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RESUMO
 

 
 

DESEMPENHO DE ESTUDANTES DE GRADUAÇÃO EM ODONTOLOGIA NA 
DETECÇÃO E AVALIAÇÃO DA ATIVIDADE DE LESÕES DE CÁRIE: REVISÃO 

SISTEMÁTICA E META-ANÁLISE 
 
 

AUTOR: Ronairo Zaiosc Turchiello 
ORIENTADORA: Tathiane Larissa Lenzi 

 
 
A detecção de cárie é um tema essencial no currículo dos cursos de graduação em Odontologia, uma 
vez que o estabelecimento do diagnóstico é essencial para a correta tomada de decisões clínicas. No 
entanto, muitos fatores podem influenciar o desempenho do exame visual para tal avaliação, como o 
treinamento dos examinadores. Isto poderia ser crucial considerando que alunos de graduação ainda 
não desenvolveram as habilidades diagnósticas necessárias. Sendo assim, esta revisão sistemática e 
meta-análise objetivou avaliar o desempenho de estudantes de graduação em Odontologia na 
detecção e avaliação da atividade de lesões de cárie por meio da inspeção visual. Uma ampla 
pesquisa foi realizada nas bases de dados PubMed/ MEDLINE, Scopus, Lilacs e OpenSINGLE até 
junho de 2018 para identificar a literatura relacionada à questão de pesquisa. Nenhuma restrição 
quanto ao ano de publicação ou idioma foi considerada. Dois revisores selecionaram 
independentemente os estudos, extraíram os dados e avaliaram o risco de viés com a ferramenta 
Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2). As meta-análises sumarizaram os 
resultados referentes à reprodutibilidade e acurácia (Summary Receiver Operating Characteristics 
analysis [SROC] e diagnostic odds ratio [RDOR]), considerando os limiares D1 (todas as lesões) e D3 
(apenas lesões em dentina, quando a profundidade foi avaliada, ou lesões cavitadas, quando a 
integridade da superfície foi considerada). Para a atividade, consideramos superfícies hígidas + 
lesões de cárie inativas vs. lesões de cárie ativas. Meta-regressão também foi realizada para avaliar o 
efeito de variáveis metodológicas no desfecho. Heterogeneidade foi explorada usando modelos 
randômicos e análise de meta-regressão. Dos 233 estudos potencialmente elegíveis, 31 foram 
selecionados para análise de texto completo e 14 foram incluídos na revisão sistemática. A maioria 
dos estudos incluídos usou o ICDAS (92,9%) para avaliação da severidade e Nyvad (28,6%) para 
atividade de cárie. Os estudos apresentaram moderados valores agrupados de concordância 
interexaminadores (0,52; IC95% 0,39-0,66) e substanciais valores agrupados de concordância intra- 
examinador (0,70; IC95% 0,55-0,86) quando a severidade foi considerada. Substanciais valores 
agrupados de concordância intra-examinador (0,62; IC95% 0,38-0,86), mas baixos valores agrupados 
de concordância interexaminadores (0,39; IC95% 0,10-0,67) foram encontrados para avaliação da 
atividade.Os estudos mostraram moderados valores agrupados de sensibilidade nos limiares D1 
(0,640 IC 95% 0,620-0,660) e D3 (0,625 IC95% 0,585-0,664). Excelentes valores agrupados de 
especificidade foram encontrados nos limiares D1 (0,970 95% CI 0,967-0,973) e D3 (0,984 95% CI 
0,982-0,986). A sensibilidade agrupada também foi menor que a especificidade agrupada para 
atividade de cárie. Em geral, a heterogeneidade foi alta. Todos os estudos incluídos apresentaram 
alto risco de viés na seleção da amostra. O nível educacional dos estudantes no curso e a 
experiência clínica prévia não influenciaram na acurácia e reprodutibilidade da inspeção visual. Em 
conclusão, o desempenho dos estudantes de graduação na detecção de lesões de cárie por meio da 
inspeção visual foi boa, embora a avaliação da atividade deva ser melhorada. 

 
 
Palavras-chave: Cárie Dentária. Curva ROC. Estudantes de Odontologia. Odontologia Baseada em 
Evidências. Sensibilidade e Especificidade. 



ABSTRACT
 

 
 

UNDERGRADUATE DENTAL STUDENTS’ PERFORMANCE IN DETECTING AND 
ASSESSING THE ACTIVITY OF CARIES LESIONS: SYSTEMATIC REVIEW AND 

META-ANALYSIS 
 
 

AUTHOR: Ronairo Zaiosc Turchiello 
ADVISOR: Tathiane Larissa Lenzi 

 
 
The caries detection is an essential topic in the curriculum of graduation courses in Dentistry, since 
establishing the diagnosis is essential for the correct clinical decision making. However, many factors 
can influence the performance of the visual examination, such as the examiners’ training. This could 
be crucial considering the undergraduate students have not yet developed the diagnostic skills. Thus, 
this systematic review and meta-analysis aimed to evaluate the performance of dental undergraduate 
students in detecting and assessing the activity status of caries using visual inspection. A 
comprehensive search was undertaken through PubMed/MEDLINE, Scopus, Lilacs databases and 
OpenSINGLE up to June 2018 to identify literature related to research question. No publication year or 
language restriction was considered. Two reviewers independently selected the studies, extracted the 
data and assessed the risk of bias with Quality Assessment of Diagnostic Accuracy Studies tool 
(QUADAS-2). Meta-analyses summarized the results concerning reproducibility and accuracy 
(Summary Receiver Operating Characteristics analysis [SROC], diagnostic odds ratio [DOR], 
considering D1 (all lesions) and D3 (only lesions into dentin, when lesion depth was assessed, or 
cavitated lesions, when surface integrity was evaluated) thresholds. For activity, we considered sound 
surfaces + inactive caries lesions vs. active caries lesions. Meta-regression was also performed to 
assess the effect of methodological variables on the outcome. Heterogeneity was explored using 
random-models and meta-regression analysis. The heterogeneity of the studies was also assessed. 
From 233 potentially eligible studies, 31 were selected for full-text analysis and 14 were included in  
the systematic review. Most of the included studies used the ICDAS (92.9%) for severity assessment 
and Nyvad (28.6%) for caries activity. Studies showed moderate values of pooled interexaminer 
agreement (0.52; 95% CI 0.39-0.66) and substantial pooled values of intra-examiner agreement (0.70; 
95% CI 0.55-0.86) when severity was considered. Substantial pooled values of intra-examiner 
agreement (0.62; 95% CI 0.38-0.86), but poor pooled values of interexaminer agreement (0.39; 95% 
CI 0.10-0.67) were found for activity assessment. Studies showed moderate values of pooled 
sensibility at D1 (0.640; 95% CI 0.620-0.660) and D3 (0.625 95% CI 0.585-0.664) thresholds. 
Excellent values of pooled specificity were found at D1 (0.97 95% CI 0.967-0.973) and D3 (0.984 95% 
CI 0.982-0.986) thresholds. The pooled sensitivity was also lower than pooled specificity for caries 
activity. Overall, the heterogeneity was high. All included studies presented a high risk of bias in 
sample selection. Students’ education level in the course and previous clinical experience did not 
influence on the accuracy and reproducibility of the visual inspection. In conclusion, the undergraduate 
students’ performance in detecting caries lesions using visual inspection was good, although activity 
status assessment should be improved. 

 
Keywords: Dental caries. ROC curve. Students, Dental. Evidence-Based dentistry. Sensitivity and 
specificity. 
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1 INTRODUÇÃO 

 

Há uma preocupação iminente na formação de profissionais que não só 

possuam conhecimento, mas também desenvolvam habilidades para reconhecer 

cárie dentária como doença e tomar decisões clínicas com base na melhor evidência 

científica atual (SCHULTE et al., 2011). A detecção das lesões de cárie tem sido 

colocada como um tema de participação obrigatória nas aulas de Cariologia dos 

cursos de formação de profissionais na área de Odontologia (PITTS et al., 2011; 

SCHULTE et al., 2011). 

A inspeção visual tem se mostrado um método acurado e confiável para ser 

utilizado para detecção de lesões de cárie (GIMENEZ et al., 2015). Embora os 

estudos de acurácia careçam de evidências em alguns desfechos clínicos de 

relevância importante (GIMENEZ et al., 2015), a possibilidade de sua utilização 

como método principal para detecção de lesões de cárie vem sendo aventada 

(BRAGA et al., 2010), devido a sua possibilidade de reconhecimento de 

características das lesões importantes de serem levadas em consideração para a 

decisão de tratamento, já que podem interferir no prognóstico (e/ou na progressão) 

das mesmas. 

Uma revisão sistemática recente mostrou que o uso de índices tende a 

melhorar a acurácia do exame visual para detecção de lesões de cárie (GIMENEZ et 

al., 2015). Neste sentido, o uso do International Caries Detection and Assessment 

System (ICDAS) seria uma alternativa para se utilizar clinicamente. O índice 

contempla a avaliação das lesões de cárie desde o seu estágio mais inicial de 

desenvolvimento (lesões não cavitadas) até cavitações mais extensas (PITTS, 

2004). A abordagem das lesões iniciais é importante para o estabelecimento de 

condutas de diagnóstico e terapêutica adequadas e garante um melhor prognóstico 

no tratamento da doença (NYVAD, 2004). 

O ICDAS, entretanto, não foi desenvolvido para avaliação da atividade da 

doença. Assim, critérios para avaliação da atividade foram propostos para serem 

usados em associação com o ICDAS. Um deles consiste na ponderação mental de 

algumas características clínicas de lesões ativas e inativas em esmalte e dentina 

que podem ser avaliadas em uma única sessão. Já o Lesion Activity Assessment 

(LAA) é baseado na combinação de parâmetros clínicos relacionados à lesão como: 

a aparência visual da lesão (ICDAS), propensão local à estagnação de placa e a 
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textura da superfície (EKSTRAND et al., 2007). Para cada um deles, há pontos 

específicos para serem atribuídos, sendo a soma desses pontos a forma de 

classificação dessas lesões, quanto à atividade. Assim, a partir de um ponto de corte 

estabelecido em estudos prévios, pontuação acima de 7 indica presença de lesão 

ativa. O uso do LAA poderia reduzir a subjetividade na avaliação, sendo uma 

vantagem promissora. 

De fato, uma recente revisão sistemática tem demonstrado que o ICDAS 

possui substancial reprodutibilidade na avaliações da severidade da doença. 

Sistemas adicionais associados ao ICDAS que classificam a atividade de cárie 

podem ser úteis, uma vez que apresentam moderada reprodutibilidade (EKSTRAND 

et al., 2018). No entanto, muitos fatores podem influenciar o desempenho do exame 

visual associado ou não ao uso de índices para detecção e avaliação da atividade  

de cárie, como o treinamento dos examinadores. Isto poderia ser crucial 

considerando que estudantes de graduação ainda não desenvolveram as 

habilidades diagnósticas necessárias. 

A etapa de diagnóstico de cárie tem sido apontada por estudantes de 

graduação como um processo de difícil assimilação e aprendizado (LARA et al., 

2015). Além disso, eles podem ser incapazes de perceber sutis alterações que 

poderiam ser um indicativo da presença e/ou atividade da doença no paciente 

(ZANDONÁ et al., 2009). Estudos prévios (ZANDONÁ et al., 2009; BUSSANELI et 

al., 2015; ASSAF et al., 2006) têm demonstrado boa reprodutibilidade entre 

estudantes de graduação na detecção de lesões de cárie em estágios mais 

avançados. No entanto, alta reprodutibilidade não necessariamente implica na 

correta tomada das decisões clínicas. Por outro lado, não há consenso na literatura 

sobre o desempenho de estudantes de graduação na detecção de lesões iniciais 

(ZANDONÁ et al., 2009; EL-DAMANHOURY et al., 2014). 

O desempenho dos estudantes de graduação na detecção de lesões de cárie 

também pode ser influenciado por uma série de fatores, como o nível no curso, 

experiência clínica prévia e o método de ensino utilizado. Examinadores menos 

experientes, ou seja, cursando semestres iniciais, são geralmente associados a 

resultados falso-positivos (EL-DAMANHOURY et al., 2014). 

Tem sido demonstrado que o e-learning pode melhorar algumas habilidades 

diagnósticas (DINIZ et al., 2010). O uso de dentes extraídos e fotografias também 

tem sido investigado como estratégia de treinamento para detecção de lesões de 
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cárie (ZANDONÁ et al., 2009; FOLEY et al., 2012; EL-DAMANHOURY et al., 2014; 

LUZ et al., 2014) e divergências no desempenho de estudantes de graduação na 

detecção de lesões de cárie tem sido encontradas quando da utilização desses 

recursos. 

Diante do exposto, é relevante a realização de uma revisão sistemática e 

meta-análise para investigar o desempenho de estudantes de graduação em 

Odontologia na detecção e avaliação da atividade de cárie por meio da inspeção 

visual, bem como, os fatores metodológicos que podem influenciar as habilidades 

diagnósticas. 
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2 ARTIGO - Does undergraduate dental students perform well detecting and 
assessing caries activity? A systematic review and meta-analysis 

 
Este artigo será submetido ao periódico Journal of Dental Education (ISSN: 

0022-0337) - Fator de Impacto: 0,63; Qualis CAPES A2. As normas para publicação 

estão descritas no ANEXO A. 
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Abstract 

 

This study aimed to systematically assess the undergraduate dental students’ 

performance in detecting and assessing caries activity status using visual inspection. 

Two independent reviewers searched the literature through PubMed/MEDLINE, 

Scopus, Lilacs databases and OpenSINGLE up to June 2018. Risk of bias was 

assessed using QUADAS-2. Meta-analyses summarized the results concerning 

reproducibility and accuracy at D1 and D3 levels. For activity, we considered sound 

surfaces plus inactive caries lesions vs. active caries lesions. In addition, meta- 

regression was performed to assess the effect of methodological variables on the 

outcomes. A total of 14 studies were included, most of them using ICDAS (92.9%) for 

assessing severity and Nyvad system (28.6%) for assessing caries activity status. 

The mean reproducibility values were ≥0.52, except for interexaminer agreement 

when assessing caries activity status (0.39; 95% CI 0.10-0.67). The intra-examiner 

reproducibility tended to be higher than the interexaminer reproducibility. Overall, 

undergraduate students’ performance in staging caries lesions using visual 

examination was good (AUC>0.85 and DOR>25). The sensitivity values were 

moderate; however, these were associated with excellent specificity values. Despite 

few pooled studies, assessment of caries activity status revealed moderate overall 

performance, with lower pooled sensitivity than pooled specificity. Students’ 

education level and background clinical experience had no influence on the accuracy 

and reproducibility of the visual inspection. Studies presented a high bias risk in 

sample selection. Concluding, undergraduate dental students’ performance in 

detecting and staging caries using visual inspection was good, although caries 

activity assessment still requires improvement. 
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Introduction 

 
Caries detection is an essential competence to be developed during 

undergraduate dental education1, since it is strongly linked to the appropriate choice 

for treatment2. Dental students are supposed to be competent in collecting data at 

different stages of the caries process3, as well as classifying them1. 

Thus, visual inspection seems to be the most complete option available4, 

offering good to acceptable performance even if not associated with other methods5. 

However, the examiners’ experience may impact on their performance5. Actually, the 

use of visual inspection during the graduation course implies in the student’s 

development of practical skills, since, in this period, the students are still 

understanding the differences between sound surfaces and those presenting clinical 

signs of caries disease. 

Indeed, the stage of caries diagnosis has been considered a process of 

difficult assimilation and learning by undergraduate students 6. Moreover, students 

may be unable to notice more discrete changes that may indicate the caries activity 

status in the patient7. The undergraduate students’ performance in detecting caries 

lesions also may be influenced by several factors such as education level, clinical 

experience and teaching method. Less experienced examiners, i.e., attending first 

years, are usually associated with false positive results8. 

In addition, it has been reported that teaching strategies such as e-learning 

may improve some diagnostic skills9. On the other hand, the impact of laboratorial 

training with extracted teeth and dental images on students’ performance in detecting 
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caries lesions is not clear yet8,10. To the best of our knowledge, no previous studies 

have conducted a systematic review and meta-analysis to specifically evaluate the 

undergraduate students’ performance in detecting caries and methodological factors 

that may influence the diagnostic skills. 

Therefore, this systematic review and meta-analysis aimed to investigate the 

undergraduate dental students’ performance in detecting and assessing caries 

activity using visual inspection and potential sources of interference and risk of bias 

in this process. 

 
 
Methods 

 
This systematic review was written according to the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) Statement11 and registered in 

the International Prospective Register of Systematic Review (PROSPERO: CRD 

42017070566). 

Search strategy 
 

A comprehensive literature search was undertaken through 

PubMed/MEDLINE, Scopus and Lilacs databases to identify literature up to June 

2018 related to research question. The search was conducted with no limits in 

publication year or language. The subject search used a combination of controlled 

vocabulary and text words based on the search strategy for the PubMed/MEDLINE 

database as follow: 

((((((undergraduate dental education) OR undergraduate education) OR 

undergraduat*) OR student*) OR undergraduate dental student*))  AND  

(((((((((dental caries[MeSH Terms]) OR dental caries) OR dental decay) OR caries) 

OR cario*) OR tooth decay) OR teeth decay) AND detection)) 
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A sensitive search strategy was adapted for Scopus and Lilacs databases. In 

addition, OpenSIGLE was accessed to retrieve unpublished literature. The search 

results of various databases were cross-checked to locate and eliminate duplicates. 

Study Selection and Eligibility Criteria 
 

Two reviewers (DP and RZT) independently assessed the identified 

publications that assessed the performance of undergraduate dental students for 

caries detection and selected them, initially, by title and abstract. The interexaminer 

agreement was calculated (Kappa = 0.92), which indicated excellent agreement. In 

order to retrieve all relevant papers, reference lists of the included papers and related 

reviews were also screened. 

The final decision about inclusion was made based on the full-text of the 

potentially relevant studies. We excluded from the final sample studies that: 1) did 

not use visual inspection for caries detection; and 2) did not report the undergraduate 

dental students’ performance (any measurement of accuracy, i.e., sensitivity, 

specificity, number of correct diagnosis and/or any measurement of agreement, i.e., 

repeatability, reproducibility) as outcome. Any discrepancies between reviewers were 

solved through discussion and consensus of a third reviewer (TLL). 

Data collection 
 

A protocol for data extraction was defined. Two reviewers (DP and RZT) 

independently collected the data of the eligible studies. For each paper, the following 

data were systematically extracted: publication year, country, participants (number of 

undergraduate students, year in the course), learning activities, use or not of criteria 

for visual examination, material used for performance assessment (extracted teeth, 

photographs, patients), number of evaluations performed, study setting, reference 

standard, and all data related to a relevant outcome (reproducibility, sensitivity, 
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specificity, accuracy, absolute number of true positives, false positive, true negatives, 

and false negatives). If the study presented any estimation of variance, they were 

also registered. If not, the standard error was estimated using a graphical model12. 

When papers assessed the students’ performance before and after any learning or 

training process, data were considered separately, considering, respectively, the 

educational background exposure of students. 

Risk of Bias of Individual Studies 
 

The QUADAS-2 checklist13 (i.e., quality assessment of studies of diagnostic 

performance included in systematic reviews) was used to assess the risk of bias of 

the included studies. Data were assessed and collected by 2 reviewers (MMB and 

TLL). According to four domains (sample selection, index test, reference standard, or 

timing and flow), the studies were classified as low, high, or unclear risk of bias. The 

first three domains were also assessed in terms of concerns regarding applicability. 

Risk of bias assessment was performed only for papers that reported accuracy data. 

Summary measures and synthesis of results 

Meta-analyses for accuracy were performed separately at two different 

thresholds according to the reference standard assessment: D1 (considering all 

lesions, independent of lesion depth or dental surface integrity) and D3 (including 

only lesions into dentin, when lesion depth was assessed or cavitated lesions, when 

surface integrity was evaluated). For activity, we considered sound surfaces plus 

inactive caries lesions vs. active caries lesions. 

Statistical pooling of sensitivity, specificity, diagnostic odds ratio (DOR), and 

positive and negative likelihood ratios was carried out using the DerSimonian Laird 

method (random effects meta-analysis models), considering the aforementioned 

thresholds (MetaDisc 1.4 MetaDisc 1.4 Software, Unidad de Bioestadistica Clínica 
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del Hospital Ramón y Cajal, Madrid, Spain). 

 
Meta-analyses for intra-and interexaminer reproducibility were performed 

considering caries severity and activity (R package metaphor, GNU General Public 

License Version 2) using random-effects models. Coefficients were pooled according 

to the methodology of a previously published study14, since they can be considered 

mathematically similar. The presence of heterogeneity was analyzed via Cochran’s Q 

test and inconsistency (I2) based on DORs and pooled agreement estimates of 

included studies. 

We conducted meta-regression analyses to investigate the effect of 

methodological differences, such as education level, clinical experience, learning 

activities, reference standard method used in the validation and study setting, on the 

studied outcomes. 

The threshold effects were tested the Moses-Shapiro-Littenberg method. For 

meta-regression analysis, DOR values were used as the outcome measure. Relative 

diagnostic odds ratio (RDOR) values and 95% confidence intervals (CI) in relation to 

the reference category of the independent variables were calculated for each 

condition to estimate the effect of each variable on the accuracy of the method. The 

chosen method for estimating variance among studies was the Restricted Maximum 

Likelihood (REML) method and possible threshold effect, whenever present, were 

considered in the analysis. In the models, studies were weighted according to 

weighted least squares method, using the inverse of variance of the log of the DOR. 

Different models were created for each tested variable and statistical significance 

was set at 0.05. 

Publication bias was assessed by checking the asymmetry of funnel plots 

visually and using regression analysis performed in the R package metafor (GNU 
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General Public License Version 2). Alternatively, for accuracy, we used funnel plots 

of (natural logarithm (ln) DOR) vs. (1/√effective sample size)). 

 
 
Results 

 
Study selection 

 
The search strategy identified 233 potentially relevant papers, excluding 

duplicates. After screening titles and abstracts, we retrieved 32 full-text papers for 

more detailed information. Finally, 14 papers met the eligibility criteria and were 

included in this systematic review. The flow diagram summarizes the process of 

studies selection and the reasons for exclusions (Figure 1). 

Study characteristics 
 

The characteristics of the included studies are presented in Table 1. 

Undergraduate dental students from different years were included in the reviewed 

studies. None of the studies performed the sample size calculation and the majority 

of studies were performed in Brazil9,15–20. The ICDAS criteria were often the chosen 

for staging caries lesion severity and Nyvad system for assessing caries lesion 

activity status. However, students’ performance for caries activity was tested in only 

42.9% of the studies. 

Different educational strategies were used prior to students’ assessment such 

as traditional lecture (classroom activities) associated or not with ICDAS e-learning, 

simulated training with extracted teeth, or training using dental images. Most studies 

presented reproducibility, sensitivity, specificity, and accuracy results.  However, 

three studies calculated only reproducibility8,10,17 and one study did not report 

reproducibility data18. The number of correct responses was additionally described in 

one study8. 
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In the majority of the studies, to assess the undergraduate students’ 

performance, extracted teeth were employed using histology as validation. Three 

studies performed clinical evaluation of children with primary or mixed dentition16,18,19. 

For these studies, validation was clinical consensus among experts. 

Some papers considered different thresholds such as all lesions or only 

cavitated lesions for evaluating the students’ performance18–21. Regarding caries 

lesion activity status, clinical consensus was used as reference standard. Only two 

studies investigated the treatment decision based on caries detection16,20. 

Synthesis of results 
 

Intra- and interexaminer agreement considering severity and activity 

assessment is displayed in Figures 2 and 3, respectively. Eight studies assessed 

examiner agreement while nine papers evaluated intra-examiner agreement for 

severity. Only three studies evaluated intra- and interexaminer reproducibility for 

caries activity. 

For severity, studies showed moderate values of pooled interexaminer 

agreement (0.52; 95% CI 0.39-0.66) and substantial pooled values of intra-examiner 

agreement (0.70; 95% CI 0.55-0.86). Substantial pooled values of intra-examiner 

agreement (0.62; 95% CI 0.38-0.86), but poor pooled values of interexaminer 

agreement (0.39; 95% CI 0.10-0.67) were found for activity assessment. 

Pooled sensitivity, specificity, DOR, positive and negative likelihood ratios, I2, 

and summary receiver operating characteristics curves were calculated for severity 

and activity as presented in Figures 4 and 5, respectively. 

Eleven studies reported the accuracy at the D1 threshold and nine papers for 

that at the D3 threshold. Overall, undergraduate students’ performance for staging 

caries lesions using visual examination was good (AUC>0.85 and DOR>25). 



22
 

 
 
 
Although moderate sensitivity values were found, they were associated to excellent 

specificity values. The lowest sensitivity values were observed among studies that 

used clinical setting to assess students’ performance. 

Despite few pooled studies, a moderate overall performance was observed 

when activity status of caries lesion was assessed (see area under SROC, Figure 5). 

Besides, the pooled DOR was close to 12. Both for severity and activity, pooled 

sensitivity was lower than pooled specificity. Overall, the heterogeneity was high (I2 > 

80%) considering all analyses performed. 

Meta-regression results are presented in Table 2. Education level and 

previous clinical experience had no influence on both accuracy and reproducibility of 

the visual examination performed by undergraduate students. Face-to-face learning 

activities impacted on students’ performance in terms of accuracy at D1 threshold 

and interexaminer agreement. Moreover, study setting and reference standard had 

influence on the visual examination performance, only when accuracy was 

considered. 

Through funnel plots analyses (online suppl. Fig. S1), we did not identify the 

occurrence of publication bias when testing the accuracy (D1; p=0.2067 and D3; p= 

0.0528 thresholds) as well as interexaminer (p=0.1758) and intra-examiner 

(p=0.0749) agreement for severity. Publication bias for activity was not performed 

because few studies were included. 

Risk of bias 
 

The main source of risk of bias within the included studies was related to 

sample selection (Table 3). This observation was true both for accuracy in assessing 

caries lesion severity and activity. Included studies raised concerns regarding the 

applicability, when considering sample selection, as they did not clearly indicate if the 



23
 

 
 
 
spectrum of caries present in the study sample matched the expected prevalence in 

the target population. Studies that investigated the students’ performance for 

assessing caries activity status did not use a longitudinal design, showing a high risk 

of bias in the reference standard, and flow and timing domains. 

 
 
Discussion 

 
Caries lesions detection has been indicated as a required topic in the 

Cariology classes of Dental Education3. In daily clinical practice, it is mainly 

performed by visual examination22 because it is a simple and low-cost technique. 

Some experts have reported the difficulties in classifying clinical characteristics of 

carious lesions due to the subjective nature of the visual inspection, especially 

considering their initial signs22. Besides, many aspects could have influence on 

performance of visual examination, as examiners’ training5. This could be crucial 

mainly because undergraduate students have not developed their diagnostic skills 

yet. 

Differently from hypothesized, both education level and background clinical 

experience in dental education process did not influence on the accuracy and 

reproducibility when students used the visual examination. It may be caused by the 

utilization of a validated system for detecting and assessing the activity status of 

caries lesions since it provides practitioners a guideline on characterization of the 

lesions that they identify and it provides a rational shortcut associating with these 

characteristics5. Except in one included study23, ICDAS was used for caries 

inspection. It has been demonstrated that the use of detailed and validated methods 

improves the accuracy of the visual inspection5. On the other hand, one should 

consider that most studies selected determined students to participate in their 
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assessments. These students may present several differences considering a general 

sample of undergraduate students, including individual skills such as knowledge, 

interest and practical abilities. 

In our study, face-to-face learning activities impacted on students’ 

performance in terms of D1 threshold and interexaminer agreement. The didactic 

activities aid undergraduate dental students in the process of caries  diagnosis, 

mainly for assessing initial lesions that may create more doubts and induce more 

considerable variability between the examiners24. Besides theoretical classes, 

practical training with extracted teeth and/or dental images may be essential for the 

development of these specific skills25. The laboratory activities systematically provide 

opportunities for undergraduate dental students to experience different simulated 

situations covering a variety of circumstances that they should be able to solve in 

clinical practice. Moreover, in contrast to virtual activities such as e-learning, practical 

training allows interaction between student-teacher26, thus improving the educational 

outcome. For accuracy, study setting and reference standard had influence on the 

performance. 

The SROC curves pooled in the meta-analysis use thresholds to present the 
 
results, permitting an overall appreciation of method performance by means of DOR, 

combining sensitivity and specificity27. Values of SROC, sensitivity and specificity 

were similar between D1 and D3 levels. Although overall good performance for visual 

inspection has been observed among undergraduate dental students, the separate 

interpretation of sensitivity and specificity values could contribute to a better 

understating of areas that could be improved in learning/teaching processes and 

also, in further researches. 

High sensitivity is normally obtained at the expense of reduced specificity, 
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which could lead to an increase in the number of false-positive caries diagnoses, 

which in turn could result in overtreatment of a generally slow-progressing disease. 

Therefore, it is more adequate that a method of caries detection present a high 

specificity even at the expense of a small reduction in sensitivity28. 

Pooled specificity tended to show greater values than those of pooled 

sensitivity, irrespective of the assessment (severity or activity), which is a positive 

finding considering further students’ clinical practice wherein false-positive results 

and overtreatments could be avoided29. The lower sensitivity values were mainly 

related to studies performed in clinical setting, possibly due to difficulties associated 

with examining under natural conditions. Clinical examinations in children can 

present other difficult besides presence of plaque and saliva, such as child’s behavior 

and limited mouth opening. Furthermore, approximal lesions are observe under 

visual inspection, mainly by less experienced examiners. 

All included studies presented a high risk of bias in sample selection since that 

the spectrum of sample disease does not always reflect the disease in the 

population. In general, samples are usually chosen based on suspicious sites, which 

are likely to be more difficult for undergraduate dental students to detect, and a larger 

proportion of such lesions are included than are found in the actual clinical setting. 

The histological examination that was most commonly used as reference standard in 

the included studies is able to detect small mineral changes in dentin, even in non- 

cavitated lesions. However, this alteration was not detectable by clinical examination, 

leading to a false-negative result and higher values of sensitivity. This was less 

evident at D3 threshold. 

For the caries activity assessment, the available evidence is still limited 

because only three studies were included in the analyses. Two methods of assessing 



26
 

 
 
 
the caries activity status have been published for use associated with the ICDAS 

scoring system30. One method is based on a descriptive theory of cognitive 

processes (clinical features related to active and inactive lesions), while the other is 

based on prescriptive theories (lesions activity assessment - LAA) 31. LAA is 

performed by assigning numerical values (points) to three clinical parameters: visual 

appearance, whether the lesion is in a plaque stagnation area, and surface texture. 

The sum of these three independent scores is then used to determine whether the 

lesion is active or arrested30. In addition, Nyvad criteria have been proposed for 

differentiating lesion activity through condition of brightness/opacity, surface texture, 

and plaque stagnation32. 

Although LAA seems to overestimate the caries activity assessment of 

cavitated lesions compared to Nyvad, both criteria showed good association in caries 

activity assessment33, since both take into consideration similar clinical features. 

Studies that investigated the undergraduate students’ performance in assessing the 

caries activity status used clinical consensus as validation. 

Predictive validation is the ideal strategy for evaluating the ability to correctly 

assess the caries activity status2 , since we can determine if future events are in 

accordance with the expected ones. Nevertheless, it takes more time and effort, 

since it is very difficult to perform in studies involving many undergraduate dental 

students. 

Better accuracy of undergraduate dental students in detecting caries lesions 

than in assessing activity status can be seen in this systematic review. It may be 

attributed to higher difficulty and inherent subjectivity for assessing caries activity 

even using validated criteria. Included studies used children and photographs for 

performing this evaluation. The use of photographs can reduce the specificity 
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because of overestimation of tooth size or lesion site. Since caries activity is a 

dynamic process, fully reproducing its evaluation in the laboratory setting is a 

complicated task. 

The high heterogeneity (I2 > 80%), was possibly due to the high risk of 

methodological bias observed in most studies, mainly related to sample collection 

and disparities in threshold for a positive result for the diagnostic or reference 

standard utilized. We did not identify the occurrence of publication bias. However, it 

should be interpreted with caution, as a minimum of 10 studies would be necessary 

in the meta-analysis to have adequate power to detect a real asymmetry34. 

This first systematic review and meta-analysis that compiling results of visual 

inspection for caries detection using visual inspection showed that the undergraduate 

students’ performance can be good in detecting and staging caries lesions; however, 

the result could be influenced by certain methodological factors which need to be 

considered when analyzing and designing further studies. In addition, caries activity 

assessment by undergraduate dental students should be improved. More training 

time and clinical experience are necessary to improve the performance for assessing 

the activity status of caries lesions. 

 
 
Conclusion 

 
Undergraduate dental students’ performance was good in detecting and 

staging caries lesions using inspection visual, although assessment of the caries 

activity status should be improved. Most published studies were performed in a 

laboratory setting and used a convenience sample, including “specific groups” of 

students. These factors exert a significant influence on the overall accuracy and 

reproducibility values of the visual inspection. 
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Table 1. Summary of included studies in the systematic review. 
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Study Country Subjects Learning 

activities 
Visual criteria Material used for 

performance 
assessment 

Reference 
standard 

Outcome Thresholds 

Nogueira et al., (2018)16 Brazil Undergraduate Theoretical ICDAS and Children (n=25) Clinical Interexaminer D1 
  students 

5rd year; n=4, 
class and 
training on 

Nyvad ICDAS 
(n=300 surfaces) 

consensus reproducibility 
Sensitivity 

Sound surfaces 
+ inactive 

  without previous photographs  Nyvad  Specificity caries lesions 
  experience in   (n=111 surfaces)  Accuracy vs. active 
  ICDAS and Nyvad      caries lesions 

Nogueira et al., (2017)15 Brazil Undergraduate Theoretical ICDAS and Photographs Clinical Intra and D3 
  students 

2rd year; n=12, 
class Nyvad of primary and 

permanent teeth 
consensus interexaminer 

reproducibility 
Sound surfaces 

+ inactive 
  without clinical   (n=77)  Sensitivity caries lesions 
  and theoretical     Specificity vs. active 
  experience     Accuracy caries lesions 

Bussaneli et al., (2015)20 Brazil Undergraduate Theoretical ICDAS Primary teeth Histology Intra and D1, D3 
  students 

2nd year; n=3 
class, simulated 

and virtual 
 (n=77)  interexaminer 

reproducibility 
 

   training    Sensitivity,  
       Specificity,  
       Accuracy  

Luz et al., (2015)18 Brazil Undergraduate Theoretical ICDAS Children (n=12) Clinical Specificity, D1, D3 
  students 

4th year; n=39 
class, virtual 

training, virtual 
  consensus Sensitivity 

Accuracy 
 

   training +      
   ICDAS e-      
   learning tool      

Neuhaus et al., (2015)21 Switzerland Undergraduate Virtual and ICDAS Permanent teeth Histology Intra and D1, D3 
  students 

3rd year; n=5, 
simulated 
training 

 (n=100)  interexaminer 
reproducibility 

 

  without clinical     Sensibility  
  experience 

4th year; n=5, one 
    Specificity 

Accuracy 
 

  year of clinical       

  experience  
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El-Damanhoury et al., (2014)8 Egypt Freshmen Theoretical ICDAS Permanent teeth Histology Intra and  

  undergraduate class, simulated  (n=72)  interexaminer  
  students; n=84 and virtual    reproducibility  
   training    Correct  
       answers (%)  

Gimenez et al., (2013)19 Brazil Undergraduate Theoretical ICDAS Children (n=18) Clinical Interexaminer D1, D3 
  Students; n=2 class and + LAA or activity  consensus reproducibility Sound surfaces 
   simulated (clinical   Sensitivity + inactive 
   training characteristics)   Specificity caries lesions 
       Accuracy vs. active 
        caries lesions 

Parviainen et al., (2013)35 Finland Undergraduate Theoretical ICDAS and Permanent teeth Histololy Interexaminer D3 
  students 

3rd year; n=57 
class and virtual 

training 
Nyvad (n=27) (ICDAS) 

Clinical 
reproducibility 

Sensibility 
Sound surfaces 

+ inactive 
      consensus Specificity caries lesions 
      (Nyvad) Accuracy vs. active 
        caries lesions 

Foley (2012)10 United Undergraduate Theoretical ICDAS Primary and Clinical Intra and  
 Kingdom students 

2rd year; n=23 
3rd year; n=18 
4rd year; n=15 

class and virtual 
training 

 permanent 
molars 
(n=40) 

consensus interexaminer 
reproducibility 

 

Jablonski-Momeni et al., (2012)36 Germany Undergraduate Theoretical ICDAS Permanent teeth Clinical Intra and  
  students 

3rd year; n=24 
class and 
simulated 

 (n=36) consensus interexaminer 
reproducibility 

 

   training    Accuracy  

Silva et al., (2012)17 Brazil Undergraduate Clinical training WHO, ICDAS Permanent teeth Clinical Interexaminer  
  students 

4th year; n=2 
 and Nyvad (n=20) consensus reproducibility  

Diniz et al., (2010)9 Brazil Undergraduate Theoretical ICDAS Permanent teeth Histology Intra and D1 
  students 

5th year; n=8 
class, virtual 

and simulated 
 (n=104)  interexaminer 

reproducibility 
 

   training    Sensibility  
       Specificity  
       Accuracy  

Zandona et al., (2009)7 USA Undergraduate Theoretical ICDAS + activity Permanent (n=60) Histology Intra and D1 
  students; n=10 class and (clinical   interexaminer Sound surfaces 
   simulated characteristics)   reproducibility + inactive 
   training    Sensibility caries lesions 
       Specificity vs. active 
       Accuracy caries lesions 
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Souza-Zaroni et al., 200623 Brazil Undergraduate 
Students; n=3 

Training on 
photographs 

No criteria Permanent teeth 
(n=47) 

Histology  Intra and 
interexaminer 
reproducibility 

 
 

 
Virtual training: ICDAS e-learning; Simulated training: training with extracted teeth. 
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Table 2. Meta-regression analyses to compare the effect of methodological variables in the outcomes. 
 
 
 

Variables Accuracy 
D1 threshold 

Accuracy 
D3 threshold 

Intra-examiner 
reproducibility 

Interexaminer 
reproducibility 

Education level     
First-year of course 1 1 1 1 
Last-year of course 2.38 (0.23 to 24.21) 3.64 (0.47 to 27.93) 0.21 (-0.15 to 0.57) 0.16 (-0.13 to 0.44) 
Clinical experience     
No 1 1 1    
Yes 0.92 (0.10 to 7.48) 3.64 (0.47 to 27.93) 0.07 (-0.33 to 0.47)  
Learning activities     
Virtual 1 1 1 1 
Face-to-face 4.12 (1.89 to 9.01) 0.93 (0.13 to 6.82) 0.18 (-0.15 to 0.52) 0.33 (0.10 to 0.55) 
Reference standard     
Clinical consensus 1 1   
Histological 4.44 (1.20 to 16.46) 5.02 (0.88 to 28.70)       
Setting     
Clinical 1 1 1 1 
Non-clinical/Laboratorial 0.38 (0.23 to 0.64) 0.17 (0.04 to 0.73) -0.20 (-0.55 to -0.15) -0.43 (-0.70 to -0.16) 
Photographs  

 

   -0.08 (-0.63 to 0.47) -0.25 (-0.63 to 0.13) 
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Table 3. Individual classification considering the quality assessment of studies of diagnostic performance included in systematic 

reviews (QUADAS-2) tool for accuracy. 

 
 

Caries severity assessment 
Risk of bias Applicability Concerns Study 

Patient 
Selection 

Index 
Test 

Reference 
Standard 

Flow and 
Timing 

Patient 
Selection 

Index 
Test 

Reference 
Standard 

Laboratorial setting  
Nogueira et al., (2017)15 / ☺ ☺ ☺ / ☺ ☺ 
Neuhaus et al., (2015)21 / ☺ ☺ ☺ / ☺ ☺ 
Bussaneli et al., (2015)20 / ☺ ? ☺ / ☺ ? 
Parviainen et al., (2013)35 / ☺ ☺ ☺ / ☺ ☺ 
Jablonski-Momeni et al., (2012)36 / ☺ ☺ ☺ / ☺ ☺ 
Diniz et al., (2010)9 / ☺ ☺ ☺ / ☺ ☺ 
Zandona et al., (2009)7 / ☺ ☺ ☺ / ☺ ☺ 
Souza-Zaroni et al., (2006)23 / ? ☺ ☺ / ? ☺ 
Clinical setting     

Nogueira et al., (2018)16 / ☺ ☺ ☺ / ☺ ☺ 
Luz et al., (2015)18 / ☺ ☺ ☺ / ☺ ☺ 
Gimenez et al., (2013)19 / ☺ ☺ ☺ / ☺ ☺ 

Caries activity assessment 
Risk of bias Applicability Concerns Study 

Patient 
Selection 

Index 
Test 

Reference 
Standard 

Flow and 
Timing 

Patient 
Selection 

Index 
Test 

Reference 
Standard 

Laboratorial setting  
Nogueira et al., (2017)15 / ☺ / / / ☺ / 
Clinical setting  

Nogueira et al., (2018)16 / ☺ / / / ☺ / 
Gimenez et al., (2013)19 / ☺ / / / ☺ / 
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Figure 1. Flow diagram with the information through the phases of study selection. 
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Figure 2. Pooled values of inter and intra-examiner agreement for caries severity. 
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Figure 3. Pooled values of inter and intra-examiner agreement for caries activity. 
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Figure 4. Summary receiver operating characteristic curves and synthesis of the 

results obtained for accuracy considering caries severity. Each study is represented 

by a red dot, and the pooled result of all studies by means of the receiver operating 

characteristic curve is represented by the central curve, while the confidence interval 

is represented by the upper and lower lines. AUC: area under curve. 
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Figure 5. Summary receiver operating characteristic curves and synthesis of the 

results obtained for accuracy considering activity status of caries lesions. 
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Legends of the figures 
 
 
Figure 1. Flow diagram with the information through the phases of study selection. 

Figure 2. Pooled values of inter and intra-examiner agreement for caries severity. 

Figure 3. Pooled values of inter and intra-examiner agreement for caries activity. 

Figure 4. Summary receiver operating characteristic curves and synthesis of the 

results obtained for accuracy considering caries severity. Each study is represented 

by a red dot, and the pooled result of all studies by means of the receiver operating 

characteristic curve is represented by the central curve, while the confidence interval 

is represented by the upper and lower lines. AUC: area under curve. 

Figure 5. Summary receiver operating characteristic curves and synthesis of the 

results obtained for accuracy considering activity status of caries lesions. 
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3 CONCLUSÃO 
 
 
 

Embora detecção de lesões de cárie seja um dos tópicos mais explorados em 

termos de ensino de Cariologia, muitas questões ainda permanecem em aberto. 

Apesar do esforço dos docentes em formar alunos para a prática clínica baseada em 

evidências; paradoxalmente, pouco se estuda sobre como transmitir todo esse 

conhecimento para os alunos e, principalmente, se o estudante consegue 

desenvolver durante a graduação as habilidades diagnósticas necessárias. 

Os achados do presente estudo evidenciaram que o desempenho de 

estudantes de graduação na detecção e avaliação da severidade de lesões de cárie 

por meio do exame visual parece ser satisfatório, mas pode ser influenciado por 

diversos fatores metodológicos relacionados à seleção da amostra, ao setting do 

estudo e ao padrão de referência usado. O nível educacional no curso e a 

experiência clínica prévia não impactaram na acurácia e reprodutibilidade. 

Por outro lado, atividades presenciais, envolvendo aula teórica e/ou 

treinamento com imagens ou dentes extraídos tiveram um efeito positivo no 

desempenho dos estudantes em relação ao treinamento virtual. Todavia, devido ao 

pequeno número de estudos, não foi possível averiguar se o treinamento laboratorial 

é mais efetivo no desenvolvimento de habilidades práticas para avaliação clínica de 

lesões de cárie do que a aula teórica isolada. Especula-se que a utilização de dentes 

extraídos seja uma abordagem mais efetiva, uma vez que o uso de imagens pode 

reduzir a especificidade da inspeção visual porque superestima o tamanho do dente 

(sítio da lesão). Uma menor especificidade é geralmente associada a maior 

sensibilidade, o que pode aumentar o número de resultados falso-positivos, 

acarretando em maior possibilidade de sobretratamento. 

Vale ressaltar, que na maioria dos estudos incluídos na revisão sistemática, o 

índice ICDAS foi utilizado para avaliação das lesões cariosas. À luz das evidências 

científicas atuais que reforçam o uso de índices a fim de aumentar a acurácia da 

inspeção visual (GIMENEZ et al., 2015), o uso do ICDAS como uma ferramenta 

educacional para alunos de graduação deve ser encorajado. 

No entanto, a avaliação da atividade de cárie pelos estudantes de graduação 

precisa ser melhorado. Acredita-se que mais tempo de treinamento e maior 

experiência clínica são necessários, visto que tal avaliação é passível de 
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subjetividade mesmo quando da utilização de critérios, como o LAA. 

Por fim, há de se considerar que uma pequena amostra de estudantes foi 

usada maioria dos estudos. Em geral, estudantes mais motivados ou com melhor 

desempenho acadêmico poderiam ter sido incluídos. Consequentemente, a validade 

externa é reduzida, dificultando a extrapolação dos resultados. Futuras pesquisas 

com baixo risco de viés que mensurem o desempenho de uma amostra mais 

representativa de estudantes de graduação na detecção e avaliação do status das 

lesões de cárie ainda são necessárias. 
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APÊNDICE A – Material suplementar 
 
 
 
 
 
 

 
Figura S1 – Avaliação de viés de publicação. 


