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Large language models (LLMs) employ 
computational artificial intelligence (AI) techniques 
to construct language that mimics human 
output.[1,2] These models are trained on extensive 
text data sourced from the internet to respond 
to questions.[3] The LLMs examine patterns and 
relationships within their training data to forecast 
the subsequent words or phrases likely to occur 
in a given scenario. Nevertheless, concerns have 
arisen regarding misinformation, privacy, biases 
in the training data, and risk of misuse.[4,5] Of note, 
LLMs can be utilized in various areas of medical 
science, including imaging analysis and diagnosis. 
These models have been also tested for facilitating 
communication between patients and physicians, 
converting medical records into text and enabling 
remote patient care.[6] In recent years, LLMs have 
become a crucial component of healthcare education 
and have been implemented by numerous medical 
institutions worldwide.[7,8]

Objectives: This study aims to assess the overall performance of 
ChatGPT version 4-omni (GPT-4o) on the Turkish Orthopedics 
and Traumatology Board Examination (TOTBE) using actual 
examinees as a reference point to evaluate and compare the 
performance of GPT-4o with that of human participants.
Materials and methods: In this study, GPT-4o was tested 
with multiple-choice questions that formed the first step of 
14 TOTBEs conducted between 2010 and 2023. The assessment 
of image-based questions was conducted separately for all 
exams. The questions were classified based on the subspecialties 
for the five exams (2010-2014). The performance of GPT-4o 
was assessed and compared to those of actual examinees of the 
TOTBE.
Results: The mean total score of GPT-4o was 70.2±5.64 
(range, 61 to 84), whereas that of actual examinees was 58±3.28 
(range, 53.6 to 64.6). Considering accuracy rates, GPT-4o 
demonstrated 62% accuracy on image-based questions and 70% 
accuracy on text-based questions. It also demonstrated superior 
performance in the field of basic sciences, whereas actual 
examinees performed better in the specialty of reconstruction. 
Both GPT-4o and actual examinees exhibited the lowest scores 
in the subspecialty of lower extremity and foot.
Conclusion: Our study results showed that GPT-4o performed 
well on the TOTBE, particularly in basic sciences. While it 
demonstrated accuracy comparable to actual examinees in some 
areas, these findings highlight its potential as a helpful tool in 
medical education. 
Keywords: Board exam, ChatGPT, multiple-choice questions, orthopedics 
and traumatology.
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Chat Generative Pre-trained Transformer 
(ChatGPT; OpenAI Global LLC, San Francisco, 
CA, USA) is a LLM launched as a prototype on 
November 30th, 2022, and is currently one of 
the most popular AI models.[9] It can generate 
text responses which closely resemble human 
language. The latest model, ChatGPT 4-omni 
(GPT-4o), released on May 13th, 2024, exhibits 
superior capabilities in visual and auditory 
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comprehension compared to its predecessors.[10] 
Numerous studies have focused on the ability 
of various ChatGPT models to successfully pass 
demanding professional examinations in several 
medical fields, primarily through the analysis and 
comprehension of written questions.[11-14]

The purpose of board exams in medicine is 
to assess the ability to effectively use current 
knowledge, concepts, and principles to identify 
skilled physicians. The Turkish Orthopedics and 
Traumatology Education Council (TOTEC) has 
been conducting the Turkish Orthopedics and 
Traumatology Board Examination (TOTBE) annually 
since 2003 to achieve these goals.[15] The examination 
consists of two parts. The first is a written 
assessment, known as the Objective Structured 
Multiple-Choice Question, and the second is an oral 
assessment, referred to as the Objective Structured 
Clinical/Practical Examination. This examination is 
crucial for assessing the competence and proficiency 
of orthopedic surgeons in Türkiye.[15,16]

In the present study, we aimed to assess the 
overall performance of GPT-4o on the TOTBE using 
actual examinees as a reference point to evaluate 
and compare the performance of GPT-4o with that 
of human participants. Additionally, we aimed to 
assess the performance of GPT-4o across various 
subspecialties of orthopedics and traumatology.

MATERIALS AND METHODS

Study design

Prior to the study, permission to use TOTBE 
data were obtained from the Turkish Society 
of Orthopedics and Traumatology (2024/119). 
In addition, the study protocol was approved 
by the Niğde Ömer Halisdemir University 
Non-Interventional Clinical Research Ethics 
Committee (date: 02.08.2024, no: 2024/82). The 
study was conducted in accordance with the 
principles of the Declaration of Helsinki.

The first steps of 14 board examinations 
conducted between 2010 and 2023 were included 
in the study. The oral exam questions which 
comprised the second step in the examination 
were excluded from the study. Exams conducted 
prior to 2010 were also excluded due to inadequate 
data.

Questions in their original language (Turkish) 
were inputted into the interface of GPT-4o in a 
format consisting of a question and multiple-choice 
options. The interface of GPT-4o was accessed via 
the webpage, and the zero-shot prompting method 
was used. Each question had five possible options 
labeled A-E, with only one correct answer. All 
responses were recorded, and the total score of 
GPT-4o was calculated for each exam.
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FIGURE 1. Relationship between GPT-4o and actual examinees’ exam performance. Line graphs indicate the scores of 
GPT-4o (red line) and actual examinees (blue line).
GPT-4o: ChatGPT version 4-omni.
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General information about TOTBE

The first stage of the TOTBE follows a structured 
multiple-choice format, comprising 100 questions, 
each with a single correct answer. It includes 
questions covering all subspecialties of orthopedics 
and traumatology and is graded on a 100-point 
scale. Instead of a predetermined passing score, the 
Nedelsky method is used to determine the passing 
score for each examination.[17]

Collection of actual exam data

The actual exam data were obtained from the 
open-access term books of the TOTEC, which are 
published every two years.[18] Data unavailable in the 
term books were acquired by contacting the TOTEC. 
The questions were grouped into two categories 
based on their content: text-based (n=1327; 94.8%) and 
image-based (n=73; 5.2%). In addition, the questions 
were classified by subject (basic science, trauma, 
pediatrics, upper extremity/hand surgery, lower 
extremity, reconstruction, sports medicine, spine, 
and tumor/infection) for the five exams (2010-2014) 
where TOTEC categorized the exam questions and 
shared comprehensive results on their website. The 
performance of GPT-4o in these exams was assessed 
based on the percentage of correct responses in each 
subspecialty. The results of actual examinees were 
used as a reference point to assess and compare 

TABLE I
Performances of GPT-4o and actual examinees

Year Total score of 
GPT-4o

The score of 
actual examinees

Mean Min-Max

2010 84 64.62 40-82

2011 72 56.41 43-73

2012 72 57.01 37-71

2013 73 58.39 38-81

2014 67 58.79 42-79

2015 71 54.25 35-75

2016 73 60.68 39-86

2017 74 56.61 34-79

2018 62 54.65 35-69

2019 71 63.49 40-79

2020 69 53.58 23-78

2021 61 60.01 34-88

2022 66 56.53 29-80

2023 68 56.94 31-78

GPT-4o: ChatGPT version 4-omni.
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the performance of GPT-4o with that of human 
participants.

Statistical analysis

Statistical analysis was performed using the 
IBM SPSS version 26.0 software (IBM Corp., 
Armonk, NY, USA). Descriptive data were 
expressed in mean ± standard deviation (SD), 
median (min-max) or number and frequency, 
where applicable. The Pearson chi-square test 
was used to compare the number of correct 
image-based and text-based questions. A p value 
of <0.05 was considered statistically significant.

RESULTS

The mean total score of GPT-4o was 70.2±5.64 
(range, 61 to 84), whereas that of actual examinees 
was 58±3.28 (range, 53.6 to 64.6). The minimum and 
maximum scores of actual examinees across all 
examinations were 29 and 88, respectively (Figure 1 
and Table I). 

In addition, GPT-4o demonstrated an accuracy 
rate of 62% on image-based questions and 70% on 
text-based questions (p=0.433).

Table II presents the percentages of correct 
responses for each of the five examinations 
(2010-2014), categorized by subspecialty. Based 
on the total correct response calculated as the 

average across five years, GPT-4o demonstrated 
the highest performance in basic science, spine, 
and upper extremity-hand, respectively. The 
actual examinees performed superior results in 
the fields of reconstruction, upper extremity-hand, 
and trauma, respectively. Both GPT-4o and actual 
examinees demonstrated the lowest performance 
in the subspecialty of lower extremity and foot 
(Figure 2 and Table II).

DISCUSSION

The LLM chatbot technology has rapidly advanced, 
leading to its widespread utilization across multiple 
platforms in society.[19] The AI involves replicating 
human intelligence by teaching specialized 
programs and computers to mimic human cognitive 
capabilities. Machine learning, a subset of AI, uses 
algorithms implemented on computers to learn and 
improve performance by analyzing and processing 
new data.[20] Several recent studies have focused 
on the utilization of AI in orthopedic surgery. 
However, most have attempted to improve patient 
outcomes and reduce the workload on healthcare 
professionals.[21] In the future, LLM chatbots have 
the potential to be utilized in orthopedics and 
traumatology education. To achieve this, it is 
necessary to assess their theoretical knowledge. 
In the present study, we evaluated the suitability 
of ChatGPT for orthopedics and traumatology 

FIGURE 2. Correct response rates of GPT-4o and actual examinees according to subspecialty.
GPT-4o: ChatGPT version 4-omni.
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education by assessing its knowledge competency 
through the TOTBE. Our study results showed that 
GPT-4o performed well on the TOTBE.

In recent years, multiple studies have assessed the 
performance of ChatGPT on various examinations 
related to orthopedics and traumatology. Massey et 
al.[22] found that orthopedic residents outperformed 
ChatGPT-3.5 and GPT-4 in accurately answering 
questions on orthopedic assessment exams. Kung 
et al.[23] assessed the performance of ChatGPT on an 
in-training evaluation and found that ChatGPT-3.5 
and ChatGPT-4 achieved accuracies of 54.3% and 
73.6%, respectively. Isleem et al.[12] demonstrated 
that ChatGPT provided a correct answer rate of 
60.8% for the American Board of Orthopedics 
exam-style questions. It is evident that different 
versions of ChatGPT (GPT-3.5, GPT-4, and GPT-4o) 
exhibit varying levels of performance; thus, only 
the most recent version, GPT-4o, was utilized in our 
study. The mean total score of GPT-4o for TOTBE 
was 70.2±5.64, whereas the mean score of actual 
examinees was 58±3.28.

Previous versions of ChatGPT had limited 
capability to answer image-based questions due to 
the lack of support for visual content. Currently, 
GPT-4o, introduced by OpenAI, is the new flagship 
model capable of applying real-time logic over voice, 
image, and text.[10] As GPT-4o was used in our study, 
we were able to assess image-based questions as well. 
In their study, Ghanem et al.[24] found no significant 
differences in the accuracy of the responses of 
ChatGPT-4 to image-based and non-image-based 
questions on the American Hand Surgery Board 
Examination. Massey et al.[22] reported that ChatGPT 
demonstrated superior results for text-based 
questions about orthopedics and traumatology. In 
our study, GPT-4o demonstrated a 62% accuracy rate 
for image-based questions and a 70% accuracy rate 
for text-based questions.

In the current study, GPT-4o performed well 
across all subspecialties. It achieved a correct 
response rate exceeding 80% in three subspecialties: 
basic science (93%), spine (84%), and upper 
extremity/hand (83%). The lowest correct response 
rate for GPT-4o was in the lower extremity and 
foot subspecialty (60%). Among actual examinees, 
questions related to reconstruction had the highest 
correct response rate (66%), whereas those related 
to the lower extremity and foot (49%) had the 
lowest correct response rate. In Isleem et al.’s[12] 
study, the correct response rate of ChatGPT was 
high in basic sciences, the spine, shoulder/elbow, 
sports medicine, and oncology. In Lum et al.’s[25] 

study, ChatGPT performed well in basic sciences 
and sports medicine. Another study found that 
ChatGPT had a higher rate of correct responses 
to questions about hand surgery, sports medicine, 
and pediatrics.[22] Studies analyzing subspecialties 
of orthopedic in-training exams showed that 
questions related to basic sciences had the highest 
percentage of knowledge recall, while questions 
related to adult reconstruction were more complex 
and multistep.[26,27]

Although there is no conclusive method to 
identify the factors that result in superior 
performance in certain subspecialties, we believe 
that GPT-4o provides more accurate responses 
to questions which test theoretical knowledge 
objectively and do not require clinical interpretation. 
In their study, Atik et al.[28] emphasized that 
LLM-powered chatbots are not designed to replace 
the nuanced expertise and clinical judgment of 
experienced orthopedic surgeons, particularly 
in complex decision-making scenarios involving 
treatment indications. While our study was not 
designed to evaluate clinical scenarios, we believe 
that the high performance by GPT-4o on board 
exams does not imply proficiency in clinical 
decision-making.

Nevertheless, this study has several limitations. 
First, it exclusively assessed the performance of 
ChatGPT without undertaking any comparative 
assessments with other AI models. Second, TOTBE 
questions were inputted into GPT-4o in their 
original language (Turkish), and the responses 
were also received in Turkish. While the Turkish 
language support of GPT-4o functioned efficiently, 
it is uncertain whether this had any impact on the 
study’s results. Third, we were unable to find any 
data regarding the responses provided by humans 
to the image-based questions. Consequently, a 
comparison of the success rates between GPT-4o 
and humans for image-based questions could not be 
conducted. In addition, it is of utmost importance to 
note that ChatGPT undergoes periodic updates, and 
the version used in our study may not necessarily 
represent the most up-to-date iteration at the time 
of publication. Similarly, literature information on 
orthopedics and traumatology is also constantly 
updated. In our study, it was not checked whether 
the questioned information and their response are 
still relevant according to the current literature. 
Despite these limitations, our study is the first to 
test the TOTBE with GPT-4o and 14 different exams 
including image-based questions were assessed 
individually. The large number of questions 
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assessed, the use of the results of actual examinees as 
reference point, and the categorization of questions 
by subspecialties distinguish our study from other 
studies in the literature.

In conclusion, GPT-4o performed well on the 
TOTBE and provided more accurate responses 
in subspecialties which do not require clinical 
interpretation, such as basic sciences. The rate 
of correct responses in all subspecialties was 
satisfactory. Based on these findings, we can speculate 
that GPT-4o possesses a high level of knowledge 
in the field of orthopedics and traumatology and 
GPT-4o can play a role in educating orthopedics and 
traumatology residents. By providing instant access 
to a vast amount of medical information, GPT-4o 
can help residents understand complex concepts, 
review surgical procedures, and stay updated 
with the latest research and clinical guidelines. 
Fortunately, orthopedic residents currently have 
the opportunity to utilize LLM-chatbots to help 
them answer test questions.
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