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ABSTRACT

The pace of US Food and Drug Administration-approved medical devices that incorporate artificial intelligence (AI)
or machine learning as part of the device is accelerating. As of September 2021, 350 such devices have been approved for
commercial sale in the United States. As much as Al has become ubiquitous in our lives—keeping our cars between the lines
on the highway, converting speech to text on the fly, recommending movies, books, or restaurants, and so much more, Al
also appears destined to become a routine aspect in daily spine surgery. Neural network types of Al programs have achieved
extraordinary pattern recognition and predictive abilities—far surpassing human capabilities—and thus appears well suited to
back pain and spine surgery diagnostic and treatment pattern recognition and prediction tasks. These Al programs are also data
hungry. As luck would have it, surgery generates an estimated 80 MB per patient per day collected in a variety of datasets. When
aggregated, this represents a 200+ billion patient record data ocean of diagnostic and treatment patterns. Such Big Data, when
combined with a new generation of convolutional neural network (CNN) Al, set the stage for a cognitive revolution in spine
surgery. However, there are important issues and concerns. Spine surgery is a mission-critical task. Because Al programs lack
explainability and are absolutely reliant on correlative, not causative, data relationships, the emerging role of Al and Big Data
in spine surgery will likely come first in productivity tools and later in narrowly defined spine surgery tasks. The purpose of this
article is to review the emergence of Al in spine surgery applications and examine spine surgery heuristics and “expert” decision
models within the context of Al and Big Data.

New Technology

Keywords: Artificial intelligence, big data, spine surgery heuristics, machine learning, FDA AI/ML guidelines, approved Al/
ML devices

INTRODUCTION payer management and, likely, the scope and quality of
future clinical research.”

Al is a category of software that autonomously
learns and processes, indeed requires, large volumes
of data. These are probabilistic algorithms that process
significant quantities of multimodal data and provide,
in effect, P values for surgeon-defined or clinically
defined outcomes. When combined with Big Data, Al
is an interesting and potentially transformational inno-
vation for medicine. It could also deliver a cognitive
revolution in medicine.’

While most discussions of Al and Big Data are
grounded in the engineering of these decision support
tools, the purpose of this article is to review the emer-
gence of Al-based analysis and decision tools for spine
surgery applications and, in the process, examine spine
surgery heuristics and “expert” decision models within
the context of Al and Big Data.

On 11 March 1997, the US Food and Drug Admin-
istration (FDA) approved the first medical device (a
sleep monitoring system) that used artificial intelli-
gence (Al) or machine learning (ML). Over the next
13 years, only 7 more were approved. After 2010,
however, the pace accelerated rapidly (Figure 1). As of
the most recent published information, 22 September
2021, the US FDA has approved for commercial sale
in the United States 350 devices that incorporate Al/
ML software.'

Coincident with the rise of AI/ML submissions, the
FDA issued guidance in a proposed regulatory frame-
work on 2 April 2019, in which they described the
FDA'’s potential approach to premarket review for Al
and ML-driven software modifications.? Most recently,
on 12 January 2021, the FDA issued an AI/ML action
plan related to medical devices and which described a
multipronged approach to advance the agency’s over-
sight of AI/ML-based medical software.® AI is also ARTIFICIAL VS HUMAN INTELLIGENCE
playing a role in accelerating pharmaceutical and bio- In the earliest days, in the 1950s, the vision for
logical product development, improving practice and  the Al category of software was machine “common
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Figure 1. Annual number of devices approved/cleared by the US Food and Drug Administration that have an artificial intelligence or machine learning focus.

sense”’—essentially embedding the ability to perceive,
understand, and judge in a manner that is shared by
nearly all humans—into machines.® That vision later
changed to Al—implying fabricated, synthetic, and
reproducible-at-scale intelligence.

As these software algorithms, operating on increasingly
powerful processors, surpassed human memory capacities
and processing speeds, terminology changed and point-
edly differentiated between the human ability to think,
reason, and apply common sense and the machine’s ability
to process inputs, learn from those inputs, and deliver
probabilistic outcome data. The terminology changed to
carve out the space for human intelligence and a different
space for machine intelligence.

DEEPMIND AND THE CNN MOMENT

The ancient board game Go was considered to be
incomputable due to the number of possible moves—
which is 10 to the 172nd power. Al took a significant
leap forward when AlphaGo, developed by DeepMind
founders Demis Hassabis, Shane Legg, and Mustafa
Suleyman in 2010, defeated Lee Sedol in 2016, the
world champion Go player. DeepMind’s AlphaGo beat
the world’s best Go player by innovating moves that
had not occurred to humans in the 2,500-year history of
the game. This event fundamentally altered the course
of Al technology investment.’Since AlphaGo, China
in particular has invested more than $18 billion in Al,
filed more than 21,000 AI patents (US inventors filed
30,000), and declared that global Al leadership was a
new national priority.

Since then, DeepMind’s CNN Al programs have
been applied to recognizing protein structure patterns,

acquiring computer programming skills, analyzing and
correcting ancient Greek texts, and solving knot theory,
among other high-end scientific problems. Here, for
example, are DeepMind’s achievements after 2016:

o 2018: AlphaFold accurately predicted 25 out of
43 proteins, winning the 13th Critical Assessment
of Techniques for Protein Structure Prediction
contest.

o 2022: AlphaCode autonomously coded programs
at a rate comparable with that of an average
programmer.

o 2022: Ithaca predicted and restored missing text
of damaged ancient Greek inscriptions, identified
their original location, and established the date
they were created. It achieved 62% accuracy in
restoring damaged texts (vs 25% for humans),
achieved 71% accuracy in identifying original
text location, and dated texts to within 30 years of
their ground-truth date ranges. Ithaca is causing
historians to re-evaluate significant periods in
Greek history.®

o 2022: Knot Theory Al used invariants, one of the
properties of the mathematics of knots (of which
there are millions), to “teach” the neural network.
Then, using saliency maps, an Al technique, it
uncovered heretofore unknown knot mathematical
relationships and properties.’

DeepMind employed a CNN type of Al along with
a range of mathematical weighting systems to achieve
these remarkable pattern recognition and prediction
outcomes. The diagnostic, treatment, and rehabilitation
patterns that make up the heuristics of spine surgery
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are well suited to a DeepMind type of probabilistic,
CNN AT system. What previously unknown back pain
diagnostic pattern or treatment plan could these tools
uncover?

SPINE SURGERY HEURISTICS

The heuristics, or operating rules, of spine surgery
developed from years of study, training, and practice
can be summarized as 4 basic decision points:

o whether to operate or not

e choosing between surgical
techniques

e avoiding complications and risk

o adjusting the entire enterprise for individual
patient comorbidities

approaches and

These heuristics are unique to each surgeon’s judg-
ment, ability to reason deductively, and aptitude for
applying values and experiences.

Surgeons encounter patients linearly, 1 at a time.
Assuming a 35-year career from residency to retire-
ment, the average spine surgeon encounters approx-
imately 40,000 back pain patients and operates on
approximately 7000 of them. In psychological terms,
surgeons view the “black box” of spine disease using
“spotlight vision”—1 patient at a time, biased for
regional patient characteristics and informed by their
personal educational and lived experiences. No individ-
ual spine surgeon treats a representative sample of spine
surgery patients.

Surgeons learn through the patients they treat to make
complex diagnostic judgments, employ personal surgi-
cal heuristic models, and then, under duress of time,
cost, workload, and incomplete information (inacces-
sible prior patient records, language barriers, etc), and
deliver advanced, complex treatment. Ask 10 spine sur-
geons how they would treat a single difficult case, and
multiple answers will emerge—again, based on each
surgeon’s unique spotlight view of treating back pain
surgically. Saravi et al described this phenomenon in
their recent article on Al-driven prediction modeling':

Interestingly, the increase in performed surgeries
is not directly proportional to improved patient
outcomes. Impaired quality of life, persistent pain,
and functional problems are reported in up to 40%
of patients undergoing low back pain surgery and
20-24% undergoing revision surgeries. Indications
influencing the decision as to whether a patient
should undergo surgery are not entirely based on

guidelines but rather on discussions between the
surgeon and patient, as well as the expertise and
skills of the surgeon. Furthermore, there are no
clear guidelines on surgical techniques for treating
degenerative spinal diseases; as such, it remains
unclear as to whether one treatment approach
might perform better in particular cases than
another.

HOW Al PLUS BIG DATA CHANGES
SPINE SURGERY HEURISTICS

Al plus Big Data (which opens the door to the law
of large numbers) is like a lantern, illuminating 360°
of a patient’s back pain pathology. The law of large
numbers is a theorem upon which several industries
(eg, life insurance, auto insurance, casinos) are based. It
postulates that “the average of the results obtained from
a large number of trials should be close to the expected
value and tends to become ever closer to the expected
value as more trials are performed.” In other words, the
larger the n, the closer the actual outcomes approximate
expected outcomes. This phenomenon, particularly
when applied to biological processes (eg, mortality),
requires a very large n.

When Al scientists describe the coming cognitive
revolution in medicine, that is essentially what they are
referring to—the ability of surgeons who use these tools
to see unexpected, previously unknown, and clinically
relevant diagnostic and treatment patterns. For the prac-
ticing spine surgeon 10 years from now, for example,
it may well be possible to use probabilistic Al-based
models and P value generators, which access integrated
networks of 200+ billion patient records—including
genetic records—and thereby function as the surgeon’s
expert virtual assistant, residing perhaps on a smart-
phone, and feeding P values to the surgeon from triage
to surgery and on through rehabilitation.

Drawing on a law of large numbers analogy, Al plus
Big Data puts every spine surgeon in the position of
being the “house” in the casino of spine surgery—odds
accruing to the surgeon’s (and by extension the clin-
ic’s, hospital’s, and patient’s) favor. (Casinos and life
and health insurance companies are examples of com-
mercial enterprises based on the law of large numbers
which—I am suggesting—is also the emerging future
of spine care.) In other words, in the next decade, the
comment “my patient did not have an optimal outcome
due to unforeseen and underlying comorbidities” could
be nearly extinct.
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Table 1. Available data in existing datasets.

Database Dataset (US) No. of Patient Records
Electronic health records 800 Million doctor visits annually 154,000,000,000
Medicare 83 Million patients 15,000,000,000
Private payer 177 Million patients 34,000,000,000
Wearable/implantable sensors 20% Of population 600,000,000
Medical imaging data 125 Million/y 125,000,000
Registries 80 Major, several hundred minor 5,000,000
HCUP and other 10 Million patients 1,900,000,000

Abbreviation: HCUP, Healthcare Cost and Utilization Project.

BIG DATA AND PREDICTIVE VALUE

These new Al forms of neural networks and deep
learning algorithms require significant quantities of
data, and their effectiveness is correlated to the amount
of data they can access for training and pattern discern-
ment. One of the reasons these tools appear well suited
for spine surgery is that the process of treating back
pain generates vast streams of data per patient, more
than 80 MB of information and data yearly."" Where do
these data go?

I identified 7 existing and prospective databases
which, in the aggregate, hold approximately 200 billion
patient records, which, if ever aggregated, cleaned, and
relevantly tagged, would be a data mining ocean for
these new Al forms and other systems (Table 1).

Currently available Al algorithms (notably, but
not exclusively, CNNs) can mine this data ocean and
apply powerful abilities to identify patterns and predict
outcomes—much as DeepMind did for the game Go,
which had 10'¥" power decision points. Importantly,
these new tools are able to process multi-input/mixed
data streams. Furthermore, their predictive value is
grounded in the law of large numbers. More data and
more training iterations produce more clinically rele-
vant predictive values. At this Gutenberg moment for
spine surgery, what is possible?

Saravi et al in their 2022 article in the Journal of Per-
sonalized Medicine, found answers to that question in a
review of the literature. Using the terms “spine surgery”

2%
396 2%~ 2% |

and “machine learning” or “artificial intelligence”
and searching PubMed, Web of Science, and Google
Scholar, the research group found 64 Al-based predic-
tive studies where, in broad terms, either neural network
prediction models or ML prediction models were used.
The most commonly sought prediction models by the 5
dozen research groups were patient-reported outcome
measures, complications, discharge dispositions, and
length of stay predictions. The least common was future
fracture odds (Figure 2).

A total of 28 different Al or statistical analysis algo-
rithms were employed in the prediction studies. The 5
most common were artificial neural network, logistical
regression, random forest, decision learning tree, and
support vector machine (Figure 3). The median number
of patients in these prediction studies was 1053. The
largest n was 1,106,234, and the lowest was 27.

In a 2019 study, Ogink et al'* used the American
College of Surgeons National Surgical Quality Improve-
ment Program (n = 28,600) to predict nonhome dis-
charge rates after lumbar spinal stenosis surgery. Using
a CNN type of Al, Ogink et al reported a 0.74 accuracy
measure, which was confirmed by another study vali-
dating the model. That is encouraging, and given that
the program used is a CNN type of Al, a larger n and
more time to learn should push accuracy rates higher.

Kim et al”® applied neural network algorithms to
predict complications following posterior lumbar fusion
surgery (n = 22,629). Their conclusions were that such

m Predicted PROMs

® Predicted Complications

® Predicted Discharge Disposition
Predicted Length of Stay

m Predicted Readmission or reherniation

o Predicted Mortality

W Predicted Prolonged Opioid Use

W Predicted Need for Blood Transfusions

w Predicted Time to Return to Work

® Predicted Spinal Alignment

m Predicted Future Fractue Odds

Figure 2. List of spine surgery outcome prediction studies, 2014 to 2022. PROMs, patient-reported outcome measures.
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Figure 3. Type and frequency of commonly used artificial intelligence or statistical algorithms for predictive spine surgery modeling.

neural network types of Al algorithms are capable of
outperforming the American Society of Anesthesiolo-
gists classification and logistic regression system for
predicting several types of lumbar fusion surgery com-
plications.

Overall, in the absence of a data ocean, much like the
one hypothesized above, the ns found in this review are
the best that are currently available. For the complex
biological and mechanical problems that bear on
the process of spine surgery, these ns are interesting,
instructive, and offer tantalizing clues as to where Al
plus Big Data might be directed initially.

Al AS A PRODUCTIVITY TOOL

Two productivity tools, one of which represents the
first practical step to autonomous diagnostics in the
clinic and the other of which represents the first practi-
cal conversion of unstructured, colloquial patient/physi-
cian conversations into electronic medical records data,
with coding, at scale, are available (or soon will be) for
US spine surgeons.

1. Al medical scribing
2. Al triage

Al Digital Medical Scribing

The Health Information Technology for Economic
and Clinical Health Act, which was part of the American
Recovery and Reinvestment Act of 2009, incentivized

Table 2. Al-Based Digital Scribe Technologies

physicians, clinics, and hospitals to employ electronic
health record systems.

Over the next decade, about 72% of office-based
physicians and 96% of nonfederal acute care hospi-
tals'* adopted a certified electronic health record. As a
result, physician time required for patient documenta-
tion increased significantly, patient workflow was often
adversely affected, and physician stress and burnout
increased.

Most hospitals and clinics currently employ
medical scribes, typically unlicensed medical assis-
tants (also premedical students and registered or
licensed nurses), to ease the physician documentation
workload by transcribing patient-physician interac-
tions. Approximately 100,000 medical scribes are
currently employed in the United States to perform
those functions. The annual cost of a human medical
scribe ranges from $30,000 to $50,000, not includ-
ing an estimated $6000 in training costs."” Thus far,
3 companies are seeking to disintermediate the $4
billion medical scribe market with Al-based digital
scribe technologies (Table 2).

Each currently available Al scribing system pro-
vides voice-enabled ambient recording (audio, video,
or both) at the point of care (office or telehealth), which
then uses multifactor authentication and data encryp-
tion algorithms to, in a Health Insurance Portability
and Accountability Act—compliant manner, transcribe
those unstructured, colloquial, and imprecise natural

Digital EMR Ambient Audio  Ambient Video Connect to Time to Return

Scribe Supplier Type of AI Recording Recording EMR System Transcription Coding Services Practice Focus
Robin'® Robin Healthcare CNN Yes Yes Yes 24 h Yes Orthopedics and spine
Deep Scribe!” Deep Scribe CNN Yes No Yes Real time Yes Nonspecific
DAX'® Nuance (Apple) CNN Yes No Yes h Unknown Nonspecific

Abbreviations: Al, artificial intelligence; CNN, convolutional neural network; DAX, Dragon Ambient eXperience; EMR, electronic medical record.
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language conversations into electronic medical record
(EMR)-ready data.

There are numerous digital scribing systems on the
market, but these are the first true Al-based systems that
not only convert conversation information into data but
also autonomously link to EMR systems. Additionally,
2 of the systems (Robin Healthcare and DeepScribe)
tag the data with relevant reimbursement codes.

The form of Al these systems employ is a blend of Al
and artificial general intelligence (AGI) and uses CNN
engines. In use, these systems have demonstrated the
ability to reduce human scribing workloads. The key
challenges for these new systems include the following:

1. Standardizing the physician documentation
process without losing important diagnostic
nuances. In other words, how closely can these
systems match the physician’s ability to discern a
patient’s true condition?

2. Error-free links to existing EMR systems.

3. Validated coding accuracy.

Al Triage Bots

Al Triage Bots—which is software that operates
as the surgeon’s agent to perform patient assessment
without specific human direction—is arguably the first
step to autonomous back pain diagnostics.

So far, diagnostic Bot performance is a mixed bag,
but lessons are emerging and better Al Triage Bots for
the spine are moving from development to market. A
small number of early published studies offer intriguing
insights into both the promise and the unexpected diffi-
culties of Al-based Triage Bots.

Lath et al'® compared the accuracy and safety of the
MayaMD Al-powered triage and diagnostic system
with human doctors. In their study design, Lath et al
presented 5 different clinical vignettes with 4 triage
options to 12 human health care providers, which
resulted in 60 clinical vignettes. The same 60 clinical
vignettes were fed into the MayaMD Al triage tool.

MayaMD’s library and core algorithm were taught
using accepted evidence-based knowledge, specifically,
more than 7000 diagnoses, 8500 initial inputs (Symptoms,
physical signs, and laboratory results), 40,000 inferences,
and 2220 medications and interventions. Finally, a panel
of 3 physicians (2 internal medicine specialists and 1
surgeon) reviewed the 60 clinical vignettes and provided
their holistic view of the most appropriate triage option.
MayaMD accurately matched physician consensus in 55
out of 60 case vignettes (91.7%). The individual health
care providers matched physician consensus in 45 of 60
case vignettes (75%). The research team concluded that

MayaMD performed significantly better than individual
clinicians when determining a triage decision for a clinical
vignette (91.7% vs 75%, P = 0.04).

Fan et al® analyzed a widely deployed self-diagnostic
Al bot in China. The team compiled data for 47,684
chatbot sessions by 16,519 users over 6 months. They
found that the Al chatbot was used by all age groups,
including older adults. Users consulted the chatbot for
a wide range of medical conditions. Two prominent
issues emerged from this study: first, a considerable
number of users dropped out in the middle of the con-
sulting sessions, and second, some users pretended to
have health concerns and used the chatbot for extrane-
ous therapeutic purposes.

Studies of non-Al chatbots®' have also found that
generalized health chatbots are well used and reduce
the urgency of some cases but, overall, have not had
a measurable effect on physician workload or patient
outcomes. More targeted Al bots, supported by well-
validated, evidence-based diagnostic systems and a
significant n of diagnostic and patient experience, are
currently in beta use at several spine and neurosurgery
clinics. One system, which was tested at OrthoCarolina
and other locations around the United States, used data
from each patient’s EHR combined with answers to a
self-administered questionnaire and then, using more
than 1 validated, evidence-based diagnostic tool, per-
formed autonomous triage of prospective spine surgery
patients. The initial results have been encouraging.

CATEGORIES OF Al AND THE LAW OF
LARGE NUMBERS

Current and future Al tools can be organized into 3
conceptual categories:

o Artificial narrow intelligence

o Weak Al

o Task-specific, such as chess games, accounting
functions, speech recognition, patient triage,
and consumer behavior weighting

o Virtual assistants such as Siri, Alexa, etc

o Can deliver strong P value with limited data
for specific tasks

e AGI

o Strong Al

o Not task-specific, such as DeepMind CNN Al
applied to the game Go, autonomous computer
programming, digital image  analysis,
diagnostic pattern analysis, and autonomous
rule generation
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o CNN (deep learning)

o Requires large datasets to deliver reliable P
values

o Demonstrated
knowledge

ability to uncover new

o Artificial super intelligence

o Strongest Al

o Surpasses human intelligence and ability in all
areas

o Requires access to most all data

o No examples exist

o Self-learning

No hard boundaries exist between or within these
categories. Specific Al applications may have elements
of both artificial narrow intelligence and AGI, for
example.

TWO EXISTENTIAL ISSUES:
EXPLAINABILITY AND CAUSAL VS
CORRELATIONAL DECISION MODELS

Al has become ubiquitous in our lives—keeping
our cars between the lines on the highway, converting
speech to text on the fly, recommending movies, books,
or restaurants, and so much more. One of AI’s great-
est strengths—the ability to discern patterns faster and
more accurately than humans—is also a weakness to
the extent that the patterns it “reads” are the basis for
recommendations. Could an Al program’s output be
the result of a coincident, temporary anomaly, which
is often referred to as “noise”? Who would or could
know? These Al systems are not built to understand
context, look for causality, or even apply clear scientific
principles to the data collected.

The principal subject of this article has been a new
approach to decision making in spine surgery—one that
will initially augment existing surgeon-specific heuris-
tic models—but eventually, by linking specific patient
data to integrated multimodal data oceans and then
employing Al neural networks to optimize individual
patient diagnosis and treatment plans, transform, and
possibly upend, surgeon-specific heuristic models.

As discussed earlier, Al began as a mission to imbue
“common sense”—that is, the ability to perceive, under-
stand, and judge in a manner that is shared by nearly
all humans—into machines. In a way, this implies the
ability to contextualize information, explain, and even
answer the question “why”?

Humans, as we know, typically start asking the
“Why?” at 2 or 3 years of age and, often, never stop.

Al programs, despite processing inputs at incredible
speeds and power, incorporating dynamic weighting,
autonomous learning, and even self-writing software,
cannot explain how they arrived at their decisions or
P values. That is a problem in such a mission-critical
function as spine surgery.

Holzinger et al, in their 2019 study, stated the issue
this way**:

Currently, explanations of why predictions are
made, or how model parameters capture underlying
biological mechanisms are elusive. A further
constraint is that humans are limited to visual
assessment or review of explanations for a (large)
number of axioms.This result in one of the main
questions: Can we deduce properties without
experiments—directly ~from pure observations?
(Peters et al., 2017).

Understanding, interpreting, or explaining are often
used synonymously in the context of explainable-
Al (Doran, Schulz, & Besold, 2017), and various
techniques of interpretation have been applied
in the past.... In the context of explainable-Al the
term “understanding” usually means a functional
understanding of the model, in contrast to a low-level
algorithmic understanding of it, that is, to seek to
characterize the model’s black-box behavior, without
trying to elucidate its inner workings or its internal
representations....

We argue that in medicine explainable Al is urgently
needed for many purposes including medical
education, research and clinical decision making
(Holzinger, 2018). If medical professionals are
complemented by sophisticated Al systems and in
some cases future Al systems even play a huge part
in the decision making process, human experts must
still have the means—on demand—to understand
and to retrace the machine decision process.

Computer scientists are working on both post hoc and
ante hoc systems that might be layered over Al models in
order to deliver some form of explanation to the surgeon.
But it would seem at this still early phase in the develop-
ment of Al and Big Data systems that these expert decision
models need to also become comprehensible, understand-
able, and explainable.

For now, in order to become trusted decision models
for spine surgeons, Al and Big Data will, I would
expect, enter the spine surgeon’s practice initially as
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expert advisers, not autonomous decision-makers,
and will find the widest use in narrowly defined spine
surgery tasks.

REFERENCES

1. U.S. Food & Drug Administration. Artificial Intelligence and
Machine Learning (AI/ML)-Enabled Medical Devices. 2022. https://
www.fda.gov/medical-devices/software-medical-device-samd/
artificial-intelligence-and-machine-learning-aiml-enabled-medical-
devices.

2. U.S. Food and Drug Administration. Proposed Regulatory
Framework for Modifications to Artificial Intelligence/Machine
Learning (AI/ML)-Based Software as a Medical Device (SaMD):
Discussion Paper and Request for Feedback. 2019. https://www.fda.
gov/media/122535/download.

3. U.S. Food and Drug Administration. Artificial Intelligence/
Machine Learning (AI/ML)-Based Software as a Medical Device
(Samd) Action Plan. 2021. https://www.fda.gov/media/145022/
download.

4. Paul D, Sanap G, Shenoy S, Kalyane D, Kalia K, Tekade
RK. Artificial intelligence in drug discovery and development. Drug
Discov Today. 2021;26(1):80-93. doi:10.1016/j.drudis.2020.10.010

5. Ward TM, Meireles O. The cognitive revolution. In: Atallah
S, ed. Digital Surgery. Cham: Springer; 2021. doi:10.1007/978-3-
030-49100-0

6. Dick S. Artificial intelligence. Harvard Data Science
Review. 2019;1(1). https://hdsr.mitpress.mit.edu/collection/72be-
fc2a. doi:10.1162/99608f92.92fe150c

7. Wikipedia. Google DeepMind. 2010. https://en.wikipedia.
org/wiki/DeepMind.

8. Assael Y, Sommerschield T, Shillingford B, et al. Restoring
and attributing ancient texts using deep neural networks. Nature.
2022;603(7900):280-283. doi:10.1038/s41586-022-04448-z

9. Castelvecchi D. Deepmind’s Al helps Untangle the mathe-
matics of knots. Nature. 2021;600(7888):202. doi:10.1038/d41586-
021-03593-1

10. Saravi B, Hassel F, Ulkiimen S, et al. Artificial intelligence-
driven prediction modeling and decision making in spine surgery
using hybrid machine learning models. J Pers Med. 2022;12(4):509.
doi:10.3390/jpm12040509

11. Suter-Crazzolara C. Better patient outcomes through
mining of biomedical big data. Front ICT. 2018;5:30. doi:10.3389/
fict.2018.00030

12. Ogink PT, Karhade AV, Thio QCBS, et al. Predict-
ing discharge placement after elective surgery for lumbar
spinal stenosis using machine learning methods. Eur Spine J.
2019;28(6):1433-1440. doi:10.1007/s00586-019-05928-z

13. Kim JS, Merrill RK, Arvind V, et al. Examining the
ability of artificial neural networks machine learning models to
accurately predict complications following posterior lumbar spine
fusion. Spine (Phila Pa 1976). 2018;43(12):853-860. doi:10.1097/
BRS.0000000000002442

14. HealthIT.gov.  https://www.healthit.gov/data/quickstats/
national-trends-hospital-and-physician-adoption-electronic-health-
records.

15. Gold JA. How Medical Scribes Are Trained — And Used
— Varies Widely. The Doctor’s Company. 2020. https://www.thedoc-
tors.com/articles/how-medical-scribes-are-trainedand-usedvaries-
widely/.

16. Robin. Provide Care without the Distraction of Documen-
tation. www.robinhealthcare.com.

17. Deep Scribe. The Next Level in Artificial Intelligence.
https://www.deepscribe.ai/technology.

18. Nuance. Automatically Document Care with the Dragon
Ambient EXperience. https://www.nuance.com/healthcare/ambient-
clinical-intelligence.html.

19. Lath G, Rhee R, Bharathan R, Nikam K. A comparative
study for recommended triage accuracy of Al based triage system
Mayamd with Indian Heps. JAIBD. 2021;1(1):40-49. doi:10.31586/
jaibd.2021.198

20. Fan X, Chao D, Zhang Z, Wang D, Li X, Tian F. Utilization
of self-diagnosis health Chatbots in real-world settings: Case study.
J Med Internet Res. 2021;23(1):e19928. doi:10.2196/19928

21. Winn AN, Somai M, Fergestrom N, Crotty BH. Association
of use of Online symptom Checkers with patients' plans for seeking
care. JAMA Netw Open. 2019;2(12):e1918561. doi:10.1001/jama-
networkopen.2019.18561

22. Holzinger A, Langs G, Denk H, Zatloukal K, Miiller H.
Causability and Explainability of artificial intelligence in medicine.
Wiley Interdiscip Rev Data Min Knowl Discov. 2019;9(4):e1312.
doi:10.1002/widm.1312

Funding: The author received no financial support
for the research, authorship, and/or publication of this
article.

Declaration of Conflicting Interests: The
authors report no conflicts of interest in this work.

Disclosures: Robin Young is the CEO and Founder
of Pearl Diver. He reports consulting fees from Globus
Medical, Robert Reid Ltd, LifeNet Foundation, and
Camber Spine, and he has received support for attend-
ing meetings/travel from Castellvi Spine Meeting.

Corresponding Author: Robin R. Young, Pub-
lisher and Editor, RRY Publications, Founder and CEO,
PearlDiver Technologies, 6102 SW Murray Blvd, Bea-
verton, OR 97008, USA; robin@ryortho.com

This manuscript is generously published free of charge
by ISASS, the International Society for the Advance-
ment of Spine Surgery. Copyright © 2023 ISASS. To
see more or order reprints or permissions, see http://
ijssurgery.com.

Downloaded from h{t,p?:/{)v(\)/wl\\/lv.ijamrgery.com/ by guest on November 24, 2024
ol. 00, No.

8 International Journal of Spine Surgery,


https://www.fda.gov/medical-devices/software-medical-device-samd/artificial-intelligence-and-machine-learning-aiml-enabled-medical-devices
https://www.fda.gov/medical-devices/software-medical-device-samd/artificial-intelligence-and-machine-learning-aiml-enabled-medical-devices
https://www.fda.gov/medical-devices/software-medical-device-samd/artificial-intelligence-and-machine-learning-aiml-enabled-medical-devices
https://www.fda.gov/medical-devices/software-medical-device-samd/artificial-intelligence-and-machine-learning-aiml-enabled-medical-devices
https://www.fda.gov/media/122535/download
https://www.fda.gov/media/122535/download
https://www.fda.gov/media/145022/download
https://www.fda.gov/media/145022/download
https://hdsr.mitpress.mit.edu/collection/72befc2a
https://hdsr.mitpress.mit.edu/collection/72befc2a
https://en.wikipedia.org/wiki/DeepMind
https://en.wikipedia.org/wiki/DeepMind
https://www.healthit.gov/data/quickstats/national-trends-hospital-and-physician-adoption-electronic-health-records
https://www.healthit.gov/data/quickstats/national-trends-hospital-and-physician-adoption-electronic-health-records
https://www.healthit.gov/data/quickstats/national-trends-hospital-and-physician-adoption-electronic-health-records
https://www.thedoctors.com/articles/how-medical-scribes-are-trainedand-usedvaries-widely/
https://www.thedoctors.com/articles/how-medical-scribes-are-trainedand-usedvaries-widely/
https://www.thedoctors.com/articles/how-medical-scribes-are-trainedand-usedvaries-widely/
www.robinhealthcare.com
https://www.deepscribe.ai/technology
https://www.nuance.com/healthcare/ambient-clinical-intelligence.html
https://www.nuance.com/healthcare/ambient-clinical-intelligence.html
https://www.ijssurgery.com/

	Emerging Role of Artificial Intelligence and Big Data in Spine Care
	Abstract
	INTRODUCTION
	ARTIFICIAL VS HUMAN INTELLIGENCE
	DeepMind AND THE CNN MOMENT
	SPINE SURGERY HEURISTICS
	HOW AI PLUS BIG DATA CHANGES SPINE SURGERY HEURISTICS
	BIG DATA AND PREDICTIVE VALUE
	AI AS A PRODUCTIVITY TOOL
	AI Digital Medical Scribing
	AI Triage Bots

	CATEGORIES OF AI AND THE LAW OF LARGE NUMBERS
	TWO EXISTENTIAL ISSUES: EXPLAINABILITY AND CAUSAL VS CORRELATIONAL DECISION MODELS
	References


