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Learning Objectives
1. Be able to provide a definition for Artificial Intelligence (AI)

2. Understand the History of AI

3. Be able to recognize the main components of AI Classification

4. Be able to provide examples of Applications of AI in Medicine, 
Pathology, and Dentistry 

5. Be able to identify the current Limitations and Ethical Considerations 
of AI 

6. Be able to provide examples of Future Applications of AI in Healthcare

Can you beat the AI? Audience versus AI Challenge



https://youtu.be/JcoocHGDVtI?si=gm_H
oR3GouwINzyk

https://youtu.be/JcoocHGDVtI?si=gm_HoR3GouwINzyk
https://youtu.be/JcoocHGDVtI?si=gm_HoR3GouwINzyk


“As we are lifted by the latest AI bubble, “Will AI 
replace radiologists?” is the wrong question. The 
right answer is: Radiologists who use AI will 
replace radiologists who don’t.”

Will AI replace dentists?







https://www.youtube.com/shorts/O0D8
kPHGwHQ

https://www.youtube.com/shorts/O0D8kPHGwHQ
https://www.youtube.com/shorts/O0D8kPHGwHQ


https://www.youtube.com/shorts/Im62iVYF
wbs

https://www.youtube.com/shorts/Im62iVYFwbs
https://www.youtube.com/shorts/Im62iVYFwbs


Learning Objectives
1. Be able to provide a definition for Artificial Intelligence (AI)

"AI is technology that enables computers and 
machines to simulate or mimic human learning, 

comprehension, problem solving, decision making, 
creativity and autonomy"



Major Events in AI Timeline or “Turing Points”

• 1935: Alan Turing invented “Turing Machine”
• 1948: Alan Turing coins “Intelligent Machinery”
• 1950: Alan Turing introduces the “Turing Test”
• 1952-1956: the birth of AI
• 1956: AI gained its official name
• 1956-1974: The golden years (computers were solving algebra word problems, proving 

theorems in geometry, learning to speak English)
• 1974-1980: first AI winter (lack of funding due to high expectations)
• 1980-1987: the rise of expert system and fifth generation computers
• 1987-1993: the second AI winter (technology was not viable)
• 1993-2011: AI succeeded due to increased speed and capacity of computers
• 2011-present: Deep learning and Big Data

https://en.wikipedia.org/wiki/History_of_artificial_intelligence#/media/File:BRL61-IBM_702.jpg



History of AI

https://originalstatic.aminer.cn/misc/shaozhou/AI-history-new.jpg



History of AI

https://originalstatic.aminer.cn/misc/shaozhou/AI-history-new.jpg

• machine learning algorithm

• uses supervised learning models

• determine boundaries between data 
points based on predefined classes, 
labels, or outputs



History of AI

https://originalstatic.aminer.cn/misc/shaozhou/AI-history-new.jpg



History of AI

https://originalstatic.aminer.cn/misc/shaozhou/AI-history-new.jpg



History of AI

https://originalstatic.aminer.cn/misc/shaozhou/AI-history-new.jpg



History of AI

https://originalstatic.aminer.cn/misc/shaozhou/AI-history-new.jpg





Where are we now?



https://medicalfuturist.com/
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DIAGNOSIS:



WHAT IS YOUR CLINICAL 
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Learning Objectives
1. Be able to provide a definition for Artificial Intelligence (AI)

2. Understand the History of AI

3. Be able to recognize the main components of AI Classification



Artificial intelligence (AI)

Artificial narrow 
intelligence (ANI)

Artificial general 
intelligence(AGI) Superintelligence

Andrew Ng: Deeplearning.ai 

AI Classification:

https://coursera.org/share/0106593276cd62e855d88fb52f564adf


Artificial intelligence (AI)

Artificial narrow 
intelligence (ANI)

specified to handle a 
singular or limited task 

Artificial general 
intelligence (AGI) Superintelligence

Andrew Ng: Deeplearning.ai 

AI Classification:

https://coursera.org/share/0106593276cd62e855d88fb52f564adf


Artificial intelligence (AI)

Artificial narrow 
intelligence (ANI)

specified to handle a 
singular or limited task 

Artificial general 
intelligence (AGI)

capable of handling a wide range of tasks 
with the goal of creating machines that can 

perform functions similar to humans

Superintelligence

Andrew Ng: Deeplearning.ai 

AI Classification:

https://coursera.org/share/0106593276cd62e855d88fb52f564adf


Artificial intelligence (AI)

Artificial narrow 
intelligence (ANI)

specified to handle a 
singular or limited task 

Artificial general 
intelligence (AGI)

capable of handling a wide range of tasks 
with the goal of creating machines that can 

perform functions similar to humans

Superintelligence

surpass what a 
human can do

Andrew Ng: Deeplearning.ai 

AI Classification:

?

https://coursera.org/share/0106593276cd62e855d88fb52f564adf


An example of superintelligence? 



A superintelligence species? 

A thought provoking 
outline of possible 
evolution in the line 
of human machine 
convergence. 
Dr. Pearson – 
Futurizon



Computer Vision:

• The study of how 
computers see digital 
images and videos, and 
extract information to 
process output

https://www.ibm.com/topics/computer-vision

AI Methods:

https://coursera.org/share/0106593276cd62e855d88fb52f564adf


• Machine learning (ML).

• Deep learning (DL).

• Convolutional Neural network 
(CNN).

• Data science (DS).

AI

ML

DL/CNN

DS

Andrew Ng: Deeplearning.ai 

AI Methods:

https://coursera.org/share/0106593276cd62e855d88fb52f564adf


Big Data:

2. https://www.researchgate.net/publication/291229189_Big_Data_Understanding_Big_Data
1. Andrew Ng: Deeplearning.ai 

AI Methods:

“Large sets of complex data, both structured and unstructured which 
traditional processing techniques and/or algorithms are unable to 
operate on”

• Examples: Road mapping, stock marketing, weather forecasting.

https://coursera.org/share/0106593276cd62e855d88fb52f564adf


Types of AI learning in terms of availability of labeled data:

AI Methods:

Deepai.org

Supervised 
learning

Semi 
supervised 

UnsupervisedReinforcement 
learning

100% data labeled Limited data labeled

• No labeled data
• AI must independently divide 

data into clusters that have 
similarities (Cluster analysis)

Raw unlabeled data 
reward/penalty feedback
e.g. Chess game

https://deepai.org/machine-learning-glossary-and-terms/machine-learning


https://www.youtube.com/watch?v=VKnoyiNxflk

How do CNNs work for medical image analysis:



Types of Image Annotation:

AI Methods:

https://labelbox.com/image-segmentation-overview

WHERE IS THE BIRD AT A PIXEL LEVEL?WHERE IS THE BIRD?IS THERE A BIRD?



Image segmentation:

AI Methods:

https://datascience.stackexchange.com/questions/52015/what-is-the-difference-between-semantic-segmentation-object-detection-and-insta

instance segmentation 
differentiates two objects with 
the same labels





AI Methods:



AI Methods:

https://www.jeremyjordan.me/semantic-segmentation/








Learning Objectives
1. Be able to provide a definition for Artificial Intelligence (AI)

2. Understand the History of AI

3. Be able to recognize the main components of AI Classification

4. Be able to provide examples of Applications of AI in Medicine, 
Pathology, and Dentistry 



Image Classification: Predicting retinopathy in diabetic patients from an ocular photograph

First layer filters

As the CNN goes deeper in the layer it looks for combination of these filtersThe specific feature analyzed at each layer helps put the whole thing together

How do CNNs work for medical image analysis:



Retinal fundus photographs (initial database of 128,000 retinal images 
screened) to generate two datasets of 9963 images and 1748 images

1. 54 US licensed ophthalmologists and ophthalmology 
senior residents graded photographs into different 
disease severities

2. Grading later validated by at least 7 US board-certified 
ophthalmologists with high intragrader consistency

Result:
Deep learning algorithms had high sensitivity and specificity 
for detecting diabetic retinopathy and macular edema

https://jamanetwork.com/journals/jama/fullarticle/2588763





20/24 radiologists failed to detect the gorilla imbedded in the image!
Inherent limitations of human attention and perception

2. https://search.bwh.harvard.edu/new/pubs/DrewVoWolfe13.pdf
1. https://www.youtube.com/watch?v=4kw6uIkKc6I

24 radiologists performed a lung-
nodule detection task 



https://www.mdpi.com/2079-9721/7/4/54

THE IMPORTANCE OF AI IN HEALTHCARE: 

MISDIAGNOSIS

• Visual Hallucinations
• Pathologist Burnout or 

Operator Fatigue

• Granular Cell Tumor?? 



https://www.mdpi.com/2079-9721/7/4/54

GENERATIVE AI FOR EDUCATION?



THE IMPORTANCE OF AI IN HEALTHCARE: 

MISDIAGNOSIS

Source: Adapted from L. Landro, “The Key to Reducing Doctors’ Misdiagnoses,” Wall Street Journal (2017): www.wsj.com/articles/the-key-to-reducing-doctors-misdiagnoses-1505226691, with primary 
reference from G. Schiff et al., “Diagnostic Error in Medicine: Analysis of 583 Physician-Reported Errors,” Arch Intern Med (2009): 169(20), 1881–1887.”
Excerpt From: Eric Topol. “Deep Medicine: How Artificial Intelligence Can Make Healthcare Human Again.” iBooks. 



Distribution of different visual 
impairments among 163 Swiss 
pathologists

Fritzsche FR, Ramach C, Soldini D, Caduff R, Tinguely M, Cassoly E, Moch H, Stewart A. Occupational health risks of pathologists--results from a nationwide 
online questionnaire in Switzerland. BMC Public Health. 2012 Dec 6;12:1054. doi: 10.1186/1471-2458-12-1054. PMID: 23216705; PMCID: PMC3538703.

THE IMPORTANCE OF AI IN HEALTHCARE: 

MISDIAGNOSIS



• data from 106,615 
patients from 3 
hospitals, located in the 
U.S., Sweden, and 
Taiwan, Mirai 

• identified 41.5% of 
patients who would 
develop cancer within 
five years



Types of image data sets used Division of AI Research

Histopathology 
(WSI)

Radiographs (CBCT, 
Panoramic)

Clinical Images



Example of Few-Shot Transfer Deep Learning

1. train a single panoramic 
image to identify teeth 
with very accurate 
borders

2. using zero-shot or few-
shot learning learns 
from existing large 
databases like ResNet 
or Unet and only needs 
very few samples to 
train on

















Detection of Carotid Calcifications in Cone Beam Computed 
Tomography Utilizing a Deep Learning Convolutional Neural Network 

Image Segmentation Approach





AI Research Must have a clinically relevant 
question! 

• Carotid calcification (CC) is a sign of atherosclerosis, which is a 
major risk factor for myocardial infarction and stroke

• Mild calcifications are proven to associated with significant 
coronary artery disease

• CCs can be detected on routine dental radiographs

• CBCT is widely used in dentistry, and it can accurately detect 
CCs as small as 1 mm3. However only 29% are being reviewed 
by an appropriately trained specialist which could indicate a 
high probability for missed disease

• Therefore, a high potential for undiagnosed cardiovascular 
pathology could be detected from already available SOC 
radiographs

Rothwell PM et al. Analysis of pooled data from the randomised controlled trials of endarterectomy for symptomatic carotid stenosis. The Lancet. 2003;361(9352):107-116.

Garoff M et al. Calcium quantity in carotid plaques: detection in panoramic radiographs and association with degree of stenosis. Oral Surg Oral Med Oral Pathol Oral Radiol. 2015;120(2):269-274.

Price JB. How North Carolina Dentists Use Cone Beam Computed Tomography. Master Thesis, Chapel Hill, North Carolina. 2011.





https://www.birpublications.org/doi/epub/10.1259/dmfr.20180051

Applications of AI in Dentistry



https://pubmed.ncbi.nlm.nih.gov/32950425/

Applications of AI in Dentistry



Types of image data sets used Division of AI Research

Histopathology 
(WSI)

Radiographs (CBCT, 
Panoramic)

Clinical Images







Erythroleukoplakia 

OSCC 

Leukoplakia



Applications of AI in Pathology

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8001078/pdf/cancers-13-01291.pdf













Learning Objectives
1. Be able to provide a definition for Artificial Intelligence (AI)

2. Understand the History of AI

3. Be able to recognize the main components of AI Classification

4. Be able to provide examples of Applications of AI in Medicine, 
Pathology, and Dentistry 

5. Be able to identify the current Limitations and Ethical Considerations 
of AI 



Limitations and Ethical Considerations: 





Limitations and Ethical Considerations: 

Ahmad, O. F., Stoyanov, D., & Lovat, L. B. (2020). Barriers and pitfalls for artificial intelligence in gastroenterology: Ethical and regulatory issues. In Techniques and Innovations in 
Gastrointestinal Endoscopy (Vol. 22, Issue 2, pp. 80–84). Elsevier B.V. https://doi.org/10.1016/j.tgie.2019.150636

1. Data Privacy, Consent, Sharing, and Ownership:
• Who can have access?  Who owns the data?
• Are they being used for secondary purposes? 
• Consent for AI research
• Data breach

2. Patient Safety and Accountability:
• AI error  
• Automation bias
• If harm occurs, who is responsible? Dr, AI developer, 

organization?..ect.

3. Transparency and Bias:
• The “black-box” nature of many algorithms
• AI inherent bias that poorly represent the wider population



Limitations and Ethical Considerations: 

Ahmad, O. F., Stoyanov, D., & Lovat, L. B. (2020). Barriers and pitfalls for artificial intelligence in gastroenterology: Ethical and regulatory issues. In Techniques and Innovations in 
Gastrointestinal Endoscopy (Vol. 22, Issue 2, pp. 80–84). Elsevier B.V. https://doi.org/10.1016/j.tgie.2019.150636

4 . Empathy & Workforce:
• Clinician-patient relationship
• Humans replaced by machines

5. Regulatory environment:
• Traditional medical device regulations (MDR) not on par with 

these fast AI software devices



Limitations and Ethical Considerations: 

The Mayo Clinic gave the 
AI 1.3 M ECGs with 
corresponding K+ levels 
to develop an algorithm, 
but the error was 
unacceptable.

Why failed?
Insufficient number of 
patients with high K+ 
level.

Excerpt From: Eric Topol. “Deep Medicine: How Artificial Intelligence Can Make Healthcare Human Again.” iBooks. 



Limitations and Ethical Considerations: 
Overfitting:
• Model is trained on a narrow dataset
• No real-world testing performance with 

variable datasets

1. https://www.ibm.com/cloud/learn/overfitting
2. https://en.wikipedia.org/wiki/Overfitting

https://www.ibm.com/cloud/learn/overfitting


Limitations and Ethical Considerations: 

Source: Adapted from J. F. Bonnefon et al., “The Social Dilemma of Autonomous Vehicles,” Science (2016): 352(6293), 1573–1576.” Excerpt From: Eric Topol. “Deep 
Medicine: How Artificial Intelligence Can Make Healthcare Human Again.” iBooks. 

The three self-driving car 
traffic situations that result in 
imminent, unavoidable harm. 



Limitations and Ethical Considerations: 
When AI goes Bad and gets Ugly

1. https://www.technologyreview.com/2016/07/14/7797/tougher-turing-test-exposes-chatbots-stupidity/
2. Yampolskiy, R. v, & Spellchecker, M. S. (2015). Artificial Intelligence Safety and Cybersecurity: a Timeline of AI Failures. 

https://en.wikipedia.org/wiki/Tay_

User: Siri, call me an ambulance.

Siri: Okay, from now on I’ll call 
you “an ambulance.”

https://www.technologyreview.com/2016/07/14/7797/tougher-turing-test-exposes-chatbots-stupidity/


Limitations and Ethical Considerations: 
When AI goes Bad and gets Ugly



Limitations and Ethical Considerations: 
When AI goes Bad and gets Ugly

1. https://www.latimes.com/local/lanow/la-me-ln-crimefighting-robot-hurts-child-bay-area-20160713-snap-story.html
2. Yampolskiy, R. v, & Spellchecker, M. S. (2015). Artificial Intelligence Safety and Cybersecurity: a Timeline of AI Failures. 

https://en.wikipedia.org/wiki/Tay_

https://www.latimes.com/local/lanow/la-me-ln-crimefighting-robot-hurts-child-bay-area-20160713-snap-story.html


Limitations and Ethical Considerations: 
When AI goes Bad and gets Ugly

1. https://www.theguardian.com/technology/2016/jul/01/tesla-driver-killed-autopilot-self-driving-car-harry-potter
2. Yampolskiy, R. v, & Spellchecker, M. S. (2015). Artificial Intelligence Safety and Cybersecurity: a Timeline of AI Failures. 

https://en.wikipedia.org/wiki/Tay_

https://www.theguardian.com/technology/2016/jul/01/tesla-driver-killed-autopilot-self-driving-car-harry-potter


Who is liable for misdiagnosis?

“Who is responsible when artificial intelligence harms someone? A 
California jury may soon have to decide. In December 2019 a person 
driving a Tesla with an AI navigation system killed two people in an 
accident. The driver faces up to 12 years in prison. Several federal 
agencies are investigating Tesla crashes, and the U.S. Department of 
Justice has opened a criminal probe into how Tesla markets its self-
driving system.”



Who is liable for misdiagnosis?



Who is liable for misdiagnosis?

“We need to protect people from 
faulty AI without curbing 
innovation”



AI Regulation in Dentistry



AI Regulation in Dentistry



AI Regulation in Dentistry

“The government needs to do more here than 
just write up some standards. It needs to make 
investments and build institutions to conduct the 
monitoring"



Current State of AI:

In 2023, AI is excellent at learning and 
recognizing patterns but lacks human 
understanding and morality



Future AI:

Develops the ability to understand 
and demonstrate moral values

The Future is NOT self awareness or 
sentience, or emotions 

• Artificial consciousness/machine 
consciousness/synthetic consciousness

(field related to AI & cognitive robotics)



Artificial Consciousness
• In his article "Artificial Consciousness: Utopia or Real 

Possibility," Giorgio Buttazzo says:
• “that a common objection to artificial 

consciousness is that, working in a fully automated 
mode, they [the computers] cannot exhibit 
creativity, unreprogrammation (which means can 
no longer be reprogrammed, from rethinking), 
emotions, or free will

• a computer, like a washing machine, is a slave 
operated by its components."



Artificial Consciousness (AC)
• Ethical Issues with AC:

1. What defines consciousness? 
2. What rights would it have under law?

In 2022, Google engineer Blake Lemoine made a viral claim 
that Google's LaMDA chatbot was sentient
• evidence: chatbot's humanlike answers to many of his 

questions
• BUT chatbot's behavior was judged by the scientific 

community as likely a consequence of mimicry, rather 
than machine consciousness



Learning Objectives
1. Be able to provide a definition for Artificial Intelligence (AI)

2. Understand the History of AI

3. Be able to recognize the main components of AI Classification

4. Be able to provide examples of Applications of AI in Medicine, 
Pathology, and Dentistry 

5. Be able to identify the current Limitations and Ethical Considerations 
of AI 

6. Be able to provide examples of Future Applications of AI in Healthcare







Future applications of AI in healthcare:

https://medicalfuturist.com/the-future-of-radiology-and-ai

1. IBM launched an 
algorithm called Medical 
Sieve qualified to assist in 
clinical decision making 
in radiology and 
cardiology

2. The “cognitive health 
assistant” is able to 
analyze radiology images 
to spot and detect 
problems faster and 
more reliably

http://researcher.watson.ibm.com/researcher/view_group.php?id=4384
http://researcher.watson.ibm.com/researcher/view_group.php?id=4384


Future applications of AI in healthcare:

https://medicalfuturist.com/augmented-reality-in-healthcare-will-be-revolutionary



Future applications of AI in healthcare:

https://medicalfuturist.com/augmented-reality-in-healthcare-will-be-revolutionary

AR glasses to 
view a 3D 
image of the 
tumor





Email: asultan@umaryland.edu
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