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Abstract
Introduction

Generative Pre-Training Transformer (ChatGPT) has become widely recognized for its capability to generate
text, synthesize complex information, and perform a variety of tasks without requiring human specialists for
data collection. The latest iteration, ChatGPT-4, is a large multimodal model capable of integrating both text
and image inputs, rendering it particularly promising for medical applications. However, its efficacy in
analyzing radiographic images remains largely unexplored.

Aim

This study aims to (i) address the lack of data on the accuracy of ChatGPT in radiographic fracture
classification into stable or unstable under the revised Arbeitsgemeinschaft fiir
Osteosynthesefragen/Orthopedic Trauma Association (AO/OTA) classification system, and this procedure is
also performed by surgeons, and (ii) compare the agreement between surgeons or ChatGPT-based
performance. The study hypothesizes that the use of ChatGPT would achieve moderate agreement with
orthopedic surgeons.

Materials and methods

Patients diagnosed with pertrochanteric fractures were retrospectively collected. Patients with both
preoperative two-directional plain radiographs and CT scans (3D-CT) images were conditioned for
enrollment into the study.

Two orthopedic surgeons (observer 1 and observer 2, respectively) and one resident (observer 3) were once
assigned to dichotomized groups into A1 (stable) or A2 (unstable) based on AO/OTA classification using two-
directional plain radiographs.

Prior to the ChatGPT study, all the anteroposterior images trimmed at the fractured side, attached with
figure names including gender, and age, were inputted into OpenAl ChatGPT-4.

Radiological evaluation prompts were designed to initiate ChatGPT’s classification analysis of the uploaded
radiographic images. A single observer (MN) decided the classification patterns by examining 3D CT scan
images as well as plain radiographs. This judgment of A1 (stable) and A2 (unstable) was set as a benchmark
to mark the results of observers and ChatGPT based on plain radiographs.

Results

The cohort consisted of 29 males and 90 females, with a mean age of 87 years after the data exclusion.

The fractures were classified into Al (stable) and A2 (unstable) groups based on CT imaging. The Al group
included 50 patients (13 males, 37 females; mean age: 86.2 * 7.8 years), while the A2 group included 69
patients (16 males, 53 females; mean age: 87.0 £ 7.9 years).

Kappa values for fracture classification between plain radiographs evaluated by the three observers and
ChatGPT, compared to the CT-based gold standard, showed fair to moderate agreement: Observer 1: 0.494
(95% CI: 0.337-0.650), Observer 2: 0.390 (95% CI: 0.227-0.553), Observer 3: 0.360 (95% CI: 0.198-0.521), and
ChatGPT: 0.420 (95% CI: 0.255-0.585). ChatGPT demonstrated accuracy, sensitivity, specificity, and positive
and negative predictable values comparable to the human observers, suggesting moderate reliability.
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Conclusion

This study demonstrates that ChatGPT can classify pertrochanteric fractures into Al (stable) and A2
(unstable) under the Revised AO/OTA Classification System. Its moderate agreement with CT-based
assessments (k = 0.420) is comparable to the performance of orthopedic surgeons. Moreover, ChatGPT is
straightforward to integrate into clinical workflows, requiring minimal data collection for training.

Categories: Radiology, Trauma, Orthopedics
Keywords: ao/ota, chatgpt, ct, fracture classification, pertrochanteric fracture

Introduction

The rising incidence of femoral pertrochanteric fractures in the elderly population is a problem in health
care globally, especially in developed countries [1]. The existing guideline recommends dynamic hip
screwing (DHS) for stable pertrochanteric fractures and using intramedullary nails (IMN) or a modified DHS
for unstable fractures [2,3]. The meta-analysis of unstable fractures suggested this theory that the use of
IMN rather than dynamic DHS would enhance functional outcomes [4,5], although their results of the
fracture classification are usually based on plain radiographs with lower inter-observer reliability [6,7].
Therefore, better image-analyzing techniques like artificial intelligence (AI) for plain radiographs would be
expected to improve classifying scores. The more diverse and comprehensive the data, the better the Al
system can also generalize and perform in real-world scenarios, which leads to overcoming bias and
improving generalizability [8,9]. However, massive dataset preparation required to train for the recognition
of patterns and accurate predictions remains a burden to surgeons in practicing conventional AI models.
Considering these points, it is essential to complete these groupings accurately with less data stock if
surgeons hope Al will wisely support graphic classification.

Generative Pre-Training Transformer (ChatGPT), developed by OpenAl, is an Al tool that gained notable
popularity for its ability to generate texts, synthesize complex information, answer questions, and interpret
phrases within seconds [10]. Among several outstanding features, this Al system does not require surgeons
for data gathering [11] and is trained to predict the probability of a given word sequence based on its context
from an immense database through the internet, spread across several layers of complexity [10].
Additionally, the most recent version of ChatGPT-4, a large multimodal model capable of integrating text
and image inputs such as plain radiographs, CT scans, MRI studies, and echographs, is of significant interest
to our field [12]. Since orthopedists highly depend on these figures, Al improvement would be expected to
contribute to our practice. So far, the efficacy of ChatGPT regarding its image analysis capabilities has yet to
be fully determined, especially for the classification of fracture types, to our limited knowledge [13],
although this method demonstrates easy access to clinical application.

This study aims to (i) address the lack of data on the accuracy of Al tools like ChatGPT in radiographic
fracture classification into stable or unstable under the revised Arbeitsgemeinschaft fiir
Osteosynthesefragen/Orthopedic Trauma Association (AO/OTA) classification system [14], and this
procedure is also performed by surgeons, (ii) compare the agreement between surgeons or ChatGPT-based
performance of image classifications. The current study hypothesizes that the use of the ChatGPT method
would achieve moderate agreement with orthopedic surgeons and that a ChatGPT-based classification would
correlate favorably with CT scan evaluation.

Materials And Methods

Data source and collection

Patients diagnosed with pertrochanteric fractures from January 2016 to December 2020 were retrospectively
collected from the surgical database of Kobe University-affiliated hospitals. Patients with both preoperative
two-directional plain radiographs (anteroposterior and lateral views) and CT scans (3D-CT) were
conditioned for enrollment into the study. Exclusion criteria were as follows: (1) AO/OTA A3-type fractures,
including those registered as subtrochanteric fractures, and (2) pathologic fractures and/or the presence of
moderate or severe osteoarthritic changes.

The study was approved to use ChatGPT for data analysis exclusively for scientific purposes by the Ethics
Committee of Himeji Central Hospital, to use anonymous information, and the outline of the project was
posted on the homepage of our hospital (approval number 2024-050). This decision was adhered to
“Guidelines for Utilization of Medical Digital Data for AI Research and Development, etc.” publicly issued by
a branch section of the Ministry of Health, Labour and Welfare in September 2024.

Fracture classification by observers

Two orthopedic surgeons observer 1 (40 years of experience) and observer 2 (over 20 years of experience),
with assistance from observer 3 of the chief resident were once assigned to dichotomized groups into A1l
(stable) or A2 (unstable) based on AO/OTA classification using two-directional plain radiographs. Each
surgeon interpreted independently without any time restraint, magnifying and adjusting the brightness and
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contrast of the images for accurate identification of osseous structures. Sub-classification was unnecessary
in the current study since only Al and A2 classifications are useful in the actual clinical setting (Figure 1).

FIGURE 1: Fracture classification by observers (observers group)

Three observers (two orthopedic surgeons and one resident) independently classified fractures as A1 (stable) or
A2 (unstable) using two-directional plain radiographs (observers group). Observers were allowed to adjust graphic
parameters (e.g., brightness and contrast) for accurate classification.

Classification through ChatGPT

Prior to the ChatGPT study, all the anteroposterior images trimmed into only the proximal femur at the
fractured side, attached with figure names including the patients’ modified ID, gender, and age (not
regarded as confidential factors under our country’s Guidelines of AI), were inputted into OpenAl ChatGPT-
4 (as this is a version of the system that can analyze images). Any data that could potentially identify the
patients’ individual information was removed (Figure 2).
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FIGURE 2: Classification through ChatGPT (ChatGPT group)

ChatGPT classified fractures based on a single anteroposterior radiograph. Images were preprocessed to include
only those from the proximal femur to a few centimeters below the lesser trochanter and de-identified except for
age and gender.

For the radiological evaluation with ChatGPT-4, the radiographic images were uploaded in bundles not
exceeding 10 images, and the following standardized sequence was prompted. If ChatGPT-4 did not answer
the questions adequately, the question was paraphrased or rephrased (Figure 53).
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I would like you to act as a highly experienced radiologist with
extensive expertise in orthopedics. | will provide images of plain
radiographs in an anteroposterior view. Each image file name contains
information about the patient's gender (M for male, F for female) and
age (the second to last number in the file name). This process will be
repeated multiple times to assess the consistency of your responses.
Please aim for thor~ *gh and standardized evaluations to help achieve
a high intraclass co.. 1ation coefficient (ICC) across trials.

##Dlasca rlaccifir aarh fimira inta ctahla Aar iinctahla fractiira Af

ChatGPT [CXYt-IV%X(ETS o

0 @

FIGURE 3: Schema of ChatGPT operation

Prompt is posted to practice operation attached with 10 images. It will provide a response for each 10 images
soon.

These sentences were prompted to ChatGPT to initiate analysis:

"Twould like you to act as a highly experienced radiologist with extensive expertise in orthopedics. I will
provide images of plain radiographs in an anteroposterior view. Each image file name contains information
about the patient's gender and age in the file name. This process will be repeated multiple times to assess the
consistency of your responses. Please aim for thorough and standardized evaluations to help achieve a high
intraclass correlation coefficient (ICC) across trials. ##Please classify each figure into stable or unstable
fracture of uploaded figures based on AO/OTA fracture classification of pertrochanteric fractures. When
deciding fracture stability, sex and age are also considered besides radiographic images. You can reply to me
only A1 (stable) or A2 (unstable) without any reasons. ##"

A board-certified observer 1 (MN) decided the classification patterns by examining 3D CT scan images as well
as plain radiographs. This judgment of A1 (stable) and A2 (unstable) was set as a benchmark to mark the
results of observers and ChatGPT based on plain radiographs.

Statistical analysis

For the statistical analysis, the study employed EZR software (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), a graphical interface for R software (The R Foundation for Statistical Computing,
Vienna, Austria). A p-value less than 0.05 was considered statistically significant.

Univariate analyses were conducted on demographic variables, including gender, age, and fracture laterality,
as classified using 3D CT scan images. The age variable was presented as means and standard deviations,
treated as continuous data, and compared between the stable (A1) and unstable (A2) groups using Welch’s t-
test or the Mann-Whitney U test, depending on normality. Gender and fracture laterality (left or right) were
assessed using the chi-square test.

The agreement of fracture classification between the three observers and ChatGPT was examined using
plain radiographs compared with CT-dependent decisions as a gold standard. Accuracy, sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated. Kappa
coefficient values were assessed along with their corresponding 95% confidence intervals for all three
observers and ChatGPT. Kappa values, showing the degree of agreement between multiple people making
qualitative judgments, were interpreted as follows: poor agreement (<0.00), slight agreement (0.00-0.20),
fair agreement (0.21-0.40), moderate agreement (0.41-0.60), substantial agreement (0.61-0.80), almost
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perfect agreement (0.81-1.00) [15].

Additionally, the confidence intervals (CI) for the kappa values, based on a sample size of 60 patients, were
calculated with a lower limit of 0.5 and an upper limit of 0.8 (a = 0.05) [16].

Results
Demographic data

From the initial 161 patients, 42 were excluded due to incomplete imaging (32 patients), fractures classified
as AO/OTA A3 or subtrochanteric (9 patients), or severe osteoarthritis (1 patient). Thus, 119 patients were
included in the study (Figure 4).

Surgical Entry Database
161 patients

Excluded
32 patients: incomplete images

Excluded
9 patients: A3 or no pertrochanteric fracture

Excluded
1 patient with severe OA

Eligible for study
119 patients

FIGURE 4: Flow diagram for patient selection

A visual representation of the patient selection process. Out of 161 identified patients, 42 were excluded based on
incomplete imaging, fractures classified as AO/OTAA3 or subtrochanteric, and severe osteoarthritis. The final
cohort included 119 patients eligible for analysis.

The cohort consisted of 29 males and 90 females, with a mean age of 87 years (range: 55-99 years). Fracture
laterality was distributed as 67 left-sided and 52 right-sided.

Comparison of demographic variables

The fractures were classified into Al (stable) and A2 (unstable) groups based on CT imaging. The A1 group
included 50 patients (13 males, 37 females; mean age: 86.2 * 7.8 years, range: 63-98 years), while the A2
group included 69 patients (16 males, 53 females; mean age: 87.0 * 7.9 years, range: 50-99 years). There was
no statistically significant difference between groups for gender, age, and laterality of fracture (Table

1). The age variable was analyzed using the Mann-Whitney U test, and gender and fracture laterality (left or
right) were assessed using the chi-square test.
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Variables A1 (stable) N = 50 A2 (unstable) N = 69 p-value
Sex: - - 0.72**
Male, n (%) 13 (26%) 16 (23.2%) -
Female, n (%) 37 (74%) 53 (76.8%) -

Age at surgery' (years) 86.2+7.8 (63~98) 87.0+7.9 (50~99) 0.59*
Laterality - - 0.67**
Left 27 (54%) 40 (58.0%) -

Right 23 (46%) 29 (42.0%) -

TABLE 1: Comparison of demographic characteristics, including gender, age, and fracture
laterality, between stable (A1) and unstable (A2) groups classified by CT imaging
*: p-value for differences in age between A1 and A2 groups using Welch’s t-test; **: p-values for differences in gender and laterality of fracture using the

chi-square test; T: mean age with standard deviation

NS: not significant

Agreement in classification

Kappa values for fracture classification between plain radiographs evaluated by the three observers and
ChatGPT, compared to the CT-based gold standard, showed fair to moderate agreement:

Observer 1: k =0.494 (95% CI: 0.337-0.650), observer 2: k = 0.390 (95% CI: 0.227-0.553), observer 3: k = 0.360
(95% CI: 0.198-0.521), and ChatGPT: k = 0.420 (95% CI: 0.255-0.585).

The case counts from each observer and ChatGPT, along with the performance metrics for unstable fracture
classification, are summarized (Tables 2-3). ChatGPT demonstrated accuracy, sensitivity, specificity, PPV,
and NPV comparable to the observers, indicating moderate reliability.

Case counts A1 (stable) A2 (unstable)
Observer 1 58 61
Observer 2 67 52
Observer 3 78 41
ChatGPT 55 64
CT-based assessment 50 69

TABLE 2: Case counts for each classification by observers and ChatGPT

The table indicates that human observers predominantly classify cases as stable, whereas CT-based assessments favor the opposite classification.
ChatGPT's classifications appear to fall between these two tendencies. Observers 1 and 2 are orthopedic surgeons, while observer 3 is a resident.
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Accuracy Sensitivity Specificity Positive prediction value Negative prediction value Kappa value (95% CI)

Observer 1 0.748

Observer 2 0.689

Observer 3 0.664

ChatGPT  0.714

0.780

0.800

0.880

0.700

0.720 0.672 0.820 0.494 (0.337~0.650)
0.609 0.564 0.854 0.390 (0.227~0.553)
0.507 0.564 0.854 0.360 (0.198~0.521)
0.720 0.648 0.769 0.420 (0.255~0.585)

TABLE 3: Agreement of fracture classification (observers and ChatGPT versus CT imaging)

Summary of agreement levels between fracture classifications determined using plain radiographs (evaluated by three observers and ChatGPT) compared
with CT imaging as the gold standard. Observers include two orthopedic surgeons and one resident. The table presents kappa values, confidence
intervals (Cls), and performance metrics, including accuracy, sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV),
highlighting the reliability of each method.

Kappa values and performance metrics indicate moderate agreement between ChatGPT and CT imaging, comparable to human observers.

Discussion

The study proposes using ChatGPT, a generative Al model, to classify pertrochanteric fractures into Al
(stable) and A2 (unstable) under the Revised AO/OTA Classification using an anteroposterior plain
radiograph. In this study, the ChatGPT analysis, based on a single plain radiograph, demonstrated moderate
agreement with CT images, comparable to the results obtained by orthopedic surgeons who used two plain
radiographic views. Notably, surgeons can use ChatGPT without the extensive effort of collecting and
annotating large datasets for Al training.

Causative factors for the limited accuracy of ChatGPT-based image
analysis

Several factors could explain the moderate accuracy of ChatGPT’s graphical analysis. First, Al performance
in image interpretation may still need further development. Only a year has passed since the introduction of
multimodal ChatGPT-4V, which can interpret radiological images and limited clinical data to arrive at more
accurate diagnoses - an improvement from the previous version (3.5) that originated from large language
models [17]. In one study, ChatGPT-4.0 performed significantly worse on questions requiring image
interpretation compared to text-only questions (p < 0.001) [13]. These limitations may be attributed to
ChatGPT’s linguistic foundation, which was not initially designed for image-based tasks [10]. Although the
latest version is more creative and can handle complex instructions [18], further refinements are necessary
for optimal performance in radiology. Second, the paucity of radiographic images related to the AO/OTA
classification could contribute to lower accuracy [13]. The revised AO/OTA classification was published in
2018 [14], and due to ChatGPT’s training data cutoff, it may not include a sufficient volume of radiographs
from the last three years. Consequently, the limited short-term availability of relevant images likely restricts
its current classification accuracy. Third, the absence of adequate lateral wall evaluations in plain
radiographs - a crucial factor for classification - further limits the reliability of both Al models and human
surgeons [6,7]. These inherent challenges underscore the difficulty of improving both interobserver
consistency and Al performance in clinical applications.

Contribution of ChatGPT to fracture classification

As far as we know, ChatGPT for direct fracture classification is not yet ready for routine clinical use and has
not been widely reported in the English literature, although marginally satisfactory outcomes were noted for
distal radius fracture detection using plain radiographs [19]. Another comparative study for fracture
classification relied on radiographic reports rather than the radiographs themselves, introducing variability
based on subjective descriptions by radiologists [20]. Given the relatively small number of studies on
ChatGPT-based image analysis, more research is needed before definitive conclusions can be drawn.

Strengths

A notable advantage of using ChatGPT is its simplicity and low burden for clinicians; it does not require a
large, curated dataset for Al training because it employs a self-learning model. Before ChatGPT, surgeons
had to collect thousands of radiographs, trim them appropriately, adjust image quality, and exclude
suboptimal data time-consuming tasks that may hinder broader AI adoption [21,22]. The generative pre-
trained approach in ChatGPT circumvents much of this workload. Another strength of our investigation is
that the present study provided patient demographic data (gender and age) to ChatGPT-4o for image
interpretation [17]. Studies indicate that these factors can influence fracture stability [20,23,24]. Including
additional demographic information could enhance the precision of Al-based classification. Third, if this

2025 Noda et al. Cureus 17(1): €78068. DOI 10.7759/cureus.78068

8 of 11


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

study helps healthcare providers recognize the limitations of ChatGPT in image analysis, it could lead to
substantial benefits in routine clinical practice.

Limitations of current ChatGPT study

Despite its sophisticated capabilities, ChatGPT-4 does have notable limitations. First, potential biases may
exist because much of the model’s data comes from high-income countries and textbooks that do not
represent diverse global populations; ethical restrictions also limit healthcare-related data on the internet
[11,25]. Second, ChatGPT can yield different outputs even when given identical prompts. While the current
study used the first answer provided, more extensive prompt engineering and iterative refining could
improve reliability [25]. Third, the training data for ChatGPT-4 remains undisclosed, making it impossible to
ascertain the size or source of the original dataset [19,25]. Fourth, this study focuses solely on a binary
classification (stable vs. unstable). Although the AO/OTA system includes five classes, clinical settings often
find stable versus unstable sufficient.

Future direction

The study anticipates that ChatGPT will foster numerous innovative contributions in orthopedics by
expanding beyond existing knowledge frameworks. For instance, future fracture classifications could
integrate factors such as comminution, displacement, and osteoporosis, moving away from reliance solely
on fragment counts. Al could thus facilitate the development of more nuanced and comprehensive
classification systems.

Many surgeons believe ChatGPT-40’s capabilities will continue to improve. Hirosawa et al. proposed
analyzing diverse medical images, from physical examination findings to various diagnostic modalities [12].
According to their study, GPT-3 achieved 46% accuracy with zero prompting and marginally improved to
50% with more specific training and extensive prompt tuning [11]. These findings align with the current
observation of ChatGPT’s evolving performance.

This study strongly believes surgeons should not see Al or ChatGPT as competitors in terms of image
interpretation or memorized knowledge, especially as technological singularity approaches in this field.
Instead, medical professionals should leverage their problem-solving skills, clinical reasoning, and patient
interaction competencies that Al models cannot replace [26].

Conclusions

This study demonstrates that ChatGPT, an advanced Al system, can classify pertrochanteric fractures into Al
(stable) and A2 (unstable) under the Revised AO/OTA Classification System using only an anteroposterior
plain radiograph. Its moderate agreement with CT-based assessments (k = 0.420) is comparable to the
performance of orthopedic surgeons who rely on two radiographic views. Moreover, ChatGPT is
straightforward to integrate into clinical workflows, requiring minimal data collection for training.
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