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Abstract

The application of artificial intelligence (Al) and machine learning to the field of orthopaedic surgery is rapidly increas-
ing. While this represents an important step in the advancement of our specialty, the concept of Al is rich with statistical
jargon and techniques unfamiliar to many clinicians. This knowledge gap may limit the impact and potential of these novel
techniques. We aim to narrow this gap in a way that is accessible for all orthopaedic surgeons. With this manuscript, we
introduce the concept of Al and machine learning and give examples of how it can impact clinical practice and patient care.

Level of evidence VI.
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Introduction

Artificial intelligence (AI) and machine learning (ML) are
said to be part of the next industrial revolution and represent
a novel approach to health-related research and clinical care.
The use of both AI and ML has been widespread through-
out society for decades, but the introduction to patient care
has been more gradual. Even within medicine there are dis-
crepancies regarding the application of Al, with data-heavy
fields like radiology and oncology leading the way. As a
specialty, orthopaedic surgery has been a particularly late
adopter of the tools and techniques that comprise Al [2, 3].
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The incorporation of Al into the orthopaedic literature
has only recently begun to increase. One explanation for this
is a simple lack of understanding on the part of orthopaedic
surgeons and researchers, who have been jokingly compared
with the ox in terms of both strength and intelligence [17].
For clinicians, the understanding of Al principles, tech-
niques, and clinical application is often difficult.

While there are many user guides [8] and technical
descriptions [5] invaluable for in-depth understanding, there
remains a need for a concise starting point for orthopaedic
surgeons new to Al and ML. The goal of this editorial is to
synthesize what can be a complex and developing field of
orthopaedic research and simplify it for the average reader
new to this field.

The art of medicine

Every day, clinicians are tasked with making informed
decisions regarding diagnosis, appropriate treatment, and
prognosis. These clinicians rely on pattern recognition,
their understanding of the applicable literature, and their
own training and experience to guide these decisions. For
example, when the 16-year-old athlete presents with knee
pain, we combine the information from the history, physi-
cal examination, and imaging to arise at the diagnosis of
an anterior cruciate ligament (ACL) rupture. Both high-
quality rehabilitation and surgery are reasonable treatment
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options [1], and available evidence and surgeon experience
can guide the decision-making discussion with the patient.
Prognosis of both surgery and rehabilitation can be quoted as
a “failure rate”, also based on understanding of the existing
literature and clinical experience of the surgeon. This gestalt
has been coined the “art of medicine” since the clinical deci-
sion-making is not always linear and often influenced by
factors that have not been clearly borne out of the literature.

Machine learning and Al can assist clinicians with this
“art of medicine”. Automating radiologic diagnoses, rec-
ommending appropriate treatment approaches, and predict-
ing outcome following treatment all fall within the scope of
Al Further, when compared with our own abilities, Al can
often perform as well if not better in terms of accuracy [4,
6, 14-16, 18, 20]. While the goal is not to replace the clini-
cian, the possibility to improve our ability to provide optimal
patient care represents an important one, and these develop-
ments should be seen as tools, which can complement clini-
cal expertise and help us to master the information overflow.

What is machine learning and artificial
intelligence?

Machine learning is a subset of Al, and both terms will
be used interchangeably for the purposes of this editorial.
These can be described as advanced statistical techniques
that use computer algorithms to model complex relation-
ships between variables. They are considered “advanced”
because the relationships that are assessed can be more com-
plex than with traditional statistics. In essence, the computer
algorithms can “learn” from the data automatically, with
minimal explicit and direct human computer programming.

Simply put, ML represents a new way to get from “input”
to “output”. Typically, this begins with a large dataset. The
data are divided into “predictor” variables (such as age,
sex, baseline subjective outcome scores, injury history, and
image files) and “outcome” variables (such as subjective or
objective failure, revision surgery, and particular diagno-
sis). Tasked with predicting a particular outcome of interest,
the computer model analyses the relationship between each
set of “predictor” variables and the specified outcome. The
analysis can identify which factors are focal in predicting the
outcome, quantify and rank them in order of importance, and
develop an algorithm to predict the outcome. This learning
phase of the algorithm is commonly referred to as “training”
and is dependent on the quality of the dataset. When used in
orthopaedics, these trained algorithms can then be applied
to future patients.

Consider, for example, a study to predict revision surgery
from a database containing information on 20,000 patients
who underwent surgery. A standard ML approach would
be to take 15,000 of these patients to “learn” from while
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saving the remaining 5,000 patients to test the accuracy of
the resulting algorithm. The “outcome” variable in this case
is revision surgery, while any other variable contained within
the registry could be considered a “predictor”. During the
“learning” phase, the ML model would evaluate which pre-
dictor variables were associated with the revision surgery
outcome, and how they interact with each other to affect the
risk of a patient having a subsequent revision. The model can
then estimate a numeric risk score for patients based on their
unique predictor profile. After the model has “learned” what
factors are associated with revision and how to quantify that
risk, it can be tested on the 5,000 holdout patients (where the
outcome is known) to determine the accuracy of the algo-
rithm. Once the model has been trained and its accuracy
established, it can then be re-trained on the entire dataset
prior to implementation. The result is a validated algorithm
that has considered complex interactions between the vari-
ables and that may yield more accurate, patient-specific,
predictive capability. It is also possible for the algorithm to
continue to improve over time, as it learns from new data it
receives prospectively.

How the model “learns” from data and develops the algo-
rithms used for outcome prediction as well as the pitfalls in
these steps requires a longer discussion and is beyond the
scope of this editorial. In general, the computer is programed
to “learn” the way we do as humans. Pattern recognition
makes up the basis of this approach. Just as years of text-
books, physical examinations, and clinical experience for-
mulate the clinician’s approach to their patient, a computer
algorithm can be developed to do the same using many data
points which mimic human experience. Once the ML model
has seen enough “patients” and can link their unique char-
acteristics to the outcome of interest (training phase), the
model can begin to predict the outcome for other patients
based on its experience. Additionally, ML models can learn
from their mistakes or misclassifications, which can lead to
improved accuracy over time, analogous to the surgeon pro-
gressing through residency and into independent practice.

Recent examples in orthopaedic surgery
and sports medicine

There are a growing number of examples of ML applica-
tion to orthopaedic conditions. Image-based analysis has
led to the development of programs capable of diagnos-
ing paediatric elbow fractures [4] and hip fractures [18,
20]—with accuracy similar to an orthopaedic surgeon.
These programs may be beneficial for primary or urgent
care settings to aid in accurate diagnosis and appropriate
orthopaedic referral. Programs have also been developed
to automate radiographic measurements such as coronal
knee alignment [15] and acetabular component inclination
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and version [14]. Standardizing these measurements not
only offers time savings in the clinical setting, but meas-
urement consistency for future studies.

Recent studies have also applied ML for the purposes
of orthopaedic outcome prediction and prognostication.
Machine learning has been used to predict minimal clini-
cally important difference (MCID) of patient-reported
outcome (PRO) following osteochondral allograft trans-
plantation for cartilage defects around the knee [12, 13].
Similarly, MCID following hip arthroscopy has been eval-
uated using ML analysis, resulting in a tool that may guide
decision-making regarding surgical outcomes and expec-
tations [7]. Machine learning has also led to the develop-
ment of algorithms capable of predicting the risk of knee
arthritis progression following subchondral insufficiency
fracture [11], the need for an overnight stay in the hospital
following ACL reconstruction [9], or need for prolonged
opioid use after elective knee arthroscopy [10].

Just as with orthopaedics, the field of sports medicine
is experiencing similar growth in Al development and
application. Early focus was on “analytics” and “advanced
statistics” evaluating athlete performance and outcome
prediction. Recently, more clinically relevant studies have
emerged that focus on injury prediction [19]. These early
efforts are encouraging and may lead to the development
of comprehensive injury prevention initiatives founded in,
or incorporating, Al.

Unlocking the potential

We are in a period of exponential growth regarding the use
of Al across all specialties, including orthopaedic surgery,
as clinicians and researchers alike gain comfort and pro-
ficiency with these novel techniques. As data collection
improves, so too will the possibilities associated with Al
which include more accurate diagnostics, patient-specific
treatment approaches, improved outcome prediction, and
augmented education. A basic understanding of what ML
entails and how it can be used to impact orthopaedic sur-
gery and patient care is essential for the surgeon of today,
let alone tomorrow.
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