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ABSTRACT

Introduction: The aim is to apply artificial intelligence to identify deep tooth decay using
the open-source tool Teachable Machine.

Material and Methods: The study was conducted on 2063 digital images, including 1563
CORRESPONDING AUTHOR* images with deep tooth decay and 500 images without deep tooth decay.
Tran Tuan Anh
tstrantuananh@gmail.com

Becamex International Hospital

Results: Out of the total 1563 images with deep tooth decay, when using the recognition
tool, 1512 images were correctly identified (96%), and 51 images went undetected,
accounting for 4%. Out of the total 2063 images, including both images with and without
deep tooth decay, 1512 images were correctly identified (73.3%), and 551 images (26.7%)
were not detected to have tooth decay.
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Conclusion: Through the study on 1563 images with deep tooth decay using the
Teachable Machine learning tool, the results were promising with a high accuracy rate of
96%. However, on the mixed dataset of 2063 images, the accuracy rate for identifying
images with tooth decay was only 73.3%. The difference is attributed to the early
appearance of tooth decay, as its color closely correlates with normal tooth enamel.
Therefore, the research team suggests the need for more data on this type of decay to
enable more accurate classification and identification.
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INTRODUCTION outcomes after orthodontic treatment. This aids in

In the present era, the concept of Artificial
Intelligence (AI) is no longer unfamiliar to us. Coined
by Arther Samuel in the 1950s, AT has gained significant
traction since Google initiated the development of
Machine Learning (ML) systems in 2014. Machine
Learning, a subset of AI, involves the research and
construction of data repositories enabling systems to
autonomously "learn" from the data provided, thus
performing tasks previously exclusive to human
capability. Al is being applied and supported across
various domains including manufacturing, services,
transportation,  healthcare, entertainment, and
information technology [1-3].

In the field of Dentistry and Maxillofacial, AT is
gradually being employed to assist in the consultation of
oral diseases, diagnosis of dental caries, simulation of
treatment plans in implant surgery, and prediction of
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enhancing the efficiency of examination and treatment
procedures, concurrently elevating the quality of care.
However, to achieve this, it is imperative to establish
rich datasets to enable machine learning systems to
provide the most accurate diagnostic suggestions,
thereby saving time, effort, and achieving higher efficacy
in the workflow. Globally, researchers like Srivastava
have explored and applied machine learning tools to
support automated diagnosis of oral diseases based on
X-ray images [4].

Berdouses and colleagues also conducted research in
2015 on diagnosing dental caries using a machine
learning tool on 103 images [5]. In Vietnam, author Vo
Truong Nhu Ngoc has also published research on the
method of automatically diagnosing complications of
wisdom teeth based on X-ray images [6]. Nevertheless,
accessing and mastering the Al field for healthcare
professionals remains complex and heavily reliant on
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the information technology team. For this reason, the
authors conducted research on the application of the
open-source tool Teachable Machine to create a dataset
on dental caries pathology, aiming to train machine
learning models to empower healthcare professionals
and assist in their initial diagnostic process.

MATERIAL AND METHODS

Research Subjects
Intraoral Images Diagnosed with Dental Caries

Selection criteria: Digital images diagnosed by
clinicians with clinical evidence of dental caries lesions,
clearly showing details such as color changes like
yellow, brown, black spots, and deep cavities exposing
dentin. Exclusion criteria: Images that do not meet
standards (noisy images, blurry images, images with
unclear lesions, images in incorrect formats) and do not
meet the selection criteria mentioned above.

Research Methodology

Study period: from April 2023 to January 2024.
Study location: the research was conducted at Becamex
International Hospital, Binh Duong Province,Vietnam.
Sample size: purposive sampling was conducted, and in
this study, we constructed a dataset consisting of 1563
images with dental caries lesions. These images were
clinically diagnosed by dentists with dental caries lesions
during clinical examination, and the dentists also
concluded the presence of dental caries lesions based on
the images. Additionally, 500 images of healthy teeth
were included for comparison. The characteristics of the
imaging angles for dental caries lesions were: buccal,
lingual, mesial, distal, occlusal. Research instruments:
Intra-Oral Digital Camera GX-C300; Intraoral mirrors;
Standard dental examination kit (Fig.1).

The computer connected to the network utilizes the
open-source platform Teachable Machine (TM) to train

(epochs 50, Batch size 16; Learning rate 0.001). TM will
rely on a pre-trained image recognition network called
MobileNet to accurately recognize patterns that have
been previously trained through the provided dataset [§]
(Fig.2). Data processing: SPSS 20.0 software and
various statistical algorithms were utilized. The study
was approved and endorsed by the scientific and
medical council of Becamex International Hospital,
Binh Duong Province, Vietnam.

RESULTS

In this study, we conducted research with 1563
images exhibiting dental caries lesions and 500 images
of healthy teeth (for comparison).

Distribution of Study Image Samples

= Images with dental caries

= Images without dental caries.

Fig. 1. Distribution of the Research Sample

Dental Caries Detection Rates Based on the Caries-
Identified Dataset (n=1563)

Table 1. Detection Rates of Images with Dental Caries
and without Dental Caries

n=1563 Dental Caries No Dental
Detected Caries Detected
1512 (96%) 51 (4%)

Fig. 1. Intra-Oral Digital Camera GX-C300 (A); Intraoral Mirror Set (B).

machine learning models with basic training parameters
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Fig. 2. Model Training Process and Results on Teachable Machine

Out of the total of 1563 images with dental caries
lesions, when using the Teachable Machine recognition
tool, 1512 images were accurately identified as having
dental caries lesions, accounting for 96% of the dataset,
while 51 images were not detected to have dental caries
lesions, representing 4%.

Dental Caries Detection Rates Based on the Mixed
Dataset (n=2063)

Table 2. Detection Rates of Images with Dental Caries
and without Dental Caries

n=2603 Dental Caries No Dental
Detected Caries Detected

1512 (73,3%) 551 (26,7%)

Out of the total of 2063 images in the mixed dataset
comprising images with and without dental caries
lesions, when using the Teachable Machine recognition
tool, 1512 images were accurately identified as having
dental caries lesions, accounting for 73.3% of the
dataset, while 551 images were not detected to have
dental caries lesions, representing 26.7%.
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DISCUSSION

The application of artificial intelligence remains a
relatively new and challenging field for healthcare
professionals. The Teachable Machine machine
learning toolkit, with its simple and accessible interface,
facilitates easy access and utilization for healthcare
teams. Based on our research results from 2063 digital
images, including 1563 images with dental caries lesions
and 500 images without dental caries lesions, the
accuracy of dental caries lesion detection reached 96%
in the dataset of 1563 images with dental caries lesions.
However, in the mixed dataset of 2063 images, this
detection rate decreased to 73.3% due to the presence of
early-stage dental caries lesions, which exhibit color
similarity with normal teeth. To address this issue,
additional research data on early-stage dental caries
lesions are required to train machine learning models,
thus providing more accurate data.

CONCLUSION

The research results on 1563 images with dental
caries lesions using the Teachable Machine machine
learning tool demonstrate promising outcomes with a
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96% detection accuracy rate. In the mixed dataset of
2063 images with and without dental caries lesions, the
accuracy rate for detecting images with dental caries
lesions is 73.3%. This difference is attributed to the
presence of early-stage dental caries lesions, where the
lesion color resembles that of normal tooth enamel.
Therefore, the research team suggests the need for
additional data on this type of lesion to improve
classification and detection accuracy.
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