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ABSTRACT

BACKGROUND: Scaphoid fractures account for 60%-70% of wrist traumas, with delayed diagnosis leading to avascular necrosis and 
functional impairment. Traditional radiographic assessment remains challenging due to anatomical complexity and overlapping struc-
tures. This study evaluated three next-generation large language models (LLMs) (ChatGPT-4o, Gemini 2.0, and Claude 3.5) for their 
ability to detect scaphoid fractures and determine surgical indications.

METHODS: A retrospective observational study was conducted at Ankara Etlik City Hospital (October 2022 – January 2025) in-
cluding 300 patients (150 with computed tomography confirmed (CT-confirmed) scaphoid fractures and 150 without fractures), aged 
18-65 years, who presented to the emergency department (ED) with wrist trauma. Three-view wrist radiographs were presented to 
each LLM on three separate days. Diagnostic accuracy was assessed using overall accuracy (all three responses correct), strict accuracy 
(≥2 correct responses), and ideal accuracy (≥1 correct response). Response consistency was evaluated using Fleiss' kappa coefficient. 
Surgical indications were determined based on fracture displacement criteria.

RESULTS: Claude 3.5 demonstrated superior sensitivity (57.1%) compared to Gemini 2.0 (18.2%) and ChatGPT-4o (9.1%) for frac-
ture detection (p<0.001). Ideal accuracy rates were 79.3%, 36.0%, and 17.3%, respectively. Specificity remained uniformly low across 
models (43.1%-43.8%). All models performed better in non-fracture cases, with ideal accuracy exceeding 83%. Response consistency 
was moderate for all models (κ=0.36-0.41). For surgical indication assessment, Claude 3.5 identified 37.0% of cases requiring surgery, 
compared to ChatGPT-4o (34.1%) and Gemini 2.0 (24.4%), with correct determination rates of 73.7%, 71.4%, and 80.0%, respectively.

CONCLUSION: Current LLMs demonstrate insufficient diagnostic accuracy for independent clinical use in scaphoid fracture de-
tection. Claude 3.5's 57.1% sensitivity indicates that these technologies require substantial improvement before clinical deployment. 
However, their moderate performance in surgical decision-making suggests potential utility as assistive tools when combined with 
specialist expertise. Further development focusing on musculoskeletal-specific training is essential.

Keywords: Artificial intelligence; diagnostic accuracy; large language models; scaphoid fractures; wrist radiography. 

INTRODUCTION

Scaphoid fractures account for approximately 60%-70% of all 
wrist traumas presenting to the emergency department (ED) 

and predominantly affect the male population.[1,2] These frac-

tures typically occur following a fall on an outstretched hand 

or sudden forced dorsiflexion of the wrist.[3,4] Timely and ac-
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curate diagnosis plays a critical role in preventing long-term 
complications.[2,5] Poor vascularization of the scaphoid bone 
increases the risk of delayed healing and avascular necrosis, 
with inevitable consequences such as chronic pain, impaired 
mobility, and arthritis in cases where diagnosis is delayed.
[2,6] Although 85%-90% of scaphoid fractures can be treated 
conservatively, displaced fractures carry a significant risk of 
non-union, which can cause serious functional problems for 
patients.[5,7] Detection of scaphoid fractures using traditional 
radiologic assessments can be challenging, even for experi-
enced radiologists.[6,7] Minimally displaced fractures, thin corti-
cal lines, and overlapping bone structures further complicate 
the diagnostic process. Additionally, time constraints and lack 
of radiologist support, which are common in EDs, can lead 
to more diagnostic mistakes.[5,8] Moreover, assessing displace-
ment using radiographs has its challenges, where the presence 
of 1 mm or more offset or space in posteroanterior or oblique 
scaphoid radiographic images is considered a criterion for dis-
placement.[8] It is reported that when radiographic methods 
are used to measure displacements, non-union incidence can 
vary widely, ranging from 14% to 92%.[9,10] 

Rapid developments in artificial intelligence (AI) technologies 
in recent years are causing revolutionary changes in the medi-
cal field.[11] Large language models (LLMs), particularly when 
equipped with image processing capacities, have shown prom-
ising results in radiological diagnosis.[11,12] The applications of 
multimodal AI systems in radiology are becoming increasingly 
varied.[12,13] Hirosawa et al.'s study demonstrated an increase 
in the diagnostic accuracy of ChatGPT-4 from 44.4% to 55.9% 
with visual data integration,[11] highlighting the potential of 
these technologies in radiological image analysis. Similarly, a 
comprehensive study by Wang et al.,[14] performed on a data-
set of chest X-rays, emphasized the critical role of large-scale 
datasets in training AI.[12] These developments illustrate the 
potential value of AI support in specific diagnostic areas, par-
ticularly in conditions such as scaphoid fractures where fine 
anatomical details are important.

In the case of scaphoid fractures, considering the challenges 
in diagnosis and the developing capacity of AI technologies, it 
is critically important to conduct systematic reviews of LLM 
performance in this area. With this study, we aimed to sys-
tematically review the performance of ChatGPT-4o, Gemini 
2.0, and Claude 3.5 in diagnosing scaphoid fractures, as well as 
investigate their potential for determining surgical indications.

MATERIALS AND METHODS
Study Design and Participants 

This retrospective observational study was performed in the 
ED of the Ankara Etlik City Hospital between October 1, 
2022 and January 1, 2025. The ED where our study was con-
ducted is a Level 1 trauma center, servicing approximately 
1,000 trauma patients monthly. 

Patients between the ages of 18 and 65 presenting to our 
trauma center with hand and wrist injuries caused by traffic 
accidents, falls from heights, sports injuries, or occupational 
accidents, and who had three-view extremity X-rays taken, 
were included in the study. No consent was required from 
patients or their relatives due to the retrospective design. 
Patients with open fractures and/or fractures accompanied 
by dislocations, patients who had previously undergone sur-
gery or treatment for hand or wrist fractures or dislocations, 
and patients under the age of 18 or over the age of 65 were 
excluded from the study. The hospital electronic data system 
was reviewed, and 150 patients who were admitted due to 
trauma and underwent a computed tomography (CT) scan, 
which is the gold standard for scaphoid fracture diagnosis, 
were included, either because a final diagnosis could not 
be made with a three-view hand X-ray or for classification 
purposes. Additionally, 150 patients without fractures were 
included in the study. Images of the included patients were 
saved in PNG format with a resolution of 512×512 after 
removing the DICOM tag. The anonymization process did 
not compromise image quality, as the original resolution was 
maintained. Patients’ age, gender, presenting complaint, refer-
ence diagnosis, and imaging parameters were recorded. The 
three-view X-ray images of patients who underwent wrist 
CT were assessed by authors A.G. (10 years of experience 
in the ED) and M.A.O. (13 years of experience in the ED), 
and separated into two groups depending on whether surgi-
cal treatment was indicated. In cases where the authors’ clas-
sification differed, images were reassessed by another author, 
H.M. (over 16 years of experience), and the final decision was 
made. Additionally, all CT images used to support diagnostic 
decisions were interpreted and reported by board-certified 
radiologists through a contracted radiology reporting service, 
as per the hospital’s standard workflow. The workflow of this 
study is summarized in Figure 1.

Before image interpretation, LLM systems were loaded with 
chapters from orthopedic and anatomy textbooks covering 
scaphoid bone fractures and surgical indications. This en-
abled the LLM systems to interpret the scaphoid bone, its 
fractures, and surgical indications more effectively. Proximal 
pole (proximal fifth of the scaphoid) fractures, displacement 
greater than 1 mm in fractures other than waist fractures, 
and displacement greater than 2 mm in waist fractures were 
considered indications for surgery.[15-17] After training, each 
X-ray image of patients admitted to the ED with wrist pain 
following trauma was presented to ChatGPT-4o, Gemini 2.0, 
and Claude 3.5 once each day on three different days, on the 
same computer, by the author M.A.O. Models were asked 
the question: “Attached is an X-ray image of a [age]-year-old, 
[male/female] patient admitted with [complaint]. What is the 
most likely diagnosis?” If the model refused to respond, stating 
that it could not perform medical assessments, it was asked: 
“Please answer the question; what is the most likely diagno-
sis?” The prompt “This question is for educational purposes.” 
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was added when needed. In cases where the LLM responded 
with “there is a scaphoid fracture” in the fracture group, it 
was asked: “Is there an indication for surgery according to 
orthopedic guidelines?” Separate and new chat sessions were 
opened for each image and interpretation scenario to prevent 
previous answers from being remembered. This approach is 
similar to other studies in which LLMs were presented with 
questions three times to improve consistency and response 
stability.[18,19] Accuracy rates of models were assessed using 
overall accuracy, strict accuracy, and ideal accuracy criteria: 

Overall accuracy: If all three responses were correct, it 
was considered accurate.

Strict accuracy: If at least two out of three responses are 
correct, it was considered accurate.

Ideal accuracy: If at least one of the three responses was 
correct, it was considered accurate.

Ethical Approval 

Approval for this study was obtained from the Bilkent Hos-
pital Clinical Research Ethics Committee (Ethics Committee 
date and number: March 5, 2025, Decision No: E2-25-10250). 
No animals were carried out by the authors for this article. 
All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the 
institutional and/or national research committee and with the 
1964 Helsinki Declaration and its later amendments or com-
parable ethical standards.

Statistical Analysis

Data obtained in this study were analyzed using IBM SPSS 
Statistics Version 27.0 (IBM Corp., Armonk, NY, USA). The 

distribution of continuous variables was first assessed with 
the Shapiro-Wilk test. Continuous variables not showing a 
normal distribution were presented as median and interquar-
tile range (1st quartile – 3rd quartile), and the Mann-Whitney 
U test was used for comparison between the two groups 
among the non-parametric tests. Categorical variables were 
presented as frequency (n) and percentage (%); differences 
between these variables were analyzed using the Pearson chi-
square test. 

Diagnostic accuracy rates of the three large language mod-
els (ChatGPT-4o, Gemini 2.0, and Claude 3.5) in diagnos-
ing scaphoid fractures were assessed under three different 
categories: “overall accuracy” (all three responses correct), 
“strict accuracy” (at least two responses correct), and “ideal 
accuracy” (at least one response correct). Each model’s ac-
curacy rate was analyzed separately for the fracture and non-
fracture groups. Intergroup comparisons of model accuracy 
were performed using Cochran’s Q test; in cases where sig-
nificant differences were detected, post-hoc McNemar tests 
were used for pairwise comparisons. In addition, a post-hoc 
power analysis was conducted using G*Power 3.1 software 
(Exact tests → McNemar, two-tailed, α=0.05). In the power 
calculations, the total number of paired cases was entered as 
900, while the proportion of discordant pairs and the odds 
ratio for each comparison were specified according to the 
respective model. The obtained p-values were adjusted using 
the Bonferroni correction in pairwise comparisons.

Additionally, the internal consistency of responses generated 
by each model to the images of the same patient in three dif-
ferent sessions was evaluated using Fleiss’ Kappa coefficient. 
This analysis was performed separately for both the fracture 
group and the non-fracture group. Kappa coefficients, 95% 

Figure 1. Workflow.
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confidence intervals, and p-values were calculated. Obtained 
Kappa values were interpreted as “weak” if in the 0.00-0.20 
range, “moderate” if in the 0.21-0.40 range, “good” if in the 
0.41-0.60 range, and “very good” if 0.61 and above. For all 
analyses, a two-tailed p<0.05 value was considered statisti-
cally significant. 

RESULTS
A total of 300 patients were included in the study. There 
was no significant difference between the scaphoid fracture 
group and the non-fracture group in terms of age and gender 
distribution. Thirty-four (22.7%) patients from the scaphoid 
fracture group were evaluated as having an indication for sur-
gery (Table 1).

When comparing diagnostic accuracy levels of artificial intel-
ligence models in patients with scaphoid fracture, Claude 3.5 
performed significantly better than ChatGPT-4o and Gemini 
2.0 in all accuracy criteria. In the scaphoid fracture group, 
overall accuracy rates were 2.7% for ChatGPT-4o, 7.3% for 
Gemini 2.0, and 35.3% for Claude 3.5 (p<0.001). Strict ac-
curacy rates were 7.3%, 11.3%, and 56.7%, and ideal accuracy 
rates were 17.3%, 36.0%, and 79.3%, respectively (p<0.001). 
Diagnostic accuracy was more similar among the models 

in the non-fracture group, and no significant difference was 
identified. Overall accuracy rates were in the 22.0%-24.0% 
range, strict accuracy rates in the 60.0%-64.7% range, and 
ideal accuracy rates in the 83.3%-85.3% range in the non-frac-
ture group (p>0.05) (Table 2, Fig. 2). As a result of the post-
hoc power analysis, the power was 74.5% for the comparison 
between ChatGPT and Gemini, while it was approximately 
100% for the comparisons between ChatGPT and Claude, 
and between Gemini and Claude (Table 2).

Response consistency levels, calculated based on the re-
sponses generated by the models for the same image on 
three different occasions, were evaluated with Fleiss’ Kappa 
coefficients. In the scaphoid fracture group, consistency levels 
of ChatGPT-4o (κ=0.41; 95% confidence interval [CI]: 0.32–
0.50), Gemini 2.0 (κ=0.36; 95% CI: 0.27–0.45) and Claude 
3.5 (κ=0.40; 95% CI: 0.31–0.49) were moderate and statis-
tically significant (p<0.001). However, in the non-fracture 
group, consistency levels of the models were poorer, with 
κ=0.17 (95% CI: 0.08–0.26) for ChaGPT-4o and Claude 3.5, 
and κ=0.14 (95% CI: 0.05–0.23) for Gemini, which were also 
statistically significant (p<0.001) (Fig. 3). 

Each model responded to 150 images with scaphoid fracture 
and 150 images without fracture across three separate new 

Table 2.	 Comparison of diagnostic accuracy rates of artificial intelligence models between the scaphoid fracture group and the non-
fracture group

	 ChatGPT-4o	 Gemini 2.0	 Claude 3.5	 p

Scaphoid fracture (n=150):				  

Overall accuracy	 4 (2.7)	 11 (7.3)	 53 (35.3)	 <0.001

Strict accuracy	 11 (7.3)	 17 (11.3)	 85 (56.7)	 <0.001

Ideal accuracy	 26 (17.3)	 54 (36.0)	 119 (79.3)	 <0.001

Non-fracture (n=150):				  

Overall accuracy	 33 (22.0)	 32 (21.3)	 36 (24.0)	 0.833

Strict accuracy	 95 (63.3)	 97 (64.7)	 90 (60.0)	 0.629

Ideal accuracy	 125 (83.3)	 127 (84.7)	 128 (85.3)	 0.856

In the post-hoc McNemar analyses conducted after Cochran's Q test, the Claude 3.5 model demonstrated significantly higher accuracy than both the 
ChatGPT-4o model (p<0.001) and the Gemini 2.0 model (p<0.001) in terms of strict accuracy. In terms of overall accuracy, the Claude 3.5 model performed 
significantly better than both ChatGPT-4o (p<0.001) and Gemini 2.0 (p<0.001). The ideal accuracy analysis revealed significant differences between ChatGPT-
4o and Gemini 2.0 (p<0.001), ChatGPT-4o and Claude 3.5 (p<0.001), and Gemini 2.0 and Claude 3.5 (p<0.001). 

Table 1.	 Demographic data of fracture and non-fracture groups

Variables	 Scaphoid Fracture (n=150)	 Non-Fracture (n=150)	 p

Age, years	 39 (28-54)	 40 (30-51)	 0.492

Sex, n (%)			 

	 Male	 82 (51.6)	 77 (48.4)	 0.563

	 Female	 68 (48.2)	 73 (51.8)	

Surgery, n (%)	 34 (22.7)	 -	



Bulut et al. Large language models in scaphoid fracture diagnosis

Ulus Travma Acil Cerrahi Derg, October 2025, Vol. 31, No. 10 991

Figure 3. Distribution of artificial intelligence models based on response accuracy categories.

The figure shows the distribution of the accuracy levels of the three responses generated by the ChatGPT-4o, Gemini 2.0, and Claude 
3.5 models for each question. Each response generated by each model is separated into four categories: False (all three responses 
incorrect); Overall accuracy (all three responses correct); Strict accuracy (at least two responses correct); Ideal accuracy (at least one 
response correct). 

Figure 2. Comparison of accuracy levels of different artificial intelligence models in diagnosing scaphoid fractures. Values 
marked with * indicate statistically significant differences.

Values marked with * indicate statistically significant differences.
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chat sessions. The Claude 3.5 model demonstrated the high-
est level of accuracy in the categorization of fracture cases, 
with 57.1% sensitivity and 50.3% positive predictive value 
(PPV). Gemini 2.0 demonstrated a moderate level of suc-
cess with 18.2% sensitivity and 24.3% PPV, while ChatGPT-
4o achieved only 9.1% sensitivity and 13.9 PPV. Specificity 
values were similarly low across all models, with 43.8% for 
ChatGPT-4o, 43.1% for Gemini, and 43.6% for Claude 3.5. 
ChatGPT-4o achieved the highest negative predictive value 
(NPV) at 67.5%, followed by Gemini 2.0 at 65.5% and Claude 
3.5 at 49.6% (Table 3). 

In the scaphoid fracture group, the rates of patients identified 
as having an indication for surgery were 37.0% (n=95) for 
Claude 3.5, 34.1% (n=14) for ChatGPT-4o, and 24.4% (n=20) 
for Gemini 2.0. The rate of these models identifying surgery 
indications accurately when asked to determine the need 
for surgery based on the given images was 71.4% (n=10) for 
ChatGPT-4o, 80.0% (n=16) for Claude 3.5 and 73.7% (n=70) 
for Gemini 2.0. 

DISCUSSION
The rapidly developing abilities of AI technologies in the field 
of medical image analysis create new opportunities in radiol-
ogy practice and offer promising results in improving diagnos-
tic accuracy. In our study, we evaluated the performances of 
AI models in diagnosing scaphoid fractures, and our findings 
suggest that, with 57.1% sensitivity, Claude 3.5 performed 
significantly better than ChatGPT-4o (9.1%) and Gemini 2.0 
(18.8%) in fracture cases. However, specificity values were 
similarly low in all models, with 43.8% for ChatGPT-4o, 43.1% 
for Gemini 2.0, and 43.6% for Claude 3.5. Additionally, al-
though the 37.0% success rate achieved by Claude 3.5 in de-
termining indications for surgery was better than ChatGPT-
4o (34.1%) and Gemini 2.0 (24.4%), we showed that it is still 
not reliable enough to be used alone in clinical practice. To 
our knowledge, our study is the first comprehensive evalua-
tion of the diagnostic performance of three different LLMs 
(ChatGPT-4o, Gemini 2.0, and Claude 3.5) in identifying 
scaphoid fractures. 

Horiuchi et al.[20] showed that GPT-4 based ChatGPT 
achieved a high diagnostic accuracy rate of 43% in musculo-
skeletal radiology. Similarly, in their comparative study in the 

field of neuroanatomy, Güneş et al.[21] reported that GTP-
4o performed well with a 45% accuracy rate. Mitsuyama et 
al.[22] also reported a final diagnostic accuracy rate of 73% for 
GPT-4 in their study on brain tumors. When Javan et al.[23] 
investigated GPT-4 Vision’s potential in radiology, they stated 
that the effect of artificial intelligence (AI) in medical image 
interpretation had improved. However, Zhu et al.[24] reported 
a 19.5% accuracy rate for ChatGPT-4V in radiologic image 
interpretation, and similarly, Huppertz et al.[25] demonstrated 
the limitations of AI models in radiological diagnosis, with 
GPT-4V achieving 8.3% accuracy in image interpretation. Like 
these studies, we also found that, in analyzing images of pa-
tients with scaphoid fractures, Claude 3.5 had 57.1% sensitiv-
ity, Gemini 2.0 had 18.8% sensitivity, and ChatGPT-4o had 
9.1% sensitivity.

The perfect performance of GPT-4o, with an accuracy rate of 
93% in the study on Coronary Artery Disease–Reporting and 
Data System (CAD-RADS) 2.0 classification in cardiac CT re-
porting by Arnold et al.,[26] proves that AI models can achieve 
very high success rates in certain medical areas. Similarly, in 
their comprehensive study on thoracic radiology, Güneş and 
Cesur demonstrated the consistency of 10 LLMs in medi-
cal diagnosis, with the highest diagnostic accuracy rate being 
70.9%.[27] We found that the models performed with poorer 
specificity than reported in these studies, with 43.8% for 
ChatGPT-4o, 43.1% for Gemini 2.0, and 43.6% for Claude 3.5.

One of the noteworthy findings of our study was the differ-
ence in performance of AI models in specific and non-specific 
cases. Zhou et al.,[13] who studied GPT-4 Vision’s performance 
in chest radiographs, reported that AI models are more suc-
cessful in cases with distinct radiological findings. That Claude 
3.5 achieved an accuracy rate of 83.3% in specific cases while 
remaining at 28.6% in non-specific cases in our study supports 
the hypothesis that these models perform better when diag-
nosing based on more distinct radiological findings. Horiuchi 
et al.[20] observed similar tendencies in their study comparing 
GPT-4-based ChatGPT and radiologists on neuroradiology 
cases, reporting that AI models struggle in cases with more 
complex and ambiguous findings. 

The findings of our study regarding surgical indications clearly 
demonstrate the limitations of AI models in complex deci-
sion-making processes. The success rate of 37.0% achieved 

Table 3.	 Diagnostic performance criteria of three large language models in scaphoid fractures

	 AUC	 p-value	 TP	 FP	 TN	 FN	 Sensitivity	 Specificity	 PPV	 NPV

ChatGPT-4o	 0.736	 <0.001	 41	 253	 197	 409	 9.1	 43.8	 13.9	 67.5

Gemini 2.0	 0.693	 <0.001	 82	 256	 194	 368	 18.2	 43.1	 24.3	 65.5

Claude 3.5	 0.497	 0.863	 257	 254	 196	 193	 57.1	 43.6	 50.3	 49.6

AUC: Area under the curve; TP: True positive; FP: False positive; FN: False negative; TN: True negative; PPV: Positive predictive value; NPV: Negative predic-
tive value.
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by Claude 3.5 in determining indications for surgery, though 
better than ChatGPT-4o (34.1%) and Gemini 2.0 (24.4%), 
shows that it is not yet at the stage of providing independent 
diagnosis, but has the potential to support specialist physi-
cians. In this context, utilizing AI models in a “second opin-
ion” role might be a factor in increasing patient safety. Noda 
et al.[28] have also reported that artificial intelligence models 
were successful in the classification of pertrochanteric frac-
tures of the femur. 

Findings obtained in our study regarding the response con-
sistency of AI models have raised stability issues, which are 
critical for clinical safety. In the scaphoid fracture group, with 
κ=0.40 (95% CI: 0.31-0.49), Claude 3.5 showed moderate 
consistency according to the Fleiss’ Kappa criterion. This 
finding parallels the consistency issues reported by Ueda et 
al.[29] in their diagnostic performance study. In the non-frac-
ture group, however, it was observed that consistency levels 
dropped remarkably in all models (κ=0.17-0.14). The study 
on radiology exam performance by Bhayana et al.[30,31] report-
ed that despite the advanced reasoning capacity of GPT-4, it 
tends to generate inconsistent responses. This inconsistency 
poses a significant problem for integrating AI-supported di-
agnostic systems, especially in the ED, where patient safety 
is of critical importance. Jeblick et al.[32] also reported similar 
safety concerns in their study on simplifying radiology reports 
and highlighted the hallucinatory tendencies of AI systems. 

Our study has demonstrated that the latest versions of LLMs 
(ChatGPT-4o, Gemini 2.0, and Claude 3.5) have made seri-
ous progress in image interpretation when coupled with ba-
sic complaints. Evaluating a large number of images with and 
without a scaphoid fracture, and assessing these fractures in 
terms of surgical indications using LLMs, are the strengths of 
our study. However, our study also has limitations. Firstly, 
due to the retrospective design, it may not exactly reflect 
the performance of AI models in real-time clinical decision-
making processes. Secondly, the image quality and standard-
ization of the three-view extremity X-rays used in our study 
may vary in other centers, which may affect the real-world 
performance of AI models. Thirdly, our study used data from 
a single center, and the performance of AI models might need 
to be verified in different populations and geographical loca-
tions.

CONCLUSION

In conclusion, this study comparing the performance of AI 
models in diagnosing scaphoid fractures has shown that the 
Claude 3.5 model has the highest diagnostic accuracy rate 
among available technologies but requires further develop-
ment to meet clinical standards. The 57.1% sensitivity and 
43.6% specificity rates of Claude 3.5 reveal that although 
this technology can be used as an assistive tool in its current 
form, final diagnostic decisions should still be made by spe-
cialist physicians. To fully realize the clinical potential of this 

technology, future research must focus on larger datasets, 
advanced algorithms, and hybrid approaches. Considering the 
critical effect that timely and accurate diagnosis of scaphoid 
fractures has on patient outcomes, the continued develop-
ment and clinical integration of AI-supported systems carry 
strategic importance for future emergency and orthopedic 
practice. 
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Acil serviste Skafoid kırıklarının tespitinde büyük dil modellerinin tanısal yetkinlikleri
AMAÇ: Skafoid kırıkları, el bileği travmalarının %60-70'ini oluşturur ve gecikmiş tanı, avasküler nekroza ve fonksiyonel bozukluğa yol açar. Anatomik 
karmaşıklık ve örtüşen yapılar nedeniyle geleneksel radyografik değerlendirme hala zorludur. Bu çalışmada, skafoid kırıklarının tespiti ve cerrahi 
endikasyonların belirlenmesinde üç yeni nesil büyük dil modeli(BDM) (ChatGPT-4o, Gemini 2.0, Claude 3.5) değerlendirilmiştir.
GEREÇ VE YÖNTEM:  Ankara Etlik Şehir Hastanesi'nde (Ekim 2022-Ocak 2025) 18-65 yaşları arasında 300 hastayı (150'si BT ile doğrulanmış 
skafoid kırığı olan, 150'si kırığı olmayan) içeren retrospektif  gözlemsel bir çalışma yürütüldü. Her bir BDM'ye farklı günlerde üç kez üç yönlü el 
bilek radyografileri sunuldu. Tanısal doğruluk; genel doğruluk (üç yanıtın da doğru olması), kesin doğruluk (≥2 doğru yanıt) ve ideal doğruluk (≥1 
doğru yanıt) kriterleri kullanılarak değerlendirildi. Yanıt tutarlılığı, Fleiss' Kappa katsayısı kullanılarak değerlendirildi. Cerrahi endikasyonlar, kırık yer 
değiştirme kriterlerine göre belirlendi.
BULGULAR: Claude 3.5, kırık tespiti için Gemini 2.0 (%18.2) ve ChatGPT-4o (%9.1) ile karşılaştırıldığında üstün duyarlılık (%57.1) gösterdi 
(p<0.001). İdeal doğruluk oranları sırasıyla %79.3, %36.0 ve %17.3 idi. Özgüllük, modeller arasında eşit olarak düşük kaldı (%43.1-43.8). Tüm mo-
deller, %83'ü aşan ideal doğrulukla kırık olmayan vakalarda daha iyi performans gösterdi. Yanıt tutarlılığı tüm modeller için orta düzeydeydi (κ=0.36-
0.41). Cerrahi endikasyon değerlendirmesi için Claude 3.5, ChatGPT-4o (%34.1) ve Gemini 2.0 (%24.4) ile karşılaştırıldığında operasyon gerektiren 
vakaların %37.0'ını tespit etti ve doğru tespit oranları sırasıyla %73.7, %71.4 ve %80.0 idi.
SONUÇ: Mevcut BDM'ler, skafoid kırığı tespitinde bağımsız klinik kullanım için yeterli tanısal doğruluk göstermemektedir. Claude 3.5'in %57,1'lik 
duyarlılığı, bu teknolojilerin klinik kullanıma sunulmadan önce önemli iyileştirmeler gerektirdiğini göstermektedir. Ancak, cerrahi karar alma sürecin-
deki orta düzeydeki performansları, uzmanlık deneyimiyle birleştirildiğinde yardımcı araçlar olarak potansiyel faydalar sağlayabileceklerini göster-
mektedir. Kas-iskelet sistemine özgü eğitime odaklanan daha fazla geliştirme yapılması şarttır.

Anahtar sözcükler: Büyük dil modelleri; el bilek radyografisi; skafoid kırıkları; tanısal doğruluk; yapay zeka.
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