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ABSTRACT

Objectives: The aim of this study was to evaluate the diagnostic performance of GPT-5.1, the latest version of
ChatGPT, in determining the presence or absence of apical lesions on panoramic radiographs based on visual
input and to analyze the obtained results on a jaw-specific basis.

Materials and Methods: A total of 207 anonymized panoramic radiographs were retrospectively analyzed. In
each radiograph, the region in which an apical lesion was present was recorded as “lesion-present,” whereas the
contralateral jaw region without an apical lesion on the same radiograph was considered “lesion-absent.” In this
context, each lesion-present and lesion-absent region was treated as an independent unit of analysis. All
evaluations were independently performed by GPT-5.1 using standardized and anatomically restricted prompts
that clearly defined the jaw (maxilla/mandible), side (right/left), and anatomical region. Model outputs were
classified as true positive, true negative, false positive, or false negative. Sensitivity, specificity, accuracy, and F1
score were calculated for overall performance and on a jaw-specific basis.

Results: Overall sensitivity, specificity, accuracy, and F1 score of GPT-5.1 were 67.15%, 60.87%, 64.01%, and
65.11%, respectively. Tooth-level sensitivity (the proportion of cases in which correctly detected the tooth with
an apical lesion) was 67.6%. Mandibular performance was higher than maxillary performance (accuracy: 67.52%
vs. 57.14%; tooth-level sensitivity: 69.89% vs. 63.04%).

Conclusions: GPT-5.1 demonstrated a moderate level of diagnostic performance in detecting apical lesions on
panoramic radiographs. The findings indicate that the model is not suitable for use as a standalone reliable
diagnostic tool.
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oz

Amag: Bu ¢alismanin amaci, gorsel girdiye dayanarak panoramik radyografilerde apikal lezyonlarin varligini veya
yoklugunu belirlemede ChatGPT’nin en son siriimi olan GPT-5.1'in tanisal performansini degerlendirmek ve
elde edilen sonuglari geneye 6zgli olarak analiz etmektir.

Gere¢ ve Yontemler: Toplam 207 adet anonimlestirilmis panoramik radyografi retrospektif olarak analiz
edilmistir. Her bir radyografide apikal lezyonun mevcut oldugu bolge “lezyonlu” olarak kaydedilirken, ayni
radyografi tizerindeki apikal lezyon bulunmayan kontralateral gene bdlgesi “lezyonsuz” olarak kabul edilmistir.
Bu kapsamda, her bir lezyonlu ve lezyonsuz bolge birbirinden bagimsiz analiz birimleri olarak ele alinmistir. Tim
degerlendirmeler; c¢ene (maksilla/mandibula), taraf (sag/sol) ve anatomik bolgeyi acikca tanimlayan
standartlastirilmis ve anatomik olarak sinirlandirilmis istemler kullanilarak GPT-5.1 tarafindan bagimsiz olarak
gergeklestirilmistir. Model c¢iktilari dogru pozitif, dogru negatif, yanls pozitif ve yanhs negatif olarak
siniflandiriimistir. Genel tanisal performans ve geneye 6zgii performans igin duyarhlk, 6zgulliik, dogruluk ve F1
skoru hesaplanmistir.

Bulgular: GPT-5.1’in genel duyarlilik, 6zgulliik, dogruluk ve F1 skoru sirasiyla %67,15, %60,87, %64,01 ve %65,11
olarak bulunmustur. Dis dizeyinde duyarhlik (apikal lezyon bulunan disi dogru tespit etme orani) %67,6 olarak
bulundu. Mandibuladaki performans maksillaya kiyasla daha yiiksek bulunmustur (dogruluk: %67,52’ye karsi
%57,14; dis duizeyinde duyarlilhk: %69,89’a karsi %63,04).

Sonuglar: GPT-5.1, panoramik radyografilerde apikal lezyonlarin saptanmasinda orta diizeyde bir tanisal
performans sergilemistir. Elde edilen bulgular, modelin tek basina guivenilir bir tani araci olarak kullanimina
uygun olmadigini géstermektedir.

Anahtar Kelimeler: Blyik dil modelleri, panoramik radyografi, tanisal goriintiileme
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Introduction

Large Language Models (LLM) are advanced artificial
intelligence (Al) systems based on deep learning
architectures, trained on extensive datasets comprising
billions of data points, and capable of processing and
generating human-like text.’? In recent years, these
models have enabled substantial advancements across
various domains of natural language processing and have
begun to be widely employed in numerous fields.! One of
the most prominent examples of this technology is
Chatbot Generative Pre-trained Transformer (ChatGPT),
developed by OpenAl (San Francisco, USA).2 This model,
whose foundations were laid with the introduction of
GPT-1 in November 2018, attracted substantial global
attention following the public release of its enhanced
GPT-3.5-based version on November 30, 2022, and
rapidly reached a wide user base.*™®

In the following years, successive versions of ChatGPT
were continuously improved, achieving significant
enhancements in model capacity, language
comprehension, contextual reasoning, and multimodal
data processing capabilities.>*’ Notably, GPT-4, released
in September 2023, enhanced the ability to process visual
inputs and perform multimodal tasks.*® Subsequently,
GPT-5, defined by its developers as a smart and efficient
foundation model, was made available for use on August
7, 2025. This model provided significant improvements
such as real-time guidance, enhanced reasoning
capabilities, accuracy, and multimodal functionality.”

In conjunction with these advancements, numerous
studies have been conducted with the aim of evaluating
the performance of the model's versions and scientifically
examining its inherent potential. Research conducted
particularly in the fields of dentistry have
comprehensively evaluated the model’s usability as a
patient information tool, its capacity to respond to clinical
and expert-level questions, and its performance across
various case scenarios.»?>**> The findings indicated that
ChatGPT is capable of generating clinically acceptable
responses in fundamental clinical areas such as
endodontic radiology and oral diseases, providing
information that may be beneficial for both patients and
dentists, and achieving high accuracy rates in certain
specific clinical guestions and expert-level
evaluations.2®10.12/13,16

Nevertheless, the model’s visual data processing
capability was introduced with ChatGPT-4, studies directly
examining the diagnostic role of this feature in
radiographic assessments remain limited; existing
research indicates that the model’s performance in this
specific area has not yet reached an optimal level.-200n
the other hand, based on the existing literature, there are
no studies that directly evaluate the diagnostic accuracy
of GPT-5-based models in dental radiography.In this
context, this study aimed to evaluate the potential of
ChatGPT in radiographic image analysis by examining the
performance of GPT-5.1 in detecting the presence or
absence of apical lesions on panoramic radiographs.

Materials and Methods

This study was conducted in accordance with the
Declaration of Helsinki, and the necessary ethical approval
was obtained from the Pamukkale University Non-
Invasive Clinical Research Ethics Committee (E-60116787-
020-797246).

Radiographic Dataset and Sample Size

In this study, panoramic radiographs from the archive
of the Department of Oral and Maxillofacial Radiology,
Faculty of Dentistry, Pamukkale University (Denizli,
Turkey) were evaluated. The radiographs were obtained
using the OP200D panoramic radiography device
(Instrumentarium, Tuusula, Finland) according to
standard protocols, with predefined exposure parameters
(60 kV, 6.3 mA, 14.1 s scanning time, magnification ratio:
1.3). The radiographs were saved in JPEG format, and all
patient-identifying information was removed to ensure
anonymization.

In this study, the sample size was determined to
support separate analyses for each subgroup (Mandible
and Maxilla). Using G Power 3.1.9.7 software, a minimum
sample size of N = 49 per subgroup was calculated based
on an effect size of 0.25, a significance level of 5% (a =
0.05), and 95% statistical power. A total of 207 panoramic
radiographs were evaluated in accordance with the
predefined inclusion and exclusion criteria; of these
radiographs, 70 were classified as belonging to the maxilla
and 137 as belonging to the mandible.

Inclusion Criteria
e Panoramic radiographs of individuals aged 18 years
and older.
e Panoramic radiographs presenting a single apical
lesion located in the jaw to be evaluated (either the
maxilla or the mandible).
e Apical lesions with a maximum diameter of <5 mm,
measured on panoramic radiographs, and presenting
radiolucent margins that are clearly distinguishable from
the surrounding bone.
e Radiographs with sufficient image quality and
adequate diagnostic quality to allow clear visualization of
the apical lesion.

Exclusion Criteria
e Panoramicradiographs with insufficient image quality,
poor diagnostic quality, artifacts, or distortions.
e Radiographs in which missing teeth are present either
in the region containing the apical lesion or in the
contralateral region.

Diagnostic Evaluation Process with GPT-5.1

Panoramic radiographs were independently analyzed
by two expert clinicians to establish a reference
evaluation for apical lesions. In instances where
consensus could not be reached between the evaluators,
a final decision was determined using a consensus-based
approach. Subsequently, for each radiograph, the apical
lesion detected was recorded with respect to the jaw
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(maxilla or mandible), side (right or left), and region
(anterior, premolar, or molar).

The panoramic radiographs included in the study were
uploaded as supplementary files in the chat section, and
for each radiograph, the model was asked about the
presence or absence of apical lesions. In cases where an
apical lesion was present, the question specified the jaw
and region where the lesion was located, and the model
was asked: “Is there an apical lesion in the specified
region? If so, indicate the tooth using the FDI tooth
number on which tooth.” The prompt structure is shown
in Figure 1.

e A model response of "Lesion Present" was considered
a True Positive (TP).

e A model response of "Lesion Absent" was considered
a False Negative (FN).

In the same panoramic radiographs, the contralateral
region without a lesion (for example, if a lesion was
present in the right molar region, the left molar region)
was presented to the model, and the same question was
posed.

e A model response of "Lesion Absent" was considered
a True Negative (TN).
e A model response of "Lesion Present" was considered
a False Positive (FP).

This approach allowed standardized responses from
the model regarding both the presence and absence of
lesions in each radiograph. Additionally, all dental
radiographs were evaluated in separate chat sessions to
prevent contextual learning. The GPT model was operated
with default settings, and its “Memory” feature was
disabled to prevent them from recalling previously

presented images and responses. This approach
minimized potential biases arising from memory and
ensured that each radiograph was analyzed
independently.

Statistical Analysis

The data obtained from the study were analyzed using
SPSS 25.0 (Statistical Package for the Social Sciences,
Version 25). The distribution of apical lesions according to
jaw and anatomical region was summarized using
descriptive statistics. The model’s responses were
classified as TP, TN, FP, and FN. In addition, diagnostic
performance measures were calculated to
comprehensively evaluate the model’s performance.

e Sensitivity, representing the model’s ability to
correctly detect true positive cases:
S itivit TP
ensitivity = ——
Y=TP+FN

e Specificity, indicating the model’s ability to correctly
detect true negative cases:

TN
TN + FP
e Accuracy, defined as the proportion of correctly
predicted observations out of all predictions:

Specificity =

170

A _ TP+ TN
Y = TP+ TN + FP + FN
e Precision, indicates the proportion of correctly

predicted positive cases among all cases predicted as
positive:
TP

TP + FP
the harmonic mean of Precision and

Precision =

e F1-Score,
Sensitivity:

Precision X Sensitivity
Fl-score = 2 X

Precision + Sensitivity

Results

A total of 207 panoramic radiographs were evaluated
in the study. In each radiograph, the region where an
apical lesion was present was recorded as lesion-present,
whereas the contralateral jaw region on the same
radiograph, where an apical lesion was absent, was
considered lesion-absent. Accordingly, two separate
evaluations were performed for each radiograph,
resulting in a total of 414 assessments by ChatGPT.

Of the apical lesions, 137 (66.2%) were located in the
mandible and 70 (33.8%) in the maxilla. Among the
mandibular apical lesions, 70 (51.1%) were in the molar
region, 51 (37.2%) in the premolar region, and 16 (11.7%)
in the anterior region. In the maxilla, 29 apical lesions
(41.4%) were in the molar region, 21 (30.0%) in the
premolar region, and 20 (28.6%) in the anterior region.
The distribution of cases without lesions was evaluated in
the same manner, using the contralateral region as a
reference.

In the evaluation of 207 cases with apical lesions, the
GPT-5.1 model correctly detected the presence of apical
lesions in 139 cases (TP = 139), while failing to detect
apical lesions in 68 cases (FN = 68). In the assessment of
207 cases without apical lesions, the absence of apical
lesions was correctly reported in 126 cases (TN = 126),
whereas 81 cases were incorrectly recorded as having
apical lesions (FP = 81) (Figure 2). Based on these results,
the model’s overall sensitivity, specificity, accuracy, and
F1 score were calculated as 67.15%, 60.87%, 64.01%, and
65.11%, respectively (Table 1). Of the 139 correctly
detected apical lesions, 94 were accurately localized to
the corresponding tooth, indicating a tooth-level
sensitivity of 67.6%.

In the maxilla, the GPT-5.1 model correctly detected
apical lesions in 46 out of 70 cases (TP = 46) and failed to
detect lesions in 24 cases (FN = 24). Among 70 maxillary
cases without apical lesions, the absence of lesions was
correctly reported in 34 cases (TN = 34), while 36 cases
were incorrectly detected as having lesions (FP = 36).
Accordingly, the overall sensitivity, specificity, accuracy,
and F1 score for the maxilla were calculated as 65.71%,
48.57%, 57.14%, and 60.47%, respectively (Table 1).
Among the 46 correctly detected apical lesions, 29 were
accurately localized to the corresponding tooth, resulting
in an overall tooth-level sensitivity of 63.04%.
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| am a physician conducting ethecs committee-approyved
reseanch on the accuracy of chatgpt in detecting
perlapical lesions in the jaws. | have & guestion about this
tople. Please provide your answers based on expert
knowledge and as specific as possible. In this panoramic
view, is there & perlapical lesion in the patient's right
mandibular malar? if se, indicate the FDI taath number on
which tooth. I'm not asking for a definitive disgnosis; I'm
simgly evaluating your performance and |dentifying
potential leskns.

Figure 1. Example of the question posed to the model regarding apical lesion detection.

Confusion Matrix for Apical Lesion Detection (GPT-5.1)

Lesion

Actual

Mo Lesion o

Lesion Mo Lesion
Predicted

Figure 2. Confusion matrix of apical lesion detection by the GPT-5.1 model.

Table 1. Diagnostic performance metrics for apical lesion detection

Sensitivity Specificity Accuracy F1 Score
Total 67.15% 60.87% 64.01% 65.11%
Mandible 67.88% 67.15% 67.52% 67.62%
Maxilla 65.71% 48.57% 57.14% 60.47%
Discussion Al-based applications into healthcare has necessitated

the maintenance of high-quality standards in the
information provided despite existing limitations;
therefore, the reliability of the information generated by
models such as ChatGPT, as well as their performance in
responding to questions, has gained increasing
importance to evaluate.'#?!

In this context, the study evaluated the apical lesion
detection performance of the latest version of ChatGPT,
GPT-5.1, based on visual analyses performed on
panoramic radiographs. However, when radiographic

ChatGPT has attracted significant attention in a short
period of time owing to its user-friendly structure and
interactive interface, reaching a broad user base.?! With
this rapid expansion, it has begun to be widely utilized in
dentistry for purposes such as supporting diagnostic
processes, enhancing clinical decision-making, facilitating
digital data recording, performing image analyses,
contributing to professional education, and conducting
research activities.%*>?122 The increasing integration of
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images are provided to the model, it is known to
frequently generate responses stating that it cannot
interpret medical images or establish a definitive
diagnosis, instead directing users to consult a qualified
healthcare professional such as a dentist or radiologist.®
Therefore, it was explicitly stated in the study that an
ethics committee—approved investigation was being
conducted to evaluate the accuracy of ChatGPT in
detecting apical lesions in the jaw bones, and that no
definitive diagnosis was requested from the model;
rather, the aim was solely to assess its performance and
to detect possible lesions.

In the literature, it has been reported that when
ChatGPT is provided with images along with textual
inputs, it demonstrates higher performance compared to
tasks relying solely on image-based diagnostic
assessments.’>% For example, Ding et al.?° reported in
their study, in which they evaluated 129 different
radiology cases using GPT-4, that diagnostic accuracy was
lowest (19.90%) under the “image-only” condition,
whereas it reached the highest accuracy (80.88%) when
the image, clinical information, and diagnostic options
were provided together. These findings have shown that
the structured textual context provided to the model
significantly affects its diagnostic performance.

In this study, however, the textual inputs provided to
the model were deliberately restricted to exclude clinical
information; they were limited solely to the anatomical
localization of the lesions, and the model was asked to
indicate the presence or absence of apical lesions in the
relevant region along with the corresponding tooth
number. This approach allowed for the assessment of
ChatGPT’s performance in detecting tooth-associated
apical lesions based on visual recognition alone,
independent of guiding textual context.

In our study, GPT-5.1 detected apical lesions with
67.15% sensitivity, 60.87% specificity, 64.01% accuracy,
and 65.11% F1 score, with tooth-level sensitivity of
67.60%. Suarez et al.,® in their study evaluating
mandibular third molars using GPT-40, reported an overall
accuracy of 38%, noting that the model was more reliable
in detecting conditions such as implants, restorations, and
orthodontic treatments, but limited in interpreting third
molar positions. However, in their study, questions were
not posed directly and were aimed at describing
observations; in contrast, our study explicitly required the
model to report the presence or absence of apical lesions.
Similarly, in another study, no direct specific questions
were asked; periapical radiographs were evaluated for
conditions such as fillings, crowns, restorations, impacted
teeth, and apical lesions, and the overall correct
interpretation rate was found to be 11%. The sensitivity
for apical lesions was 27.78%.2% These findings indicate
that GPT models demonstrate higher accuracy and
sensitivity when asked directly about the presence or
absence of a condition compared to open-ended
observational questions. Furthermore, the provision of
additional contextual cues in our study (e.g., the
anatomical location of the lesion) may explain the higher
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model performance compared to previous studies; for
instance, another study reported that the pre-diagnosis
rate of GPT-4.0 increased from 30.7% without guided
prompts to 56.9% when guided prompts were provided.?*

Asar et al.?> evaluated the presence of supernumerary
teeth on periapical radiographs using direct
“presence/absence” questions and compared the
performance of different GPT versions. The customized
and specially trained cGPT-4V achieved the highest
accuracy at 91%, GPT-40 demonstrated moderate
performance with 77% accuracy, and GPT-4V showed the
lowest performance with 63% accuracy and sensitivity. In
our study, a lower performance was observed compared
to the aforementioned study; this may be explained by the
fact that panoramic radiographs contain more anatomical
structures than periapical radiographs, thereby increasing
the difficulty of detection. Similarly, in a study by
Salmanpour and Akpinar!® using GPT-4, panoramic
radiographs combined with specific questioning were
employed to assess the labiolingual position of impacted
maxillary canines and the presence of resorption,
resulting in comparably low accuracy rates of 37.1% and
46.0%, respectively.

Furthermore, when evaluating apical lesion detection
on a jaw-specific basis, the accuracy and tooth-level lesion
sensitivity were observed to be higher in the mandible
compared to the maxilla (mandible accuracy: 67.52%,
tooth-level sensitivity: 69.89%; maxilla accuracy: 57.14%,
tooth-level sensitivity: 63.04%). This can be attributed to
the anatomical structure of mandibular teeth, which
facilitates the visual detection of apical lesions more
readily than in maxillary teeth. The literature also
indicates that apical lesions in the mandible are more
accurately and readily detected due to fewer surrounding
anatomical structures (e.g., airways, nasal bone/cartilage,
hard palate, etc.) and limited superimposition.?®?’ The
findings of this study support this observation, indicating
that GPT-based models may provide a more reliable
contribution to clinical practice in detecting mandibular
apical lesions compared to the maxilla.

Nevertheless, the moderate levels of accuracy and
sensitivity observed both overall and on a jaw-specific
basis indicate that LLM-based models remain limited in
their ability to serve as standalone reliable diagnostic
tools. In particular, for models intended for use in
healthcare, an accuracy value of typically above 85-90%,
along with precision and recall rates exceeding 80%, is
generally considered indicative of clinically robust and
reliable performance.’® In light of these criteria, the
current performance of GPT-5.1 suggests that it may be
utilized as a supportive tool; however, its use as a sole
diagnostic instrument would not be appropriate.
Additionally, it should also be considered that the limited
anatomical guidance provided to the model in this study
(jaw laterality and regional localization), the single-center
dataset, and the images obtained in JPEG format may
have structured the evaluation process and influenced the
results. Therefore, for LLM-based models to be employed
effectively and safely in clinical practice, both the further
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development of model training and the continuation of
evaluations under expert human supervision are
essential.

Conclusions

This study demonstrated that GPT-5.1 exhibited a
limited—moderate level of diagnostic performance in
detecting apical lesions on panoramic radiographs based
solely on visual input. The findings indicate that, in its
current form, GPT-5.1 is not suitable for use as an
independent diagnostic tool in clinical practice; however,
they also suggest that the model may have potential for
clinical application with further development. Therefore,
additional studies are needed before these results can be
generalized to clinical practice. In this context, future
research should focus on testing the model with diverse
and large datasets and on conducting evaluations without
providing anatomical guidance, in order to more clearly
elucidate the true visual perception and diagnostic
capabilities of GPT-based models.
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