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Abstract
Purpose To investigate the potential use of large language models (LLMs) in orthopaedics by presenting queries pertinent 
to anterior cruciate ligament (ACL) surgery to generative pre-trained transformer (ChatGPT, specifically using its GPT-4 
model of March 14th 2023). Additionally, this study aimed to evaluate the depth of the LLM’s knowledge and investigate its 
adaptability to different user groups. It was hypothesized that the ChatGPT would be able to adapt to different target groups 
due to its strong language understanding and processing capabilities.
Methods ChatGPT was presented with 20 questions and response was requested for two distinct target audiences: patients 
and non-orthopaedic medical doctors. Two board-certified orthopaedic sports medicine surgeons and two expert orthopaedic 
sports medicine surgeons independently evaluated the responses generated by ChatGPT. Mean correctness, completeness, 
and adaptability to the target audiences (patients and non-orthopaedic medical doctors) were determined. A three-point 
response scale facilitated nuanced assessment.
Results ChatGPT exhibited fair accuracy, with average correctness scores of 1.69 and 1.66 (on a scale from 0, incorrect, 1, 
partially correct, to 2, correct) for patients and medical doctors, respectively. Three of the 20 questions (15.0%) were deemed 
incorrect by any of the four orthopaedic sports medicine surgeon assessors. Moreover, overall completeness was calculated 
to be 1.51 and 1.64 for patients and medical doctors, respectively, while overall adaptiveness was determined to be 1.75 and 
1.73 for patients and doctors, respectively.
Conclusion Overall, ChatGPT was successful in generating correct responses in approximately 65% of the cases related to 
ACL surgery. The findings of this study imply that LLMs offer potential as a supplementary tool for acquiring orthopaedic 
knowledge. However, although ChatGPT can provide guidance and effectively adapt to diverse target audiences, it cannot 
supplant the expertise of orthopaedic sports medicine surgeons in diagnostic and treatment planning endeavours due to its 
limited understanding of orthopaedic domains and its potential for erroneous responses.
Level of evidence V.

Keywords Large language models · ChatGPT · Anterior cruciate ligament · ACL · Artificial intelligence · Correctness

Introduction

During the past few months, large language models (LLMs), 
such as generative pre-trained transformer (ChatGPT), have 
garnered significant attention, making them one of the most 
highly discussed topics worldwide. Furthermore, ChatGPT 
has recently demonstrated remarkable abilities in achieving 

excellent performance in the United States Medical Licens-
ing Examinations (USMLE) as well as American Board of 
Neurological Surgery (ABNS) rxaminations, which assess 
comprehensive and detailed medical knowledge [4, 15]. 
Despite their potential, LLMs have also generated contro-
versy [20, 21], as scientists have expressed concerns about 
potential threats to scientific transparency as well as misin-
formation leading to ethical concerns, such as posing risks 
to health and equity [3, 22]. Nevertheless, as the potential 
applications of ChatGPT are considerable, it has become 
one of the most popular artificial intelligence (AI) tools 
available.

This study was performed at the Department of Orthopaedic 
Surgery, UPMC Freddie Fu Sports Medicine Center, University of 
Pittsburgh, Pittsburgh, USA.

Extended author information available on the last page of the article
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Despite the growing interest in implementing LLMs in 
medical research [10, 11, 16, 24], there is a lack of discus-
sion on the correctness, completeness, and adaptability (to 
different target groups) of the responses provided by these 
models, in particular within sports medicine and orthopae-
dics. Thus, while LLMs, such as ChatGPT, offer signifi-
cant potential for delivering concise medical information, 
there also exists the possibility of providing patients with 
inaccurate information. [5–7, 14, 22, 24]. Therefore, the 
aim of this study was to investigate the feasibility of utiliz-
ing LLMs in orthopaedics by posing to ChatGPT questions 
relevant to anterior cruciate ligament (ACL) surgery and 
evaluating its responses by orthopaedic sports medicine 
surgeons in the field. Additionally, this study aimed to 
evaluate the depth of the LLM’s knowledge (correctness 
and completeness) and investigate its adaptability to differ-
ent user groups (patient and non-orthopaedic medical doc-
tor). It was hypothesized that the ChatGPT would be able 
to adapt to different target groups and provide generally 
good responses due to its strong language understanding 
and processing capabilities.

Material and methods

Data source

To identify high-yield questions relevant to ACL surgery, 
a thorough literature search was conducted and consensus 
statements in the field were reviewed [9, 18]. To gener-
ate inclusiveness, questions that are frequently asked by 
patients in clinical settings were also used. These ques-
tions were subsequently modified to feature simple syntax 
and grammar. The questions were additionally modified to 
be short enough to allow for succinct responses. A total 
of 20 questions were selected and included in the current 
study (Supplemental material).

ChatGPT

ChatGPT is a type of LLM based on a transformer-style 
neural network architecture that is pre-trained on a large 
corpus of text to predict the next token in a document [17]. 
It was first introduced as a research variant in Novem-
ber 2022 [2]. However, a new version of ChatGPT, using 
GPT-4 as the underlying model, has been launched already 
in March 2023 [1] and exhibits the ability to provide 
responses that are human-like as well as demonstrates 
early signs of general intelligence [8]. Thus, this model 
(GPT-4 of March 14th 2023) was used in this study.

Prompting and response collection

It is known that the method of prompting LLMs like 
ChatGPT can significantly impact on the quality of their 
responses; thus, a sub-field of study called ‘Prompt Engi-
neering’ has been developed to provide advice on this craft 
[13, 23]. Therefore a prompt in line with these guidelines 
was created, to provide a proper setting for the model to 
answer the questions to the best of its abilities. Specifi-
cally, the model was asked to be an expert orthopaedic 
surgeon and to answer based on the latest research and 
best practices. Detailed instructions about the target group 
and what the model could expect them to know were 
included, as well as detailed guidelines on the expected 
form of response (Table 1). The length of responses was 
limited to avoid risks during assessments, e.g. that our 
assessors would not be able to locate the core answer in 
a long response. A shorter response would also induce 
the model to include more relevant information. However, 
for the target group of medical doctors, we allowed for 
a longer response (maximum 7 instead of 5 sentences), 
since it was anticipated that the use of more precise terms 
and concepts would lengthen responses. The two prompts 
used can be seen in Table 1; they share the same prefix and 
suffix but otherwise differ. As can be seen, the model in 
zero-shot mode was used, i.e. without providing examples 
of the type of questions we would pose and the answers we 
expected. This is a more challenging, but, arguably, also 
more realistic usage mode than the multiple-choice or few-
shot setting of several other benchmarks [15].

The order of the questions was randomized to negate 
any potential systemic effects of context and order on 
the answers given. The same random order was used for 
the two target groups. After the initial prompt and the 
response, the response was copied and then prompted 
again in the format ‘My next question is “[QUESTION]”’ 
until all questions of the sequence had been responded to.

After collecting all responses, an online questionnaire 
per target group was created, which listed the questions 
and responses to enable assessors to rate the correctness, 
completeness, and adaptiveness to the target group. Asses-
sors were also permitted to add comments to explain their 
choices. Detailed instructions were provided that included 
examples of how to judge the different criteria. Each asses-
sor was then provided with the instructions and links to 
their two questionnaires. The assessments of all four asses-
sors were extracted and summarized.
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Assessment

Review and assessment of the responses provided by 
ChatGPT were performed independently by two board-
certified orthopaedic sports medicine surgeons and two 
expert orthopaedic sports medicine surgeons in the field. 
The correctness was graded as 0 = incorrect; 1 = partially 
correct and 2 = correct, while completeness was graded as 
0 = incomplete; 1 = partially complete and 2 = complete. 
Finally, adaptiveness (to the target group) was graded 
as 0 = not adapted; 1 = somewhat adapted and 2 = well 
adapted. Any discrepancies in assessment made by the 
four orthopaedic sports medicine surgeons/professors were 
subjected to discussion and commentary by the two expert 
professors within the field. The goal was not to decide on 
a final, overall judgement per response, but rather to bet-
ter understand the reasons for different judgements; this 
could better reflect the nuance that may be involved in 
answering state-of-the-art questions in any scientific field. 

Tables 2 and 3 thus report the initial grading of each asses-
sor, sorted from higher values to lower.

Equity, diversity, and inclusion

This study included orthopaedic sports medicine conditions 
that are relevant to patients of both different sex and ethnici-
ties. The multidisciplinary research team of this study included 
both male and female researchers from medical specialities 
(orthopaedics sports medicine), engineering as well different 
age categories (junior researchers and professors).

Statistical analysis

The average score for each of the three criteria was calcu-
lated. Additionally, the responses were divided into five dif-
ferent groups based on the level and degree of alignment 
of the individual grades of the assessors: “fully correct”, 
“majority correct”, “correct/partial”, “correct/diverging”, 
and “partially correct/diverging” (Tables 3 and 4). Analysis 
was conducted using statistical scripts written for the math-
ematical programming Julia, version 1.8.5.

Results

High‑yield topics within ACL surgery

The average correctness for the responses provided by 
ChatGPT was calculated to be 1.69 and 1.66 for patients 

Table 1  Table illustrating the two prompts used in this study

I want you to act as an English-speaking orthopaedic surgeon specializing in sports medicine and knee ligament surgery. Not only are you 
a practising surgeon, you are also up to date with the latest research in the field; base your work on it, and run research studies yourself to 
further advance the field. Your task is to answer questions about knee injuries and the treatment options. I will write the questions to you and 
you will answer based on the latest, state-of-the-art orthopaedic knowledge and on current established standards for treatment. Your answer 
must be adapted to the target group

Target group “patient, young athlete”:
The target group is a patient that is an adult, a young athlete, that has a 

high school degree but no specific medical training or experience.
Your answers need to be understandable and rather brief, preferably 

2–3 sentences and not longer than 5 sentences.
Don't use overly complex language or wording: the goal is to be clear, 

direct, and understandable
You cannot assume the patient has deep knowledge of anatomy or 

physiology, nor about the jargon or specific terms of the field, but 
you can assume that the patient has a basic understanding of the 
human body and its functions

Target group “medical doctor”:
The target group is a medical doctor that has knowledge of anatomy and 

physiology and a basic understanding of surgical procedures but has 
no deeper knowledge about surgery or about the specific treatment 
options and their relative merits.

Your answers need to be precise but rather brief, preferably 2–3 sen-
tences and not longer than 7 sentences

You can use complex language and wording: the goal is to be precise, 
give expert advice, and provide a broad sense of multiple treatment 
options.

Your answers should be as complete as possible and not leave out any of 
the important factors.

You can assume that the medical doctor has knowledge of anatomy and 
physiology and a basic understanding of surgical procedures but has 
no deeper knowledge about (knee) surgery nor about the specific treat-
ment options and their relative merits.

I want you to only reply with your answer, nothing else
My first question is “[QUESTION]”

Table 2  Overall summary for all the responses

* Mean completeness of responses with a mean correctness score ≥ 1.5 
and without receiving any score of “0” (incorrect) was also calculated

Target Mean cor-
rectness

Mean com-
pleteness

Mean 
adaptive-
ness

Mean 
complete-
ness*

Patient 1.69 1.51 1.75 1.53
Medical Doctor 1.66 1.64 1.73 1.65
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and doctors, respectively (Table 2). Only for 3 out of 20 
(15.0%) questions did any of the four orthopaedic sports 
medicine surgeons judge that the answer was incorrect; 
however, even for these questions the average correctness 
score was calculated to be either 1.25 or 1.5. Furthermore, 
completeness was found to be 1.51 and 1.64 for patients 
and doctors, respectively, while adaptiveness was calcu-
lated to be 1.75 and 1.73 for patients and doctors, respec-
tively. However, the mean completeness was found to be 
slightly higher when only including responses with a mean 
correctness score ≥ 1.5 without receiving any score of “0” 
(Table 2).

Patient as target group

A total of 13 (65.0%) of all questions were assessed to be 
fully correct or majority correct, while only 2 (10.0%) of the 
questions were assessed to be partially correct or partially 
correct/diverging (Table 3).

Medical non‑orthopaedic surgeon as the target group

Among all questions posed to ChatGPT, a total of 13 
(65.0%) were deemed fully correct or majority correct, 
whereas only 1 (5.0%) was considered partially correct or 
diverging (Table 4).

Discussion

The main findings of this study indicate that ChatGPT 
demonstrated the ability to provide overall correct and 
well-adapted responses in slightly less than two-thirds 
of the provided prompts, which aligns partially with our 
hypothesis. However, it is important to note that only 
15.0% of the questions were determined to be completely 
incorrect, emphasizing the importance of good judgement 
by the user.

ChatGPT’s responses to questions posed by a patient were 
found to be accurate (fully or majority correct) in 65.0% of 
the cases. For example, the response to the question “What 
strategies should be used to counteract kinesophobia?” was 
graded as “correct” by all reviewers, while the response 
to the question “What are the most important risk factors 
for postoperative knee stiffness following ACL reconstruc-
tion?” was assessed as correct by a majority of the review-
ers. Hence, this suggests that LLMs like ChatGPT may be 
useful aids for patients preparing for medical consultations, 
offering an accurate and concise overview of a specific 
orthopaedic topic, and eliminating the need to conduct a 
time-consuming literature review.
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Most of the partially correct or partially correct/diverg-
ing responses were associated with areas that have lim-
ited high-quality evidence and where current literature 
is conflicting. As a result, the risk of misinformation 
provided by ChatGPT may be higher for topics that lack 
robust evidence, such as ACL repair. Thus, it is possible 
that part of the responses provided by ChatGPT may be 
based on quantity instead of quality of evidence during 
the pre-training phase and, therefore, it may not be able 
to differentiate between low- and high-quality data. Nev-
ertheless, these findings are not unexpected, since the 
LLMs have not been specifically developed to provide 
expert-level knowledge [12] and have not been fine-tuned 
into orthopaedic medicine. Given this, the performance 
of the model may be limited when attempting to acquire 
expert-level knowledge, indicating a potential for further 
improvement [19].

The findings of this study also suggest that prompt-
ing may have an impact on ChatGPT’s responses. With-
out a specific prompt, responses were observed longer 
(1993 words), compared to those generated with prompt 
1 (patient; 329 words) or prompt 2 (medical doctor; 552 
words), as determined by an average over the first ten 
responses in our randomized sequence. The absence of 
a specific prompt might have additionally resulted in a 
reduced ability to adapt to the target group (patient, non-
orthopaedic medical doctor) and subsequently increased 
the chance of hallucinating. Prompting is therefore essen-
tial in decreasing the risk of misinformation when using 
these models. There is thus a risk that patients will use 
general models, like ChatGPT, that have not been fine-
tuned to the specific domain of orthopaedics and be mis-
informed prior to meeting an orthopaedic surgeon, since 
they simply pose their questions and do not know how 
to prompt the model. The practising clinician should be 
aware that in addition to patients increasingly making 
searches on the Internet, they can now likely access more 
apparently plausible yet misguided arguments from models 
like ChatGPT.

This study has several limitations. The reliability of the 
responses generated by ChatGPT was not evaluated, invit-
ing the possibility that responses may have differed if the 
same question had been asked repeatedly, or if the responses 
had been ordered differently. Furthermore, ChatGPT-4 as 
of March 14th, 2023, was used, which is only one type 
of LLM. Future studies should consider evaluating mul-
tiple LLMs to prove a more comprehensive assessment. 
The three-point response scale used to evaluate responses 
was not standardized and, therefore, may have limited 
the objective measurement of correctness, completeness, 

and adaptability. Thus, the different assessors may have 
interpreted the scale differently, leading to inconsistencies 
in the assessment process. To try to mitigate this threat, 
the same instructions were provided to all assessors and 
included examples of how to use the scales. Moreover, the 
four orthopaedic sports medicine surgeons who assessed 
the responses were not blinded to the fact that the responses 
were generated by ChatGPT. Therefore, the assessment of 
the reviewers may have been influenced both by individ-
ual bias and their preconceptions about the correctness of 
LLMs.

While it is important to note that ChatGPT is not a sub-
stitute for the expertise of orthopaedic sports medicine sur-
geons and may struggle to appraise the level of evidence 
and propagate its responses by struggling with conveying 
nuances of the English language (distinguishing between 
“might” and “should”), these models also offer potential as 
supplementary aids. These models could, for instance, assist 
in orthopaedic research by analysing text, support clinical 
practice by summarizing the latest papers for staying up 
to date, and aid in education by guiding patients through 
foundational literature prior to their consultations with the 
orthopaedic surgeon.

Conclusion

Overall, ChatGPT was successful in generating correct 
responses in approximately 65% of the cases related to ACL 
surgery. The findings of this study imply that LLMs offer 
potential as a supplementary tool for acquiring orthopae-
dic knowledge. However, although ChatGPT can provide 
guidance and effectively adapt to diverse target audiences, it 
cannot supplant the expertise of orthopaedic sports medicine 
surgeons in diagnostic and treatment planning endeavours, 
due to its limited understanding of orthopaedic domains and 
its potential for erroneous responses.
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