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Abstract
Introduction
Generative artificial intelligence (AI) chatbots, like ChatGPT, have become more competent and prevalent,
making their role in patient education more salient. This study aimed to compare the educational utility of
six AI chatbots by quantifying the readability and quality of their answers to common patient questions
about clavicle fracture management.

Methods
ChatGPT 4, ChatGPT 4o, Gemini 1.0, Gemini 1.5 Pro, Microsoft Copilot, and Perplexity were used with no
prior training. Ten representative patient questions about clavicle fractures were posed to each model. The
readability of AI responses was measured using Flesch-Kincaid Reading Grade Level, Gunning Fog, and
Simple Measure of Gobbledygook (SMOG). Six orthopedists blindly graded the response quality of each
model using the DISCERN criteria. Both metrics were analyzed via the Kruskal-Wallis test.

Results
No statistically significant difference was found among the readability of the six models. Microsoft Copilot
(70.33±7.74) and Perplexity (71.83±7.57) demonstrated statistically significant higher DISCERN scores than
ChatGPT 4 (56.67±7.15) and Gemini 1.5 Pro (51.00±8.94) with similar findings seen between Gemini 1.0
(68.00±6.42) and Gemini 1.5 Pro. The mean overall quality (question 16, DISCERN) of each model was rated
at or above average (range, 3-4.4).

Conclusion
The findings suggest generative AI models have the capability to serve as supplementary patient education
materials. With equal readability and overall high quality, Microsoft Copilot and Perplexity may be
implicated as chatbots with the most educational utility regarding surgical intervention for clavicle
fractures.

Categories: Trauma, Orthopedics
Keywords: artificial intelligence, chatbot, chatgpt, clavicle fracture, patient education

Introduction
Decision aids in medicine support patient health literacy by providing facts about specific conditions,
clarifying outcomes, guiding deliberation among treatment options, and promoting autonomy [1]. The
internet has increasingly become a key resource for health information, enabling patients to seek health
advice without insurance and often providing more accessible options than in-person visits [2,3]. However,
some websites, especially those from popular search engines, can be unreliable and misleading [4]. As
generative artificial intelligence (AI) chatbots, such as ChatGPT, are rapidly and permanently transforming
human interaction with the internet, healthcare professionals continue to investigate the quality of
information patients receive through these sources.

Previous work has documented the potential use of generative AI chatbots as patient education materials
across various subspecialties of orthopedics, albeit with equivocal results. ChatGPT effectively answered
common questions about primary total hip arthroplasty and also correctly answered over half of orthopedic
trauma-related questions [5,6]. However, the AI chatbot produced "low quality" patient information sheets
for trauma surgical procedures [7]. The variability in AI-generated content quality is attributed to issues like
lack of citation and readability [8-11]. Additionally, the American Medical Association (AMA) and Centers for
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Disease Control (CDC) recommend that patient education materials be written at a sixth to eighth grade
reading level; however, AI models often produce overly complex information, potentially hindering patient
understanding [12].

Clavicle fractures are a common orthopedic injury, accounting for about 2-4% of all fractures in adults, and
therefore, patients may be apt to consult generative AI models regarding the management of their injury
[13]. The standard treatment is often non-operative, but surgical options can offer higher patient
satisfaction and better outcomes despite a 6.7% revision rate [14,15]. Non-operative care remains effective,
especially for non-displaced fractures [13]. Overall, when deciding to proceed with conservative versus
surgical management, individual patient factors, including age, gender, site and severity of fracture, and
smoking status, often influence care [16,17]. Therefore, without a universal course of management, it is
essential that patients are empowered and offered a shared decision-making process facilitated by adequate
patient education. The current study aimed to address the readability and quality of material generated by AI
chatbots in response to commonly-asked patient questions regarding all types of clavicle fractures in order
to characterize the models, and possibly implicate one as the most universally useful educational resource in
the management of clavicle fractures.

This article was previously presented as a poster at the Orthopaedic Summit Evolving Techniques 2024
Meeting on September 13-14, 2024.

Materials And Methods
ChatGPT 4 and ChatGPT 4o (OpenAI Global LLC, San Francisco, CA, USA) [18], Gemini 1.0 and Gemini 1.5
Pro (Google AI, Mountain View, CA, USA) [19], Microsoft Copilot (Microsoft, Redmond, WA, USA) [20], and
Perplexity (Perplexity AI, San Francisco, CA, USA) [21] were queried in June 2024 with ten common patient
questions about various clavicle fractures and treatment options. AI models were chosen based on two
criteria: novelty and accessibility. Microsoft Copilot, Perplexity, and Gemini 1.0 are all free, only requiring a
user to register an account with an email. ChatGPT 4, ChatGPT 4o, and Gemini 1.5 Pro require a
subscription for unlimited access, each costing $20 per month (OpenAI, 2024 and GoogleAI, 2024) [18,19].
Newer models such as ChatGPT 4o are purported to be on the cutting edge of generative AI's capabilities,
being the most recently released on May 13, 2024. Newer models are provided with the most up-to-date data
upon which to build their answers, potentially leading to more accurate and reliable answers. 

The average reading grade level (RGL) of each question posed to the AI models, per the Flesh-Kincaid
Reading Grade Level, was around the American average of eighth grade [22]. This is readable by 85% of the
general public in the United States and is considered the standard by which accessible consumer medical
information should be presented [23]. The questions were formed in concert with six orthopedic surgeons
based on their experience with patients' common questions and concerns regarding clavicle fractures
(Appendix 1). The same orthopedic surgeons then graded each AI model using the DISCERN criteria [24].
Each question was posed in a separate chat, with answers being recorded in a Word document (Microsoft,
Redmond, WA, USA). The models received no prior training prior to questioning.

To assess readability, Readable (Added Bytes Ltd., Brighton, UK), an online toolkit containing multiple
assessments of a text's readability, was utilized to provide a grade for each of the AI's answers [10]. Three
common metrics were used to assess a text's readability: Flesch-Kincaid Reading Grade Level, Gunning Fog
Score, and Simple Measure of Gobbledygook (SMOG) score. The scale of all metrics is such that increasing
scores positively correlate with the degree of textual complexity and readability. A Z-score was then
produced within SPSS (IBM Inc., Armonk, NY, USA) to standardize the scales and allow for comparison [25].

A Google Form was created with the AI model's answers, followed by the 16 DISCERN criteria questions
(Appendix 2). Scorers were subsequently blinded to which AI model they were evaluating and utilized the
DISCERN criteria to score the prompts [24]. The DISCERN criteria is broken down into three sections. The
first includes eight questions aimed at assessing the reliability of the publication as well as the
trustworthiness of the information provided. The second section consists of seven questions and measures
the details of the treatment options discussed. Finally, the last question asks the grader to provide a rating
on the overall quality of the source. Each question is graded on a scale from 1 to 5, with "1" stating that the
source did not fulfill the question at all and "5" indicating the source completely fulfilled the question.
Answers graded between "2-4" indicated partial fulfillment of the DISCERN criteria, with "3" being average.
The max score on the DISCERN criteria by one grader was 80. Interpretation of the DISCERN score shows
that with a max score of 80, scores in the 70-80 range are "excellent" information quality and reliability,
while scores of 50-69 are deemed "good" [26].

Upon statistical analysis, the mean reading grade level (RGL) was combined between the three readability
formulas and then compared for each AI model using a Kruskal-Wallis test. The Kruskal-Wallis test was also
employed to evaluate the statistical significance between the DISCERN scores of each AI model. Post hoc
testing was used to assay differences between individual models. All statistical analyses were performed
using SPSS statistics for Windows, version 28.0.1.0. This study received Institutional Review Board exempt
status as no patients were involved. 
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Results
ChatGPT 4, ChatGPT 4o, Gemini 1.0, Gemini 1.5 Pro, Microsoft Copilot, and Perplexity were asked ten
questions (Appendix 1). Example answers from each AI model are provided in Table 1.

Question: should I get clavicle fracture surgery?

ChatGPT
4

Deciding whether to get surgery for a clavicle fracture depends on several factors, including the specifics of the fracture, your
overall health, and your lifestyle. Generally, the decision should be made in consultation with a healthcare provider who can
assess the details of your fracture. Here are some points to consider: Type of Fracture: Some clavicle fractures are more
severe than others. If the fracture is displaced, where the bone ends are not aligned, surgery might be more likely to be
recommended. Symptoms and Risks: If you are experiencing significant pain, loss of function, or there is a risk of damage to
nearby structures like nerves or blood vessels, surgery might be necessary. Healing and Outcomes: Non-surgical treatment
might involve immobilization with a sling and physical therapy. However, surgical treatment may be considered to reduce the
risk of malunion (healing in a suboptimal position) or nonunion (failure to heal). Personal Factors: Age, activity level, and
occupation play a role in the decision. Athletes or those who perform heavy physical labor might opt for surgery to ensure a
quicker and more robust recovery. Consultation with Specialists: It’s essential to discuss your options with an orthopedic
surgeon who can provide guidance based on the specifics of your fracture and your personal health profile. Each case is
unique, so a personalized evaluation by a medical professional is crucial.

ChatGPT
4o

Deciding whether to get surgery for a clavicle (collarbone) fracture depends on several factors, including the type and severity
of the fracture, your overall health, and your personal circumstances. Here are some key considerations: Type and Severity of
Fracture: Non-displaced fractures (where the bone fragments are still in alignment) often heal well without surgery. Displaced
fractures (where bone fragments are misaligned) may benefit from surgical intervention to ensure proper healing and
alignment. Location of Fracture: Fractures in the middle third of the clavicle are the most common and may not always require
surgery. Fractures at the ends of the clavicle (near the shoulder or sternum) might be more complex and could necessitate
surgery. Symptoms and Impact on Function: Severe pain, inability to move the shoulder, or significant displacement might
make surgery a more attractive option. If the fracture affects nearby structures like nerves or blood vessels, surgery may be
needed to address these issues. Potential Benefits of Surgery: Quicker return to normal activities and reduced time
immobilized. Better cosmetic outcome with reduced risk of malunion (healing in an incorrect position). Potentially lower risk of
nonunion (failure to heal). Risks of Surgery: Infection, nerve or blood vessel damage, and complications from anesthesia. The
need for hardware removal in some cases. Surgical scars. Healing Time and Rehabilitation: Surgery might shorten the
immobilization period and allow for earlier rehabilitation. Non-surgical treatment usually involves a longer period in a sling and
possibly a longer overall healing time. Personal Health and Activity Level: Athletes or individuals with high physical demands
might prefer surgery to ensure optimal alignment and strength. Older adults or those with health conditions that increase
surgical risk might opt for conservative treatment. Consultation with a Specialist: A thorough evaluation by an orthopedic
surgeon is essential. They can assess your specific fracture, overall health, activity level, and personal preferences to
recommend the best treatment plan. If you're unsure, seeking a second opinion can also provide additional perspectives and
help you make a more informed decision.

Gemini
1.0

I can't give medical advice, so I definitely can't tell you whether or not you should get clavicle fracture surgery. That's a
decision that you need to make with your doctor. However, I can provide you with some general information about clavicle
fracture surgery that might be helpful. Surgery is usually only necessary in certain cases, such as: If the broken ends of the
bones have significantly shifted out of place [orthoinfo] If you have injuries to other tissues, like a tendon, ligament, blood
vessel or nerve [my.clevelandclinic.org] If there are fractures near the AC joint and torn ligaments [hopkinsmedicine.org] Here
are some resources that you might find helpful: Clavicle Fracture (Broken Collarbone) - OrthoInfo - AAOS: [orthoinfo] Surgery
for Clavicle Fracture (Broken Collarbone) - Sports-health: [sports health clavicle surgery] These resources can tell you more
about clavicle fracture surgery, including the different types of surgery, the risks and benefits, and what to expect during
recovery. Once you've had a chance to learn more about surgery, you can discuss your individual situation with your doctor
and make an informed decision about whether or not it's the right course of treatment for you.

Gemini
1.5 Pro

I understand you're dealing with a clavicle fracture and wondering about surgery. I can't give medical advice, so I can't tell you
whether or not you should get surgery. Here's why I can't answer that and what you should do: I'm not a doctor. Medical
decisions require the expertise of a qualified medical professional who can assess your specific situation. Every fracture is
different. The severity, location, and type of clavicle fracture vary greatly. Factors like your age, activity level, and overall
health also play a role in treatment decisions. Here's what you should do: Consult an Orthopedic Surgeon: Schedule an
appointment with an orthopedic surgeon specializing in bone fractures. They will: Physically examine you. Review your X-rays
or other imaging. Discuss your medical history, activity level, and treatment goals. Explain the risks and benefits of both
surgical and non-surgical options for your specific fracture. Ask Questions: Don't hesitate to ask your surgeon any questions
you have about: The likelihood of healing with or without surgery Potential complications of each treatment option Recovery
time and rehabilitation Consider Your Options: Based on your surgeon's recommendation and your personal preferences, you
can make an informed decision about the best course of treatment. Remember: You are an active participant in your
healthcare decisions. Getting a professional opinion is crucial to making the best choice for your clavicle fracture.

Most clavicle fractures can be treated without surgery. For the vast majority of clavicle fractures that are not out of place or
only minimally out of place, the safest and most effective treatment is with the use of a sling or special bandage splint to keep it

immobilized1. Surgery is invasive and may lead to complications. However, there are cases where surgical repair is
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Microsoft
Copilot

recommended. Factors such as the severity of the fracture, displacement, and overall health play a role in determining whether
surgery is necessary. If surgery is required, it typically involves putting the broken pieces of bone back into position and using

plates and screws to stabilize them until they heal2,3. Always consult with your doctor to discuss the best treatment approach
for your specific situation. Sources: 1: https://www.verywellhealth.com/surgery-for-clavicle-fractures-4178846
2:https://www.hopkinsmedicine.org/health/conditions-and-diseases/clavicle-fractures 3:https://orthoinfo.aaos.org/en/diseases--
conditions/clavicle-fracture-broken-collarbone/ Image:

Perplexity

Based on the information provided in the search results, the decision to get surgery for a clavicle (collarbone) fracture depends
on several factors: 1. The degree of displacement or shortening of the fractured bone pieces. Surgery is generally
recommended if the fracture is displaced by more than 15-20mm or if there is significant shortening or overlapping of the bone
fragments {1,2}. This is because a severely displaced fracture is more likely to heal improperly (malunion) or not heal at all
(nonunion), leading to potential complications. 2. The type and pattern of the fracture. Certain fracture patterns, such as those
involving the acromioclavicular (AC) joint or with associated ligament injuries, may benefit more from surgical fixation {4}. 3.
The patient's activity level and desire for a quicker return to activities. Surgery can potentially allow for faster healing and an
earlier return to sports or physical activities compared to non-operative treatment {1,2}. 4. The patient's age and bone quality.
Younger patients with better bone healing potential may be able to heal adequately without surgery, even with some
displacement {4}. If the fracture is minimally displaced or shortened, non-operative treatment with immobilization in a sling is
often recommended initially {1,3}. However, if the fracture fails to heal properly or causes significant deformity or functional
impairment, surgery may still be considered {4}. Ultimately, the decision should be made in consultation with an orthopedic
surgeon, weighing the potential benefits and risks of surgery versus non-operative treatment for your specific fracture pattern
and individual factors {1,3}. Citations: {1} https://www.sports-health.com/treatment/shoulder-injury-treatment/surgery-clavicle-
fracture-broken-collarbone {2} https://www.vailhealth.org/news/ask-a-sports-doc-does-a-broken-collarbone-require-surgery {3}
https://my.clevelandclinic.org/health/diseases/16874-broken-collarbone-clavicle-fracture {4}
https://www.hopkinsmedicine.org/health/conditions-and-diseases/clavicle-fractures {5} https://orthoinfo.aaos.org/en/diseases--
conditions/clavicle-fracture-broken-collarbone/

TABLE 1: Example answers from each AI model to a common question
AI - artificial intelligence

Reading grade level (RGL)
The mean RGL of the ten questions posed to chatbots was 8.43 on Flesh-Kincaid Reading Grade Level or
higher on other scales (Table 2), correlating to roughly an eighth grade reading level. ChatGPT 4 yielded
mean RGL scores of 12.5, 15.25, and 14.92 on Flesch-Kincaid Reading Grade level, Gunning Fog, and SMOG,
respectively. Its successor, ChatGPT 4o, performed slightly better, with lower mean RGL scores of 11.57,
13.36, and 13.72, respectively. Gemini 1.0 performed even better, producing mean RGL scores of 9.9, 12.93,
and 12.95, respectively. Gemini 1.5 Pro resulted in scores of 11.15, 14.09, and 13.46, respectively. Microsoft
Copilot demonstrated means of 10.93, 12.5, and 12.95, respectively. Finally, Perplexity produced scores of
10.93, 13.92, and 13.18 on Flesch-Kincaid Reading Grade Level, Gunning Fog, and SMOG, respectively (Table
3). Combined analysis of all three readability formulas via Z-score can be seen in Figure 1.

Readability formula Mean Median Standard deviation Minimum Maximum Range

Flesch-Kincaid 8.43 8.40 1.41 6.70 10.90 4.20

Gunning Fog 13.08 13.25 2.44 8.20 15.70 7.50

SMOG 11.32 11.20 1.16 8.80 13.00 4.20

TABLE 2: Readability formula descriptive statistics for 10 questions answered by AI models
AI - artificial intelligence; SMOG - Simple Measure of Gobbledygook
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AI model Readability formula Mean Median Standard deviation Minimum Maximum Range

ChatGPT 4

Flesch-Kincaid 12.50 12.55 1.84 9.30 16.30 7.00

Gunning Fog 15.25 15.25 2.54 12.10 21.20 9.10

SMOG 14.92 15.05 1.61 12.50 18.50 6.00

ChatGPT 4o

Flesch-Kincaid 11.57 11.10 1.43 10.00 14.20 4.20

Gunning Fog 13.36 13.05 2.25 10.50 17.50 7.00

SMOG 13.72 13.30 1.38 12.30 16.60 4.30

Gemini 1.0

Flesch-Kincaid 9.90 10.25 1.86 6.90 12.50 5.60

Gunning Fog 12.93 12.80 2.04 10.20 16.00 5.80

SMOG 12.95 12.95 1.60 10.90 15.40 4.50

Gemini 1.5 Pro

Flesch-Kincaid 11.15 11.45 0.95 9.60 12.10 2.50

Gunning Fog 14.09 13.95 1.13 12.60 16.00 3.40

SMOG 13.46 13.45 0.77 12.30 14.40 2.10

Microsoft Copilot

Flesch-Kincaid 10.93 11.05 1.70 8.10 13.50 5.40

Gunning Fog 12.50 12.05 1.95 10.10 15.50 5.40

SMOG 12.95 12.75 1.38 11.00 15.20 4.20

Perplexity

Flesch-Kincaid 10.93 10.35 2.43 7.50 14.30 6.80

Gunning Fog 13.92 13.45 2.69 10.30 17.80 7.50

SMOG 13.18 12.80 2.06 10.60 16.20 5.60

TABLE 3: Descriptive statistics for readability formulas of answers by AI model
AI - artificial intelligence; SMOG - Simple Measure of Gobbledygook

FIGURE 1: Box and whisker plot demonstrating the readability score for
each AI model
AI - artificial intelligence

Statistical analysis revealed no significant difference between groups (p=0.511), and further post hoc
analysis demonstrated no significant difference between any of the AI model pairings. Of note, none of the
AI models tested provided their answers at, or below, the eighth grade reading level recommended for
readability. Gemini 1.0 was the closest, with a mean Flesh-Kincaid Reading Grade Level score of 9.9, just
below a tenth grade reading level (Table 3).
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DISCERN score
The mean DISCERN scores determined by the six orthopedic surgeon respondents were 56.67 for ChatGPT 4
(range 48.00-64.00), 61.00 for ChatGPT 4o (53.00-68.00), 68.00 for Gemini 1.0 (61.00-75.00), 51.00 for
Gemini 1.5 Pro (38.00-65.00), 70.33 for Microsoft Copilot (62.00-80.00), and 71.83 for Perplexity (59.00-
80.00), with a significant difference between groups (p=0.002; Table 4). Post hoc analysis revealed
significant differences between five AI model pairings: Gemini 1.5 Pro and Gemini 1.0 (p=0.010), Gemini 1.5
Pro and Microsoft Copilot (p=0.002), Gemini 1.5 Pro and Perplexity (p<0.001), ChatGPT 4 and Microsoft
Copilot (p=0.016), and finally ChatGPT 4 and Perplexity (p=0.006). Of note, there was a trend toward
significance in DISCERN score between ChatGPT 4 and Gemini 1.0 (p=0.053), as well as ChatGPT 4o and
Perplexity (p=0.064), although these comparisons did not reach the threshold for statistical significance.
Two orthopedic surgeon respondents gave Microsoft Copilot a perfect DISCERN score of 80, and one
respondent gave Perplexity an 80 (Table 4). A visual representation of the distribution of scores can be seen
in Figure 2.

AI Model Mean Median Standard deviation Minimum Maximum Range

ChatGPT 4 56.67 57.50 7.15 48.00 64.00 16.00

ChatGPT 4o 61.00 62.50 6.96 53.00 68.00 15.00

Gemini 1.0 68.00 67.00 6.42 61.00 75.00 14.00

Gemini 1.5 Pro 51.00 50.00 8.94 38.00 65.00 27.00

Microsoft Copilot 70.33 67.00 7.74 62.00 80.00 18.00

Perplexity 71.83 73.00 7.57 59.00 80.00 21.00

TABLE 4: Descriptive statistics of DISCERN criteria score by AI model
AI - artificial intelligence

FIGURE 2: Box and whisker plot demonstrating the DISCERN score for
each AI model
AI - artificial intelligence

Three of the generative AI models provided scant source citation, reflected by their low grades for DISCERN
criteria for questions 4 and 5 (Appendix 2). For DISCERN criteria questions 4 and 5, ChatGPT 4 scored an
average of 1.33 and 1.17, ChatGPT 4o averaged 1.67 and 1.50, Gemini 1.5 Pro recorded averages of 1.33 and
1.50. Conversely, Gemini 1.0, Microsoft Copilot, and Perplexity all excelled with scores of: 4.17 and 4.00,
5.00 and 4.17, and 5.00 and 4.50, respectively.

Discussion
While ChatGPT may be the most well-known generative AI chatbot, many competitors have emerged and
developed their own generative AI software. Therefore, this study sought to determine the utility of different
chatbots as patient education resources on clavicle fractures by assessing the readability and quality of
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answers generated by six different AI models to common patient questions regarding management.
Readability analysis revealed no significant differences among the six models, while quality analysis
revealed that Microsoft Copilot and Perplexity outperformed Gemini 1.5 Pro and ChatGPT 4. Similarly,
Gemini 1.0 outperformed Gemini 1.5 Pro.

Limitations of the study include a small sample size in that six orthopedic surgeons were used as graders.
Thus, variation in one score had the potential to skew the overall average scores. Likewise, although a
description for each score on the five-point DISCERN scale was provided at the beginning of the survey,
there was potential that the graders interpreted the descriptions differently, leading to possible
inconsistencies. Further, as these models are generative, responses to the same question have the potential
to be slightly different if the same question was asked repeatedly.

Although no significant differences were seen in readability, there was a trend of Gemini 1.0, Microsoft
Copilot, and Perplexity being the most readable, while ChatGPT 4, ChatGPT 4o, and Gemini 1.5 Pro were the
most difficult to read. However, all chatbots produced material above the reading level of the average
American [22]. Previous studies evaluating the readability of chatbot-generated orthopedic material have
reported similar findings of difficult readability [8,9,11]. The competency to process health information and
make decisions is known as "health literacy" and has been recognized as essential in the patient decision-
making process [27]. Thus, while generative AI chatbots may have immense potential as patient education
materials, the extent of their use may be limited by the user's ability to comprehend the material they
generate. 

With this in mind, users have the ability to prompt AI to simplify its responses. For example, if the default
answer is too complex for the user, they can input a phrase such as, "explain it to me like I am in eighth
grade", and the AI model will provide a new answer at the requested reading level. For the purposes of this
study, examples such as these were not utilized and the answers chosen were the ones given at the default
level, as that would be universally accessed by all users. Therefore, although this study found that each AI
model generated answers above the average American reading level, it is critical to acknowledge that
adjustable options like these exist.

DISCERN criteria scores showed that Microsoft Copilot and Perplexity provided the highest quality answers
overall, scoring higher than ChatGPT 4 and Gemini 1.5 Pro. Interestingly, although Gemini 1.0 is an older
version than Gemini 1.5 Pro, it scored significantly higher in the measure of overall quality. However, in
previous studies, ChatGPT 4 has been demonstrated to generate more appropriate answers than Google Bard
(now Gemini) and Microsoft Bing (now Copilot) to bariatric surgery questions [28]. Additionally, our findings
conflict with previous reports of ChatGPT 4 outperforming Google Bard (Gemini) and being similar to
Microsoft Bing (Copilot) with regard to rhinoplasty questions [29]. These differences may be attributable to
nuances in the subject matter investigated, as well as new updates in more recent versions of the chatbots in
this study, making them better adept at information sourcing. Limited studies have been performed on
Perplexity, and thus, there is insufficient data with which to compare its performance.

Given that DISCERN scores of 70-80 are deemed "excellent" information quality and scores of 50-69 are
deemed "good", the findings of this study being that every chatbot fell within these ranges suggest that
chatbots can be used as high-quality decision aids that improve health literacy, augment patient autonomy,
and facilitate the shared decision-making process in management. This is important for injuries like clavicle
fractures that do not have a clear and definitive course of management since treatment decisions can be
highly dependent on individual patient factors and injury characteristics. Based on the findings of this
study, physicians may direct their patients to utilize chatbots such as these to revisit areas of care in the
near future that may have been previously stated by the physician but forgotten by the patient. Patients may
also be keen to use these chatbots to glean additional information about their specific medical situation that
they feel may not have been adequately addressed by their physician. Although clavicle fractures were used
as a proxy to assess chatbot performance in the field of orthopedics due to their relative prominence within
the field, additional research may be needed to derive conclusions regarding generalizability.

Previous work has emphasized the lack of source citation as a potential limitation for chatbots being used as
patient education materials; however, several AI chatbots in this study produced evidenced-based responses
[8,11]. Microsoft Copilot, Perplexity, and Gemini 1.0 provided sufficient source citation and scored
consistently higher than ChatGPT 4, ChatGPT 4.o, and Gemini 1.5 Pro on DISCERN questions 4 and 5
(Appendix 2). This is significant because medical information created by generative AI offers limited utility
and may even mediate potentially deleterious outcomes if the prompt response is inaccurate due to
inappropriate sourcing. Therefore, Microsoft Copilot, Perplexity, and Gemini 1.0 may be the most
appropriate chatbots for patients to consult for high-quality, evidence-based information regarding the
management of clavicle fractures. 

Although this study was designed to potentially identify the best educational resource model for clavicle
fractures, the mean DISCERN score for overall quality (question 16, Appendix 2) was rated at or above
average by our orthopedic surgeons for every model. In comparison, clavicle fracture information directly
from websites has been found to be of low quality and difficult readability [30]. For this reason, it appears
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that generative AI chatbots represent good educational resources and demonstrate the potential to reshape
the field of patient education materials by providing high-quality, evidence-based responses that are readily
accessible and capable of being highly individualized. 

Overall, when considering readability and quality, Microsoft Copilot and Perplexity appear to be the most
appropriate chatbots to consult regarding the management of clavicle fractures.

Conclusions
The findings of this study suggest that chatbots can be used as high-quality, evidence-based decision aids
that improve health literacy, augment patient autonomy, and facilitate the shared decision-making process
in management. This is important for injuries like clavicle fractures that do not have a clear and definitive
course of management since treatment decisions can be highly dependent on individual patient factors and
injury characteristics. Nonetheless, it's necessary to acknowledge ease of readability as a limitation of the
current state of chatbots. In order to be effective as a decision aid, chatbot responses must be generated at
an appropriate reading level for the average patient to comprehend.

Appendices

No. Question

1. Should I get clavicle fracture surgery?

2. How serious is a broken clavicle?

3. Can I avoid clavicle fracture surgery?

4. How do doctors fix a broken clavicle with surgery?

5. What will the recovery be like after I have surgery to fix my broken clavicle?

6. How long does a clavicle fracture take to heal with and without surgery?

7. When can I return to normal activities after surgery to fix my broken clavicle?

8. What problems might happen after I have surgery to fix my broken clavicle?

9. What is the success rate of clavicle fracture surgery?

10. What are the treatment options for clavicle fracture?

TABLE 5: Common Clavicle Fracture Questions
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No. Question

1. Are the aims clear?

2. Does it achieve its aims?

3. Is it relevant?

4. Is it clear what sources of information were used to compile the publication (other than the author or producer)?

5. Is it clear when the information used or reported in the publication was produced?

6. Is it balanced and unbiased?

7. Does it provide details of additional sources of support and information?

8. Does it refer to areas of uncertainty?

9. Does it describe how each treatment works?

10. Does it describe the benefits of each treatment?

11. Does it describe the risks of each treatment?

12. Does it describe what would happen if no treatment is used?

13. Does it describe how the treatment choices affect overall quality of life?

14. Is it clear that there may be more than one possible treatment choice?

15. Does it provide support for shared decision-making?

16.
Based on the answers to all of the above questions, rate the overall quality of the publication as a source of information about
treatment choices.

TABLE 6: DISCERN Criteria Questions
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