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Abstract

Introduction: ChatGPT has the ability to generate human-like text, analyze and understand medical images using natural Language
processing (NLP) algorithms. It can generate real-time diagnosis and recognize patterns and learn from previous cases to improve ac-
curacy by combining patient history, symptoms, and image characteristics. It has been used recently for learning about maxillofacial
diseases, writing and translating radiology reports, and identifying anatomical landmarks, among other things.

Materials and methods: In this study, 52 radiographic images were queried on the OpenAl application ChatGPT-4.0. The responses
were evaluated with and without using clues for specific radiographs to see if adding clues during prompting improved diagnostic ac-
curacy.

Results: The true prediagnosis rate without any clue was 30.7%. By adding one clue this rate significantly increased to 56.9%. There
was not a significant difference in accurate diagnosis of anatomical landmarks, cysts, and tumors (p>0.05). However, including internal
structure information improved the diagnostic accuracy (p<0.05)

Conclusion: GPT-4.0 showed a tendency to misdiagnose closely located anatomical structures and by adding additional clues its per-
formance showed improvement, while its ability to recognize diverse differential diagnoses remains limited.
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INTRODUCTION

ChatGPT (Chat Generative Pre-Trained Transformer) has
lately become the most popular artificial intelligence (AI)
chatbot developed by OpenAI (AIBY Inc., Miami, Flori-
da).[Yl This model’s core ability to generate human-like text
by leveraging its understanding of contextual clues in a con-

versation. Since its introduction, the model has had updates
with additional features and enhancements. ChatGPT-4.0,
the latest version, has features such as voice interaction and
image-based conversations. The image-based conversa-
tion feature can create image descriptions from hyperlinks
when provided with specific prompts, which could be use-
ful in the field of radiology.!>?!
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ChatGPT has the ability to analyze and understand
medical images using Natural Language Processing (NLP)
algorithms, which is a major advantage in radiology.'3 In
radiology, this process involves recognizing key anatomical
landmarks, identifying potential pathologies, and suggest-
ing possible diagnoses.[*7! ChatGPT achieves this by asso-
ciating visual patterns in the image with textual descrip-
tions, allowing it to generate preliminary assessments.[®7]
As it is exposed to more diverse cases and datasets, its ac-
curacy in differentiating anatomical structures from abnor-
malities improves, making it a useful tool for supporting
radiological evaluations.! However, its performance in
radiology depends on high-quality, diverse data for accu-
rate diagnosis.”?) Data privacy, limited access, and diverse
protocols are some of the challenges while biased or limited
data can have an impact on accuracy.!1-12]

Given the rapid adoption of Al in healthcare, explor-
ing ChatGPT’s diagnostic potential in dentomaxillofacial
radiology is essential.’) Understanding how well it may
identify anatomical landmarks and pathologies not only
helps evaluate its current capabilities but also informs
future improvements needed. Previous studies demon-
strated various benefits of using ChatGPT in the field of
radiology including image reporting, text-based radiology
exams, image interpretation, diagnostic performance.3-!
These possibilities are also increasing as the AI applica-
tions develop. Investigating these possibilities in radiolo-
gy can provide important insights and establish its role in
this field.

AIM

The aim of this study was to evaluate the performance of
ChatGPT-4.0, specifically utilizing its image-based con-
versation feature. The study focuses on assessing the tool’s
ability to accurately identify anatomical landmarks, cysts,
and tumors by highlighting these structures with arrows
and providing relevant diagnostic clues.

MATERIALS AND METHODS

In this study, a total of 52 radiographic images (panoram-
ic radiographies, periapical radiographies, cone-beam
computed tomography sections) were obtained from the
archive of the Department of Oral and Maxillofacial Ra-
diology at the Health and Technology University in Kocaeli
and analyzed using the OpenAI ChatGPT-4.0 application.
Images depicting anatomical structures were selected ran-
domly, while those used for cyst/tumor detection were cho-
sen from cases with confirmed histopathological diagnoses.
All images were collected from the archive between May
and July 2024. The inclusion criteria required suboptimal
image quality. The radiographs were classified based on 3
categories; anatomical landmarks (n=18), odontogenic and
non-odontogenic cysts (n=11), and tumors (n=23).

Protocol for prompting and clue
selection

The process for choosing clues was systematic, aimed at
emulating clinical context by providing ChatGPT with per-
tinent anatomical and structural information to improve its
interpretative capability. The clues were selected based on
key diagnostic criteria commonly used by radiologists and
were categorized into four types:

1. Location: Each radiograph included a clue about the
anatomical location (e.g., “mandible;” “maxilla,” “anterior,”
or “posterior”) to contextualize the image and aid ChatGPT
in narrowing down diagnostic possibilities based on spatial
orientation.

2. Internal structure: Clues about the internal charac-
teristics of the lesion or structure were provided, describing
radiopacity or radiolucency, the presence of an impacted
tooth, ground glass appearance, or textural qualities (het-
erogeneous or homogeneous) within the region of inter-
est. These descriptions were intended to guide ChatGPT’s
interpretation toward specific pathologies by highlighting
relevant radiographic features.

3. Peripheral structure: Information on the borders of
the lesion, such as “well-defined sclerotic,” “well-defined
corticated,” or “ill-defined,” was added to indicate lesion
boundary characteristics. This clue type helped distinguish
between benign and malignant pathologies, as border defi-
nitions can be critical in radiological assessment.

4. Adjacent structures: Clues on proximity to critical
anatomical landmarks (e.g., “close to mandibular canal,
“adjacent to maxillary sinus floor”) were included to pro-
vide context on nearby structures. This aimed to enhance
ChatGPT’s understanding of the lesion’s spatial relation-
ships, which are essential for accurate localization and di-
agnosis.

Each image underwent a standardized prompting se-
quence: initially presented without clues, followed by a
second presentation incorporating the designated clues as
outlined above.

After gatheringall the answers provided by ChatGPT-4.0,
one oral and maxillofacial radiologist and one anatomy
specialist evaluated the answers as true or false. During the
data collection process, responses were evaluated both with
and without the inclusion of clues for certain specific radio-
graphs to determine if adding clues during prompting re-
sulted in improved diagnostic accuracy. The clues given to
ChatGPT included location, internal structure (radiopaci-
ty/radiolucency, impacted tooth, ground glass appearance,
heterogenous or homogenous), peripheral structure, and
adjacent structures. Each anatomical structure or patholog-
ical condition image was presented twice to the ChatGPT:
once without any clue and once with a clue.

Scoring and evaluation

After collecting ChatGPT’s responses for each prompted
image, an oral and maxillofacial radiologist and an anato-
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my specialist independently evaluated the answers, deter-
mining their correctness based on the expected diagnosis.
Responses were scored on a scale from 0 to 2 (Fig. 1). If
ChatGPT provided multiple pre-diagnoses, 2 points were
awarded if the correct diagnosis appeared as the first op-
tion, supporting the analysis of ChatGPT’s primary inter-
pretation accuracy. Scoring criteria can be found in Fig. 1.

Data were analyzed using IBM Statistical Package for the
Social Sciences (SPSS) Statistics 22 (SPSS Inc., Chicago, IL,
USA). Descriptive statistical methods for average prompt
scoring were used to evaluate the data. The chi-square test
was used to compare qualitative data. Statistical signifi-
cance was set at p<0.05.

Prompt Scoring Rubric (without clue)

The prediagnosis of the anatomical or pathological condition 0
was not in the pre-diagnosis list

The prediagnosis of the anatomical or pathological condition 1
was in the pre-diagnosis list

The anatomical or pathological structure prediction was trueor 2
in the first place in the list of pre-diagnosis

Figure 1. The prompt scoring rubric is depicted. Responses to
the prompts were evaluated on a scale from 0 to 2. If multiple
pre-diagnoses were suggested, 2 points were given if the correct
diagnosis appeared first on the list.

RESULTS

The accuracy of the prediagnosis was measured, and the re-
sults were analyzed statistically. The true prediagnosis rate
without any clue was 30.7%. When at least one clue was
included, the incidence of true answers increased signifi-
cantly to 56.9%. Average prompt score was found 9.3 for
anatomical structures, 4.1 for odontogenic and non-odon-
togenic cysts, and 7.6 for odontogenic and non-odonto-
genic tumor pre-diagnosis. There was no statistically sig-
nificant difference found between anatomical structure
prediction, odontogenic and non-odontogenic cyst, and
tumor pre-diagnosis (p>0.05).

A statistical analysis was performed to determine the
significance of the different types of clues. There was no sta-
tistically significant correlation found with the inclusion of
a location, peripheral structure, radiopacity/radiolucency,
and adjacent structures clues to the prompt (p>0.05). How-
ever, mentioning the internal structure of the anatomical
or pathological condition was found to be significant for
achieving a true prediagnosis, indicating that this type of
information is particularly effective in enhancing diagnos-
tic accuracy (p<0.05).

The analysis of false predictions made by ChatGPT re-
vealed that errors often involved confusing adjacent ana-
tomical structures. Specifically, nutrient canals of mandib-
ular molars were frequently misdiagnosed as mandibular
molar roots, the anterior nasal spine was misdiagnosed as

ChatGPT-4.0 in Oral and Maxillofacial Radiology

the incisive canal, and the greater palatine foramen was
mistaken for the maxillary sinus. These misdiagnoses high-
light the ATDs challenge in distinguishing between closely
situated structures, suggesting a need for improved contex-
tual understanding and differentiation capabilities.

Additionally, the study found that querying about le-
sions associated with impacted teeth did not consistent-
ly lead to the accurate prediagnosis of a dentigerous cyst.
However, when the presence of an impacted tooth was ex-
plicitly mentioned in the prompt, ChatGPT correctly sug-
gested a dentigerous cyst but did not identify other poten-
tial pathologies such as adenomatoid odontogenic tumor,
odontogenic myxoma, or ameloblastoma. This indicates
that while the AT can recognize specific pathologies when
given explicit cues, it may overlook other relevant differen-
tial diagnoses in the context of impacted teeth. Ameloblas-
toma, tooth socket, external oblique ridge, median palatal
suture, genial tubercule, mandibular canal was detected by
ChatGPT without giving any location, peripheral, internal
or adjacent structure information. Table 1 provides a sum-
mary of the questions and the false pre-diagnoses.

DISCUSSION

In this study, we evaluated the capability of ChatGPT-4.0
to diagnose dental radiographs using its image-based con-
versation feature, focusing on anatomical landmarks and
lesions such as tumors and odontogenic and non-odonto-
genic cysts. Initially, without providing any clues, the pre-
diagnosis rate was 30.7%. Subsequently, when we offered at
least one clue, the rate increased to 56.9%. With additional
hints, the average prompt scores increased.

In previous studies, Silva et al. evaluated ChatGPT-3.5’s
ability to describe radiolucent lesions in panoramic radio-
graphs and establish differential diagnoses, finding that it
correctly identified the diagnosis as the first hypothesis in
25% of cases, within the first two hypotheses in 57.14% of
cases, and within the first three in 67.85% of cases, with
46% of responses including contraindications, indicating
a reliance on general patterns rather than detailed evalu-
ations.[®] Likewise, Yani et al. assessed ChatGPT’s poten-
tial for making diagnoses based on chief complaints and
cone beam computed tomography radiologic findings. It
achieved an overall accuracy score of 3.7 across 102 com-
plex oral and maxillofacial cases, and its performance in
generating pathological diagnoses for neoplastic/cystic dis-
eases was less satisfactory.['4]

Despite its improved performance with additional hints,
the analysis of ChatGPT’s diagnostic performance revealed
several common misdiagnoses, often involving the confu-
sion of closely situated anatomical structures.['>!9 For in-
stance, misidentification of nutrient canals of mandibular
molars as molars, the anterior nasal spine as the incisive
canal, and the greater palatine foramen as the maxillary si-
nus. So, this indicates a challenge in differentiating closely
situated structures, emphasizing the need for better con-
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Table 1. Structures or lesions queried without any location, internal structure, peripheral structure and adjacent structure information

to ChatGPT and the pre-diagnosis

Anatomical structure or lesion

Pre-diagnosis

Nutrient canals (Mandible posterior)
Nutrient canals (Mandible anterior)
Internal oblique ridge

Anterior nasal spine

Greater palatine foramen
Mandibular incisive foramen
Dentigerous cyst

Odontogenic keratocyst

Buccal bifurcation cyst

Radicular cyst (Maxilla anterior region)
Odontoma

Odontogenic myxoma
Hypersementosis

Osteoma

Cementoblastoma

Osteoid osteoma

Osteoblastoma

Arteriovenous malformation
Idiopathic osteosclerosis

Torus maxillaris

Calcifying epithelial odontogenic tumor

Mandibular molar roots

Mandibular fracture

Mandibular canal

Incisive canal

Maxillary sinus

Periapical lesion and a Stafne’s bone cavity
Periapical lesion

Traumatic bone cyst and ameloblastoma
Radicular cyst and dentigerous cyst
Nasopalatine canal cyst

Dentigerous cyst

Odontogenic keratocyst and osteoradionecrosis
Internal root resorption

Sialolithiasis and mandibular torus

Periapical cemento-osseous dysplasia
Cemento-osseous dysplasia and ameloblastic fibro-odontoma
Ameloblastic fibro-odontoma

Stafne bone cavity

Condensing osteitis

Internal root resorption and maxillary sinus floor
Dentigerous cyst amnd odontogenic keratocyst

textual understanding. Furthermore, while ChatGPT could
accurately identify a dentigerous cyst when an impacted
tooth was mentioned, it failed to consider other potential
pathologies like adenomatoid odontogenic tumor or am-
eloblastoma, indicating a limitation in recognizing diverse
differential diagnoses.

When comparing ChatGPT versions 3, 3.5, and 4.0
in predicting preliminary diagnoses based on radiolog-
ical images, notable differences in performance emerge.
ChatGPT-3, while capable of basic interpretation and clin-
ical decision-making tasks, often lacked the nuance needed
for accurate radiological predictions.'>!'”] ChatGPT-3.5
showed some improvement, but it tended to take a maxi-
malist approach, frequently recommending more imaging
modalities than necessary and failing to recognize cases
where imaging would not be beneficial.['71°]

In the present study, ChatGPT-4.0s diagnostic per-
formance was significantly influenced by the inclusion of
specific clues. The true pre-diagnosis rate increased from
30.7% without clues to 56.9% with at least one clue, em-
phasizing the importance of contextual information in im-
proving Al accuracy. Specifically, clues related to internal
structure were found to be statistically significant (p<0.05),
underscoring their critical role in enhancing diagnostic
precision. Albagieh et al. did not include diagnostic clues in
their study design and found lower overall accuracy among
large language models (LLMs), with a median accuracy
score of 50%.!!%) Notably, LLMs failed entirely to identify
complex cases, such as ectodermal dysplasia, which were
correctly diagnosed by 85% of senior residents (p=0.011).
This suggests that AT models, including ChatGPT, may

struggle with complex, less common pathologies unless
provided with additional context, reinforcing the current
study’s finding that diagnostic clues are essential for Al per-
formance.

The current study highlighted ChatGPT-4.0’s tendency
to misdiagnose adjacent anatomical structures, revealing
challenges in differentiating closely situated elements. For
example, nutrient canals were mistaken for mandibular
molar roots, while the anterior nasal spine was confused
with the incisive canal. This points to the model’s limita-
tions in spatial recognition, suggesting a need for more
advanced contextual understanding to improve Al accura-
cy in complex anatomical regions. Albagieh et al., on the
other hand, reported moderate agreement among LLMs
(kappa=0.622), which was higher than the weak agreement
observed among senior residents (kappa=0.396). This sug-
gests that while LLMs may offer more consistent responses
across cases, they still lack the nuanced understanding that
human clinicians can apply to diverse clinical scenarios.!!"’
Additionally, the kappa values between resident and LLM
responses were consistently low (around 0.4), indicating
discrepancies between Al-generated and clinician-gener-
ated diagnoses.

The present study found that ChatGPT-4.0’s diagnostic
accuracy varied across different case types, with an average
prompt score of 9.3 for anatomical structures, 4.1 for odon-
togenic cysts, and 7.6 for tumors. This suggests that while
the model performs relatively well in anatomical identifi-
cation, it has limitations in diagnosing pathologies, partic-
ularly when dealing with complex cases like odontogenic
cysts and tumors. Similarly, Albagieh et al. observed signif-
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icant performance divergence in specific cases, such as the
management of a large painful ulcer in a post-kidney trans-
plant patient, where LLMs uniformly favored topical cor-
ticosteroids, contrasting with 70% of residents who chose
intralesional injections (p=0.022). These findings further
indicate that AT models, including ChatGPT, may adhere
to general treatment patterns but often miss the clinical
nuance needed for accurate management decisions.!1>16:1%]
In addition, ChatGPT-4.0 demonstrated a significant im-
provement in the interpretations of radiological images.
Despite the improvements, as the latest version of OpenAl,
ChatGPT-4.0 is still incompetent in preliminary diagnosis
of dentomaxillofacial lesions and detection of anatomical
structures, as this study revealed.[2"!

Several limitations can be considered for this study.
First, this study used 52 radiographic images from a sin-
gle institution, limiting the generalizability of the results.
The dataset may not represent the full range of anatomical
and pathological conditions, especially rare cases. Image
selection based on suboptimal quality could introduce
bias, affecting AI performance with higher-quality or
more diverse images. Diagnostic accuracy depended on
including specific prompts, which may affect reproduc-
ibility in other clinical scenarios. Additionally, the study
was conducted under controlled conditions, lacking re-
al-world clinical validation where factors like patient
history and clinician judgment influence diagnostics. Fi-
nally, ChatGPT-4.0’s ability to generate a comprehensive
list of differential diagnoses, especially for complex cases,
was not fully assessed.

CONCLUSIONS

The findings of this study indicate that ChatGPT-4.0 in its
current iteration lacks sufficient efficiency in accurately
detecting oral and maxillofacial pathologies. Although in-
corporating specific clues into the prompt did enhance the
ChatGPT-4.0’s ability to generate a more comprehensive
and accurate preliminary diagnosis list, the results revealed
that its diagnostic capabilities remain limited.

Consequently, further development and refinement are
necessary to improve the ChatGPT-4.0’s diagnostic accu-
racy and usability before it can be considered a viable op-
tion for patient use. Future research should also explore
integrating more advanced algorithms and expanding the
dataset to encompass a broader range of pathologies, which
could ultimately contribute to the ChatGPT-4.0s evolution
into a more reliable diagnostic aid in the field of oral and
maxillofacial radiology.
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prediction of anatomical and pathological conditions from radiographic images. Folia Med (Plovdiv) 2024;66(6):863-868. doi: 10.3897/
folmed.66.e135584.

Pe3tome

BeepgeHune: ChatGPT MoxeT reHepMpoBaTb TEKCT, IOXOXMII Ha 4eJIOBeYeCKMIl, aHaIM3MPOBaTh M IOHMMATh MEIMIMHCKMeE
U300pa>KeHA C IIOMOLIBIO a/ITOPUTMOB 00pabOTKM ecTecTBeHHOTO sA3biKa (NLP). OH MOXeT reHepypoBaTh JMAarHOCTUKY B PeaIbHOM
BPeMEHM) M PACIO3HaBaTh 3aKOHOMEPHOCTY ¥ YYMTbCA Ha IPENbIAYIINX CTydasx A IOBBIIIEHUSA TOYHOCTU IyTEM OObeMHEeHNA
ucTopyy 60JIe3HN NaLVIeHTa, CUMIITOMOB U XapaKTePUCTHK M300paXkeHnil. B mocieHee BpeMs OH UCIIONIb30BaJICA HAMMY JULA M3y YeHVIA
YeJTIOCTHO-/INIIEBBIX 3a00/1eBaHNIT, HAIIMCAHNUA Y TIePEBOJIA OTYETOB IO PEHTT@HOMIOTN 1 OIIpe/ie/IeHNA aHATOMUYECKUX OPYEHTHPOB,
cpesyu IpoyYero.

Martepuanbl 1 MeToAbl: B sToM nccieoBaHny 52 pPeHTIeHOMIOTMYECKIX N300 paXkeHNA ObUIM 3anpolieHsl B mpyioxenny OpenAl
ChatGPT-4.0. OTBeTHI OLIEHMBAICH C VICIIOIb30BAHEM U 6e3 MCIIONIb30BAHI ITOfCKA30K /IS ONIPeeIEHHbIX PeHTTEHOIPAMM, YTOObI
YBUZIETD, YIy4IIaeT 1 JobaBjIeH e ITOACKa30K BO BpeMs IIOMCKA TOYHOCTD IMATHOCTUKIL.

PesynbraTbl: VIcTMHHBII IOKa3aTelb IPefBAPUTENILHON AMATHOCTUKM 6e3 Kakoil-mbo Imopckaskyu coctasun 30.7%. Ilpu
Ho6aB/IeHNN OIHOJ IOACKA3KI 3TOT ITOKAa3aTe/Ib 3HAYNTEIbHO yBeMMIMICS B0 56.9%. He 6bI10 3HAYNTENIBHOI Pa3HULBI B TOYHOCTHU
AMATHOCTMKY aHATOMUYIECKIX OPUEHTUPOB, KUCT 1 omryxoeit (p > 0.05). OgHako BKIoUeHNe MHPOPMALNI O BHY TPEHHElT CTPYKType
MTOBBICM/IO TOYHOCTD AmarHocTuku (p < 0.05)

BbiBog: GPT-4.0 mpopeMOHCTPMPOBAT TEH[EHLWIO K HENpPAaBIIBHON [VIaTHOCTUKE ONM3KO PACHOIOXKEHHBIX aHATOMIIECKVX
CTPYKTYP, @ IPY J0OaB/IeHVM JOIOTHUTENbHBIX OCKA30K €T0 IPOU3BOAMUTETBHOCTD YTy dIINIACh, B TO BpeMs KaK ero CIIoCOOHOCTD
pacrosHaBaTh pasmuaHble Ay depeHIanbHble TUaTHO3bI OCTAeTCA OTPAHITYEHHOIL.
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