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ARTICLE INFO ABSTRACT

Keywords: Background: The vast accessibility of artificial intelligence (AI) has enabled its utilization in medicine to improve
Pediatric elbow patient education, augment patient-physician communications, support research efforts, and enhance medical
ChatGPT

student education. However, there is significant concern that these models may provide responses that are
incorrect, biased, or lacking in the required nuance and complexity of best practice clinical decision-making.
Currently, there is a paucity of literature comparing the quality and reliability of Al-generated responses. The
purpose of this study was to assess the ability of ChatGPT and Gemini to generate reponses to the 2022 American
Academy of Orthopaedic Surgeons' (AAOS) current practice guidlines on pediatric supracondylar humerus frac-
tures. We hypothesized that both ChatGPT and Gemini would demonstrate high-quality, evidence-based re-
sponses with no significant difference between the models across evaluation criteria.

Methods: The responses from ChatGPT and Gemini to responses based on the 14 AAOS guidelines were evaluated
by seven fellowship-trained pediatric orthopaedic surgeons using a questionnaire to assess five key characteristics
on a scale from 1 to 5. The prompts were categorized into nonoperative or preoperative management and
diagnosis, surgical timing and technique, and rehabilitation and prevention. Statistical analysis included mean
scoring, standard deviation, and two-sided t-tests to compare the performance between ChatGPT and Gemini.
Scores were then evaluated for inter-rater reliability.

Results: ChatGPT and Gemini demonstrated consistent performance across the criteria, with high mean scores
across all criteria except for evidence-based responses. Mean scores were highest for clarity (ChatGPT:
3.745 £ 0.237, Gemini 4.388 + 0.154) and lowest for evidence-based responses (ChatGPT: 1.816 + 0.181,
Gemini: 3.765 + 0.229). There were notable statistically significant differences across all criteria, with Gemini
having higher mean scores in each criterion (P < .001). Gemini achieved statistically higher ratings in the
relevance (P = .03) and evidence-based (P < .001) criteria. Both large language models (LLMs) performed
comparably in the accuracy, clarity, and completeness criteria (P > .05).

Conclusions: ChatGPT and Gemini produced responses aligned with the 2022 AAOS current guideline practices for
pediatric supracondylar humerus fractures. Gemini outperformed ChatGPT across all criteria, with the greatest
difference in scores seen in the evidence-based category. This study emphasizes the potential for LLMs, partic-
ularly Gemini, to provide pertinent clinical information for managing pediatric supracondylar humerus fractures.
Key Concepts:

Artificial intelligence
Supracondylar humerus
Fracture

(1) The accessibility of artificial intelligence has enabled its utilization in medicine to improve patient education,
support research efforts, enhance medical student education, and augment patient-physician communications.

(2) There is a significant concern that artificial intelligence may provide responses that are incorrect, biased, or
lacking in the required nuance and complexity of best practice clinical decision-making.

(3) There is a paucity of literature comparing the quality and reliability of Al-generated responses regarding
management of pediatric supracondylar humerus fractures.
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(4) In our study, both ChatGPT and Gemini produced responses that were well aligned with the AAOS current
guideline practices for pediatric supracondylar humerus fractures; however, Gemini outperformed ChatGPT
across all criteria, with the greatest difference in scores seen in the evidence-based category.

Level of Evidence: Level I

Introduction

The accessibility and utilization of artificial intelligence (AI) has
increased dramatically with the introduction of platforms like ChatGPT
(OpenAl, San Francisco, CA, USA) and Gemini (formerly Bard) (Google,
Mountain View, CA, USA) [1,2]. ChatGPT gained 100 million users in the
first two months of its launch, making it one of the fastest-growing
consumer applications [3]. These large language model (LLM)-based
Al chatbots give users near immediate access to massive amounts of in-
formation across various disciplines, including medicine, with the click
of a button [4].

LLMs in medicine have already been used to improve patient edu-
cation, augment patient-physician communications, support research
efforts, and enhance medical student education [5]. Similar trends are
also found in orthopaedics, with prior research demonstrating an interest
amongst orthopaedic surgeons in exploring how LLMs can support clin-
ical decision-making, update treatment guidelines through the synthesis
of medical literature, and enhance patient satisfaction [6]. With this
potential in mind, there is significant concern that these models may
provide incorrect, biased responses or lack the required nuance and
complexity of best practice clinical decision-making [3,6]. Furthermore,
these responses may include literature citations that do not exist, which
calls into question the reliability of these responses [7]. The risks of
providing patients with error-prone information before and during
treatment cannot be understated. Nearly two-thirds of orthopaedic pa-
tients report using the internet to obtain orthopaedic information related
to their condition; however, only half plan to discuss the information
with their physician [8]. As LLMs become more accessible and continue
to grow in popularity, patients will likely increasingly use these online
resources to learn about their conditions and treatment options. With
increasing use and inconsistent discussion of findings with their sur-
geons, information obtained through LLMs may obscure patients’ un-
derstanding of their condition and negatively impact the shared
decision-making process.

Due to the relatively recent introduction of publicly accessible Al
chatbots, few studies have attempted to describe the accuracy and
appropriateness of LLM responses to questions about orthopaedic con-
ditions and treatments. Furthermore, the available research has focused
primarily on ChatGPT as the sole LLM in the study [9-11]. In pediatric
supracondylar humerus fracture management, to our knowledge, no
study has compared LLM responses with current guidelines on managing
these fractures. This study aimed to assess ChatGPT and Gemini’s ability
to generate responses based on the 2022 American Academy of Ortho-
paedic Surgeons (AAOS) guidelines on pediatric supracondylar humerus
fractures [12]. We hypothesized that both LLMs responses would achieve
high ratings across quality criteria, with no significant difference be-
tween the models across evaluation criteria.

Methods
Study design

The methodology for this study was adapted from the previous
literature on LLM response consistency with AAOS guidelines [10]. First,
the 14 guidelines were reviewed and LLM prompts were generated by the
authors (Table 1). The prompts were subclassified into three categories:
(1) nonoperative or preoperative evaluation and diagnosis, (2) surgical
timing and technique, (3) rehabilitation and prevention. The guidelines
had varying recommendation strength, with two supported by moderate

evidence, two by limited evidence, eight by inconclusive evidence, and
two by consensus opinion. Each prompt was inputted into ChatGPT
(version 4.0), and Gemini (September 04, 2024 update) initiated each
time with a new chat session to eliminate bias from previous prompts.
ChatGPT and Gemini responses to each prompt were transferred to a
survey. The fellowship-trained pediatric orthopaedic surgeons were
asked to evaluate the LLM responses using a previously established
questionnaire [10]. Institutional review board review was not required
since no protected health information was collected.

Assessment of outputs

Surgeons were asked to grade LLM responses on a 1-5 scale based on
six categories: relevance, accuracy, clarity, completeness, evidence-
based, and consistency. These categories were derived from previous
LLM quality assessment methodology and the literature on information
quality [10,13]. The specific questions asked were the following:

e “Does the answer directly address the question asked?” (relevance).

“Is the information provided in the answer correct and up to date,

compared with current AAOS clinical practice guidelines?”

(accuracy).

“Is the answer easy to understand and well-organized?” (clarity).

“Does the answer provide all the information necessary to fully

answer the question?” (completeness).

e “Does the answer provide relevant research and data to support the
information provided?” (evidence-based).

After both the ChatGPT and Gemini responses had been presented to
the surgeon, a final question was asked:

e “How similar are the two different responses for each question?”
(consistency).

Statistical analysis

Mean and standard deviation were calculated for each category.
Additionally, inter-rater reliability was calculated. Data analysis was
performed using Microsoft Excel.

Results

ChatGPT and Gemini responses received mean scores greater than 3/
5 across all criteria except for evidence-based responses (Table 2).

For prompts categorized under diagnosis and nonoperative/preoper-
ative management, both LLMs achieved high scores in clarity (ChatGPT:
4.107 £ 0.382, Gemini: 4.464 + 0.294) and low scores in evidence-based
responses (ChatGPT: 1.857 + 0.4, Gemini: 3.357 + 0.516). Gemini ach-
ieved statistically higher ratings in the relevance (P = .03) and evidence-
based (P < .001) criteria. Both LLMs performed comparably in the accu-
racy, clarity, and completeness criteria (P > .05).

In the surgical timing and technique category, the highest scores for
both LLMs were in the clarity criterion (ChatGPT: 3.592 + 0.379, Gemini:
4.388 £ 0.234). The lowest score for ChatGPT was in the evidence-based
criterion (1.776 4 0.244), while the lowest score for Gemini was in the
accuracy criterion (3.959 + 0.347). Across all criteria, Gemini scored
higher than ChatGPT with a statistically significant difference (P < .001).

The rehabilitation and prevention category showed the highest mean
score for ChatGPT in completeness (3.964 + 0.356) and for Gemini in
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Table 1.
List of 2022 AAOS Guidelines on Pediatric Supracondylar Humerus fracture, recommendation strength, and author-generated LLM prompt.

Recommendation AAOS guideline LLM prompt

strength

Moderate We suggest nonsurgical immobilization of the injured limb for patients with acute (e.g. In pediatric patients with acute (Gartland type I) non-displaced
Gartland type I) or non-displaced pediatric supracondylar fractures of the humerus or supracondylar fractures of the humerus or who have a posterior
posterior fat pad sign fat pad sign, what type of elbow immobilization should be

utilized?

Moderate We suggest closed reduction with pin fixation for patients with displaced (Gartland What is the appropriate treatment in pediatric patients with
type I and III, and displaced flexion) pediatric supracondylar fractures of the humerus. displaced (Gartland type II and III and displaced flexion)

supracondylar fractures of the humerus?

Limited The practitioner might use two or three laterally introduced pins to stabilize the In pediatric patients with displaced supracondylar fractures of
reduction of displaced pediatric supracondylar fractures of the humerus. the humerus, should pins be used to stabilize the reduction, and if
Considerations of potential harm indicate that the physician might avoid the use of a so, how many pins should be used?
medial pin.

Inconclusive We cannot recommend for or against using an open incision to introduce a medial pin In pediatric patients with displaced supracondylar fractures of
to stabilize the reduction of displaced pediatric supracondylar fractures of the the humerus, how should a medial pin be used to stabilize the
humerus. reduction?

Inconclusive We are unable to recommend for or against a time threshold for reduction of displaced In pediatric patients with displaced supracondylar fractures of
pediatric supracondylar fractures of the humerus without neurovascular injury. the humerus without neurovascular injury, is there a

recommended time threshold for reduction?

Limited The practitioner might perform open reduction for displaced pediatric supracondylar How should varus or other malposition of displaced
fractures of the humerus with varus or other malposition after closed reduction. supracondylar humerus fractures in pediatric patients be

addressed?

Consensus In the absence of reliable evidence, the opinion of the work group is that emergent In pediatric patients with displaced supracondylar fractures of
closed reduction of displaced pediatric supracondylar humerus fractures be performed the humerus with decreased perfusion to the hand, should
in patients with decreased perfusion of the hand. emergent closed reduction be performed?

Consensus In the absence of reliable evidence, the opinion of the work group is that open In pediatric patients with displaced supracondylar fractures of
exploration of the antecubital fossa be performed in patients who have absent wrist the humerus who have absent wrist pulses and are underperfused
pulses and are underperfused after reduction and pinning of displaced pediatric after reduction and pinning, should open exploration of the
supracondylar humerus fractures. antecubital fossa be performed?

Inconclusive We cannot recommend for or against open exploration of the antecubital fossa in In pediatric patients with displaced supracondylar fractures of
patients with absent wrist pulses but with a perfused hand after reduction of displaced the humerus with absent wrist pulses but with a perfused hand
pediatric supracondylar humerus fractures. after reduction, should open exploration of the antecubital fossa

be performed?

Inconclusive We are unable to recommend an optimal time for removal of pins and mobilization in In pediatric patients with displaced supracondylar fractures of
patients with displaced pediatric supracondylar fractures of the humerus. the humerus, is there an optimal time for removal of pins and

mobilization?

Inconclusive We are unable to recommend for or against routine supervised physical or occupational In pediatric patients with supracondylar fractures of the
therapy for patients with pediatric supracondylar fractures of the humerus. humerus, should supervised physical or occupational therapy be

routinely utilized?

Inconclusive We are unable to recommend an optimal time for allowing unrestricted activity after In pediatric patients with healed supracondylar fractures of the
injury in patients with healed pediatric supracondylar fractures of the humerus. humerus, is there an optimal time for allowing unrestricted

activity after injury?

Inconclusive We are unable to recommend optimal timing of or indications for electrodiagnostic In pediatric patients with nerve injuries associated with
studies or nerve exploration in patients with nerve injuries associated with pediatric supracondylar fractures of the humerus, what is the optimal time
supracondylar fractures of the humerus. or indications for electrodiagnostic studies or nerve exploration?

Inconclusive We are unable to recommend for or against open reduction and stable fixation for In adolescent patients with supracondylar fractures of the

adolescent patients with supracondylar fractures of the humerus.

humerus, should open reduction and stable fixation be utilized?

AAOS, American Academy of Orthopaedic Surgeons; LLM, large language model.

relevance (4.071 + 0.362). The lowest mean scores were in the evidence-
based criteria for ChatGPT (1.893 =+ 0.339) and accuracy for Gemini
(2.714 + 0.542). Gemini had higher mean scores that were statistically
significant in the clarity (P = .013) and evidence-based (P < .001)
criteria, but other criteria had comparable ratings (P > .05).

The consistency of responses between the two LLMs was rated at a
mean of 2.571 + 0.213 overall. Consistency was highest for the diagnosis
and nonoperative/preoperative management category (3.036 + 0.409)
and lowest for the surgical timing and technique category
(2.224 + 0.282). The inter-rater reliability (IRR) ranged from 0.44 to 0.5
and had a mean of 0.47 (Table 3).

Discussion

The present study’s results demonstrate ChatGPT and Gemini’s
effectiveness in generating responses aligned with the 2022 AAOS

guidelines for pediatric supracondylar humerus fracture management.
For both LLMs, mean scores were highest in clarity and lowest for
evidence-based responses. The generally low scores in evidence-based
criteria are likely due to limited citations to support the responses.
Gemini provided citations more often than ChatGPT, which never offered
a bibliography; however, the number of citations in each reaction was
usually limited. Additionally, the citations from Gemini were not always
from peer-reviewed articles or reputable journals. Overall, Gemini had a
statistically significant higher mean score in each criterion. Specifically,
Gemini scored statistically higher in relevance and evidence-based
criteria for prompts under diagnosis and management, in all re-
quirements for prompts under surgical timing and technique, and in
clarity and evidence-based criteria for prompts under rehabilitation and
prevention. The results of this study emphasize the potential for gath-
ering clinically relevant and accurate answers to questions regarding the
management of pediatric supracondylar humerus fractures from LLMs
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Table 2.

Average ratings for artificial intelligence-generated responses.

Overall (all categories)

Surgical timing and technique Rehabilitation and prevention

Diagnosis and nonoperative/preoperative management

Criteria

P value

Gemini

ChatGPT

P value

Gemini

ChatGPT

P-value

Gemini

ChatGPT

P-value

Gemini

ChatGPT

<.001*

4.296 + 0.17

.183 3.643 + 0.227

4.071 + 0.362

<.001* 3.821 + 0.335

4.265 + 0.279

3.49 + 0.344

.003*

4.464 + 0.276

3.821 + 0.473

Relevance

<.001* 2.821 + 0.515 2.714 + 0.542 621 3.051 + 0.26 3.714 + 0.258 <.001*

3.959 + 0.347

2.898 + 0.363

.054

4.071 £+ 0.39

3.679 + 0.484

Accuracy

<.001*

4.388 + 0.154

.013* 3.745 + 0.237

4.25 £+ 0.313

<.001* 3.786 + 0.408

4.388 + 0.234

3.592 + 0.379

.067

4.464 + 0.294

4.107 £ 0.382

Clarity

<.001*

4.276 + 0.171

.646 3.663 + 0.238

4.036 + 0.37

<.001* 3.964 + 0.356

4.265 + 0.267

3.367 + 0.369

.078

4.429 + 0.293

4.036 + 0.433

Completeness

<.001*

3.765 + 0.229

<.001* 1.816 + 0.181

3.393 + 0.455

<.001* 1.893 + 0.339

4.265 + 0.227

1.776 + 0.244

<.001*

1.857 + 0.4 3.357 £ 0.516

Evidence-based

n/a

2.571 +0.213

n/a

2.643 + 0.406

n/a 2.224 £+ 0.282 n/a

3.036 + 0.409

Consistency

Mean scores were highest for clarity (ChatGPT: 3.745 + 0.237, Gemini 4.388 =+ 0.154) and lowest for evidence-based responses (ChatGPT: 1.816 + 0.181, Gemini: 3.765 + 0.229). There were notable statistically significant

differences across all criteria, with Gemini having higher mean scores in each criterion (P < .001).

Bold means P < 0.05.
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and also suggest that Gemini may be a better model for obtaining this
information.

There is growing interest in understanding the role that LLMs, such as
ChatGPT and Gemini, can play in providing information to patients
regarding health concerns and diagnoses. ChatGPT can help patients
access support groups, provide information about pharmaceutical side
effects, track medications, and set reminders to take medications [14].
Several studies have highlighted the potential benefits of LLMs, specif-
ically in orthopaedic surgery, such as in surgical planning, making a
diagnosis, provider education, data collection, and patient communica-
tion [15-19]. While there are many potential positives, it is also essential
to acknowledge the severe consequences LLMs can have on patients if the
responses provided are inaccurate or inadequate. Given the increasing
accessibility of LLMs and the significant percentage of patients who
already use online resources for health information before clinic visits,
physicians must recognize patient usage of these resources and how the
strengths and limitations of a platform may ultimately impact patients.

Few prior studies have attempted to assess the accuracy of LLMs in
providing answers to common orthopaedic conditions, and most of these
studies have focused exclusively on ChatGPT and adult conditions [11,
20,21]. Recently, Amaral et al. evaluated ChatGPT’s ability to answer
common questions regarding pediatric in-toeing and found that 90% of
responses were satisfactory or better with moderate consistency when
asked the same question on different occasions [22]. Adelstein et al.
similarly found that ChatGPT could provide adequate answers to
frequent questions about slipped capital femoral epiphysis and consis-
tently reiterated the importance of professional medical evaluation [23].
In line with prior research, our study demonstrated that ChatGPT pro-
vides satisfactory responses that were aligned with AAOS guidelines for
the management of pediatric supracondylar fractures. Notably, previous
studies have not assessed Gemini, which, in our research, outperformed
ChatGPT in all categories, emphasizing a potential gap in the previously
published literature. Initial findings suggest that LLMs may benefit pro-
viders and parents in answering questions about pediatric orthopaedic
conditions. Given the paucity of the present literature, further research
should be conducted to assess the consistency and accuracy of ChatGPT
and Gemini responses, with particular attention paid to responses
regarding more urgent conditions.

IRR is a quantitative measure of the agreement amongst evaluators in
assessing a given variable and functions as a potential indicator of con-
sistency during subjective evaluations [24]. Overall IRR in this study was
0.47 with the highest IRR was 0.5 in the relevance category. Using a
similar methodology, Magruder et al. also reported a mean IRR of 0.33
and a maximum IRR of 0.43 in assessing the responses of ChatGPT to
total knee arthroplasty questions based on AAOS guidelines [10]. Lower
IRR scores on these two highly different topics may potentially highlight
the difficulty in objectively assessing LLM responses and the challenge in
controlling for inherent subjectivity in the evaluation process. One
explanation for the lower IRR scores in these studies may be that in a
numeric survey, any discrepancy between ratings is treated equivalently.
For example, two surgeons providing ratings of 5 and 4 decrease the IRR
by the same amount as ratings of 5 and 1. Disadvantageously, this may
conceal a general, if not exact, agreement among authors regarding the
performance of the LLMs. An additional explanation for decreased IRR in
this study is that the highest recommendation strength of these 14 AAOS’
clinical practice guidelines was “moderate”, suggesting a lack of sub-
stantial evidence to support one management decision over another and
resulting in divided opinions among the surgeons. Given that this is a
new area of research, it is essential to maintain consistency, including
calculating an IRR, to facilitate comparison between studies.

The value of platforms like ChatGPT and Gemini is contingent upon
their accurate and pertinent information in an accessible and conve-
nient format. While Amaral et al. reported that ChatGPT could give
satisfactory answers 90% of the time, they also found that ChatGPT’s
response had a collegiate readability level despite initially being
prompted with questions appropriate for an elementary reading level
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Table 3.
Inter-rater reliability scores for each survey question characteristic.

0.6

0.5

0.44
0.4 I

Relevance

0.48
0.47

Inter-Rater Reliability Score

Accuracy Clarity Completeness

Evidence
Based
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0.47 0.47

0.44

Consistency Overall

The highest IRR was in the relevance category (0.5), and the lowest was in the accuracy and consistency categories (0.44).

[22]. The average American adult reads at an eighth-grade level, and
the AMA and NIH generally recommend that patient education mate-
rials not exceed the sixth-grade level to ensure comprehensibility [25].
Therefore, most of the responses provided by ChatGPT may be
excessively challenging or even incomprehensible for the average user.
Gomez-Caballo et al. reported that Gemini provided significantly more
readable responses than ChatGPT regarding questions about post-
operative plastic surgery care; however, in both cases, most responses
were at a college reading level [26]. Users may be able to prompt
ChatGPT and Gemini to deliver more comprehensible responses, but
this could lead to oversimplification and omission of clinically relevant
information. The potential for confusion and variation in the quality of
information supplied by LLMs emphasizes the importance of office
visits in which medical providers can provide clinically relevant in-
formation delivered in a patient-specific context.

This study has several potential limitations. Given that this is a
developing research area, limited studies are available, so we could not
calculate a power analysis to determine the appropriate sample size. To
prompt ChatGPT and Gemini responses, we translated the AAOS clinical
practice guidelines into questions, which may have introduced bias in the
process. While the prompts were designed to gather relevant information
from the LLM without introducing bias, they deliberately avoided
referencing the AAOS guidelines. As a result, this study does not assess
the LLMs’ access to the guidelines but evaluates how well their responses
align with them. Additionally, surgeon bias may have impacted response
grading; however, surgeons were blinded to the source of each response
to best control this. The number of reviewers was comparable to prior
studies and should reduce the impact of individual biases [10,27].
Investigative categories, such as clarity, are also somewhat subjective,
and scores could vary significantly based on the perspective of physicians
versus patients. Potential bias and the general subjectivity of the cate-
gories likely play a role in the generally low inter-rater reliability across
categories. The grading system used to score responses in this study is
based on previously published studies but has not been formally vali-
dated [10]. Finally, while this study provided important insights into the

quality of information provided by LLM responses, it did not consider
other factors, such as readability or accessibility for different groups
(patients with disabilities, children, or those with limited English profi-
ciency). These should be further investigated to understand the actual
utility of LLMs in the context of patient education.

Conclusion

In conclusion, ChatGPT and Gemini produced responses aligned with
the 2022 AAOS current guideline practices for pediatric supracondylar
humerus fractures. Gemini outperformed ChatGPT across all criteria,
with the greatest difference in scores seen in the evidence-based cate-
gory. Gemini also performed particularly well with questions about
surgical timing and technique relative to ChatGPT. This study empha-
sizes the potential for LLMs, particularly Gemini, to provide pertinent
clinical information for managing pediatric supracondylar humerus
fractures.
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