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What is AI?

• Background

• Basics

• What can it tell us?

• Current applications 
in spine surgery

• Future implications



AI is the new “Plastics…”



Artificial Intelligence 

• Apple’s Siri
• Chess-playing computer
• Tesla’s self-driving car



Machine Learning

• Facial recognition
• Image recognition
• Speech Recognition
• Pandora music streaming service



Deep Learning

• Gaming
• Radiologic image analysis





Everyone will benefit…



Background

• 1936—Turing paper (Alan Turing)

• 1943—Artificial neural network (Warren McCullogh, Walter Pitts) 

• 1955—Term “artificial intelligence” coined (John McCarthy), 

• 1957—Predicted ten years for AI to beat human at chess (Herbert Simon)
• 1958—Perceptron (single-layer neural network) (Frank Rosenblatt)

• 1959—Machine learning described (Arthur Samuel) 

• 1964—ELIZA, the first chatbot 

• 1964—We know more than we can tell (Michael Polanyi’s paradox) 

• 1969—Question AI viability (Marvin Minsky) 

• 1986—Multilayer neural network (NN) (Geoffrey Hinton)
• 1989—Convolutional NN (Yann LeCun) 

• 1991—Natural-language processing NN (Sepp Hochreiter, Jurgen Schmidhuber) 

• 1997—Deep Blue wins in chess (Garry Kasparov) 

Topol 2019

BackpropagationConvolutional
neural networks



Background

• 2004—Self-driving vehicle, Mojave Desert (DARPA Challenge) 

• 2007—ImageNet launches 

• 2011—IBM vs. Jeopardy! champions 

• 2011—Speech recognition NN (Microsoft) 
• 2012—University of Toronto ImageNet classification and cat video recognition (Google 

Brain, Andrew Ng, Jeff Dean) 

• 2014—DeepFace facial recognition (Facebook) 

• 2015—DeepMind vs. Atari (David Silver, Demis Hassabis) 

• 2015—First AI risk conference (Max Tegmark)

• 2016—AlphaGo vs. Go (Silver, Demis Hassabis) 

• 2017—AlphaGo Zero vs. Go (Silver, Demis Hassabis) 
• 2017—Libratus vs. poker (Noam Brown, Tuomas Sandholm) 

Ø 2017—AI Now Institute launched 
Topol 2019



Big Data



What’s Driving AI?



Growth



Machine Learning

the number of papers published 
each year since the year 2000 
that discuss an ML application to 
Orthopedics.



What is Artificial Intelligence?



What is Machine Learning?

Introduction to Computational Thinking and Data Science, Fall 2016 Eric Grimson
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New 
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Neural Networks

Neural networks are a set of algorithms, 
modeled loosely after the human brain, that are 
designed to recognize patterns in numerical 
data, preferably continuous (1,2,3…) rather 
than discrete variables (yes or no)



Deep Learning

A. Artificial neural network
B. Deep network
C. Artificial neuron

(B)

Galbusera 2018; Topol 2019
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Deep Learning

Topol 2019



Training and Testing

• Randomly split data into two sets

• 80% - Training set – used to determine the final 
model

• 20% - Test set is data the algorithm has never 
seen and used to confirm/validate the accuracy 
of the model



Neural Networks

The Math……





Receiver Operating Characteristic

• True Positive Rate v. 
False Positive Rate

• Measure of Accuracy
• AUC- area under the 

curve

• 0.50 if purely random
• 0.70 – 0.80 fair
• > 0.90 is considered 

good



What does this mean for Spine?



Topol, E.,Deep Medicine:  How Artificial Intellengence can Make Healthcare Human Again. New York: Basic Books, March 2019.
Grace,K et al. arXiv (2017), the World in 2017, Economist

Will Deep Learning
Replace Spine Surgeons?



• Pattern recognition MD’s

• Radiology

• Pathology

• Dermatology

Topol, E.,Deep Medicine:  How Artificial Intellengence can Make Healthcare Human Again. New York: Basic Books, March 2019.

Displacing Physicians



Radiology

• AI algorithms used in a variety of applications rival or 
exceed Radiologist accuracy in a fraction of the time and 
expense



Convolutional Neural Networks



Revolutionizing Radiology

• Mammography– ML model trained on 1000 patients with 
biopsy proven results indicated 30% breast surgeries may 
be avoided -Bahl et al. Radiology 2018,286(3): 810

• Hip fracture- x ray reading by a deep learning model 
(CNN, 172 layers, 6000 film training set, 1,000 patient 
validation) yielded an accuracy of over 99%.
• Avoided more expensive CT, MRI, SPECT scanning
- Gale W et al. Detecting Hip Fractures with Radilogist-level 
Performance Using Deep Neural Networks. arXiv, 2017



Radiology

• Other examples of CNN algorithmic image processing:
• Liver, lung nodules, bone density, ICH from head CT’s
• Accuracy rivals that of seasoned Radiologists

• Trend toward false positives
• Seen useful as a screener or second reader 



Radiology

• Zebra Medical Vision, Inc.
• Claims 260 million 

scan reading capability 
in 24 h for only $1,000

• Looming obsolescence?  
(e.g. Cardiac surgery)



• Pattern recognition dependence 

similar to Radiology

• Wide variation in interpretation 

of pathology

• Whole slide imaging allows digital 

interpretation subject to deep learning

• Stanford lung cancer reading study demonstrated better 
accuracy of grade and stage than conventional pathologists

-Yu,KH et al. Nat Commun, 2016.7:12474.

Pathology



Pathology

• Google used giga pixel imaging at 40x magnification to 
detect metastasis of the brain and lungs with > 92 % 
accuracy v. 73% for pathologists
• Frequent false positives; few false negatives

– Cruz-Roa, A et al., Sci Rep 2017.7:46450.

• Error rates of machine learning and algorithms are 
reduced when combined with human oversight

Ø Role will be complementary, as AI analytics include more 
sophisticated diagnostics such as DNA sequencing, RNA 
sequencing, proteomics, methylation detection

-Steiner DF et al., Am J Surg Pathol. 2018 Dec;42(12):1636

https://www.ncbi.nlm.nih.gov/pubmed/30312179


Dermatology

• Pattern recognition is key
Esteva et al. Nature 2017, 542(7639):768.

• Google CNN algorithm pretrained with 1.28m non-medical 
images, and then 129,450 skin lesion images

• Biopsy validation with 1,942 images



Potential benefits

• Faster, better, cheaper

• Enhance value



Deep Learning in Spine Surgery

• Imaging
• Vertebral localization and labeling
• Segmentation

• Predictive analytics
• LOS, rehab DC, complication risk, opioid use, etc.

• Key metrics for health system resource allocation, 
value optimization, patient counseling (decision support 
tools)



ML Modeling and Spine Imaging:  Computer Automated 
Detection (CADe)

• Localization and labeling

Glocker B, et al.. Automatic localization and identification of vertebrae in arbitrary field-of view
CT scans. 2012.



LBP prediction/classification of DJD

Bounds et al. 1988 

• Perceptron ( first generation ANN) to diagnose LBP and 
sciatica

• Accuracy 77 – 82%, better than physician control group
Niemeyer F, et al. 2018

• CNN used to classify disc DJD using Pfirrmann
classification 

• 97% accuracy



Automated Classification of DJD

Jamaludin et al. Med Image Anal. 2017 Oct;41:63.

https://www.ncbi.nlm.nih.gov/pubmed/28756059


Deformity
Thong et al. Eur Spine J.2016; 15: 3104

• Computer aided detection model derived from biplanar 
radiographs from 915 patients

• Unsupervised analysis produced 11 clusters of curve 
types



Applications of computer automated detection 
(CADe) 
• Fractures

• E.g. 95% accuracy detecting compression fractures
Burns JE, et al... Radiology. 2017;284:788.

• Metastases
• Lytic and blastic lesions
• Still requires positive finding confirmation by a 

radiologist
Hammon M, et al. Eur Radiol. 2013;23:1862.



Predictive Analytics

• What can it tell us about 
our patients?

• Our surgical decisions?

• Ourselves?

• Making sense out of 
registry and EMR data



Predictive Analytics

• Goyal et al. JNS Spine 2019; 31:568
• ML model using NSQIP registry spinal fusion data to predict risk of 

discharge to rehab or home
• Implications decision support tool

• Merali et al. 2019
• ML model from AOSpine registry data accurately predicted positive 

outcomes for individual surgery patients with CSM
• Shah et al. 2019

• ML predictive model of failure of non-operative treatment of spinal 
epidural abscess

• Karhade et al. Spine J 2019; 19(12):1950
• Prediction of in-hospital and 90- day mortality from spinal epidural 

abscess



Predictive Analytics

• Karhade et al. Neurosurgery. 2019 Jul 1;85(1):E83
• Prediction of 30- day post-op mortality in spinal metastatic disease

• Kim et al. Spine 2018; 43:853
• ML predicted risk of complications (cardiac, wound, VTE, mortality) for  

a variety of spine procedures
• Out-performed ASA classification

• Sheer et al. JNS 2017; 26: 736.
• ML models predicting risk of introp/periop complications in deformity 

surgery with an accuracy of 87%
• Han et al. The Spine Journal 2019; 19:1772.

• Applied ML models analyzing several large registries predicting risks 
for AE’s



Han et al. 2019 



Decision Support Tools



Concerns

• Bias
• Training data reflecting societal bias can magnify 

inequalities
• Economic

• Worker displacement risks unemployment?
• Jobs will not be eliminated:  tasks will change
• Surgeon/physician predicted performance and value 

determination
• Competitiveness in salaried positions within health systems

• Privacy
• Surveillance





Clearview.ai, Inc.



Clearview.ai





Conclusions

• AI has the power to extract meaningful predictive data 
from large sets of unstructured information

• May displace much of the traditional PRCT approaches

• Faster, better, cheaper…

• Will be a partner and tool for spine surgery caregivers

• Basis for patient specific decision support tools

• Unintended consequences likely await both patients and 
surgeons


