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ABSTRACT: This study aims to indicate the potential of artificial intelligence (AI) in epidemiological 
reports of decayed, missed and restored teeth. As a proof of concept our study model used panoramic 
x-ray images and an AI algorithm for tooth numbering, detection of the caries and restorations with 
accuracy over 80% for such diagnostic tasks. The output came as the number of decayed, missed and 
restored teeth according to patient´s age and the DMFT index (number of decayed, missing, and filled 
teeth) which varied from 3.6 (up to 20 years old) to 20.4 (+60 years old). Thus, it is suggested that AI is 
a promising method to automate health data collection through the analysis of x-rays.
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Epidemiological surveys in oral health are 
an important mean for investigating and monito-
ring the main oral conditions affecting the popula-
tion and serve as indicators for development and 
planning of health policies and actions (1-3). To 
this end, they must be periodic and regular to 
provide knowledge of the epidemiological reality 
of each location (2,4). World Health Organization 
(WHO) recommends including age groups in oral 
health reports in order to express age-specific 
conditions (1,2). However, several challenges occur 
in obtaining these health reports, such as training 
and shortage of human resources, time required 
for data collection and geographic access difficul-
ties (5).

In Brazil, a country of 214 million of citizens, 
national reports of decay-missing-filled (DMF) 
indexes in Brazil are from 1986, 1996, 2003, and 
2010. The last report in Brazil was produced with 
data from 26 state capitals and 150 cities with 
different sizes, where about 2000 professionals 
performed clinical exams on 37,519 individuals 
in the ages 5, 12, 15 a 19, 34 to 45, and 65 to 
74 years old (1). To understand the importance of 
such data, the report from 2003 was the base to 
the national public policies that invested on the 
390% increase of oral health equipments, the 
creation of 865 oral health treatment centers, the 
distribution of toothbrushes and toothpastes to 72 

million citizens, and the increase in the distribution 
of fluoridated water (1). 

In Dentistry, there are few recent studies 
exploring the use of artificial intelligence (AI) for 
different tasks and big data analysis can be one 
of these. In this context, dental radiographs are 
commonly used in clinical routine as a comple-
mentary clinical exam of adults and children, resul-
ting in large sets of readily available data (6). In 
addition to this, studies have shown the (AI) being 
capable of diagnosis (7) of caries lesions (8-10), 
restorations (8,11,12) and missing teeth) (8,12). 
Therefore, it is believed that when these systems 
are robust enough for their clinical application, they 
can favor the automated generation of oral health 
reports, e.g. of the DMFT index (number of decayed, 
missing, and filled teeth). In this sense, it is consi-
dered that the use of AI in the analysis of x-rays 
can offer a promising method for epidemiological 
surveys in oral health, optimizing time, financial 
cost, workload and efforts of trained professionals.

In this scenario, the authors of this Letter 
to the Editor carried out a test to explore such 
an idea (approved by the local Research Ethics 
Committee, CAAE 51238021.2.0000.5419). A set 
of 1.000 panoramic radiographs were inputted 
in an AI algorithm, developed by research group 
(13, 14) able to number teeth and detect dental 

RESUMEN: Este estudio tiene como objetivo indicar el potencial de la inteligencia artificial (IA) en los 
informes epidemiológicos de dientes cariados, perdidos y restaurados. Como prueba de concepto, 
nuestro modelo de estudio utilizó imágenes panorámicas de rayos X y un algoritmo de inteligencia 
artificial para la numeración de dientes, la detección de caries y las restauraciones con una precisión 
superior al 80 % para dichas tareas de diagnóstico. El resultado fue el número de dientes cariados, 
perdidos y restaurados según la edad del paciente y el índice CPOD (número de dientes cariados, 
perdidos y obturados) que varió de 3,6 (hasta 20 años) a 20,4 (+60 años). Por tanto, se sugiere que la 
IA es un método prometedor para automatizar la recopilación de datos de salud mediante el análisis de 
rayos X.
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Age Group

Teeth Up to 20 
years

21-40 years 41-60 years 61+ years Total

Missing

N 86 302 314 113 815

Minimum 0 0 0 0 0

Average 0.3 1.7 7.0 12.0 5.0

Standard deviation 0.7 2.9 7.1 8.0 6.8

Median 0 0 5 11 2

Maximum 3 27 28 27 28

Decayed

N 86 302 314 113 815

Minimum 0 0 0 0 0

Average 0.4 0.9 1.4 1.2 1.1

Standard deviation 1.0 1.6 1.7 1.5 1.6

Median 0 0 1 1 0

Maximum 7 13 8 7 13

Restored

N 86 302 314 113 815

Minimum 0 0 0 0 0

Average 3.1 7.7 10.7 8.0 8.4

Standard deviation 3.5 5.3 5.8 5.4 5.8

Median 3 8 11 8 8

Maximum 18 22 26 20 26

DMFT

N 86 302 314 113 815

Minimum 0 0 4 7 0

Average 3.6 9.9 18.2 20.4 13.9

Standard deviation 4.2 6.4 4.7 5.0 7.7

Median 3 9 18 20 15

Maximum 20 27 28 28 28

Table 1. DMFT index of the study sample from the AI analyzing the dataset of panoramics.

restorations and large dental caries with sensitivity 
and specificity of over 80%.

The test proposed delivered the absolute 
number of healthy, decayed, restored, and missing 
teeth in the data set analyzed. It was possible, 
for example, to observe a DMFT index of missing 
teeth as 0.3 considering images from patients up 
to 20 years old and of 12.1 for patients over 60 

years old. For restored teeth the index increased 
twice from patients up to 20 years (DMFT=3.0) 
to patients between 20-40 years old (DMFT=7.0). 
These preliminary results suggest that big data 
composed of dental panoramic radiographs offer 
a promising method for practical epidemiological 
surveys in oral health due to less demands in time, 
financial cost, workload, and efforts of trained 
professionals (Table 1 and Figure 1). 
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Figure 1. Examples of detection of tooth (bounding box) (A), segmentation of dental restorations (B) and carious lesions (C) on panoramic 
radiographs. (1) Labeling performed by the radiologist; (2) labeling performed by AI algorithm (Faster and Mask R-CNN adapted).

Thus, from the point of view of its applicabi-
lity, the use of AI in the analysis of radiographs has 
potential to assist epidemiological studies both 
at regional and national levels, but not to replace 
field work with the presence of professionals who 
evaluate various oral/dental conditions. In this 

sense, it is important that health managers know 
the potential and applicability of AI as an auxiliary 
tool for generating oral health reports, especially 
in the time intervals when field research is not 
being carried out, as a complement surveillance 
model in health.
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