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Abstract: Periodontal health is of paramount concern to overall health, and successful diagnosis and
treatment hinge on accurate evaluation of tooth-supporting structures. Conventional measures such as probing
by hand and radiography are plagued with inaccuracies in precision and inter-examiner consistency. The
present article delves into the revolutionary possibility of Artificial Intelligence (Al) in the form of
Convolutional Neural Networks (CNNs) in redefining periodontics.

CNNs, as a deep learning algorithm in its most powerful state, stands a better chance of processing data in
image form automatically recognizing the appropriate features, thereby perfect for dental imaging. We think of
their numerous applications in the practice of periodontics such as computerized diagnosis of periodontal
disease (e.g., detection of bone loss), detection and monitoring of plaque, segmentation and assessment of
gingiva, detection of tooth and root for treatment planning. In addition, CNNs are also applied in the prediction
of disease onset and clinical decision-support, allowing for more customized and efficient treatments.

Utilization of CNNs offers tremendous advantages such as increased accuracy and reproducibility, cost and
time effectiveness, unbiased evaluation, real-time processing, and even potential cost savings. The current
challenges are the need for high-quality data, making the model intelligible, dealing with compliance with the
law, and implementing it within integrated clinical systems. However, the continued pressure for Al and CNN
technologies promises a future where periodontal therapy is more accurate, efficient, and patient-focused. This
review opines that CNNs have immense potential to build the future of periodontal therapy and ultimately
maximize clinical performance and patient satisfaction.

I.  Introduction

Periodontics is the dental specialty that deals with the underlying structures surrounding and
supporting the tooth, and it is essential for preventing, diagnosing, and treating periodontal diseases. While
manual probing, radiographs, and visual examinations are the essential traditional diagnostic modalities that we
continue to utilize with flavor, regularly, they have been complemented with technology. Conventional
diagnostic methods such as radiography and clinical examination are of less than optimal precision and inter-
examiner reproducibility. Newer trends in Artificial Intelligence (AI) in the form of Convolutional Neural
Networks (CNNs) hold great promise in assisting in the identification and estimation of periodontal bone loss.
This paper describes CNNs in the context of periodontics, as well as a discussion of the implications for
diagnosis, treatment planning, and patient management.'

What is a Convolutional Neural Network (CNN)?

A Convolutional Neural Network (CNN) is a type of deep learning model specifically built to complete
the analysis of grid-like data such as images. Traditional machine learning approaches utilized human-coded
features to complete the analysis. In contrast, CNNs are able to automatically detect important features from
raw data, therefore CNNs are most commonly used when completing tasks related to images such as
classification, segmentation, and detection. CNNs are comprised of different layers that can iteratively extract
then calculate features therefore they are powerful, flexible, and useful methods for complex analysis of image-
based data.?

DOI: 10.9790/0853-2407018082 www.iostjournal.org 80 | Page



Artificial Intelligence and Periodontal Health: Unraveling Convolutional Neural Networks

Application of CNNs in Periodontics In the field of Periodontitis
CNNs s are being investigated for their application in three main areas: disease detection, treatment planning, and
prognosis. Key application areas are described in the next sections.

1. Automated Diagnosis of Periodontal Disease

Convolutional neural networks (CNNs) are transforming the method of diagnosing periodontal
diseases. The traditional process of diagnosing periodontal disease involves several clinical exams, X-rays and
probing, all of which can take time and be subject to human error. Data sets of dental images and radiographs of
periodontal disease can be used to train CNNs to automate the detection of findings associated with periodontal
disease, such as bone loss and the formation of periodontal pockets. Overall, CNNs show promise in improving
upon detecting periodontal disease earlier in the process, thus potentially reducing the need for invasive or
expensive diagnostic tests for periodontal disease.

For example, Al systems, trained using periapical and panoramic radiographs can identify and measure
bone loss, gum recession, and other finding associated with periodontal disease, thus enabling dentists to make
more accurate and timely diagnoses of periodontal disease.

2. Plaque Detection and Monitoring

Plaque accumulation is among the most common causes of periodontal disease. Traditional methods of
plaque detection include manual examination or staining techniques. CNNs, on the other hand, examine
intraoral images using digital cameras or scanners to automatically identify plaque on teeth. The models not
only identify the existence of plaque but also rank plaque severity, enabling enhanced monitoring of oral
cleanliness over time. Implementation of this technology into routine clinical practice would have the potential
to provide instant feedback to patients and clinicians alike, promoting improved oral hygiene.3

3.Gingival Segmentation and Evaluation

Evaluation of the gingival (gum) health lies at the core of periodontal diagnosis. CNNs can potentially
reduce gingival tissue segmentation of dental images to enhance measurements of gum recession, inflammation,
and bleeding on probing. Segmentation proves beneficial in planning intervention such as scaling and root
planing and in assessing the success of intervention.

4. Detection of Tooth and Root for Planning Treatment

Good comprehension of tooth and root anatomy and surrounding bone is needed for proper periodontic
treatment planning. CNNs can be employed for the automatic detection and segmentation of tooth structures
from radiographs or 3D scans. By giving a more realistic understanding of tooth root anatomy and condition of
surrounding bone, CNN-based tools help clinicians plan such intricate procedures as root scaling, bone grafting,
and periodontal surgery.*

5. Forecasting Disease Progress

CNNs can be utilized for the prediction of future periodontal disease development using past data.
With clinical histories, radiographs, and other diagnostic tests treated, Al systems can also make future
development of a patient's periodontal condition predictable. With predictive functions for future development,
more individualized treatment plans and earlier treatment can be administered, ultimately resulting in better
long-term patient outcomes.>

6. Clinical Decision-Support

CNNs can even serve as decision support, where clinicians are presented with diagnostic impressions
and treatment plans based on image analysis. Integration of CNN-based systems in clinical routines provides
dental clinicians with real-time support for their decisions. This can be equated to more standardized care and
reduced inter-clinician variation, leading to better treatment outcomes.®

Benefits of CNNs in Periodontics

1. Enhanced Precision and Consistency: CNNs are more precise in reading dental images with high accuracy
at times even superior to human professionals in spotting minute indications of disease. This reduces mistakes
in diagnosis and provides uniform results in varying cases.’

2. Time Cost Savings: Employing CNNs to read images maximally reduces clinicians' time investment in
diagnostic analysis. This enables them to focus more on patient care and less on reading manually.®

3.0bjective Assessment: CNNs provide objective diagnosis that is not liable to subjectivity caused by human
judgment. The objectivity is particularly significant to ensure consistent and reproducible results.?
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4.Real-time Analysis: CNNs can be embedded into dental imaging devices, giving real-time feedback during
patient examination. This allows clinicians to make an immediate alteration of their methodology, optimizing
the efficiency of patient treatment.®

5.Cost-Effectiveness: Even if the initial expense of setting up Al systems may be steep, long-term overall
savings such as lowered diagnostic error rates and enhanced workflow efficiency render CNN-based systems a
cost-effective investment for dental clinics.’

II. Limitations and Challenges
Although promising, some limitations that are present in the extensive application of CNNs in periodontics are:
1.Data Quality and Availability: CNNs demand large sets of high-quality tagged pictures for training.
Obtaining and tagging such data may be time- and capital-intensive.'
2.Model Explainability: One more CNNs disadvantage is that they are a "black box" where it may be hard to
observe how the model comes up with a certain decision. That transparency might make it harder to provide
trust from clinicians to Al systems.
3. Compliance Issues: The Al solutions utilized in healthcare need to meet strict regulatory standards for safety
and efficacy. CNN-based systems would have to be subjected to rigorous validation and certification procedures
before being adopted in clinical settings. '
4. Integration with Current Systems: Application of CNN-based tools in dental clinics would mean
integration with current imaging equipment. This can entail costly infrastructure changes, something which
would perhaps not be feasible for all clinics.!!

III.  Future Directions
As Al and CNN technologies continue to advance, their application in periodontics will continue to
grow. Next steps may involve combining CNN with other Al methods, e.g., natural language processing (NLP)
for patient history evaluation, or augmented reality (AR) applications to support clinicians during surgery.
Future AI algorithms can also become patient-individualized, considering individual patient information to
suggest treatment tailored to the individual patient.'?

IV.  Conclusion
The use of Convolutional Neural Networks (CNNs) in periodontics has the potential to significantly
increase diagnostic accuracy, make treatment planning more efficient, and enhance overall patient care.! Given
that challenges of data quality, model explainability, and regulatory approval need to be overcome, greater
development and application of Al technology in dental clinics can set the course for the future of periodontal
treatment.'3 As these tools are rendered more available and advanced, they will continue to demonstrate their
value to maximize clinical results and patient satisfaction in the specialty of periodontics. !?

References

[1]. Chawla K, Garg V. Accuracy of convolutional neural network in the diagnosis of alveolar bone loss due to periodontal disease: A
systematic review and meta-analysis. J Datta Meghe Inst Med Sci Univ. 2023;18(1):163-72.

[2]. Wang Y, Zhang L, Chen X, Liu H, Zhao Y, Li M, et al. Convolutional neural networks for bone loss detection in periodontal
radiographs. Int J Periodontics Restorative Dent. 2020;40(3):379-86.

3] Cheng Y, Huang J, Lin S, Ma T, Xu Q, Zhao W, et al. Comparing CNNs with traditional methods in periodontal diagnosis. A/
Dent. 2021;10(3):234-45.

[4]. Hernandez A, Patel R, Kim S, Lopez M, Zhang Y, Torres F, et al. Evaluation of Al-powered tools for clinical decision support in
periodontics. Periodontol 2000. 2023;85(1):59-70.

[5]- Kumar A, Singh R, Mehta V, Gupta N, Reddy P, Sharma M, et al. Predicting periodontal disease progression using Al algorithms.
J Clin Periodontol. 2022;50(7):839—-46.

[6]. Kim HIJ, Lee S, Park J, Choi Y, Han K, Cho H, et al. Automated diagnosis of periodontal disease using deep learning on
panoramic radiographs. J Clin Periodontol. 2022;49(6):498-505.

[7]. Patel A, Verma S, Khan M, Thomas P, Rao S, Desai N, et al. Al-based imaging techniques for the detection of gingival recession.
J Periodontics. 2022;93(8):1045-53.

[8]. Zhao Z, Liu Y, Feng X, Li J, Wang T, Chen M, et al. Al-based automated detection of periodontal disease on digital X-rays. J
Periodontal Res. 2020;55(4):450-7.

[9]. Zhang L, Wu Q, Chen Y, Tang Z, Huang L, Sun J, et al. Integrating AI with periodontal imaging for treatment planning. Adv Dent

Med. 2022;31(4):101-12.

[10]. Yang H, Song D, Liu X, Cheng F, Zhao R, Wu M, et al. The role of Al in personalized periodontal care. J Periodontol.
2023;94(2):206-14.

[11]. Cho Y. et al. Ethical Considerations in the Use of Al in Periodontics. Dental Ethics Journal.2020;22(1):5-12.

[12]. Liew, S. H., et al.Artificial Intelligence in Periodontics: Current Status and Future Prospects. Periodontics and Restorative
Dentistry.2023, 42(2), 127-134.

[13]. Zhang, Y., et al. Deep Learning for Periodontal Plaque Detection: A Review. Journal of Dental Research.2021;100(5):567-574.

DOI: 10.9790/0853-2407018082 www.iostjournal.org 82 | Page



