficient (Rho) and respective 95% CIs were 

calculated. 

The treatment decisions regarding the restorations obtained with both FDI and 

CARS criteria were categorized into: (i) no treatment, (ii) repair or refurbishment, and 

(iii) replacement. Restorations that were classified as without intervention’s need and 

those that were assigned to receive topical fluoride application were included in 

category (i). Spearman’s correlation analysis was conducted, and the decisions were 

compared between the groups using Chi-square test, adjusted by the cluster. 

Afterward, univariate and multiple Poisson multilevel regression analysis between 

the independent variables and the primary outcome (the indication of replacement of 

restorations), and PR values and 95%CIs were calculated. First, univariate analyses 

were carried out. Then, we conducted multiple regression analysis. For this analysis, 

the explanatory variables named diagnostic method, and dental material were 

inserted, regardless of the level of significance. The order of examinations was also 

included in all multiple models, to adjust the analysis considering a possible 

occurrence of incorporation bias, since the first method could exert an influence on 
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the second method. Other variables with p value <0.05 were also maintained in the 

final model. 

Similar Poisson multilevel regression analyses were performed considering the 

other outcomes: indication of any type of treatment and presence of caries lesion. A 

significance level of 5% was considered for analyzes, and the statistical package 

Stata 13 (StataCorp LP, College Station, USA) was used. 

 

4.3 Results 

 

Of the 162 children who were invited, 160 (86 boys and 74 girls) completed all 

phases of this study. Two children were excluded because they presented behavioral 

problems during the examinations. The mean (Standard Deviation - SD) age of the 

sample was 7.0 (1.6) years. Of the included children, 61 (38.1%) had 1 to 3 

restorations, while 99 (61.9%) had 4 or more restorations. The mean number (SD) of 

restorations of included children was 4.6 (2.6). The mean (SD) of the number of 

decayed or permanent decayed or lost teeth (dmf-t + DMF-T) of the study 

participants was 6.5 (3.4). All participants were submitted to both FDI and CARS 

diagnostic strategies for the evaluation of restorations. In 79 children (49.4%), CARS 

was first performed, and in 81 (50.6%) the first evaluation method was the FDI. 

From a total of 636 restorations, being 86 (13.5%) were in anterior primary teeth 

and 550 in posterior teeth (86.5%). Due to the small number of restorations placed on 

anterior teeth, we decided to analyze only restorations placed in posterior teeth (550). 

Concerning the posterior restorations material, 401 (72.9%) were glass-ionomer 

cement, 129 (23.5%) were composite resin and 20 (3.6%) were amalgam. Single 

surface restorations corresponded to 228 (41.5%), 159 (28.9%) with two dental 

surfaces involved and 163 (29.6%) had 3 or more dental surfaces involved. 

The relation between the scores obtained with the FDI and the CARS criteria 

considering staining, adaptation and presence of caries lesions around restorations 

are presented on table 1. The higher Rho value was observed between CARS and 

FDI methods regarding presence of caries lesions, followed by marginal adaptation, 

while marginal staining showed the weakest correlation (Table 1). 

Considering the treatment decisions reached by FDI and CARS criteria, a high 

Rho value was obtained between the methods (Table 2). However, we noticed that 

FDI criteria led to a higher proportion of more invasive treatments. From 550 
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restorations, 94 (17.1%) were indicated for replacement with FDI criteria, while only 

30 (5.5%) ones were indicated for replacement when evaluated with CARS method 

(Table 2). In addition, 62 restorations that would be repaired with CARS criteria 

indicated for replacement when evaluated with the FDI method (Table 2). A more 

invasive treatment decision was obtained only with 2 restorations evaluated with 

CARS criteria (Table 2). Differences among the type of treatments indicated were 

statistically significant (p < 0.001). 

The adjusted Poisson multilevel regression analysis of the association among the 

explanatory variables and restoration’s replacement showed that restorations 

evaluated by FDI criteria were three times more frequently indicated for replacement 

than when these restorations were assessed by CARS criteria (Table 3). A significant 

positive association between decayed teeth of the children and indication for 

restoration’s replacement, independent of the evaluation criteria used, was also 

observed (Table 3). Restorations involving two surfaces had 96% higher proportion of 

replacement decision, and restorations with 3 or more surfaces had a two-fold higher 

proportion of replacement recommendation when compared to single surface 

restorations. The restorative material, on the other hand, did not exert influence on 

this recommendation (Table 3). 

When considering the indication of any type of treatment for the restoration 

decided by the FDI and CARS criteria as outcome, the same trends were observed 

considering number of decayed teeth and number of surfaces restored (Table 4). 

However, the diagnostic method and dental material did not present significant 

association with the indication of any type of treatment (Table 4). 

As regards the occurrence of dental caries, restorations assessed with the FDI 

method were more probable to be classified as having caries lesions than those 

assessed by CARS method (Table 5). We also observed that the children’s number 

of decayed teeth and caries experience influenced the classification of caries lesions 

around restorations, independent of the method used for assessing the restorations 

(Table 5). Other variable significantly associated was the number of restored 

surfaces. The order of methods and the dental material were not significantly 

associated with the presence of caries around restorations (Table 5). 
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4.4 Discussion 

 

Many reasons have been related to the recommendation for replacing 

restorations in primary and permanent teeth, such as children’s caries risk [2,10-15], 

restorative dental material [13], number of restored surfaces [11] and occlusal stress 

[12]. Our study, for the first time, showed that the method used for the assessment of 

the restorations is an additional variable that can influence the decision to replace 

them, at least for primary teeth. We observed that the use of the FDI method led to 

indicate more invasive treatments than using the system proposed by the ICCMS [19] 

and its updated version, the CariesCare 4D [20]. This study represents the first 

evidence in the literature about the impact of the use of different diagnostic criteria on 

treatment decisions regarding the restorations in primary teeth. 

Although significant differences were observed, we found a strong correlation 

between the criteria considering the presence of caries lesions around restorations. 

This high correlation when the presence of caries process is comprehensible, since 

the CARS criteria is mainly focused on caries lesions detection, and the 

characteristics related to the presence of caries described in the FDI criteria are very 

similar. A lower significant correlation was observed between the CARS criteria and 

the restoration’s marginal adaptation evaluated by FDI criteria. This finding is also 

coherent since marginal defects, despite being questioned by some researchers, 

may predispose demineralization and lead to the development of caries lesions 

around restorations, as it was found in evidence from in vitro [24, 25] and in situ 

research [26]. Otherwise, the correlation between CARS and FDI methods regarding 

the marginal staining was very low. This finding is in line with the fact that staining 

around restorations does not predict the presence of caries [27], even being often 

mistakenly interpreted as initial secondary caries lesion leading to a possible 

overtreatment [16]. 

Regarding the treatment decisions recommended by the methods, the FDI criteria 

led to a more invasive treatment approach probably since the final score is given 

according to the most severe score obtained among all selected categories. For 

example, in restorations classified with deep marginal staining, but no gaps and no 

caries lesions, the treatment indicated by the FDI method would be the replacement 

of the restoration. However, it is not possible to assert a better diagnostic strategy 

with cross-sectional study design. This issue will be answered with the randomized 
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clinical trial which nests this study, the CARDEC-3. Although there is a lack of 

evidence towards the diagnosis and management of defective restorations in primary 

teeth, the minimal intervention approach for caries seems to result in better outcomes 

for the patients [28]. For this reason, future studies should consider other treatment 

options for the management of defective restorations. Among them, the Hall 

Technique could be considered rather than restoration replacement in certain 

situations. 

Besides the advantage of a restoration presenting less chance of being replaced 

when evaluated with CARS, the criteria seem more suitable to describe the severity 

of secondary caries and aspects such as stained margins and amalgam shadows not 

consistent with caries lesions [2]. Moreover, when considering any type of treatment 

for restoration decided with FDI and CARS (repair or refurbishment, and 

replacement), the diagnostic method did not present significance in the analysis. This 

means that restorations evaluated with CARS also receive a considerable number of 

operative interventions, but less invasive conducts were prioritized instead of 

replacement. According to a recent consensus paper, before considering replacing a 

restoration, clinicians should consider monitoring, refurbishment, and repair as a 

better option [29]. However, according to our observations, CARS criteria may be 

suitable just for evaluating caries around restorations. The CARS criteria fail, for 

example, in indicating need of replacement due to restoration fracture or other major 

failures than presence of caries lesions. 

As previously reported, clinical and patient-related risk factors for failure of 

restorations [2, 30] might also influence the dentists’ restorative treatment decisions. 

In our study, we identified that restorations in children with higher number of decayed 

teeth and with more than one surface restored were more likely to have an indication 

of replacement. Many of these findings are corroborate in previous studies [2, 10-12, 

14, 15, 30]. An increased risk of restoration failure in children with a higher caries 

experience was not surprising. Caries around restorations is primary caries at the 

margin of an existing filling [31]; hence, it is expected that the same risk factors are 

associated with both lesions. Other finding of our study is that the restorative material 

did not exert influence on this decision, differently from an earlier study [13]. 

Therefore, clinicians should focus on children’s health-promoting to improve 

restorations longevity [2], diminishing replacement of restorations. 
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A limitation of the present study, however, is that the FDI method is usually 

indicated to be used in clinical studies [32, 33]. Our study, nevertheless, is evaluating 

the FDI method for clinical practice purposes. In fact, the original article describing 

the FDI method has already mentioned its importance for practitioners and dental 

students [18]. The CARS, on the other hand, was purposed mainly for clinicians, 

although it is possible to use it in clinical studies [19]. Nevertheless, both methods 

present some shortcomings regarding decisions for clinical practice in some 

situations. For example, the CARS method does not consider major fractures of the 

restorations. Thus, the methods should be updated, considering their use in the 

clinical practice since restoration loss and marginal adaptation are other reported 

reasons for restorations failure of clinical studies conducted in primary teeth with 

restorations of different materials and with at least one year of follow-up [34]. 

Therefore, considering the dental office setting, we observed that the method of 

evaluation of restored teeth influences the decision to replace dental restorations 

since the FDI method tended to indicate more replacements than the CARS method. 

The minimal intervention approach [22, 35] has demonstrated to be the best way to 

deal with the caries process in clinical practice. According to this philosophy, 

clinicians should repair rather than replace defective restorations to promote the 

preservation of sound structure [22, 36]. Therefore, the diagnostic strategy should 

also be in line with this. Nevertheless, although FDI criteria led to a higher proportion 

of restorations replacement in our study, the long-term impact of this trend will be 

only evaluated at the end of our clinical trial. 

 

4.5 Conclusions 

 

The diagnostic strategy used to evaluate posterior restorations in primary teeth 

influences the clinical decision-making for restoration replacement. In this way, FDI 

criteria suggest more invasive treatments when compared with the CARS method. 

Besides that, children’s caries experience and multisurface restorations influence the 

decision to replace restorations in primary teeth, but not the restorative dental 

material. 
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Table 1 - Relationship among scores obtained with the International Dental Federation criteria (FDI), 
considering criteria for staining, adaptation and presence of caries lesions, and scores 
obtained with Caries Around Restorations System (CARS)  

 

FDI criteria 

CARS criteria 

Total 

0 1 2 3 4 5 6 

FDI staining  

1 175 3 34 45 2 74 49 382 

2 24 0 8 29 2 38 8 109 

3 2 0 5 6 1 22 8 44 

4 3 0 1 3 0 2 2 11 

5 0 0 0 0 0 2 2 4 

Rho = 0.246 (95% CI = 0.166 to 0.323) 

FDI adaptation 

1 110 1 10 8 1 2 0 132 

2 44 1 17 22 0 0 1 85 

3 32 1 19 39 4 8 1 104 

4 16 0 1 14 0 105 12 148 

5 2 0 1 0 0 23 55 81 

Rho = 0.790 (95% CI = 0.756 to 0.820) 

FDI presence of caries lesions  

1 194 0 4 8 1 1 2 210 

2 7 3 39 40 1 0 0 90 

3 0 0 4 30 3 1 1 39 

4 2 0 1 5 0 127 12 147 

5 1 0 0 0 0 9 54 64 

Rho = 0.926 (95% CI = 0.913 to 0.937) 

Total 204 3 48 83 5 139 69 550 

Rho = Spearman correlation coefficient; 95% CI = 95% confidence interval 

 

Source: The author 
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Table 2 - Relationship among treatment decision reached using the International Dental Federation 
criteria (FDI) and using Caries Around Restorations System (CARS) 

 

FDI 
CARS 

Total 
No treatment Repair Replacement 

No treatment 285 9 0 294 (53.5%) 

Repair 41 119 2 162 (29.5%) 

Replacement 4 62 28 94 (17.1%) 

Total 330 (60.0%) 190 (34.5%) 30 (5.5%) 550 

Spearman correlation coefficient = 0.825 (95% Confidence interval = 0.796 to 

0.850) 

Chi-square adjusted by the cluster = 56.10; p < 0.001 

 

Source: The author 
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Table 3 - Association among explanatory variables and restoration replacement (outcome) indicated 
by two different criteria system: International Dental Federation criteria (FDI) and using 
Caries Around Restorations System (CARS) 

 

 

Source: The author 

Explanatory variables Unadjusted PR 

(95%CI) 

p Adjusted PR 

(95%CI) 

P 

Variables related to the children (3rd level) 

Sex (ref.: male)   *  

                Female 0.78 (0.50 to 1.25) 0.306   

Age (ref.: 3 to 6 yrs-old)   *  

                7 to 10 yrs-old 1.01 (0.64 to 1.61) 0.954   

Number of restorations (ref.: 1 to 

3 restorations) 

  *  

             More than 3 restorations 1.09 (0.63 to 1.88) 0.772   

Number of decayed teeth 

(quant.) 

1.20 (1.07 to 1.35) 0.002 1.18 (1.05 to 1.33) 0.004 

Number of filled teeth (quant.) 1.00 (0.91 to 1.09) 0.985 *  

Number of missed teeth 

(quant.) 

0.90 (0.69 to 1.16) 0.406 *  

dmf-t + DMF-T  1.05 (0.98 to 1.13) 0.171 *  

Variables related to the restored tooth (2nd level) 

Dental arch (ref.: upper)   *  

                    Lower 0.78 (0.53 to 1.15) 0.204   

Number of surfaces restored 

(ref.: 1 surface) 

    

                       2 surfaces 1.92 (1.15 to 3.21) 0.012 1.96 (1.17 to 3.26) 0.010 

               3 or more surfaces 2.33 (1.42 to 3.82) 0.001 2.12 (1.30 to 3.49) 0.003 

Dental material (ref.: composite 

resin) 

    

              Glass-ionomer cement 1.02 (0.61 to 1.71) 0.947 0.91 (0.55 to 1.50) 0.702 

                       Amalgam 0.55 (0.14 to 2.22) 0.405 0.64 (0.16 to 2.50) 0.518 

Variables related to the clinical evaluation (1st level) 

Diagnostic method (ref.: CARS)     

                     FDI system 3.13 (2.08 to 4.73) <0.001 3.14 (2.08 to 4.74) <0.001 

Order of examinations (ref.: 1st 

examination) 

    

                    2nd examination 1.03 (0.73 to 1.47) 0.857 1.08 (0.74 to 1.57) 0.686 

* Variables not included in the final model 

PR = prevalence ratio; 95%CI = 95% confidence intervals 

dmf-t = decayed, missed and filled primary teeth; DMF-T = decayed, missed and filled 

permanent teeth  
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Table 4 - Association among explanatory variables and any type of treatment for the restoration 
(outcome) decided by two different criteria system: International Dental Federation criteria 
(FDI) and using Caries Around Restorations System (CARS) 

 

Explanatory variables Unadjusted PR 

(95%CI) 

p Adjusted PR 

(95%CI) 

P 

Variables related to the children (3rd level) 

Sex (ref.: male)   *  

                  Female 0.82 (0.65 to 1.03) 0.091    

Age (ref.: 3 to 6 yrs-old)   *  

                7 to 10 yrs-old 0.96 (0.76 to 1.21) 0.748   

Number of restorations (ref.: 1 to 

3 restorations) 

  *  

       More than 3 restorations 0.99 (0.76 to 1.29) 0.940   

Number of decayed teeth 

(quant.) 

1.12 (1.05 to 1.19) <0.001 1.08 (1.02 to 1.14) 0.006 

Number of filled teeth (quant.) 1.00 (0.95 to 1.04) 0.911 *  

Number of missed teeth 

(quant.) 

0.92 (0.81 to 1.05) 0.203 *  

dmf-t + DMF-T  1.03 (0.99 to 1.06) 0.158 *  

Variables related to the restored tooth (2nd level) 

Dental arch (ref.: upper)   *  

                    Lower 1.01 (0.84 to 1.23) 0.879   

Number of surfaces restored 

(ref.: 1 surface) 

    

                2 surfaces 1.96 (1.52 to 2.52) <0.001 1.93 (1.50 to 2.49) <0.001 

          3 or more surfaces 2.64 (2.08 to 3.35) <0.001 2.49 (1.96 to 3.18) <0.001 

Dental material (ref.: composite 

resin) 

    

          Glass-ionomer cement 1.23 (0.95 to 1.59) 0.125 1.13 (0.88 to 1.44) 0.330 

                    Amalgam 0.90 (0.47 to 1.70) 0.740 1.04 (0.56 to 1.94) 0.892 

Variables related to the clinical evaluation (1st level) 

Diagnostic method (ref.: CARS)     

                   FDI system 1.16 (0.97 to 1.39) 0.099 1.16 (0.97 to 1.39) 0.099 

Order of examinations (ref.: 1st 

examination) 

    

                  2nd examination 1.00 (0.84 to 1.20) 1.000 1.01 (0.84 to 1.20) 0.951 

* Variables not included in the final model 

PR = prevalence ratio; 95%CI = 95% confidence intervals 

dmf-t = decayed, missed and filled primary teeth; DMF-T = decayed, missed and filled 

permanent teeth  

 
Source: The author 
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Table 5 - Association among explanatory variables and presence of caries lesions (outcome) detected 
by two different criteria system: International Dental Federation criteria (FDI) and using 
Caries Around Restorations System (CARS) 

 

Explanatory variables Unadjusted PR 

(95%CI) 

p Adjusted PR 

(95%CI) 

p 

Variables related to the children (3rd level) 

Sex (ref.: male)   *  

                   Female 0.86 (0.66 to 1.13) 0.271   

Age (ref.: 3 to 6 yrs-old)   *  

                7 to 10 yrs-old 0.91 (0.70 to 1.19) 0.506   

Number of restorations (ref.: 1 to 

3 restorations) 

  *  

      More than 3 restorations 1.01 (0.74 to 1.38) 0.952   

Number of decayed teeth 

(quant.) 

1.15 (1.07 to 1.23) <0.001 1.11 (1.04 to 1.19) 0.002 

Number of filled teeth (quant.) 1.00 (0.95 to 1.06) 0.904 *  

Number of missed teeth 

(quant.) 

0.89 (0.76 to 1.03) 0.130 *  

dmf-t + DMF-T  1.04 (0.99 to 1.08) 0.087 *  

Variables related to the restored tooth (2nd level) 

Dental arch (ref.: upper)     

                    Lower 0.93 (0.75 to 1.15) 0.502 *  

Number of surfaces restored 

(ref.: 1 surface) 

    

                  2 surfaces 1.78 (1.32 to 2.39) <0.001 1.76 (1.31 to 2.37) <0.001 

            3 or more surfaces 2.47 (1.87 to 3.25) <0.001 2.29 (1.73 to 3.02) <0.001 

Dental material (ref.: composite 

resin) 

    

          Glass-ionomer cement 1.19 (0.89 to 1.61) 0.247 1.09 (0.82 to 1.45) 0.563 

                     Amalgam 0.69 (0.31 to 1.53) 0.364 0.81 (0.37 to 1.78) 0.604 

Variables related to the clinical evaluation (1st level) 

Diagnostic method (ref.: CARS)     

                  FDI system 1.47 (1.19 to 1.81) 0.001 1.46 (1.18 to 1.81) <0.001 

Order of examinations (ref.: 1st 

examination) 

    

              2nd examination 0.97 (0.79 to 1.20) 0.791 0.99 (0.80 to 1.22) 0.899 

* Variables not included in the final model 

PR = prevalence ratio; 95%CI = 95% confidence intervals 

dmf-t = decayed, missed and filled primary teeth; DMF-T = decayed, missed and filled 

permanent teeth  

 

Source: The author 
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APPENDIX A - Table 1. International Dental Federation (FDI) criteria linked to the treatment decision 

 

FDI scores 
FDI 

treatment 

Scores Classification 
 

Marginal staining* 
 

Marginal adaptation 
Recurrence of 

caries 
Indication 

1 
Clinically 
excellent/ 
very good 

No marginal 
staining. 

Harmonious outline, 
no gaps, no white or 

discolored lines 

No secondary or 
primary caries 

No treatment 

2 
Clinically good 

 

Minor marginal 
staining, easily 
removable by 

polishing. 

Marginal gap (<150 
μm), white lines. 
Small marginal 

fracture removable 
by polishing. 

Slight ditching, slight 
step/flashes, minor 

irregularities. 

 
 

Very small and 
localized 

demineralization 
 
 

 
 

No treatment 
 

 
 
 
3 

 
 
 
 

Clinically 
sufficient/ 

satisfactory 
 

 
 
 
 

Moderate marginal 
staining, not 
esthetically 

unacceptable. 

Gap < 250μm not 
removable. 

 
Several small 

marginal fractures. 
Major irregularities, 

ditching or flash, 
steps. 

 
 
 
 

Larger areas of 
demineralisation 

 
 
 
 
 

No treatment 
 

 
 
4 

 
 
 

Clinically 
unsatisfactory 

 

 
 
 

Pronounced 
marginal staining; 
major intervention 

necessary for 
improvement. 

Gap > 250μm or 
dentine/base 

exposed. 
 

Severe ditching or 
marginal 
fractures. 

Larger irregularities 
or steps. 

 

 
 

Caries with 
cavitation 

 
 

Repair 

5 
Clinically poor 

 

Deep marginal 
staining, not 

accessible for 
intervention. 

Restoration 
(complete or partial) 
is loose but in situ. 
Generalized major 

gaps or 
irregularities. 

 

Deep secondary 
caries or exposed 
dentine that is not 

accessible for 
repair of 

restoration. 

Replacement 

 

Source: The author 
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APPENDIX B - Table 2. Caries Associated with Restorations and Sealants (CARS) Criteria  

 

Caries Associated with Restorations and Sealants codes 

Code 0 

Sound tooth 
surface with 

restoration or 
sealant 

A sound tooth surface adjacent to a restoration/sealant margin. There 
should be no evidence of caries (either no or questionable change in 
enamel translucency after prolonged air drying for 5 seconds). Surfaces 
with marginal defects less than 0.5mm in width (i.e. will not admit the ball 
end of the CPI Probe), developmental defects such as enamel 
hypoplasias; fluorosis; tooth wear (attrition, abrasion and erosion), and 
extrinsic or intrinsic stains will be recorded as sound. Stained margins 
consistent with non-carious habits (e.g. frequent tea drinking) and which do 
not exhibit signs consistent with demineralization should be scored as 
sound. 
 

Code 1 
First visual 

change in enamel 

When seen wet there is no evidence of any change in colour attributable to 
carious activity, but after prolonged air drying (for approximately 5 
seconds) an opacity or discolouration consistent with demineralization is 
visible that is not consistent with the clinical appearance of sound enamel. 

Code 2 

Distinct visual 
change in 

enamel/dentin 
adjacent to a 

restoration margin 

 
If the restoration margin is placed on enamel the tooth must be viewed 
wet. When wet there is an opacity consistent with demineralization or 
discolouration that is not consistent with the clinical appearance of sound 
enamel (Note: the lesion is still visible when dry). 
If the restoration margin is placed on dentin: Code 2 applies to 
discoloration that is not consistent with the clinical appearance of sound 
dentin or cementum. 
 

Code 3 
Carious defects of 
<0.5 mm with the 
signs of code 2 

Cavitation at the margin of the restoration/sealant less than 0.5mm, in 
addition to either an opacity or discolouration consistent with 
demineralization that is not consistent with the clinical appearance of 
sound enamel or with a shadow of discoloured dentin. 
 

Code 4 

 
Marginal caries in 

enamel/dentin 
/cementum 
adjacent to 

restoration with 
underlying dark 

shadow from 
dentin 

 

The tooth surface may have characteristics of code 2 and has a shadow of 
discoloured dentin which is visible through an apparently intact enamel 
surface or with localized breakdown in enamel but no visible dentin. This 
appearance is often seen more easily when the tooth is wet and is a 
darkening and intrinsic shadow which may be grey, blue, orange, or brown 
in colour. Note: view tooth wet and then dry. This lesion should be 
distinguished from amalgam shadows. 

Code 5 
Distinct cavity 

adjacent to 
restoration 

Distinct cavity adjacent to restoration/sealant with visible dentin in the 
interfacial space with signs of caries as described in code 4, in addition to 
a gap > 0.5mm in width. 
OR 
In those instances where margins are not visible, there is evidence of 
discontinuity at the margin of the restoration/sealant and tooth substance 
of the dentin as detected by 0.5mm ball-ended probe run along the 
restoration/sealant margin. 
 

Code 6 
Extensive distinct 
cavity with visible 

dentin 

Obvious loss of tooth structure, the extensive cavity may be deep or wide 
and dentin is clearly visible on both the walls and at the base. 
 

 

Source: The author
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APPENDIX C - Table 3. Characteristics of Active and Inactive Caries Linked to Caries Around 
Restorations System - CARS adapted 

 

ICCMS Code 

 

Characteristics of Lesion 

Signs of Active Lesions Signs of Inactive Lesions 

ICCMS 
Initial and 

Moderate Caries Stage 

Surface of enamel is 
whitish/yellowish; opaque 
with loss of luster, feels 
rough when the tip of the 
ball-ended probe is moved 
gently across the surface. 
Lesion is in a plaque 
stagnation area, i.e. in the 
entrance of pits and 
fissures, near the gingival 
margin or, for proximal 
surfaces, below or above 
the contact point. The 
lesion may be covered by 
thick plaque prior to 
cleaning 

Surface of enamel is 
whitish, brownish or black. 
Enamel may be shiny and 
feels hard and smooth 
when the tip of the ball-
ended probe is moved 
gently across the surface. 
For smooth surfaces, the 
caries lesion is typically 
located at some distance 
from the gingival margin. 
Lesion may not be covered 
by thick plaque prior to 
cleaning 

ICCMS  
Extensive Caries Stage 

Dentine feels soft or 
leathery on gentle probing 

Dentine is shiny and hard 
on gentle probing 

 
Source: The author 
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APPENDIX D - Table 4. Treatment decision linked to the Caries Associated with Restoration and 
Sealants (CARS) criteria – Adapted 

 

 

Source: The author 

 

 

 

 

 

 

 

 

0 
No 

treatment 
No treatment - 

1 

Non-
operative 
treatment 

 
No treatment 1 

Topical fluoride application 2 
 

1 Adjacent inactive 
lesion 

2 Adjacent active lesion. 
2 

No treatment 1 

Topical fluoride application 2 

3 
No treatment 1 

Topical fluoride application 2 
 

4 

Operative 
treatment 

 

Repair 

Replacement3 
3 Replacement should be 

indicated in case the 
carious lesion involves 
more than half of the 

restoration. 

5 

 
Repair 

Replacement3 

 

6 

 
Repair 

Replacement3 
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Abstract 

 
Objectives: This is a delayed type cross-sectional prospective accuracy study 

nested in a randomized clinical trial. This study aimed to investigate the diagnostic 

accuracy of two visual criteria for caries lesions detection around restorations in 

primary teeth: the criteria proposed by the International Dental Federation (FDI) and 

the Caries Associated with Restorations and Sealants (CARS) system. Methods: A 

trained and calibrated examiner evaluated restorations in children (three to 10 years 

old). Initially, the visual assessment was performed according to the participant’s 

allocation group (FDI or CARS system) considering the main clinical trial. For FDI 

system, three parameters were considered: presence of caries, marginal adaptation 

and marginal staining. After reaching the diagnosis and treatment decision, the same 

examiner performed a second evaluation according to the other criteria. The 

reference standard methods were the restoration removal and visual-tactile 

examination of dentin beneath the margin interface when the replacement was 

indicated or visual-tactile detection and assessment of the restoration after six and 12 

months of follow-up. The scores obtained with the CARS and FDI criteria were 

dichotomized according to cut-offs predetermined considering the dentin caries 

threshold. Sensitivity, specificity, and accuracy parameters were calculated 

considering both visual criteria and the reference standard results. Poisson multilevel 

regression analyses were performed to evaluate the association of the diagnostic 

methods and other explanatory variables with three outcomes: sensitivity, specificity, 

and accuracy. Prevalence ratios (PR) and respective 95% confidence intervals 

(95%CI) were calculated. Results: Of the 651 restorations included in this study, 480 

were evaluated by reference standard methods and included in the analyses. The 

CARS system presented higher accuracy (0.721) than those obtained with FDI 

recurrence of caries, FDI marginal adaptation and FDI marginal staining (varying 

from 0.681 to 0.702). The FDI marginal staining showed the lowest sensitivity (0.280) 

and accuracy (0.681) values of the study. The specificity values of FDI recurrence of 

caries (PR= 0.98; 95%CI 0.95-0.99) and FDI marginal adaptation (PR= 0.95; 95%CI 

0.91-0.99) were lower than the CARS system. The diagnosis of caries around 

multisurface restorations was overestimated compared to single surface restorations. 

Restorations assessed after the follow-up period presented lower sensitivity but 

higher specificity than those replaced after initial evaluation. Conclusion: The CARS 
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system is the most accurate diagnostic method to detect caries around restorations in 

primary teeth. However, the FDI recurrence of caries and FDI marginal adaptation 

present similar performance to the CARS system when the dentin threshold is 

considered. On the other hand, marginal staining is not an accurate parameter to 

evaluate secondary caries. 

  

5.1 Introduction 

 
Experts in restorative and preventive dentistry have reached a consensus that 

the prevention of caries around restorations is one of the highest important issues 

over the next 20 years (1). This is why caries is considered one of the major reasons 

for restoration failure (2,3). The subsequent interventions, such as the replacement, 

invariably result in removing healthy dental tissue and weakening the remaining 

structure, accelerating the restorative death spiral (4). Although the term “secondary 

caries” is frequently used, the disease's pathogenesis is the same involving 

demineralization as any caries lesion but is modified by the presence of a restoration 

or a sealant margin (5). Thus, no discrimination is made in this study between the 

terms secondary caries lesion, lesions adjacent to restoration and caries lesion 

around restoration.  

Increasing efforts are made to improve restorative materials' properties to 

prevent secondary caries development based on the frequency of reinterventions 

and costs generated because of these lesions (6,7). However, an accurate diagnosis 

of caries lesions around restorations is often challenging for dentists due to 

confounding factors such as gaps between the restoration and tooth surface and 

marginal staining (8). One of the predominantly areas where secondary caries 

lesions are located is at gingival margins of interproximal areas, which are difficult to 

assess because it is impossible to view them directly and the dental probe tends to 

stick even into caries-free marginal gaps or overhangs (8,9). An additional factor is 

that there is no standard criterion to be used when performing the secondary caries 

lesion detection, and there is a heterogeneity of subsequent treatment decisions (10). 

The criteria on which restoration replacement are based have limited accuracy, which 

can potentially lead to false-positive diagnoses and unnecessary reinterventions in 

permanent teeth (11). The scenario is even worse when it comes to primary teeth. A 

systematic review about the accuracy of various detection methods of secondary 
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caries included two studies under clinical conditions and only two in vitro studies 

assessed restorations in primary teeth (10).  

Detailed visual systems have been proposed to improve the accuracy and 

reliability of visual inspection for caries around restorations. Among the available 

criteria, the International Caries Classification and Management System (ICCMS) 

includes a list of well-described criteria for Caries Associated with Restorations and 

Sealants (CARS) (12,13). There is robust evidence to support and encourage the use 

of the International Caries Detection and Assessment System (ICDAS) proposed by 

the ICCMS when assessing primary coronal caries lesions (14). However, as far as 

the authors know, no previous investigation has evaluated the CARS system's 

accuracy in detecting caries lesions around restorations in primary teeth in a clinical 

setting. On the other hand, the clinical criteria approved by the FDI World Dental 

Federation (FDI criteria) for evaluating restorations have already been used by 

several investigators (15). It has been considered a “standard criteria” when 

restorative materials or operative techniques are clinically investigated (15). The 

criteria system presents sixteen clinical criteria available for evaluation, being one of 

those the “recurrence of caries”. Furthermore, other subcategories of the FDI criteria 

that many dentists and studies have associated with caries lesion around the 

restoration are marginal staining and defects on marginal adaptation (16)., are also of 

evaluation from the FDI criteria.  

Nevertheless, to the present moment, no study has compared the performance 

of the FDI criteria and the CARS system clinically in detecting caries lesions around 

restorations in primary teeth. Therefore, the present study aimed to investigate the 

accuracy of these two methods for caries lesions detection around restorations in 

primary teeth.  The working hypothesis is that the CARS system is more accurate 

than the FDI criteria when detecting caries lesions adjacent to restorations in primary 

teeth since the method is more focused on the diagnosis of caries lesions. A 

secondary aim was to evaluate the effect of different reference tests used for the 

validation of the diagnostic strategies, as well as the association of other independent 

variables, on the accuracy parameters obtained with the methods.  
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5.2 Materials and Methods 

 

Study design and ethical aspects 

 
 This is a delayed type cross-sectional prospective study designed to investigate 

the accuracy of two visual methods for caries lesion detection around restorations in 

primary teeth. The manuscript was written according to the “Standards for Reporting 

Diagnostic Accuracy Studies” (STARD) guideline. The STARD checklist is presented 

in Appendix A in Online Supplementary Material. The local committee for ethics in 

research approved this study. Patients were included in the study after their legal 

guardians signed the informed consent form and literate children signed an assent 

form. 

  The present study is nested in a randomized clinical trial that aims to evaluate 

the effect of using two visual criteria to assess caries lesions around restorations in 

primary teeth on outcomes related to oral health in children after two-years of follow-

up. The main clinical trial, named Caries Detection in Children nº 3 (CARDEC-3), is 

registered at the platform Clinicaltrials.gov (NCT03520309). The CARDEC-3 protocol 

is published elsewhere and contains more information about the clinical trial (17). 

 

Participants selection 

 
Participants aged three to 10 years old were randomly selected from a list of 

patients who sought dental treatment in the School of Dentistry of the University of 

São Paulo from November 2017 to November 2018 until the required sample size 

was reached. Therefore, the study setting was the dental office. 

 The inclusion criteria were children: (1) whose parents sought dental treatment 

at the School of Dentistry of the University of São Paulo; (2) from three to 10 years 

old; and (3) presenting at least one restoration of any kind of restorative material 

(composite resin, amalgam or glass ionomer cement) on a primary tooth (anterior or 

posterior) regardless of its condition. The exclusion criteria were children: (1) whose 

parents did not agree to participate in the study; (2) who did not agree to participate 

or showed behavior problems during the first appointment.  All children’s restorations 

were evaluated, except restorations on teeth with fistula, abscess, pulp exposure, 

history of spontaneous dental pain or mobility. Children presenting these conditions 
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in one or more teeth and presenting at least one eligible tooth fitting the inclusion 

criteria were included in the study. 

Dietary advice and oral hygiene instructions were delivered during the first 

dental appointment for all children and their parents or legal guardians. The correct 

use of toothbrush and toothpaste (1000–1500 ppm of fluoride) was demonstrated and 

prescribed. Participants also underwent professional dental cleaning with bristle 

rotating brush, pumice, water slurry, and dental floss before restorations were 

evaluated. 

 

Caries lesion detection methods 

   

All the clinical examinations were conducted with participants seated on a dental 

chair after cleaning procedures and under artificial light. Initially, participants 

underwent a visual inspection performed by an independent examiner (LRAP) to 

assess children's caries experience and additional dental treatment needs, not 

related to the restorations included in the study. Visual inspection was performed 

according to ICDAS (12,13) to detect coronal primary caries lesions and their activity 

status (12,13). A plane buccal mirror, a ball-ended dental probe and cotton wool rolls 

were used for all visual and tactile examinations conducted in this study.  

Following the initial examination, a previously trained and calibrated examiner 

(BLPM) performed the evaluations in all included restorations. This examiner reached 

intra-examiner and inter-examiner weighted kappa value greater than 0.75 for both 

FDI and CARS criteria previously to begin the study. Detailed information regarding 

the examiner training and calibration can be assessed in the clinical trial study 

protocol (17). Restorations were first evaluated according to the participant's 

allocation group considering the clinical trial. After reaching the diagnosis and 

treatment decision, the same examiner (BLPM) performed a second evaluation 

according to the other criteria. This procedure did not influence the classification and 

treatment decision proposed by the first criteria to which the participant was 

allocated.  

 The two diagnostic methods used for the restoration’s evaluations were: 

• FDI: diagnosis and treatment decision based on the International Dental 

Federation (FDI) criteria (15). 
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• CARS: diagnosis according to the Caries Associated with Restorations or 

Sealants (CARS) system, proposed by the ICCMS (12) and updated in the 

CariesCare International 4D (13). The treatment decision was based on the 

recommendations described in guidelines (12, 13) to treat coronal primary caries 

lesions.  

For the evaluations performed with the FDI criteria, all surfaces were dried 

before the examination. The restorations assessed according to the CARS system 

were first evaluated wet and then dried for five seconds with a triple syringe 

according to the ICCMS (12) and CariesCare 4D (13) recommendations.  

The FDI criteria are categorized into three different parameters of evaluation: 

esthetic (four criteria), functional (six criteria), and biological (six criteria). Each 

criterion within these parameters is expressed with five scores, three for restoration 

acceptable and two for non-acceptable (one for repair as treatment decision and one 

for restoration replacement). The final restoration score is the highest score obtained 

among all criteria. It has been advised that researchers should select the most 

suitable criteria to use according to their studies among all subcategories (20,16). For 

this reason, we selected three FDI criteria to be used in our clinical evaluations: 

marginal staining, marginal adaptation, and recurrence of caries. 

Regarding the CARS criteria, the same stages for coronal primary caries lesions 

from ICDAS (12,13) are used to detect caries lesion adjacent to restoration or 

sealant.  The activity status described in the CariesCare 4D (13) to assess caries 

lesions' activity status was also used in association with the CARS criteria in this 

study. The system does not have a detailed treatment decision linked to the CARS 

scores. The authors adapted the recommendations described in the ICCMS (12) and 

in the CariesCare 4D (13) for the treatment of primary caries to use in this study. A 

detailed description of the FDI and the CARS system used in this study can be 

assessed in the clinical trial study protocol (17). 

The treatment decisions for all restorations evaluated according to the FDI or 

CARS criteria were classified into no treatment and restoration follow-up; 

professional topical fluoride application; restoration refurbishment; and restoration 

repair or replacement. This study considered only data regarding the restoration 

replacement (complete removal of the restoration present on the tooth) (18).  
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Reference standard methods 

 
The reference standard for visual methods' validation was composed by two 

different approaches. First method was the restoration removal and tactile 

examination of dentin beneath the margin interface (detectable softening of the 

dentin) when the FDI or CARS system indicated the restoration replacement.  The 

presence or absence of soft or hard carious tissue was evaluated and recorded by 

two independent operators (H.C.M.M. and R.D.F.), who are postgraduate dental 

students in Pediatric Dentistry responsible for providing dental treatment needs for 

the children. They were trained and calibrated before the beginning of the study, and 

the assessment started after the intra-examiner and inter-examiner weighted kappa 

values reached values greater than 0.75 for both.  

The restorative material was removed carefully using a tungsten carbide bur in a 

high-speed handpiece under water refrigeration for the restoration replacement. Any 

contact with the cavity walls and margins was avoided. The remnants of restorative 

material in the cavity were removed using a sharp excavator. After removing the 

restoration, the caries lesion detection was performed with the visual inspection with 

a ball-ended dental probe. The presence of soft dentin or leathery on gentle probing 

was classified as decayed by the reference standard. If the dentin was shiny and 

hard on gentle probing, it was classified as sound by the reference standard. The 

results of the reference standard were collected using a specific sheet by the 

operators of the study. This reference standard was selected to be used because it 

follows the treatment decisions in clinical practice. The operators were unaware of 

which diagnostic method (FDI or CARS system) was used to reach the decision to 

replace the restoration. A treatment plan carried out by the examiner responsible for 

restorations’ initial examination (B.L.P.M.) was provided, indicating only which dental 

treatment they should perform in the evaluated restorations. 

For the validation of the restorations that were not indicated to be replaced in the 

baseline assessments, we followed-up the children and reassessed the restorations 

after six and 12 months by another independent and experienced examiner (T.K.T.). 

This reference standard method corresponds to a visual-tactile detection and 

assessment of the restoration. The absence of signs of caries and changes in 

enamel seen as a carious around restoration after these follow-ups were classified as 

sound by the reference standard. If a cavity extending into dentine around the 
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restoration with the presence of soft dentin or leathery on gentle probing was 

detected, it was classified as decayed by the reference standard. On the other hand, 

if a cavity extending into dentine was shiny and hard on gentle probing, it was 

classified as sound by the reference standard. The examiner was blind to the 

evaluations performed with the FDI and CARS system.  

Although there was a follow-up period for the diagnostic assessment of 

restorations classified as without the need for replacement in the study's baseline, 

this is still considered a cross-sectional study. It is known in the literature as a 

"delayed type" cross-sectional study (19) and has already been used previously on 

caries diagnostic research (20). This reference standard was the most acceptable 

solution to be adopted since, for ethical reasons, we could not perform an invasive 

dental treatment as the replacement in all restorations evaluated in this study.   

 

Sample size calculation and statistical analysis 

 
The sample size calculation was based on the primary outcome of the 

randomized clinical trial (17), which was the percentage of restorations requiring 

reintervention. For the main clinical trial, the minimum sample size was 626 restored 

primary teeth. For the present accuracy study, all restorations were included. A post-

hoc calculation of the power achieved in the comparisons between the methods was 

made. 

Descriptive analysis considering the characteristics of the restorations included 

in the study was presented. Moreover, a cross-tabulation of the results obtained with 

different diagnostic strategies for caries around restorations by the reference 

standard results was made. 

 The scores obtained with the CARS and FDI method (considering the 

parameters dental caries, marginal adaptation and staining) were dichotomized 

according to cut-offs predetermined considering the plausibility, only at the dentin 

caries threshold. Therefore, restorations were classified with dentin dental caries 

when the scores were higher than 4 considering the CARS method, and higher than 

3 for the FDI parameters. After dichotomization, sensitivity, specificity and accuracy 

parameters were calculated considering as reference standard the results obtained 

with operative treatment performed at the baseline or obtained with the assessment 

after one year of follow-up. Accuracy refers to the percentage of correct diagnosis, 
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independently of the tooth condition (sound or decayed). The restorations that were 

not evaluated by the reference standard methods were excluded of the analysis. The 

95% Confidence intervals (95% CI) were calculated considering the cluster nature of 

the sample, since many participants had more than one restoration included in the 

study. Differences between the methods were assessed by McNemar test. 

 After that, multilevel Poisson regression analysis with robust variance was 

conducted to evaluate the association of the diagnostic methods and other 

explanatory variables with three outcomes: sensitivity (false negative results vs. true 

positive results); specificity (false positive vs. true negative) and accuracy (false 

results vs. true results). Some explanatory variables tested were related to the 

participant, such as age group (3 to 6 years old vs. 6 to 10 years old), caries 

experience (quantitative variable derived from the number of decayed, missed and 

filled primary – dmft and permanent teeth – DMFT). Other variables were related to 

the restored tooth, such as type of teeth (posterior vs. anterior), dental arch (upper 

vs. lower), restorative material (glass ionomer cement as reference, composite, 

amalgam), number of surfaces restored (1 surface, 2 surfaces, 3 or more surfaces 

restored), diagnostic method (CARS method as reference, FDI caries, FDI 

Adaptation and FDI staining) and reference standard method (evaluation after 

restoration replacement at the baseline vs. assessment after the follow-up). With this 

approach, prevalence ratio (PR) values and respective 95% CI were derived.  

 First, univariate analyses were performed. After that, multiple models were built 

including the diagnostic methods and explanatory variables that presented p value 

lower than 5%. The analyses were performed using the statistical package Stata 15.0 

(StataCorp LLC, College Station, USA). The level of significance for all analysis was 

set at 5%. 

 

5.3 Results 

 

Of the 163 children who were invited, 88 (54.0%) were boys, and 77 (47.2) were 

3 to 6 years old. The mean (Standard Deviation - SD) age of the sample was 7.0 

(1.6) years. The mean (SD) of number of decayed, missed or filled primary or 

permanent teeth (dmf-t + DMF-T) was 6.6 (3.6), with a range of 1 to 16. The number 

of restored teeth presented a mean (SD) of 4.6 (2.6), varying from 1 to 12 
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restorations. Characteristics of all restorations initially included in the study are 

presented in the table 1. 

Considering all children, we could assess the restorations in only 124 children 

(76.1%). The reasons for the impossibility of assessment were because the children 

did not return after 1 year (7 children), included teeth are with complete loss of 

restoration (6 children), or the included teeth had been extracted (in 6 children) or 

exfoliated (in 20 children). Therefore, these 124 children contributed with 480 

restorations, that were analyzed in the present study. The characteristics of children 

and their restorations that were analyzed are also presented at the table 1. Reasons 

for the drop-out were also reported (Table 1).  

Slight imbalances could be observed in the type of teeth and number of surfaces 

restored. First condition was probably impacted by exfoliation of the teeth, since a 

lower proportion of anterior teeth was assessed after the follow-up. Differences 

between number of surfaces restored, on the other hand, probably was due to the 

missed restorations and extracted teeth after the follow-up. All participants were 

submitted to both FDI and CARS diagnostic strategies for the evaluation of 

restorations. In 244 restorations included (50.8%) CARS was first performed, while in 

236 restorations (49.2%), the first evaluation method was the FDI. 

  The results obtained with the reference standard strategy (sound or decayed) 

were divided into “assessed after restoration replacement at the baseline” and 

“assessment after one year follow-up”. Sixty-three restorations were replaced after 

the visual assessment performed in the beginning of the of the study, and 417 

restorations were visually assessed after six months and one year (Table 2). The 

number of sound teeth was much higher for the those assessed after the follow-up 

period (n = 329) compared with the replaced restorations (n = 9) (Table 2).  The 

prevalence of caries around the restorations observed in the study was 29.6% (Table 

2) and the distribution of the scores of the CARS system and FDI criteria are also 

presented in Table 2.  

 Concerning the accuracy parameters obtained with the diagnostic methods for 

detecting dentin caries lesions around restorations, the specificity and accuracy 

values of the CARS system were similar to the FDI recurrence of caries (Table 3). 

The FDI marginal adaptation presented significantly lower specificity than the CARS 

system (Table 3). The FDI marginal staining reached the lowest sensitivity and 

accuracy values than the other evaluation parameters (Table 3). Nevertheless, the 
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FDI marginal staining presented the highest specificity value than the CARS system 

and other considered FDI parameters (Table 3). Witch the values obtained with the 

CARS method and our sample size, we calculated a power of 0.68, 0.98 and 0.99 to 

find a difference of at least 0.15 between the methods considering a 5% level of 

significance.  

 The univariate multilevel Poisson regression analysis of the different methods 

for detecting caries lesions around restorations and other explanatory variables and 

accuracy parameters showed that the specificity values of the FDI recurrence of 

caries and marginal adaptation were significantly lower to the CARS system (Table 

4). The FDI recurrence of caries also presented a lower accuracy value than the 

CARS system (Table 4). However, the FDI marginal staining showed a much lower 

sensitivity value than the CARS system (Table 4). On the other hand, the FDI 

marginal staining specificity was significantly higher than the CARS system (Table 4).   

Regarding the restorative materials, the univariate analysis showed that the 

detection of caries around restorations was more accurate for composite restorations 

than glass-ionomer cement restorations (Table 4). The number of restored surfaces 

also influenced the performance of the methods. The detection of secondary caries in 

restorations with three or more surfaces presented higher sensitivity and lower 

specificity than single surface restorations, independently of the diagnostic method 

used for the assessment (Table 4). The accuracy of the methods for detecting caries 

around multisurface restorations was lower than single surface restorations leading to 

a possible overdiagnosis (Table 4). The specificity value of two surface restorations 

was also lower than single surface restorations. Besides that, the analysis showed 

that the performance of the methods for detecting secondary caries in restorations 

validated with the assessment after one year of follow-up showed significantly lower 

sensitivity, higher specificity, and higher accuracy than those replaced at the 

beginning of the study (Table 4). 

 The multiple multilevel Poisson regression analysis among the different methods 

for detecting caries lesions showed that the PR for the three considered outcomes of 

the study (sensitivity, specificity, and accuracy) presented similar values and the 

same trends observed in the the univariate analysis (Table 5). The FDI recurrence of 

caries showed lower specificity and accuracy values than the CARS system in 

detecting caries around restorations in primary teeth (Table 5). Similarly, the FDI 

marginal adaptation presented lower specificity value than the CARS system (Table 
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5). The FDI marginal staining still showed a much lower sensitivity value than the 

CARS system but higher specificity in detecting secondary caries in primary teeth 

(Table 5).  

 Similar results were obtained regarding the higher accuracy of the methods in 

detecting caries around composite restorations than glass-ionomer cement 

restorations (Table 5). It was also obtained higher sensitivity and lower specificity in 

detecting caries around restorations with three or more surfaces than single surface 

restorations, resulting in lower accuracy value (Table 5). The detection of caries 

around two surface restorations also showed a lower specificity value than single 

surface restorations (Table 5). In the same way, restorations assessed after the 

follow-up period presented lower sensitivity but higher specificity than those replaced 

at the beginning of the study. More interestingly is that the presence of this variable in 

the multiple analysis did not change the tendencies when the performance of the 

diagnostic methods was compared (Table 5).   

 

5.4 Discussion 

 

Only a few studies investigated the detection of caries lesion around 

restorations, most of them with a high risk of bias and applicability concerns (10). The 

visual examination aided by a tactile instrument is still one of the most common 

methods used for secondary caries lesion detection (21,22). It has already been 

shown that the use of detailed and validated indices seems to improve the accuracy 

of the visual method for detecting primary carious lesions (23). However, 

standardization criteria are absent for assessing secondary caries, which is probably 

associated with excessive and unnecessary interventions on restorations (16).  Thus, 

the present study investigated the accuracy of two visual criteria, the FDI and the 

CARS system, to detect caries around restorations in primary teeth. 

The current study found that the CARS system and FDI for recurrence of caries 

perform similarly in detecting dentin caries lesions around restorations. This result 

may be explained by the fact that even though the CARS system comprises seven 

scores and the FDI recurrence of caries shall consist of five codes, the diagnosis of 

lesion's severity is described similarly in both criteria. The CARS was considered a 

more suitable system since it also describes other aspects such as stained margins 

and amalgam shadows not consistent with caries lesions (16). The CARS system 



136 

 

also provides more detailed information about each stage of the caries process than 

the FDI recurrence of caries. There is no corresponding score of evaluation in the 

FDI criteria for marginal caries adjacent to restoration with underlying dark shadow 

from dentin (corresponding to CARS code 4). Nevertheless, the prevalence of such 

lesions was very low in this study.  

Some aspects should be considered when using the CARS system to evaluate 

restorations. The system cannot distinguish between secondary caries and residual 

caries, and it should be used associated with a system for assessing lesion activity. 

Also, there is no defined treatment decision linked to the CARS classification to be 

used in clinical practice. The system cannot distinguish the recurrence of caries 

between other possible reasons for restoration failure, such as the presence of gap 

bulk fracture or restoration loss. On the other hand, the FDI criteria are originally 

applied when investigating restorative materials and operative techniques, but not 

only for caries lesion detection. In the present study, the FDI marginal adaptation 

presented similar specificity values and accuracy to the CARS system for detecting 

caries around restorations, although this parameter has reached lower figures. The 

evidence of the influence of marginal integrity and gap width on secondary caries 

development is inconclusive (24). Still, a possible explanation for the similar 

performance between them is because the cut-off predetermined in this study was at 

the dentin caries threshold. Thus, most frankly carious lesion at the filling margin also 

represents a gap with dentin exposure. At least at this threshold, marginal adaptation 

could be a surrogate for the presence of caries. 

 In contrast, the FDI marginal staining reached the lowest performance, 

indicating that staining around the restoration is not an accurate parameter for the 

detection presence of secondary caries. These results corroborate the findings of 

many previous studies (25–27). In most cases, the stain is associated with a margin 

defect, creating a gap between the tooth and the restorative material (28). Another 

possibility is regarding the presence of arrested caries. Dark areas around composite 

restorations could sign inactive residual caries left during selective removal of carious 

tissue that became arrested after the restoration's seal (29). The differential 

diagnosis of secondary carious lesions and residual lesions is challenging, and no 

diagnostic test has yet been able to precisely determine the lesions' origin (26). 

Therefore, it is recommended that clinicians should only intervene if signs of activity 

caries lesion are detected around restorations (29). For many years researchers are 
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stating that only frankly carious lesions at the filling margin constitute a reliable 

diagnosis of secondary caries (30).   

Another relevant finding was the higher sensitivity and lower specificity in 

detecting caries around restorations with three or more surfaces than single surface 

restorations. These lower values also resulted in a lower accuracy in detecting 

secondary caries, independently of the diagnostic method used for the assessment.  

It is known that restorations in primary and permanent teeth with more than one 

surface involved present a higher risk of failure and are more likely to be replaced 

(31–33). This also accords with our earlier observations that multisurface restorations 

in primary teeth were more likely to have secondary caries lesion detected (31). The 

overdiagnosis observed in the current study regarding the detection of caries lesions 

around multisurface restorations may be explained by the anchoring heuristic 

occurrence (34). This phenomenon occurs when a single piece of information 

strongly influences a decision, particularly data encountered early in a given situation 

(35). Thus, in this study, the examiner probably anchors the clinical impressions upon 

features of a restoration's initial impression (more than one surface involved). 

Although the early emphasis on the number of restorations surfaces is appropriate, it 

generates bias due to undervaluation of later information regarding the caries lesion 

detection due to an initial anchor's potency.  

The accuracy of detection methods is usually characterized by assessing their 

validity compared to a gold standard, which should be an independent assessment of 

the test performed, following a standardized protocol, and applied in all included 

objects (36). Nevertheless, there is no gold standard for assessing secondary caries 

lesions since there is a lack of clinical noninvasive reference standard methods (10). 

The restoration removal and tactile examination of dentin beneath the margin 

interface was possible to perform in the restorations indicated to be replaced by the 

visual methods. However, this reference standard was applied in only 63 included 

restorations in the study. To overcome this challenge, an alternative was planned to 

follow up the disease's clinical course during a suitable predefined period in a 

delayed-type cross-sectional study (19). This is probably the first diagnostic accuracy 

study of secondary caries lesion detection using this kind of reference standard.  

After the follow-up period, it was observed that the number of sound teeth was 

much higher for the restorations assessed after one year of follow-up than the 

replaced ones. This finding was expected and may be explained by the fact that 
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when the diagnostic methods gave a positive result for secondary caries lesion in the 

first assessment of the study, operative treatment was performed. This also implies a 

lower sensitivity and higher specificity in the restorations that were validated with the 

assessment after the follow-up. However, using two different reference standard 

strategies could be considered a limitation of this study, since it has been observed 

that studies that used different reference standard methods have tended to 

overestimate the performance of these diagnostic tests (37). 

  On the other hand, it is interesting to note that in our study, the adjusted values 

of PR comparing the methods for three accuracy parameters were not significantly 

changed with the inclusion of this variable regarding the method of reference 

standard used. Thus, although it is not possible to evaluate if the use of different 

reference standard methods influenced the accuracy of the methods, this did not 

influence the comparison among the methods. This finding is interesting because 

strengthen the evidence obtained from studies where the use of a unique reference 

standard method is not possible, usually for ethical reasons. 

It is known that there is a great need for studies about secondary caries 

detection, with an agreed reference standard and with robust internal and external 

validity to promote the translation into practice (10). Thus, the findings of this study 

are relevant, since the research was conducted on a sample of patients who sought 

dental treatment, which is the appropriate setting to investigate the utilization of 

diagnostic methods. Also, participants were randomly selected, and the researchers 

had no prior knowledge of their oral health conditions, reducing the risk of selection 

bias. The inclusion procedures were adopted to represent the main strength of the 

present diagnostic accuracy study.          

 The accuracy of a diagnostic method is an essential aspect to be evaluated. 

However, this type of study does not answer a fundamental question. For a 

diagnostic method to be considered useful, the study design should assess 

outcomes related to the patient's well-being. The research should also take the 

patient's perception into account. These data can only be evaluated in randomized 

clinical studies, as diagnostic accuracy studies do not deal with these evaluation 

aspects. Although the FDI recurrence of caries and FDI marginal adaptation 

presented similar performance to the CARS system in detecting secondary caries, 

evidence from a cross-sectional study shows that the FDI criteria suggest more 

invasive treatments than the CARS system for the treatment of posterior restorations 
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in primary teeth (31). Since several questions remain to be answered, future research 

should also evaluate the long-term impact of using these criteria in a randomized 

clinical study and not only the positive/negative test results for caries lesion detection. 

At the present moment, a clinical trial is being developed to reach this objective (17). 

 

5.5 Conclusion 

 

The CARS system is the most accurate diagnostic visual method to detect 

caries around restorations in primary teeth. However, the FDI criteria for evaluating 

recurrence of caries and marginal adaptation present similar performance to the 

CARS system when the dentin threshold is considered. On the other hand, marginal 

staining is not an accurate parameter to evaluate secondary caries and should not be 

used for this purpose in clinical practice.   
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Table 1 - Characteristics of participants and restorations initially included and analyzed in the study (n 
= 651) 

 

Source: The author 

 

 

 

 

 
Sample initially 

included 
Sample analyzed 

Explanatory variables N (%) N % 

Characteristics of the Children   
Total 163 124 
Sex   

Male 88 (54.0) 65 (52.4) 
Female 75 (46.0) 59 (47.6) 

Age (years old)   
Mean (Standard deviation) 7.0 (1.6) 6.9 (1.5) 

dmf-t + DMF-T   
Mean (Standard deviation) 6.6 (3.6) 6.9 (3.5) 

Number of restored teeth   
Mean (Standard deviation) 4.6 (2.6) 4.7 (2.6) 

Characteristics of the restorations included   
Total 651 480 
Type of tooth   

Posterior 561 (86.2) 427 (89.0) 
Anterior 90 (13.8) 53 (11.0) 

Dental arch   
Upper 311 (47.8) 225 (46.9) 
Lower 340 (52.2) 255 (53.1) 

Number of surfaces restored   
1 surface 270 (41.5) 215 (44.8) 
2 surfaces 167 (25.7) 120 (25.0) 

3 or more surfaces 214 (32.9) 145 (30.2) 
Restorative material   

Glass-ionomer cement 442 (67.9) 332 (69.2) 
Composite 189 (29.0) 137 (28.5) 
Amalgam 20 (3.1) 11 (2.3) 

Reference standard used   
Restoration replacement at the baseline  63 (9.7) 

Assessment after 1 year of follow-up  417 (64.1) 
Non-evaluated *   171 (26.3) 

* Reasons for the non-evaluation    
Exfoliated   81 (12.4) ** 

Extracted or submitted to endodontic treatment  26 (4.0) ** 
Restoration missed  28 (4.3) ** 

Drop-out at 1 year of follow-up  36 (5.5) ** 

** frequencies calculated considering the 651 restorations initially included. 
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Table 2 - Distribution of the scores according to the different methods for the detection of caries  
lesions around restorations and results obtained with the reference standard strategy 

 

Source: The author 

 

 

 

 
 

Diagnostic 
methods 

Reference standard results 

Total Sound Decayed 

Restoration 
replacement 

Assessment 
after follow-up 

Restoration 
replacement 

Assessment 
after follow-up 

Total 9 329 54 88 480 

Caries prevalence 338 (70.4%) 142 (29.6%)  

CARS scores      

0 1 153 5 26 185 

1  3   3 

2  37 1 5 43 

3  55  10 65 

4  3  1 4 

5 4 61 11 33 109 

6 4 17 37 13 71 

FDI presence of caries 

1 1 153 7 26 187 

2  63 1 11 75 

3  29  6 35 

4 3 70 11 33 117 

5 5 14 35 12 66 

FDI adaptation      

1  105 1 22 128 

2  59 2 4 65 

3  76 5 12 93 

4 1 74 7 34 116 

5 8 15 39 16 78 

FDI staining      

1 8 226 39 59 332 

2  65 5 21 91 

3  24 7 7 38 

4  11 1 1 13 

5 1 3 2  6 

CARS = Caries Detection around restorations system 

FDI = World Dental Federation criteria 
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Table 3 - Accuracy parameters of diagnostic methods for the detection of caries lesions around 
restorations considering dentin caries lesions (n = 480) 

 

Diagnostic 

methods 
Cut-off point 

Sensitivity Specificity Accuracy 

% (95% Confidence intervals) 

CARS scores >4 
66.2 a 

(57.6 to 73.8) 

74.6 b 

(68.9 to 79.5) 

72.1 a 

(67.6 to 76.2) 

FDI presence 

of caries 
>3 

64.1 a 

(55.5 to 71.8) 

72.8 b, c 

(66.8 to 78.1) 

70.2 b 

(65.3 to 74.7) 

FDI 

adaptation 
>3 

67.6 a 

(58.8 to 75.3) 

71.1 c 

(64.7 to 76.6) 

70.0 a, b 

(64.9 to 74.7) 

FDI staining >3 
2.8 b 

(1.1 to 7.3) 

95.6 a 

(0.92 to 97.6) 

68.1 a, b 

(63.1 to 72.7) 

CARS = Caries Detection around restorations system 

FDI = World Dental Federation criteria 

Different letters indicate statistically significant differences among the methods for the 

same accuracy parameters (p < 0.05, through McNemar test) 

 

Source: The author 
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Table 4 - Univariate multilevel Poisson regression analysis among the different methods for the 
detection of caries lesions around restorations and other explanatory variables and 
parameters related to the accuracy (sensitivity, specificity and accuracy) 

 

 

Source: The author 

Explanatory variables 

Sensitivity 

p 

Specificity 

p 

Accuracy 

p 
Unadjusted 
PR (95% CI) 

Unadjusted 
PR (95% CI) 

Unadjusted 
PR (95% CI) 

Diagnostic methods (ref.: 
CARS) 

      

FDI caries 0.97 
(0.92 to 1.01) 

0.176 
0.98 * 

(0.95 to 0.99) 
0.032 

0.97 * 
(0.95 to 0.99) 

0.012 

FDI adaptation 1.02 
(0.96 to 1.09) 

0.532 
0.95 * 

(0.91 to 0.99) 
0.028 

0.97 
(0.94 to 1.00) 

0.078 

FDI staining 0.04 * 
(0.02 to 0.11) 

<0.001 
1.28 * 

(1.20 to 1.37) 
<0.001 

0.95 
(0.87 to 1.02) 

0.160 

Children’ age (ref.: 3 to 6 
yrs-old) 

      

7 to 10 yrs-old 1.12 
(0.88 to 1.42) 

0.375 
1.04 

(0.94 to 1.15) 
0.424 

1.05 
(0.94 to 1.16) 

0.390 

dmft + DMFT 
(quantitative variable) 

1.01 
(0.97 to 1.05) 

0.605 
0.99 

(0.98 to 1.01) 
0.451 

1.00 
(0.98 to 1.01) 

0.750 

Tooth type (ref.: 
Posterior) 

      

Anterior 1.34 * 
(1.09 to 1.66) 

0.005 
1.01 

(0.87 to 1.18) 
0.885 

1.12 
(0.97 to 1.30) 

0.125 

Dental arch (ref.: upper)       
Lower 0.84 

(0.67 to 1.04) 
0.115 

0.93 
(0.85 to 1.02) 

0.135 
0.93 

(0.85 to 1.02) 
0.121 

Restorative materials 
(ref.: Glass-ionomer 
cement) 

      

Composite 0.97 
(0.72 to 1.31) 

0.866 
1.10 

(0.99 to 1.22) 
0.079 

1.13 * 
(1.01 to 1.26) 

0.029 

Amalgam 0.99 
(0.54 to 1.81) 

0.978 
1.18 

(0.94 to 1.48) 
0.157 

1.11 
(0.86 to 1.43) 

0.412 

Number of surfaces 
restored (ref.: 1) 

      

2 surfaces 1.38 
(0.97 to 1.97) 

0.069 
0.88 * 

(0.79 to 0.98) 
0.018 

0.90 
(0.81 to 1.00) 

0.062 

3 or more surfaces 1.41 * 
(1.01 to 1.96) 

0.043 
0.74 * 

(0.66 to 0.84) 
<0.001 

0.79 * 
(0.71 to 0.88) 

<0.001 

Reference standard 
method (ref.: Restoration 
replacement) 

      

Assessed after follow-up 0.61 * 
(0.49 to 0.75) 

<0.001 
2.88 * 

(1.86 to 4.45) 
<0.001 

1.17 * 
(1.04 to 1.33) 

0.011 

CARS = Caries Detection around restorations system 

FDI = World Dental Federation criteria 

PR = Prevalence ratio; 95% CI = 95% confidence interval 

* association statistically significant (p < 0.05) 



149 

Table 5 - Multiple multilevel Poisson regression analysis among the different methods for the detection 
of caries lesions around restorations and other explanatory variables and parameters related 
to the accuracy (sensitivity, specificity and accuracy) 

 

 

 

Source: The author 

 

Explanatory variables 
Sensitivity 

p 
Specificity 

p 
Accuracy 

p 
Adjusted PR 

(95% CI) 
Adjusted PR 

(95% CI) 
Adjusted PR 

(95% CI) 
Diagnostic methods 
(ref.: CARS) 

      

FDI caries 0.97 
(0.92 to 1.01) 

0.176 
0.98 * 

(0.95 to 0.99) 
0.032 

0.97 * 
(0.95 to 0.99) 

0.012 

FDI adaptation 1.02 
(0.96 to 1.09) 

0.532 
0.95 * 

(0.91 to 0.99) 
0.028 

0.97 
(0.94 to 1.00) 

0.078 

FDI staining 0.04 * 
(0.02 to 0.11) 

<0.001 
1.28 * 

(1.20 to 1.37) 
<0.001 

0.95 
(0.87 to 1.02) 

0.160 

Tooth type (ref.: 
Posterior) 

      

Anterior 1.46 
(0.91 to 2.33) 

0.117 **  **  

Restorative materials 
(ref.: Glass-ionomer 
cement) 

**  **    

Composite 
    

1.11 * 
(1.01 to 1.23) 

0.039 

Amalgam 
    

1.05 
(0.82 to 1.35) 

0.706 

Number of surfaces 
restored (ref.: 1) 

      

2 surfaces 1.29 
(0.92 to 1.80) 

0.136 
0.89 * 

(0.80 to 0.99) 
0.034 

0.93 
(0.83 to 1.03) 

0.164 

3 or more surfaces 1.39 * 
(1.03 to 1.89) 

0.043 
0.76 * 

(0.67 to 0.85) 
<0.001 

0.80 * 
(0.72 to 0.89) 

<0.001 

Reference standard 
method (ref.: 
Restoration 
replacement) 

      

Assessed after follow-
up 

0.62 * 
(0.50 to 0.76) 

<0.001 
2.69 * 

(1.77 to 4.11) 
<0.001 

1.13 
(0.99 to 1.29) 

0.078 

CARS = Caries Detection around restorations system 

FDI = World Dental Federation criteria 

PR = Prevalence ratio; 95% CI = 95% confidence interval 

* association statistically significant (p < 0.05) 

** variable was not included in the multiple model  
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APPENDIX A - Checklist of “Standards for Reporting Diagnostic accuracy studies” (STARD) guideline 

 

 Section & Topic No Item 
Reported on page 
# 

     

 TITLE OR 

ABSTRACT 

   

  1 Identification as a study of diagnostic accuracy using at least one measure of accuracy 

(such as sensitivity, specificity, predictive values, or AUC) 

2 

 ABSTRACT    

  2 Structured summary of study design, methods, results, and conclusions  

(for specific guidance, see STARD for Abstracts) 

2 

 INTRODUCTION    

  3 Scientific and clinical background, including the intended use and clinical role of the 

index test 

3 and 4 

  4 Study objectives and hypotheses 4 

 METHODS    

 Study design 5 Whether data collection was planned before the index test and reference standard  

were performed (prospective study) or after (retrospective study) 

4 

 Participants 6 Eligibility criteria  5 

  7 On what basis potentially eligible participants were identified  

(such as symptoms, results from previous tests, inclusion in registry) 

4 

  8 Where and when potentially eligible participants were identified (setting, location 

and dates) 

4 and 5 

  9 Whether participants formed a consecutive, random or convenience series 4 

 Test methods 10a Index test, in sufficient detail to allow replication 6 

  10b Reference standard, in sufficient detail to allow replication 7 and 8 

  11 Rationale for choosing the reference standard (if alternatives exist) 7 and 8 

  12a Definition of and rationale for test positivity cut-offs or result categories  

of the index test, distinguishing pre-specified from exploratory 

8 

  12b Definition of and rationale for test positivity cut-offs or result categories  

of the reference standard, distinguishing pre-specified from exploratory 

7 and 8 

  13a Whether clinical information and reference standard results were available  

to the performers/readers of the index test 

7 and 8 

  13b Whether clinical information and index test results were available  

to the assessors of the reference standard 

7 and 8 

 Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy 8 and 9 

  15 How indeterminate index test or reference standard results were handled 8 and 9 

  16 How missing data on the index test and reference standard were handled 8 

  17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from 

exploratory 

- 

  18 Intended sample size and how it was determined 8 

 RESULTS    

 Participants 19 Flow of participants, using a diagram - 

  20 Baseline demographic and clinical characteristics of participants Page 9 and Table 
1 

  21a Distribution of severity of disease in those with the target condition Table 2 

  21b Distribution of alternative diagnoses in those without the target condition - 

  22 Time interval and any clinical interventions between index test and reference 

standard 

7 

 Test results 23 Cross tabulation of the index test results (or their distribution)  

by the results of the reference standard 

Table 2 

  24 Estimates of diagnostic accuracy and their precision (such as 95% confidence Table 3 
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intervals) 

  25 Any adverse events from performing the index test or the reference standard - 

 DISCUSSION    

  26 Study limitations, including sources of potential bias, statistical uncertainty, and 

generalisability 

13 and 14 

  27 Implications for practice, including the intended use and clinical role of the index test 11 to 15 

 OTHER 

INFORMATION 

   

  28 Registration number and name of registry 4 

  29 Where the full study protocol can be accessed 4 

  30 Sources of funding and other support; role of funders 15 and 16 
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Abstract 

 

Objectives: To evaluate the in vitro performance in detecting caries and predict its 

severity around composite restorations in permanent posterior teeth of a three-

dimensional (3D) intraoral scanner and two visual criteria: International Dental 

Federation (FDI) criteria and the Caries Associated with Restorations and Sealants 

(CARS) system. Methods: one hundred sixteen teeth were visually assessed by a 

trained and calibrated examiner according to the FDI criteria or CARS system. The 

order of the visual criteria used by the examiner was chosen randomly. Another 

examiner scanned the teeth using the 3D intraoral scanner. The gap was measured 

using specific software. The reference standard was the histological examination 

performed by an examiner blind to the other evaluations. Unweighted and weighted 

kappa tests were conducted to assess the intra-examiner reproducibility of the 

scoring system. Spearman’s correlation coefficient (Rho) and 95% confidence 

intervals (95%CI) were calculated between the histological examination and scores 

obtained with the FDI criteria and the CARS system, as well as with respective 

treatment decisions. Spearman correlation between the visual and scanner 

evaluation with the reference standard was also performed. Spearman’s rank 

correlation analyses were also conducted independently between the gap evaluated 

and measured by the visual inspection with the gap assessed using the scanner. 

Results: The reproducibility of the score systems used to assess secondary caries 

reached high values. Spearman’s correlation coefficients (Rho; 95%CI) between the 

following variables versus histology were: FDI presence of caries (0.65; 0.53 to 0.74); 

CARS scores (0.65; 0.52 to 0.74); FDI treatment decision (0.46; 0.31 to 0.59); and 

CARS treatment decision (0.62 0.49 to 0.72). Rho (95%CI) between histological 

assessment and the gap assessment by the visual inspection was 0.59 (0.45 to 

0.70), with the gap measurement by the visual inspection was 0.49 (0.33 to 0.62), 

and the gap measured by the scanner was 0.37 (0.18 to 0.53). Conclusion: Both 

visual criteria systems present similar performance in detecting caries lesions around 

restorations and are moderately correlated with lesion depth, with a slight CARS 

superiority. However, the 3D intraoral scanner does not add further information to 

gap size assessment than visual inspection. 
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6.1 Introduction 

 

 Caries around restoration is considered one of the most frequent causes of 

restoration failure [1]. Although the term "secondary caries" is still frequently used, 

these lesions seem to be similar to primary caries located at the margin of a 

restoration [2]. However, the diagnosis of secondary caries is always more difficult 

than that of primary caries due to the presence of the restoration [3]. Moreover, it has 

been probably overestimated by dentists since there are differences in the rates of 

secondary caries reported in practice-based cross-sectional studies versus 

longitudinal studies [2].   

The visual inspection, visual-tactile examination, and radiographic method are 

the most common methods used for secondary caries assessment [4-6]. However, 

visual detection is challenging because secondary caries lesions can be 

misinterpreted with small defects such as brown and black marginal staining and 

residual carious lesions left behind when applying conservative operative techniques 

[7,8]. On the other hand, the radiographic method may underestimate the caries 

lesion extension [9] and is influenced by the radiopacity of the restorative material 

[10]. It leads to misinterpretations due to the difficulty in differentiating between the 

restorative material and tooth tissue [10]. Besides, x-rays are limited in their two-

dimensional nature, which depends on the beam's angulation and superimposition of 

details in the radiograph [3]. The use of cone-beam computed tomography has been 

investigated and could improve the caries lesions assessment [11], but it would not 

be indicated for this purpose due to high doses of ionizing radiation. 

 To overcome these challenges, the use of visual diagnostic criteria has been 

proposed to improve the objectivity of the clinical examination, and the use of 

promising alternative detection techniques have also been suggested. Regarding the 

visual criteria, two of them were proposed to being used in research and in the 

clinical practice: the criteria developed by the International Dental Federation (FDI) 

[12] and the Caries Associated with Restorations and Sealants (CARS) [13]. The 

CARS criteria have been integrated into the Caries Classification and Management 

System (ICCMS) and is described in the recent publication of the CariesCare 4D [14]. 

Nevertheless, there is a lack of evidence about the accuracy and impact of their use 

on caries around restoration assessment in permanent teeth.   
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Regarding the use of alternative detection techniques, the increasing use of the 

three-dimensional (3D) intraoral scanners in clinical practice created an opportunity 

to use it for diagnostic purposes as well [15]. Compared to the most common 

methods currently used, the digital 3D model technology presents the strong points of 

providing large magnification of dentition than the visual inspection and is free from 

ionizing radiation [16]. The 3D intraoral scanner has been recently proposed for the 

occlusal caries diagnosis of extracted posterior teeth in an in vitro study, and the 

results showed similar accuracy compared to the visual examination [17]. However, 

to the best of our knowledge, the use of the 3D intraoral scanner for caries around 

restoration assessment has not been evaluated yet. 

Therefore, this paper aims to evaluate the in vitro performance of the 3D 

intraoral scanner and two visual criteria systems, the FDI and the CARS criteria, in 

detecting caries lesions and predict their severity around composite restorations in 

permanent posterior teeth. Our working hypothesis is that the 3D intraoral scanner 

presents the best performance in assessing caries around composite restoration 

compared to both visual criteria. 

 

6.2 Materials and Methods 

 

Study design and sample selection 

 

The present study was designed to compare the performance of three different 

methods in detecting caries and predict its severity around composite restorations in 

permanent extracted teeth. These methods are the International Dental Federation 

(FDI) criteria, the Caries Associated with Restorations and Sealants (CARS) system, 

and the 3D intraoral scanner (TRIOS 4, 3Shape TRIOS A/S, Denmark). One 

examiner performed the visual assessment with both criteria systems. Another 

examiner conducted the 3D scanner evaluation. The researchers were blind to each 

other. Besides, half of the sample was randomly selected and re-assessed with each 

diagnostic method to assess the weighted kappa value before the beginning of the 

study. The restoration assessment started after the intra-examiner weighted kappa 

value reached values greater than 0.75 for the FDI criteria, CARS method and the 3D 

intraoral scanner.  
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The sample was composed of extracted permanent teeth of unknown history 

donated by the bank of human teeth of the School of Dentistry from the University of 

Copenhagen. There are no restrictions in using extracted teeth for research in the 

laboratory of this University. From a batch of 500 extracted teeth stored in 0.1% 

thymol water, those with composite restorations were selected by an external 

examiner for further investigation. The teeth were classified as occlusal restoration, 

occlusal-approximal or as multisurface composite restoration. All restorations 

surfaces were visually assessed and the one that presents the most severe defect 

(poor marginal adaptation, presence of caries lesion around it or marginal staining) 

was selected for further investigation. Images of the selected surfaces were taken 

using a Discovery V8 stereomicroscope (Zeiss, Jena, Germany) with a connected 

Infinity X (DeltaPix, Ontario, Canada) digital camera (Figure 1). 

For sample size calculation, we considered an anticipated correlation coefficient 

of 0.30, considering a level of significance of 0.05 and a power of 80%. We added 

20% to the sample considering the use of a non-parametric approach, since some 

diagnostic methods would provide ordinal scores. Thus, we reached a minimum 

sample of 101 teeth. 

 

Visual examination 

 

A trained and calibrated researcher (B.L.P.M.) conducted the visual 

examination. Since a randomized clinical trial is being carried out simultaneously to 

investigate the use of the FDI and CARS criteria, more details about the training can 

be found in a previous publication [18]. Firstly, the researcher assessed the presence 

of plaque around the restoration using a ballpoint probe. It was scored as 0 (no 

plaque) or 1 (presence of plaque). Then, the presence of a gap between the tooth 

and the restorations was evaluated using the same ballpoint probe.  It was scored as 

0 (no gap), 1 (presence of gap without any content inside), 2 (presence of plaque 

inside the gap) or 3 (presence of soft dentin inside the gap). The gap size was also 

measured by a millimeter probe and classified as 0 (gap ≤ 1mm) or 1 (gap > 1mm).  

Then, after the teeth were cleaned with the aid of a rotating bristle brush and 

water slurry, the caries assessment was conducted by both visual methods by the 

same examiner. The order that the examiner used the methods was determined by 

random allocation. A random sequence with blocks of different sizes (2, 4, 6 or 8) 
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was generated in the platform www.sealedenvelope.com. Thus, restoration 

evaluation was first performed with the allocated group. After reaching the treatment 

decision, the examiner (B.L.P.M.) conducted a second evaluation according to the 

other criteria. The visual examination was done using two different visual methods:  

• FDI criteria: diagnosis and treatment decision as described in the International 

Dental Federation (FDI) criteria [12]. 

• CARS system: diagnosis according to Caries Associated with Restorations or 

Sealants (CARS) detection criteria, described in the ICCMS [13] and 

CariesCare International 4D [Martignon et al., 2019].  The proposed treatment 

decision was based on the definitions of primary caries described in the 

CariesCare International 4D [14]. The characteristics of activity for primary 

caries from the same health outcomes-focused system were also used in 

association.  

Three of the sixteen subcategories presented by the original system were 

selected to use among the FDI criteria: marginal staining, marginal adaptation, and 

recurrence of caries. The marginal staining was evaluated based on the fact that it 

can be misinterpreted with the presence of caries lesion around restoration besides 

being clinically a reason for restoration reintervention in daily clinical practice [19]. 

Therefore, the parameter marginal adaptation was included in this study since a 

defective marginal adaptation can allow biofilm accumulation and consequently 

demineralization along the restored tooth cavity wall [20]. Each of the three 

subcategories selected is scored according to a five-step grading of the restoration, 

and the final score is the highest score obtained among then. The detailed 

description of the FDI criteria used in this study is presented in Appendix A in Online 

Supplementary Material. 

Regarding the CARS criteria, it was derived from the International Caries 

Detection and Assessment System (ICDAS) [21], developed for the assessment of 

primary caries lesions. The detailed description of the CARS system can be found in 

Appendix B in Online Supplementary Material.  Besides, the definitions and 

characteristics of active and inactive lesions for primary caries evaluation from 

CariesCare International 4D also used in association with the CARS criteria can be 

found in Appendix C of the Online Supplementary Material. Nevertheless, this system 

does not present any treatment decision linked to the evaluation method. For this 

reason, the decisions based on the ICCMS recommendations for treating primary 



160 

 

caries lesions were adapted to propose treatment decisions to caries around 

restorations. The recommendations of clinical guidelines for treating direct 

restorations based on the minimal intervention dentistry were also considered in 

developing the CARS treatment decision [22, 23]. This treatment decision matrix is 

presented in Appendix D (Online Supplementary Material). 

The treatment decisions for the evaluated restorations according to the FDI and 

CARS criteria were classified into: no treatment (without necessary intervention and 

follow-up of the restoration over time), professional topical fluoride application (as a 

treatment for non-cavitated active caries lesions detected by the CARS criteria), 

refurbishment (finishing and polishing of the restoration), repair (a minimally invasive 

approach that implies, in any case, the addition of a restorative material, with or 

without preparation in the restoration and/or dental hard tissues) [22] and 

replacement (complete removal of the restoration) [22]. 

 

3D Intraoral scanner evaluation 

 

The selected teeth were individually scanned by a 3D intraoral scanner (TRIOS 

4, 3Shape TRIOS A/S, Denmark). A silicon base was prepared for each tooth to 

standardize the process and maintain it in the same position when the teeth were 

scanned. An experienced researcher (S.M.) in using this digital technology performed 

the evaluation in the present study.  

By scanning with white light, images from the tooth crown were captured using 

the 3D color imaging mode of a high-definition hand-held intraoral scanner (Figure 2). 

Afterwards, color texture was removed since it was easier to assess the presence of 

gap around restoration. This process was done with all teeth and images from the 

selected surfaces were captured again (Figure 3). The blue light (415 nm 

wavelength) emitted by the same scanner was used in this study. However, this 

fluorescence imaging did not add further information in the evaluations. This was 

probably due to the fact that the teeth had been stored for a long time in liquid 

storage solution and must had resulted to diffusion of bacteria and their metabolites 

form the caries lesions in the storage solution [24]. 

Gap sizes on the teeth 3D models were also assessed using specific software, 

TRIOS Patient monitoring (Version 2.1.2.8, 3Shape TRIOS A/S, Copenhagen, 

Denmark). The measurements were taken at the position with the widest visible gap 
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around the restoration using a cross-sections tool available in the software (Figure 4) 

and expressed in mm (≥0.01 mm). All study images were processed with 3Shape 

TRIOS and Dental Desktop software (Versions 1.18.3.9 and 1.7.1.0 respectively, 

3Shape A/S, Copenhagen, Denmark).   

 

Reference standard method 

 

The reference standard considered for validation of the methods was the 

histological examination of hemisections through the site using a Discovery V8 

stereomicroscope (Zeiss, Jena, Germany) with a connected Infinity X (DeltaPix, 

Ontario, Canada) digital camera (Figure 5). Each tooth was hemi-sectioned through 

the area of interest perpendicular to the occlusal surface according to each lesion 

(Microtrenn, Hofer, using a 100 m thick copper disk). After that, the same examiner 

who conducted the visual examination (B.L.P.M.) took photos of the hemisection 

through the site using the stereomicroscope (x5) and the area of interest was marked 

on each photo. Then, an experienced examiner in caries research (K.R.E.) 

conducted the histological examination. The researcher was calibrated before the 

beginning of the study and the intra-examiner weighted kappa value reached value 

greater than 0.75.  

A 4-point scale was used to evaluate lesion depth: D0 (no secondary caries); D1 

(secondary caries lesion detected in enamel or outer third of dentin); D2 (secondary 

caries lesion detected in the middle third of dentin); D3 (secondary caries lesion 

detected in the inner third of dentin). The deepest score for each investigation site 

was used in the subsequent analyses. 

 

Data analysis 

 

Firstly, unweighted and weighted kappa tests were conducted to assess the 

intra-examiner reproducibility of the scoring system used for the FDI criteria, CARS 

system, and histological examination. For the gap measurement reproducibility 

assessed by the 3D intraoral scanner, Intraclass correlation coefficient was 

calculated.  Spearman's rank correlation analyses were then conducted between the 

scores obtained with the FDI parameters for marginal staining, marginal adaptation, 

presence of caries, and CARS criteria with the histological examination. For this 
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approach, Spearman’s correlation coefficient (Rho) and respective 95% confidence 

intervals (95%CIs) were calculated separately for each considered evaluation 

parameter.  The treatment decisions regarding the restorations obtained with both 

FDI and CARS criteria were categorized into: (i) no treatment, (ii) non-operative 

treatment, (iii) repair or refurbishment, and (iv) replacement. Restorations classified 

as without intervention’s need were included in category (i) and those assigned to 

receive topical fluoride application by the CARS system were included in category (ii). 

Spearman’s correlation analyses were conducted between FDI and CARS treatment 

decisions with histological examination. 

Afterward, the gap evaluation performed by the visual inspection was 

categorized into: (i) no visual gap, (ii) only gap with no biofilm or dentin exposed, (iii) 

gap with biofilm and (iv) gap with dentin exposed. Then, the gap measured by the 

visual inspection was categorized into: (i) no visual gap, (ii) gap measuring up to 1 

mm and (iii) gap measuring more than 1 mm. In contrast, the mean and standard 

deviation were calculated for the gap measurement performed by the 3D intraoral 

scanner. For this approach, Rho and 95% CIs were calculated separately between 

each strategy used for the gap evaluation and the histological examination. 

Spearman’s rank correlation analyses were also conducted independently between 

the gap assessed by the visual inspection and measured by the 3D intraoral scanner, 

and the gap measured by the visual inspection with the gap measured by the 3D 

intraoral scanner.  

 

6.3 Results 

 

The sample was composed of 116 teeth, being 83 (71.5%) permanent molars 

and 33 (28.5%) premolars.  Fifteen teeth (13%) were classified as occlusal 

restorations, 37 (31.9%) were approximal restorations, and 64 (55.1%) were 

classified as multisurface restorations. The intra-examiner reproducibility of the visual 

systems used to assess caries lesions around composite restorations in the present 

study reached weighted kappa values higher than 0.8 for most parameters assessed 

with two methods and the reference standard (Table 1). Also, the Intraclass 

correlation coefficient of the gap measurement assessed by the 3D intraoral scanner 

was excellent (Table 1).  
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The correlation between lesion depth and the scores obtained with the FDI and 

CARS methods and the activity status evaluation are presented in Table 2. Criteria 

with higher correlation values were the presence of caries assessed by the FDI 

criteria and the scores obtained with the CARS system. Adaptation evaluated with 

the FDI and caries activity assessed by the CARS method were moderately 

correlated with the lesion depth assessed through histological evaluation (Table 2). 

Otherwise, the marginal staining evaluation performed with the FDI method showed a 

non-significant correlation with the lesion depth (Table 2). Regarding the treatment 

decision obtained with both visual methods, correlation with lesion depth was 

moderate for FDI and CARS methods, although slightly higher for the CARS system 

(Table 3).  

Moreover, we found that a higher correlation with the lesion depth was obtained 

by the visual examination when the content inside the gap was assessed during the 

visual evaluation, followed by the measurement performed by the visual inspection 

(Table 4). In contrast, the 3D intraoral scanner gap measurement showed the 

weakest correlation with the histological examination (Table 4). Additionally, the 

correlations between the visual assessment of the content inside the gap and the 

visual measurement performed with the visual inspection were similar and 

moderately correlated with the 3D intraoral scanner gap's measure (Table 5). 

 

6.4 Discussion 

 

Secondary caries represents a significant clinical problem since it is considered 

one of the main reasons for restorations failure and reintervention in permanent 

posterior teeth [25]. Many studies have pointed inconsistency in the detection of this 

condition [26]. For this reason, diagnostic strategies and devices that offer the ability 

to discriminate caries without subjecting patients to overtreatment still need to be 

investigated [27].  To the best of our knowledge, this study compared for the first 

time, the use of a new promising technology device, the 3D intraoral scanner, with 

two detailed diagnostic visual criteria for the detection of secondary caries around 

composite restorations of permanent teeth in an in vitro study.   

It was observed that the FDI and CARS methods had similar performance when 

the presence of caries lesion around the restorations was evaluated. Besides, both 

criteria were moderately correlated to the lesion depth. The description of the scores 
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of the FDI and CARS criteria to assess secondary caries is similar. This fact is 

probably the explanation for the results found in this study.  The FDI criteria seems to 

be a practical, relevant, and standardized system, and an increase in its use has 

been observed since 2010 [28]. The use of this method is related to the study's 

objective since the researchers can select the most relevant parameters for the 

restoration assessment instead of the original 16 available [28]. However, the FDI 

marginal adaptation and the FDI marginal staining did not seem to be a good 

predictor of caries around restoration according to the results found in this study, 

mainly the presence of staining. This is in accordance with many studies that have 

shown that staining around restorations is not a predictor of caries [29, 7], even being 

often mistakenly associated with the presence of a lesion leading to an overtreatment 

[19]. For this reason, the treatment decisions linked to the CARS system presented a 

higher correlation to the histology than the FDI criteria. Findings obtained in primary 

teeth also observed that staining and marginal adaptation are not good parameters to 

be evaluated in the diagnostic strategy for restoration assessment [30].   

The CARS system is focused on the caries assessment. This system is a well-

described criterion derived from the International Caries Detection and Assessment 

System (ICDAS) [21]. Although it presents strong points as the description of lesion 

severity, the differentiation of amalgam shadows from caries lesions, and the 

assessment of presence or absence of demineralization around the restoration, its 

use in studies related to restorative materials is limited [19].  On the other hand, the 

system does not present any treatment decision linked to the caries assessment, and 

it should be used associated with a system for assessing lesion activity. 

Nevertheless, we found a moderate correlation between the caries activity status and 

the reference standard. It was probably not found a higher correlation due to a 

weakness inherent in the study design since extracted teeth were used, and some 

could be stored for a long time. In this way, there were no relevant clinical signs 

available to estimate lesion activity, as the guaranteed presence of biofilm (although 

it was one of the evaluated parameters of the study) and the condition of the gingiva 

[31]. Even the lesion characteristics, such as texture, hardness, and appearance, 

could be altered.  

Regarding the 3D intraoral scanner for assessing secondary caries lesion, as it 

has not a criterion linked to being used in the assessment, we used the technology to 

evaluate the gap and its measurement. A gap may originate through polymerization 
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shrinkage due to failure to obtain satisfactory adaptation and insufficient bond of the 

restoration [3]. According to recent studies, gaps without detectable demineralization 

cannot be considered as any stage of secondary caries [32]. However, in the past, 

researchers have stated that defects on marginal adaptation of restorations can 

predispose demineralization due to microleakage of bacteria, their metabolites, and 

compounds from the oral fluids [33, 34]. More recent evidence from in vitro and in 

vivo studies suggests that microleakage can result in the cavity-wall lesion [35, 36]; 

however, there is no conclusive answer to the relationship between gap size and wall 

lesion development, especially the minimum gap size needed for its development. 

Considering the caries process, the lesion development would occur where a biofilm 

could establish along with the interface between tooth and restoration [37].  

Apart from the controversial discussion around the association between gaps 

and secondary caries, the 3D intraoral scanner assessment did not present better 

performance than the gap evaluation's visual examination. The higher correlation 

between the presence of gap and histology was derived from the visual inspection 

associated with evaluating the content inside the gap. The evaluation of biofilm and 

dentin's presence could bring more objective to the assessment as the reference 

standard is the caries lesion depth. We believe that the 3D intraoral scanner 

performance could be improved if the assessment would be done in association with 

the visual-tactile examination of the restoration for the detection of caries around it. 

Although the 3D intraoral scanner seems not bring many advantages for 

diagnosing secondary caries and predicting its severity according to the results 

presented, the method would have some advantages. The 3D intraoral scanner 

captured images probably allow monitoring caries lesion progression and small 

defects presented by the restorations when the decision-making is to perform no 

treatment and reassess it in the follow-up appointments. The less invasive treatment 

decisions, as the monitoring, refurbishment, and repair are being recommended to be 

adopted whenever possible in the daily clinical practice instead of the restoration 

replacement [14, 23, 38]. In this way, the conventional visual inspection does not 

provide an image record of the teeth.  Another possible advantage in using the 

images provided by the 3D intraoral scanner for remote discussions between 

clinicians of different locations. Telemedicine and teledentistry are being encouraged, 

especially for educational and diagnosis propose [39]. The actual COVID-19 

pandemic has shown the need to incorporate teledentistry into the routine of dental 



166 

 

practice [40]. Therefore, the treatment decision could be reached by direct visual 

inspection and 3D intraoral scanner could be used as adjunct method, mainly due to 

the advantages abovementioned.  

For the present moment, the use of standardized diagnostic criteria for the 

assessment of caries around restoration should be encouraged to avoid diagnostic 

errors and overtreatment [3]. The selected criteria should present the best treatment 

option for managing restorations, ensuring the best health outcome for the patient 

[41]. In this way, randomized clinical trials should be developed considering relevant 

health outcome for the patient. The CARS system used in association with a system 

for assessing lesion activity and considering the authors' treatment decision seems to 

be reasonable criteria to be used in clinical practice for the assessment of caries 

around restorations. 

In conclusion, the FDI criteria and the CARS system are associated with lesion 

depth, and both systems perform similarly for the detection of caries lesions around 

composite restoration. The 3D intraoral scanner does not add further information to 

the gap size visually assessed. 
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Table 1 - Intra-examiner reproducibility of the scoring system used for the International Dental 

Federation (FDI) criteria, the Caries Associated with Restorations and Sealants (CARS) 
system, histological examination, and the gap measurement assessed by the three-
dimensional intraoral scanner 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: The author  

 

 

 

 

 

 

 

 

 

 

 

 

 Unweighted kappa Weighted kappa * 

FDI parameters   

Staining 0.548 
(0.317 to 0.779) 

0.860 
(0.762 to 0.957) 

Adaptation 0.869 
(0.730 to 1.000) 

0.967 
(0.928 to 1.000) 

Presence of caries 0.818 
(0.656 to 0.980) 

0.920 
(0.803 to 1.000) 

Treatment decision 0.749 
(0.552 to 0.947) 

0.790 
(0.572 to 1.000) 

CARS parameters   

Scores 0.907 
(0.785 to 1.000) 

0.986 
(0.967 to 1.000) 

Activity status 0.865 
(0.686 to 1.000) 

** 

Treatment decision 0.835 
(0.662 to 1.000) 

0.890 
(0.762 to 1.000) 

Histological scores 0.823 
(0.662 to 0.984) 

0.945 
(0.892 to 0.998) 

Scanner parameter   

 Intraclass correlation coefficient 

Gap measurement 0.958 
(0.929 to 0.976) 

Figures between parenthesis are 95% confidence intervals 
* weighted kappa using quadratic approach. 
** not applicable because it is a dichotomous variable 
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Table 2 - Relationship and correlation among scores obtained by the International Dental Federation 
(FDI) criteria, the Caries Associated with Restorations and Sealants (CARS) system with the 
histological examination 

 

 

Diagnostic criteria Histological scores Total 

0 1 2 3 

FDI marginal staining      

1 11 18 4 2 35 

2 13 10 12 5 40 

3 4 10 4 5 23 

4 7 3 2 3 15 

5 0 1 1 1 3 

Rho = 0.138 (-0.046 to 0.312) 

FDI adaptation      

1 4 7 0 1 12 

2 10 12 1 0 23 

3 10 9 3 0 22 

4 8 10 8 4 30 

5 3 4 11 11 29 

Rho = 0.483 (0.329 to 0.611) 

FDI presence of caries      

1 29 28 6 1 64 

2 3 5 0 0 8 

3 2 3 0 0 5 

4 1 5 13 5 24 

5 0 1 4 10 15 

Rho = 0.648 (0.527 to 0.742) 

CARS scores      

0 29 28 6 1 64 

1 0 0 0 0 0 

2 3 4 0 0 7 

3 2 4 0 0 6 

4 0 0 0 0 0 

5 1 5 12 6 24 

6 0 1 5 9 15 

Rho = 0.645 (0.524 to 0.740) 

Cars activity status      

Sound or inactive 32 35 14 3 84 

Active 3 7 9 13 32 

Rho = 0.470 (0.315 to 0.601) 

Total 35 42 23 16 116 

Rho = Spearman correlation coefficient 
Figures in parenthesis are 95% confidence intervals 
 

Source: The author  
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Table 3 - Correlation among treatment decision reached by the International Dental Federation (FDI) 
criteria, the Caries Associated with Restorations and Sealants (CARS) system with the 
histological scores 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Source: The author  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Treatment decision Histological scores Total 

0 1 2 3 

FDI treatment decision      

No treatment 17 23 2 1 43 

Non-operative treatment 0 0 0 0 0 

Repair 14 14 10 3 41 

Replacement 4 5 11 12 32 

Rho = 0.462 (0.306 to 0.594) 

CARS treatment decision      

No treatment 30 31 6 1 68 

Non-operative treatment 2 3    

Repair 3 8 16 11 38 

Replacement   1 4 5 

Rho = 0.620 (0.493 to 0.721) 

Total 35 42 23 16 116 

Rho = Spearman correlation coefficient 
Figures in parenthesis are 95% confidence intervals 
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Table 4 - Correlation among the presence of gap evaluated by both visual inspection and the three-       
dimensional intraoral scanner, with the histological scores 

 

Treatment decision Histological scores Total 

0 1 2 3 

GAP visual inspection      

No gap 16 21 1 0 38 

Only gap with no biofilm or 
dentin exposed 

17 13 9 1 40 

Gap with biofilm 2 3 5 0 10 

Gap with dentin exposed  5 8 12 27 

Total 35 42 23 15 115 

Rho = 0.586 (0.452 to 0.695) 

Gap measurement by visual 
inspection 

     

Gap absent  16 21 1 0 38 

Gap measuring up to 1 mm 13 14 9 1 37 

Gap measuring more than 1 
mm 

6 6 11 14 37 

 35 41 21 15 112 

Rho = 0.486 (0.330 to 0.616) 

Gap measurement by 
scanner (mm) 

     

Mean (Standard deviation) 
 

0.49 
(1.10) 

0.47 
(0.48) 

1.40 
(1.49) 

1.45 
(1.89) 

0.78 
(1.21) 

Rho = 0.371 (0.184 to 0.533) 

Rho = Spearman correlation coefficient 
Figures in parenthesis are 95% confidence intervals 
 

Source: The author  
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Table 5 - Correlation among the presence of gap and gap measurement evaluated by visual 
inspection with the three-dimensional intraoral scanner 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: The author  

 
  
 
 
 
 
 
 
 

 Gap measurement by scanner (mm) 

 Mean  SD Rho (95% CI) 

GAP visual inspection   0.531 (0.369 to 0.662) 

No gap 0.19 0.44  

Only gap with no biofilm or 
dentin exposed 

0.83 1.03  

Gap with biofilm 0.55 0.55  

Gap with dentin exposed 1.69 1.83  

Total 0.78 1.21  

Gap measurement by visual 
inspection 

  0.495 (0.325 to 0.635) 

Gap absent 0.19 0.44  

Gap measuring up to 1 mm 0.64 0.44  

Gap measuring more than 1 
mm 

1.55 1.85  

Total 0.77 1.22  

SD = standard deviation; Rho = Spearman correlation coefficient; 95% CI = 
95% confidence intervals 
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Figure 1 - Image of the selected surface taken using the stereomicroscope to be assessed with the 
diagnostic methods 

 
 

 

Source: The author  
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Figure. 2 - The captured image of the selected surface scanned with the white light of the 3D intraoral 
scanner 

 
 
 

 
 
  
Source: The author  
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Figure. 3 - Captured image from the selected surface scanned with the 3D intraoral scanner after 
removing the colour texture 

 
 

 
 
 
Source: The author  
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Figure. 4 - The captured image of the gap measurement using specific software (TRIOS – Dental 
Desktop, 3Shape A/S, Denmark) after the tooth has been scanned 

 
 
 

 
 
 
Source: The author  
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Figure. 5 - Image of the histological examination of hemisections through the site using a 
stereomicroscope as the study’s reference standard 

 
 
  
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: The author  
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APPENDIX A - Table 1. International Dental Federation (FDI) criteria linked to the treatment decision 

 
Source: The author  

 
 

 

 

 

 

FDI scores 
FDI 

treatment 

Scores Classification 
 

Marginal staining* 
 

Marginal adaptation 
Recurrence of 

caries 
Indication 

1 
Clinically 
excellent/ 
very good 

No marginal 
staining. 

Harmonious outline, 
no gaps, no white or 

discolored lines 

No secondary or 
primary caries 

No treatment 

2 
Clinically good 

 

Minor marginal 
staining, easily 
removable by 

polishing. 

Marginal gap (<150 
μm), white lines. 
Small marginal 

fracture removable 
by polishing. 

Slight ditching, slight 
step/flashes, minor 

irregularities. 

 
 

Very small and 
localized 

demineralization 
 
 

 
 

No treatment 
 

 
 
 
3 

 
 
 
 

Clinically 
sufficient/ 

satisfactory 
 

 
 
 
 

Moderate marginal 
staining, not 
esthetically 

unacceptable. 

Gap < 250μm not 
removable. 

 
Several small 

marginal fractures. 
Major irregularities, 

ditching or flash, 
steps. 

 
 
 
 

Larger areas of 
demineralisation 

 
 
 
 
 

No treatment 
 

 
 
4 

 
 
 

Clinically 
unsatisfactory 

 

 
 
 

Pronounced 
marginal staining; 
major intervention 

necessary for 
improvement. 

Gap > 250μm or 
dentine/base 

exposed. 
 

Severe ditching or 
marginal 
fractures. 

Larger irregularities 
or steps. 

 

 
 

Caries with 
cavitation 

 
 

Repair 

5 
Clinically poor 

 

Deep marginal 
staining, not 

accessible for 
intervention. 

Restoration 
(complete or partial) 
is loose but in situ. 
Generalized major 

gaps or 
irregularities. 

 

Deep secondary 
caries or exposed 
dentine that is not 

accessible for 
repair of 

restoration. 

Replacement 
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APPENDIX B - Table 2. Caries Associated with Restorations and Sealants (CARS) Criteria 

 

Caries Associated with Restorations and Sealants codes 

Code 0 

Sound tooth 
surface with 

restoration or 
sealant 

A sound tooth surface adjacent to a restoration/sealant margin. There 
should be no evidence of caries (either no or questionable change in 
enamel translucency after prolonged air drying for 5 seconds). Surfaces 
with marginal defects less than 0.5mm in width (i.e. will not admit the ball 
end of the CPI Probe), developmental defects such as enamel hypoplasia 
fluorosis; tooth wear (attrition, abrasion and erosion), and extrinsic or 
intrinsic stains will be recorded as sound. Stained margins consistent with 
non-carious habits (e.g. frequent tea drinking) and which do not exhibit 
signs consistent with demineralization should be scored as sound. 
 

Code 1 
First visual 

change in enamel 

When seen wet there is no evidence of any change in color attributable to 
carious activity, but after prolonged air drying (for approximately 5 
seconds) an opacity or discoloration consistent with demineralization is 
visible that is not consistent with the clinical appearance of sound enamel. 

Code 2 

Distinct visual 
change in 

enamel/dentin 
adjacent to a 

restoration margin 

 
If the restoration margin is placed on enamel the tooth must be viewed 
wet. When wet there is an opacity consistent with demineralization or 
discoloration that is not consistent with the clinical appearance of sound 
enamel (Note: the lesion is still visible when dry). 
If the restoration margin is placed on dentin: Code 2 applies to 
discoloration that is not consistent with the clinical appearance of sound 
dentin or cementum. 
 

Code 3 
Carious defects of 
<0.5 mm with the 
signs of code 2 

Cavitation at the margin of the restoration/sealant less than 0.5mm, in 
addition to either an opacity or discoloration consistent with 
demineralization that is not consistent with the clinical appearance of 
sound enamel or with a shadow of discolored dentin. 
 

Code 4 

 
Marginal caries in 

enamel/dentin 
/cementum 
adjacent to 

restoration with 
underlying dark 

shadow from 
dentin 

 

The tooth surface may have characteristics of code 2 and has a shadow of 
discolored dentin which is visible through an apparently intact enamel 
surface or with localized breakdown in enamel but no visible dentin. This 
appearance is often seen more easily when the tooth is wet and is a 
darkening and intrinsic shadow which may be grey, blue, orange, or brown 
in color. Note: view tooth wet and then dry. This lesion should be 
distinguished from amalgam shadows. 

Code 5 
Distinct cavity 

adjacent to 
restoration 

Distinct cavity adjacent to restoration/sealant with visible dentin in the 
interfacial space with signs of caries as described in code 4, in addition to 
a gap > 0.5mm in width. 
OR 
In those instances where margins are not visible, there is evidence of 
discontinuity at the margin of the restoration/sealant and tooth substance 
of the dentin as detected by 0.5mm ball-ended probe run along the 
restoration/sealant margin. 
 

Code 6 
Extensive distinct 
cavity with visible 

dentin 

Obvious loss of tooth structure, the extensive cavity may be deep or wide 
and dentin is clearly visible on both the walls and at the base. 
 

 

Source: The author  
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APPENDIX C - Table 3. Characteristics of Active and Inactive Caries Linked to Caries Around 
Restorations System - CARS adapted 

 

ICCMS Code 

 

Characteristics of Lesion 

Signs of Active Lesions Signs of Inactive Lesions 

ICCMS 
Initial and 

Moderate Caries Stage 

Surface of enamel is 
whitish/yellowish; opaque 
with loss of luster, feels 
rough when the tip of the 
ball-ended probe is moved 
gently across the surface. 
Lesion is in a plaque 
stagnation area, i.e. in the 
entrance of pits and 
fissures, near the gingival 
margin or, for proximal 
surfaces, below or above 
the contact point. The 
lesion may be covered by 
thick plaque prior to 
cleaning. 

Surface of enamel is 
whitish, brownish or black. 
Enamel may be shiny and 
feels hard and smooth 
when the tip of the ball-
ended probe is moved 
gently across the surface. 
For smooth surfaces, the 
caries lesion is typically 
located at some distance 
from the gingival margin. 
Lesion may not be covered 
by thick plaque prior to 
cleaning. 

ICCMS  
Extensive Caries Stage 

Dentine feels soft or 
leathery on gentle probing. 

Dentine is shiny and hard 
on gentle probing. 

 
Source: The author  
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7 FINAL CONSIERATIONS 

 
 Analyzing all data presented in this thesis, we conclude that restorations in 

primary teeth evaluated according to the FDI criteria are more frequently indicated for 

replacement than when assessed by the CARS system. This diagnostic method also 

shows a considerable number of operative interventions, but less invasive conducts 

are prioritized instead of replacement, such as restoration repair or refurbishment. 

Besides, restorations assessed with the FDI method are more likely to be classified 

as having caries lesions than those evaluated by the CARS system. Regarding other 

variables that might influence restoration replacement, we conclude that children's 

caries experience and multisurface restorations influence the decision to replace 

restorations in primary teeth, but not the restorative dental material. Therefore, 

clinicians should focus on children's health-promoting to improve restoration 

longevity, diminishing replacement of restorations. 

  Regarding the accuracy of the evaluated methods for detecting caries around 

restoration in primary teeth, the CARS system present higher accuracy than FDI 

criteria. However, the FDI criteria for assessing caries' recurrence and marginal 

adaptation show similar performance to the CARS system when the dentin threshold 

is considered. These results may be explained by the fact that the lesion's severity is 

described similarly in both criteria and most frankly carious lesion at the filling margin 

also represents a gap with dentin exposure. On the other hand, the marginal staining 

is not an accurate parameter to evaluate secondary caries in primary teeth. In this 

way, it should not be used for this purpose in clinical practice. 

The FDI and CARS criteria are moderately correlated with caries lesion depth 

when used to detect caries around composite restorations in permanent posterior 

teeth, with a slight CARS superiority. Both visual methods present similar 

performance when used for this purpose in vitro. When these methods are compared 

to the 3D intraoral scanner device, we saw that the 3D intraoral scanner does not add 

further information to gap size assessment than visual inspection. However, this 

alternative detection technique would present some advantages compared to the 

visual examination. The captured images allow monitor caries lesion and small 

restoration defects when the decision-making is to perform no treatment and 

reassess it in the follow-up appointments. Besides, with the 3D intraoral scanner, it is 
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possible to promote remote discussions between clinicians of different locations, 

especially for educational and diagnosis purposes. 

In general, the CARS system seems to be more accurate. The method led to 

less invasive management options in assessing restorations in primary teeth and 

permanent teeth. However, considering the FDI criteria, the parameter for evaluating 

caries recurrence is very similar to the findings obtained with the CARS system, and 

it could be an alternative.   

Nevertheless, the findings presented in this series of manuscripts were 

restricted to cross-sectional evaluation. The long-term impact of using the FDI and 

CARS criteria on relevant outcomes for children and their parents will be more 

appropriately assessed through the ongoing randomized clinical study. The recalls of 

the last follow-up evaluations were delayed due to the COVID-19 pandemic. 

However, the follow-up has been completed at the end of February, and we are still 

analyzing the data. 

The findings of the two years of children's follow-up will answer the fundamental 

question: what the best approach for diagnosing and managing dental restorations in 

children is, considering the impact on the treatment decision on clinically relevant 

outcomes for the patient.         
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