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Evaluation of VGG-16 deep learning algorithm for
dental caries classification
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Received: November 22, 2021 Objectives: Diagnosis of dental caries is based on the dentist’s observation and subjective judg—
Revised: December 10, 2021 ment; therefore, a reliable and objective approach for diagnosing caries is required. Intraoral camera
Accepted: December 13, 2021 images combined with deep learning technology can be a useful tool to diagnose caries. This study

aimed to evaluate the accuracy of the VGG-16 convolutional neural network (CNN) model in de-
tecting dental caries in intraoral camera images.

Methods: Images were obtained from the Internet and websites using keywords linked to teeth
and dental caries. The 670 images that were obtained were categorized by an investigator as either
sound (404 sound teeth) or dental caries (266 dental caries), and used in this study. The training
and test datasets were divided in the ratio of 7:3 and a four—fold cross validation was performed.
The Tensorflow—based Python package Keras was used to train and validate the CNN model. Ac—-
Corresponding Author: Seung—Hwa Jeong curacy, Kappa value, sensitivity, specificity, positive predictive value, negative predictive value, ROC

Department of Preventive & Community (receiver operating characteristic) curve and AUC (area under curve) values were calculated for the
Dentistry, School of Dentistry, Pusan test datasets.
National University, 49 Busandaehak-ro, Results: The accuracy of the VGG-16 deep learning model for the four datasets, through random

sampling, was between 0.77 and 0.81, with 0.81 being the highest. The Kappa value was 0.51-
0.60, indicating moderate agreement. The resulting positive predictive values were 0.77-0.82 and
negative predictive values were 0.80-0.85. Sensitivity, specificity, and AUC values were 0.66-0.74,
0.81-0.88, and 0.88-0.91, respectively.

Conclusions: The VGG-16 CNN model showed good discriminatory performance in detecting dental
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Fig. 1. VGG-16 network architecture.
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Table 1. Performance metrics and 95 % confidence interval for VGG-16 deep learning models for classification of dental caries in this study

Cv1 Cv2
Accuracy 0.81 (0.807-0.820) 0.78 (0.757-0.810)
Kappa value 0.60 (0.585-0.614) 0.55(0.514-0.593)
PPV 0.82 (0.790-0.853) 0.77 (0.721-0.815)
NPV 0.83 (0.807-0.851) 0.85(0.819-0.874)
Sensitivity 0.71 (0.658-0.756) 0.74 (0.688-0.801)
Specificity 0.88 (0.847-0.917) 0.81 (0.736-0.880)
AUC 0.91 (0.909-0.912) 0.90 (0.903-0.906)

Cv3

0.77 (0.757-0.784)
0.51 (0.477-0.535)
0.78 (0.739-0.827)
0.80 (0.777-0.829)
0.66 (0.586-0.725)
0.84 (0.793-0.894)
0.88 (0.877-0.880)

CV4

0.78 (0.765-0.798)
0.54 (0.517-0.570)
0.77 (0.726-0.824)
0.83 (0.807-0.855)
0.72 (0.659-0.780)
0.82 (0.763-0.877)
0.89 (0.894-0.898)

CV, cross-validation dataset; PPV, positive predictive value; NPV, negative predictive value; AUC, area under curve.
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Fig. 2. Receiver operating characteristic (ROC) curves for highest performance deep learning model in each dataset. (A) CV (cross-validation da—
taset) 1. (B) CV 2. (C) CV 3. (D) CV 4.
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