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Abstract

Background: Artificial intelligence services, such as ChatGPT (generative pre-trained transformer), can provide
parents with tailored responses to their pediatric orthopaedic concerns. We undertook a qualitative study to assess

the accuracy of the answer provided by ChatGPT in comparison to OrthoKids (“OK”), a patient-facing educational
platform governed by the Pediatric Orthopaedic Society of North America (POSNA) for common pediatric orthopaedic
conditions.

Methods: A cross-sectional study was performed from May 26 to June 18, 2023. OK website (orthokids.org) was
reviewed and 30 existing questions were collected. The corresponding OK and ChatGPT responses were recorded.
Two pediatric orthopaedic surgeons assessed the answer provided by ChatGPT against the OK response. Answers were
graded as: AGREE (accurate information; question addressed in full), NEUTRAL (accurate information; question

not answered), DISAGREE (information was inaccurate or could be detrimental to patients’ health). The evaluators’
responses were compiled; discrepancies were adjudicated by a third pediatric orthopaedist. Additional chatbot answer
characteristics such as unprompted treatment recommendations, bias, and referral to a healthcare provider were
recorded. Data was analyzed using descriptive statistics.

Results: The chatbot’s answers were agreed upon in 93% of questions. Two responses were felt to be neutral.

No responses met disagreement. Unprompted treatment recommendations were included in 55% of its responses
(excluding treatment-specific questions). The chatbot encouraged users to “consult with a healthcare professional” in
all responses. It was nearly an equal split between recommending a generic provider (46%) in contrast to specifically
stating a pediatric orthopaedist (54%). The chatbot was inconsistent in related topics in its provider recommendations,
such as recommending a pediatric orthopaedist in 3 of 5 spine conditions.
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Conclusion: Questions pertaining to common pediatric orthopaedic conditions were accurately represented by a
chatbot in comparison to a specialty society-governed website. The knowledge that chatbots deliver appropriate

responses is reassuring. However, the chatbot frequently offered unsolicited treatment recommendations whilst

simultaneously inconsistently recommending an orthopaedic consultation. We urge caution to parents utilizing artificial

intelligence without also consulting a healthcare professional.

Level of Evidence: IV

Key Concepts

» Artificial intelligence chatbots are becoming increasingly popular, as demonstrated by the rapid rise of publications
on the topic in the last 3 months, and they represent a novel patient education online platform.

* In comparing 30 common pediatric orthopaedic conditions, >90% of the chatbot’s responses were felt to be in
agreement with a specialty society’s parent-patient-facing education platform.

* The chatbot’s responses were largely unbiased and referred patients to a healthcare professional. However, the

responses lacked references or citing sources for the provided information.

Introduction

An important aspect of providing orthopaedic care to
children is addressing parental questions and concerns.
Parents have historically resorted to online resources, such
as institutional websites, Google searches, and YouTube. '
OrthoKids (orthokids.org) is a website governed by the
Pediatric Orthopaedic Society of North America (POSNA),
focused on providing information to parents and patients
regarding common pediatric orthopaedic conditions. This
parent-patient-facing website is governed and maintained
by a voluntary group of pediatric orthopaedic surgeons
who are members of POSNA. These surgeons are
responsible for the diverse topics available to the public

as well as the integrity of the information. The framework
of OrthoKids is that of human experts volunteering

time to provide parents and patients with information,
which differs dramatically from new sources of internet
information. Recent technological advances now provide
the opportunity for parents to ask specific questions

to online artificial intelligence (Al) chatbots, such as
ChatGPT (generative pre-trained transformer, chat.openai.
com/), which was released in November 2022.3 Within the
past several months, there have been several publications
assessing the chatbot’s responses in comparison to
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physician, resident, and test-bank answers.*® As an
example, a study published in the Journal of the American
Medical Association (JAMA) in March 2023 investigated
the appropriateness of a chatbot’s response to 25 questions
on cardiovascular disease prevention recommendations,
as judged by preventive cardiologists. The cardiologists’
determined the Al-generated response to be largely
appropriate.® Chatbots represent an easy and expeditious
way for patients to acquire information and are becoming
increasingly popular. It is therefore prudent to evaluate
the potential role of Al chatbots in pediatric orthopaedics.
Given the rising popularity of chatbots, we undertook this
study to assess the accuracy of the chatbot’s responses as
compared to the physician-reviewed information available
on the OrthoKids website. Secondary aims of the study
were to investigate the frequency of the chatbot response
to include (1) suggesting patient’s seek consultation

with a healthcare provider and (2) unprompted treatment
recommendations.

Materials and Methods

Institutional review board approval was not sought, as
no patient data or protected healthcare identifiers were
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utilized, and the online resources utilized for the study
are all open access. We undertook a cross-sectional study
employing free online patient educational materials. The
OrthoKids website was selected to represent the standard
by which the chatbot could be compared. Specific
conditions were reviewed from OrthoKids, and 30 topics
were selected. The Frequently Asked Questions (FAQs)
page of the common conditions and the Dear Doctor
forum were queried to create 30 questions reflective of
various topics in pediatric orthopaedics. Question styles
ranged from simple and direct (“what does spondylolysis
mean?”) to brief vignettes (“my three-year-old daughter
has developmental hip dysplasia and walks with a limp.
What is the recommended treatment?”’) See Table 1

for a complete list of questions. The responses from

the OrthoKids website were documented. On May

30, 2023, ChatGPT was asked 30 questions and the
website’s responses were recorded. The topic, question,
chatbot, and OrthoKids responses were reviewed by two
pediatric orthopaedists. Answers were graded as: AGREE
(information was accurate; question addressed in full),
NEUTRAL (information was accurate; question not
answered), DISAGREE (information was inaccurate or
response could be detrimental to patient’s health).

The evaluators’ responses were compiled; discrepancies
were adjudicated by a third pediatric orthopaedist.
Furthermore, the frequency of unprompted treatment
recommendations (e.g., response includes treatment
options when the question stem is, “what does
spondylolysis mean?”’) was recorded. Chatbot responses
referring respondents to a healthcare professional as well
as the type of healthcare professional (nonspecific versus
specialist) were recorded. Terms suggestive of bias, such
as a healthcare institution name or industry, were also
collected. Descriptive statistics were performed using
Microsoft Excel, version 16.

Results

Of the 30 questions, chatbot’s answers were agreed
upon (e.g., appropriate and the question answered in
full) in 93% (n=28, Table 1). Two questions were felt
to be neutral, as the chatbot response failed to address
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the question in full. As an example, the chatbot did not
specify that a three-year-old with developmental hip
dysplasia would likely require an open hip reduction
(graded as neutral), whereas it did confirm that a six-
year-old with a spine curvature of 25 degrees would
require bracing (graded as agree). No responses were
graded as disagree.

After excluding questions regarding treatment
recommendations (n==8), the chatbot included
unprompted treatment recommendations in 55% of its
responses (n=12). An abbreviated example response

to, “what is a tarsal coalition,” referred to activity
modification, orthotics, physical therapy, medications,
and surgery (see Table 2 for a similar example using
Slipped Capital Femoral Epiphysis). Another example
included a discussion of therapy, orthotics, and
orthopaedic interventions when asked, “what is CMT
[Charcot Marie Tooth]?”” Some topics which did not elicit
unprompted treatment recommendations were adolescent
back pain, cerebral palsy, and bowlegs in a toddler.

The chatbot encouraged users to “consult with a
healthcare professional” in all 30 responses (100%).

It was nearly an equal split between recommending

a generic provider (46%) or specifying a pediatric
orthopaedist (54%). See Table 2 for an example where
a pediatric orthopaedist is specifically recommended.
The chatbot was also inconsistent in its provider
recommendations; pediatric orthopaedist was not
explicitly recommended in the topics of adolescent
idiopathic scoliosis or adolescent back pain but were
included when discussing early-onset scoliosis, spina
bifida, and spondylolysis. Inconsistent recommendations
were also observed in the pediatric foot conditions.
Orthopaedic consultation was referenced in the topics
of toe-walking, tarsal coalition, Charcot-Marie-Tooth,
and congenital vertical talus but not included in
arthrogryposis, clubfoot, or flexible flat foot.

Bias was universally low amongst answers. There

were no references to specific providers, corporations,
healthcare institutions. The only answer with potential
for bias was the chatbot’s inclusion of a Denis-Browne
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Table 2. Sample Response from ChatGPT and OrthoKids on the Topic of Slipped Capital Femoral Epiphysis

Question

“My son had a Slipped Capital Femoral Epiphysis. What is the likelihood it will happen on the other hip?”

ChatGPT

— Here are some key points to consider:

the other hip as well.

possible outcomes for your son's hip health.

— A slipped capital femoral epiphysis (SCFE) is a condition where the ball-shaped head of the thigh bone slips off the
neck of the bone at the hip joint. It typically occurs during periods of rapid growth, most commonly in children and
adolescents. When one hip is affected by SCFE, there is a risk that the condition may also develop in the other hip.
The likelihood of SCFE occurring on the other hip can vary depending on several factors.

— Bilateral SCFE: Bilateral SCFE refers to the occurrence of SCFE in both hips. While it is less common than unilateral
SCFE (affecting one hip), it is estimated that around 20-50% of individuals with SCFE on one side may develop it in

— Timing: The risk of developing SCFE in the other hip is highest within the first year after the initial diagnosis.
Therefore, it is crucial to closely monitor and follow up with your healthcare professional during this period.

— Factors influencing bilateral occurrence: Several factors can increase the likelihood of bilateral SCFE, including
younger age at the time of the initial SCFE, increased severity of the initial slip, and certain underlying conditions or
anatomical abnormalities that contribute to hip instability or weakness.

— Regular follow-up: After experiencing SCFE in one hip, it is essential to continue regular follow-up appointments
with a pediatric orthopaedic specialist. They will monitor the affected hip, evaluate the other hip for any signs of slip,
and provide appropriate recommendations and interventions to minimize the risk of SCFE in the other hip.

— Preventive measures: In some cases, if the initial slip is detected early and managed promptly, it may help reduce the
risk of SCFE developing in the other hip. Treatment options for SCFE include surgical and non-surgical interventions,
such as the use of pins or screws to stabilize the slipped femoral head.

— It’s important to remember that each case is unique, and the likelihood of SCFE occurring in the other hip can vary.
Regular monitoring, early detection, and appropriate management are key in minimizing the risk and ensuring the best

— Consulting with a pediatric orthopaedic specialist who is familiar with your son's case will provide you with the most
accurate information and individualized guidance based on his specific situation.

OrthoKids

If someone has a SCFE on one side, there is a 1 in 4 chance that the other hip could develop this problem as well.

bar in a discussion of bracing after clubfoot casting.
The Denis-Browne bar is a specific-named orthosis,
whereas bias could have been avoided by referring to
a “foot abduction orthosis.” No devices were named
in discussions on bracing for adolescent idiopathic
scoliosis, early-onset scoliosis, or abduction orthosis
for developmental hip dysplasia (DDH). Specific brace
names are mentioned on the OrthoKids webpage on
adolescent idiopathic scoliosis as part of an inclusive
video on bracing. Trademark devices are included in
the Early Onset Scoliosis OrthoKids page to refer to
patented surgical devices and procedures. OrthoKids

Copyright © 2023 JPOSNA®

does not include named orthoses when reviewing DDH
or clubfoot.

Discussion

The results of this investigation join the growing number
of publications reviewing the rapidly expanding role

of Al in modern healthcare. All three study aims were
accomplished: determining the proportion of appropriate
chatbot responses, observing the referral to a healthcare
provider, and noting the frequency of unprompted
treatment recommendations. These findings thereby
prompt questions regarding other internet sources of
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information, e.g., online videos, thoughts regarding why
parents may utilize non-specialty specific websites, in
addition to concerns regarding the quality of information
presented.

Our findings concurred with previously published reports
regarding the appropriate nature of chatbot responses to
healthcare questions, including Ayoub et al.” and Sarraju
et al.® ChatGPT responses are frequently appropriate in
their responses, ranging from 73-84% in the literature
and slightly higher in our findings (93%).”-8 Increased
confidence in Al-generated information has important
implications for providers, given parents and patients
frequently utilize online resources to expand their health
literacy. As commented in prior publications on the role
of Al in healthcare, chatbots could have the potential to
improve parent and patient satisfaction in reinforcing
new diagnoses, treatment recommendations, or even

postoperative instructions.®3

One aim of this investigation was to assess the
appropriateness of the information presented in the
chatbot’s responses, the importance of which is further
emphasized by the great frequency of unprompted
treatment recommendations. Ensuring the quality and
lack of bias in the healthcare information publicly
available is critical. Our findings demonstrate the quality
to be high and the bias to be low; however, the chatbot
did fail to include components that an educated reader
may seek. In 1997, JAMA benchmark criteria were
published with the specific intent to provide standards
for publicly available online medical information.’ The
four criteria include authorship, attribution (e.g., works
cited), disclosure, and currency (e.g., publication date
and updates).’ In regards to ChatGPT, none of the four
criteria were met. There were no references provided to
answers, and no authors accredited with the information
presented. Failing to appropriately attribute data sources
is concerning to healthcare providers, for reasons such as
being unable to check or correct data within the chatbot
answers. It is unclear if this is accidental plagiarism or
perhaps is secondary to the Al system’s beta-testing
state. Of note, the OrthoKids webpages do not include

Copyright © 2023 JPOSNA®

references or authorship but do include links to the

same topic page on the AAOS webpage (orthoinfo.aaos.
org/), which does include disclosure and date of update.
Regardless, identifying a means of including references
would improve the quality and reliability of the chatbot’s
answers.

Parents frequently turn to the internet for healthcare
information; therefore, it’s plausible they will also utilize
Al as another online platform.!%!2 In a 2019 study on
parental internet use in pediatric orthopaedics, 97% of
survey respondents used a search engine for healthcare
information and 28% utilized social media.'® Shortly
thereafter, reports on the quality of YouTube videos on
pediatric orthopaedic conditions (e.g., developmental
hip dysplasia and clubfoot) began appearing in the
literature.'> The YouTube studies reported on the high
variability of information quality present in the videos,
and the higher-quality videos were those posted from
physicians."»? ChatGPT’s 100 million monthly users lags
behind YouTube’s 2.5 billion monthly users, yet the Al
platform’s rapid user growth highlights the importance
of healthcare professionals critically assessing the

information being generated to consumers.'>!

The current availability of online health information

is expansive, including search engines, curated health
platforms (e.g., WebMD, www.webmd.com/), institution
webpages, medical videos, and specialty-governed
websites (such as POSNA or the American Academy

of Pediatrics [AAP]). Prior research has suggested
parents infrequently utilize specialty-specific websites.!?
The rapidly growing interest and concurrent rise in
publications on chatbots’ potential role in healthcare
introduces a new query: why might parents and patients
select Al over a specialty governed website? Feghhi

et al.!% in 2014 and O Doinn et al.!>!¢ in 2021 sought

to investigate the specialty websites from POSNA,

AAP, and the American Academy of Orthopaedic
Surgeons (AAOS). The authors concluded that the
information presented on these websites tended to be
written higher than the recommended reading level

for a layperson, had barriers to accessibility (such as
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needing to register to access a page), and tended towards
long words and sentence structures.!>!'® One concern
raised was the quality of information failed to translate
to comprehension, and thus, failed to affect health
literacy.'¢ Our study did not assess the reading level

of the chatbot responses, nor did we formally evaluate
the accessibility and usability. The chatbot does limit
accessibility in a similar manner to some of the specialty
websites because it requires the user to register prior

to asking a question. The chatbot’s usability is high, as
the answer is presented in a simple essay style format
(Table 2). Unlike the OrthoKids website, the chatbot
answers did not incorporate images, diagrams, or videos,
which might negatively impact a visual or auditory
learner. Another apparent difference between the two
responses is the response’s length. As demonstrated by
the example question in Table 2, the ChatGPT answer
was more robust than the OrthoKids response. Both
responses accurately replied to the question, however,
the OrthoKids response was 25 words in contrast to the
chatbot’s 388-word answer. The clinical implication

of the difference in response lengths to patient
comprehension is unknown. There is the potential for
future investigations to formally explore the readability
of the chatbot’s answers as well as a study on parental
preference for Al-generated responses versus information
presented on specialty websites.

This investigation is the first of our knowledge
evaluating ChatGPT answers appropriateness in
compared to the OrthoKids specialty page. One strength
of the study is the inclusion of 30 common pediatric
orthopaedic conditions, meaning the topics which we
anticipate the majority of parental questions arise. A prior
publication asked parents regarding common pediatric
orthopaedic conditions they researched on the internet,
and we ensured these topics were included in our
query.'? There are limitations to acknowledge. Creating
our own grading scale posed the risk of selection bias,
which we attempted to mitigate by critiquing published
scales by similar articles and devising a simple three-
component scale.®® Reviewers were not blinded in
grading the responses, given the primary outcome was to

Copyright © 2023 JPOSNA®

assess the appropriateness of the chatbot to the POSNA
information, which was treated as a proxy “gold standard
answer,” acknowledging there is no true standard in
subjective internet patient-facing educational platforms.
Authors further attempted to limit the potential for
sampling bias in the questions by referring to real-world
examples. The FAQs page on OrthoKids was the most
common source of questions, followed by the OrthoKids
Dear Doctor forum. Utilizing pre-existing questions

was felt to be protective against introducing bias in
comparison to generating our own questions.

The findings of this cross-sectional study demonstrate
the ChatGPT responses to common pediatric orthopaedic
conditions are frequently appropriate, although

the answers often contained unprompted treatment
recommendations and inconsistently recommended
consultation with a pediatric orthopaedist. Limitations

to the chatbot included failure to meet JAMA benchmark
criteria for quality online healthcare information and

a lack of visual or auditory accompaniments to the
answers. We ultimately do perceive the value of Al
chatbots in providing parents and patients with easily
accessible online health information; however, we

urge great caution until quality information (such as
attributing data sources) is routinely incorporated into
responses.

Additional Links
AAOS Now articles on ChatGPT in orthopaedics:

*  ChatGPT Is the Next Step in Artificial Intelligence

e A Test Drive of ChatGPT and Generative Al in
Orthopaedics

» Artificial Intelligence Is Changing Orthopaedics
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