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Review Article

Artificial Intelligence in Oral Surgery
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ABSTRACT
Artificial Intelligence (AI) has become a part of human life. The application of artificial intelligence in the field of 
oral and maxillofacial surgery is tremendous. This article focuses on the execution of algorithms in oral surgery to 
improve patient care and surgeons’ skill. It also explores the biases, privacy and confidentiality and threat to human 
resources when used at a large scale.
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INTRODUCTION
With its genesis in 1900s, the word Artificial Intelligence (AI) was endorsed by John Macarthy in 
the 1950s.[1,2] AI is a subset of computer science that focuses on machine-driven intelligence. It 
refers to any machine or technology that can mimic human cognitive skills.[3] Fast forward many 
scientists and programmers abetted in the world of modern AI. The AI algorithms are designed 
to perform tasks that normally require human intelligence, such as visual perception, language 
processing, speech recognition and decision-making using real-time data.[4] With the help of 
digital data and sensors, they avail information from a variety of sources, analyze and take action 
upon the perception from the data and reach their conclusions.[3,4] These algorithms are capable 
of analysis and decision-making.

AI is rapidly growing in robotics, transportation, smart cities, financial analysis, and hotel 
industries, with its emerging presence in the field of medicine and dentistry.[2,5] The field of oral 
and maxillofacial surgery is slowly adapting to the world of artificial intelligence.[5] The American 
Medical Association has described artificial intelligence as ‘Augmented Intelligence’ as it increases 
the Physician’s knowledge rather than replacing it.[1] In oral and maxillofacial surgery, it can be 
used to improve diagnosis, training of surgeons, deep learning and to ameliorate the outcome of 
treatment.[3] However, there are many practical and ethical challenges regarding their application 
in the healthcare system.

CLINICAL APPLICATION
With the help of various algorithms, numerous procedures can be done in oral surgery. Artificial 
Neural Network (ANN) is a subfield of artificial intelligence modeled after the brain. They have 
a biological neural network that mimics the structure of the brain and are interconnected to 
each other. They are called as nodes [Figure 1].[6,7] A subtype of ANN called convolutional neural 
network (CNN) has a special neuron architecture, which is similar to the frontal lobe of the brain. 
It is necessary for sound, image recognition and classification.[8]
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Figure 1: Inputs 1,2,3:Dendrites, X (nodes) 1, 2, 3:Cell nucleus, 
YAxon, W (weight) 1, 2, 3: Synapses.

ANN models can be used to know the extent of facial 
swelling during the third molar surgery that can aid 
clinicians in determining the prognosis of treatment.[9] 
CNN models can help analyze the lymph node metastasis 
in a wide range of sensitivity and specificity.[9] Telecytology 
(TC), a digitalization of the cytology slide, is used to detect 
the early onset of cancer and reduce the mortality rate.[9] The 
architectural variation of the epithelial layers and keratin 
pearls seen during image analysis are the key features for the 
diagnosis of oral cancer. They are more specific than textural 
analysis.[10] deep convolutional neural network (DCCN) 
was developed to automatically identify odontogenic cysts 
and tumors in panoramic images with high specificity and 
augmented datasets.[11] In orthognathic surgery, where the 
main goal is to re-establish occlusion and facial esthetics,  
AI intervenes at different levels for pre-acquisition and pre-
analysis of images.[3,12] They have countless resolutions that 
can give the physician a more transparent view of the patients’ 
morphology, which is necessary to get good treatment 
options.[12] The CNN approach is also used to identify 
oral squamous cell carcinoma and potentially malignant 
disorders with the help of intra-oral optical images.[9,5] ANN 
also distinguishes between malignant and dysplastic lesions 
in the oral cavity. In bone reconstruction surgery, the closest 
point (CP) algorithm is used for assessing the accuracy of 
virtual surgical planning by comparing it with the normal 
people’s database that was collected before.[11] In terms of 
planning for assisted surgery, AI software can reduce the 
operation time and preserve the vital structures with high 
accuracy.[9] The machine learning algorithms can also 
analyze the surgeons’ skills and provide feedback on their 
accuracy.[3,13]

Visuo-haptic simulators are another invention, which are 
highly useful in the field of surgery. They use the sense of 
human touch by furnishing force and vibration that simulate 
real-life experience. Training in oral surgery may be limited 
due to the scarcity of cadaver resources, so haptic simulators 
can become an alternative to traditional training and 
improve manual dexterity.[14] In cleft lip and palate, it plays 
a major role in areas such as risk prediction, diagnosis and 

surgery. Statistical modeling using three dimensional (3D) 
facial surface data is employed to assess the outcome of the 
surgery.[11] This 3D facial imaging can be used alone or in 
combination with computed tomography (CT) or magnetic 
resonance imaging (MRI) that can help the entire clinical 
team to arrive at a treatment plan and perfect measurement 
of volumes.[11]

CHALLENGES
Although AI has excellent features, it has many shortcomings 
like ethical dilemmas, privacy, data protection, informed 
consent, medical consultation and empathy.[1] The algorithms 
need certain data in order to perform, but patient data must 
be protected at any stage. So, it is necessary to ensure that 
all the stages of designs and use of algorithms must maintain 
privacy and confidentiality of the patient.[11] The patient 
must be informed prior to collection of their data. It is also 
time-consuming as labeling is manually done and can lead to 
errors.[15] Sometimes, biases occur due to age, gender, race, and 
disabilities. Such biased artificial intelligence can lead to false 
diagnoses and can pose a threat to patient’s safety, hence this 
needs oversight to establish safety. At the end, the physician 
must contemplate and follow all four ethical principles - 
Justice, Autonomy, Beneficence and Non-Maleficence.

CONCLUSION
AI is becoming a threat to all other fields but in the 
healthcare system, substantial experience, clinical judgment, 
compassion and empathy towards the patient is an absolute 
necessity, which the AI lacks. We need better understanding 
that artificial intelligence is there to improve patient care and 
not to replace human beings. Financial resources and open-
mindedness to new innovations are required in the future. 
As we are moving forward towards the new age, careful 
understanding and implementation is the need of the hour.
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