% applied sciences

Article

Repeatability of Artificial Intelligence Chatbots in Composite
Shade Selection: Agreement with a Dental Specialist

Seyit Bilal Ozdemir "*, Busra Ozdemir ! and Cagri Ural >

W) Check for updates

Academic Editor: Kathrin Becker

Received: 8 February 2026

Revised: 24 February 2026

Accepted: 25 February 2026
Published: 27 February 2026
Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

1
2

Department of Restorative Dentistry, Faculty of Dentistry, Giresun University, Giresun 28200, Turkey
Department of Prosthodontics, Faculty of Dentistry, Giresun University, Giresun 28200, Turkey
*  Correspondence: seyit.ozdemir@giresun.edu.tr; Tel.: +90-454-310-1690; Fax: +90-454-310-1691

Abstract

This study aimed to evaluate the intra-model repeatability of three artificial intelligence-
based chatbots (ChatGPT-4.0, Microsoft Copilot, and Claude 3.5) in composite shade selec-
tion and their agreement with a dental specialist. Ten acrylic resin maxillary central incisor
teeth representing different VITA Classical shades (1 = 10) were photographed together
with A1, A2, and A3 composite shade tabs under standardized illumination. Shade selec-
tions were performed by each artificial intelligence model based on the photographs and
repeated on five different days using identical images and prompts. Visual shade selection
by the dental specialist was determined by consensus between two calibrated evaluators.
CIE L%, a*, and b* values of the acrylic teeth and composite shade tabs were obtained by
photometric analysis, and color differences were calculated using the CIEDE2000 formula.
Intra-model repeatability was assessed using Fleiss” kappa coefficient, and agreement with
the dental specialist was evaluated using Cohen’s kappa statistic. Intra-model repeatability
differed among the models, with ChatGPT-4.0 demonstrating fair repeatability (x = 0.33),
Claude 3.5 showing moderate repeatability (k = 0.45), and Microsoft Copilot exhibiting
poor repeatability (x = —0.12). Trial-level agreement with the dental specialist varied across
repeated assessments, with ChatGPT-4.0 generally demonstrating higher agreement than
the other models, whereas Microsoft Copilot showed consistently low agreement. Artificial
intelligence chatbots showed variable repeatability and limited agreement with expert
evaluation in composite shade selection under standardized conditions.

Keywords: artificial intelligence; composite resin; dental photography; esthetic

1. Introduction

In esthetic restorative dental treatments, selecting a shade that harmonizes with the
natural tooth structure is a critical factor for both clinical success and patient satisfaction [1].
Shade guides are commonly used for composite restorations; however, their use may lead
to errors in color matching, primarily because these guides are typically made of ceramic
materials that possess different optical properties compared to composite resins [2,3]. An
alternative approach involves applying composite buttons directly onto relevant areas
of the intact tooth surface and polymerizing them, which can serve as a reliable method
for shade selection [2,4]. Nevertheless, this technique is limited by unpredictable effects
such as layering and color changes due to the hydration of the composite material [5]. The
development of custom-made shade guides with various composite color combinations and
thicknesses may support this process [2,6]. Shade selection largely relies on the clinician’s
visual judgment, which is inherently subjective and influenced by several external factors,
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including ambient lighting, operator experience, visual fatigue, and individual perception
differences [7-9].

Artificial intelligence is the imitation of human mental processes by machines [10]. In
recent years, advancements in artificial intelligence applications, particularly in natural
language processing and image analysis, have enabled these systems to contribute not
only to text-based recommendations but also to clinical decision-making processes [11].
Recent studies have examined the performance of Artificial Intelligence Chatbots in various
medical fields such as emergency medicine, pathology, radiology, surgical education, and
dietetics [12-15]. In the field of dentistry, a growing number of studies have demonstrated
the potential effectiveness of artificial intelligence in diagnosis, disease prevention, and
treatment planning [16,17]. Additionally, the performance of Artificial Intelligence Chatbots
in evaluating knowledge within dental education has been investigated [18,19]. At present,
artificial intelligence technologies are utilized in various diagnostic procedures, such as
identifying carious lesions in radiographs [20], evaluating the difficulty level of endodontic
treatments [21] and categorizing different dental implant systems [22]. However, overlook-
ing the limitations of artificial intelligence in critical fields such as medicine and dentistry
may lead to serious concerns [23]. The accuracy and reliability of smartphone-assisted tooth
shade selection were assessed in a recent in vitro study [24]. Another study has evaluated
the reliability, consistency, and readability of responses provided by Artificial Intelligence
Chatbots to questions related to restorative dentistry [25]. Recent dentistry-focused studies
have begun to examine the reliability of Large Language Model-based chatbots in clinically
sensitive contexts, particularly in medication-related decision support and the identifica-
tion of drug—drug interactions [26,27]. These investigations underscore the importance of
evaluating the consistency and reliability of artificial intelligence systems when they are
applied to dental decision-making processes. In a recent study evaluating the accuracy of
color matching techniques using Artificial Intelligence applications and a spectrophotome-
ter, the Easyshade spectrophotometer was found to outperform the Artificial Intelligence
applications [28]. To the best of our knowledge, no previous study has evaluated the
intra-model repeatability of artificial intelligence chatbots in composite shade selection
and their agreement with a dental specialist. Therefore, it is important to investigate the
repeatability of artificial intelligence chatbots and their agreement with expert evaluation
in composite shade selection performed using standardized photographs. The aim of this
study was to evaluate the intra-model repeatability of three artificial intelligence chatbots
(ChatGPT-4.0, Copilot, and Claude) in composite shade selection and their agreement with
a dental specialist.

The null hypotheses of the study were as follows:

1.  Intra-model repeatability in composite shade selection will not show variability among
the artificial intelligence chatbots.

2. There will be no agreement between the shade selections of the artificial intelligence
chatbots and those of the dental specialist.

2. Materials and Methods

Ethical approval was not required for this research as no human participants or animal
materials were involved in the study. The Artificial Intelligence Chatbots used in this study
were ChatGPT-4.0 (OpenAl, San Francisco, CA, USA), Microsoft Copilot Pro (Microsoft
Corporation, Redmond, WA, USA), and Claude 3.5 Sonnet (Anthropic, San Francisco, CA,
USA). All Artificial Intelligence Chatbots were accessed via their paid versions, as free-use
plans impose usage and quota limitations that could interfere with repeated evaluations
and multi-sample testing required by the study design. Ten acrylic resin maxillary central
incisor teeth representing different shades were selected from the VITA Classical shade
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guide (VITA Zahnfabrik). The selected shades were Al, A2, A3, B1, B2, C1, C2, D2, D3,
and D4.

In clinical practice, shade selection for group-shaded composites (Neo Spectra® ST,
Dentsply Sirona, Charlotte, NC, USA) typically begins with the clinician selecting the
closest match from the VITA Classical shade guide, after which the manufacturer specifies
the corresponding composite shade. To replicate this workflow in a highly standardized
in vitro setting and to minimize variability arising from the polychromatic nature of natural
teeth [2], blinded acrylic resin tooth samples selected from the VITA Classical shade
guide were used. The selected samples were chosen based on the manufacturer’s shade
conversion chart, which indicated that the three main composite shades (A1, A2, and A3)
correspond to ten different shades in the VITA Classical system (manufacturer’s conversion
chart). To ensure blinding, all samples were covered with numbered labels. Customized
composite shade tabs were fabricated using a composite resin in shades Al, A2, and A3.
The shade selection performance of the Artificial Intelligence Chatbots was evaluated based
on photographs containing the blinded sample together with the A1, A2, and A3 composite
shade tabs.

To standardize the imaging conditions, a photography product tent equipped with a
D65 (6500 K) light source and a gray background was used. Within the tent, the samples
were fixed on a surface inclined at 45 degrees. All photographs were taken using a DSLR
camera (Canon EOS R5; Canon Inc., Tokyo, Japan) equipped with a macro lens (Canon EF
100 mm; Canon Inc., Tokyo, Japan). The camera was mounted on a tripod and positioned at
a fixed distance of 30 cm from the samples. The shooting parameters were set to a shutter
speed of 1/200 s, an aperture of f/32, and ISO 160. For each of the ten blinded tooth shades,
one standardized photograph was obtained under identical conditions. The acquired
images were used directly for artificial intelligence evaluations without any cropping,
resizing, or calibration procedures. All photographs were exported in JPEG format, and
the same original image file was uploaded to each Artificial Intelligence Chatbot without
any modification. All chatbot evaluations were conducted via the web-based interfaces of
the respective platforms during April 2025.

Prior to the artificial intelligence assessments, visual shade selection was performed by
two Dental Specialists experienced in visual shade matching in restorative dentistry. The
evaluations were conducted independently. In cases of disagreement, the samples were
re-evaluated and a consensus was reached, resulting in a single expert reference assessment
for each sample. Consensus ratings were used as the expert reference standard.

A separate user account was created for each Artificial Intelligence Chatbot. To
eliminate the influence of previous responses, a new chat interface was initiated for each
evaluation and the chat history was cleared before each session. The following prompt
was used: “I will provide you with a photograph showing an acrylic resin tooth in one of
the VITA Classical shades together with A1, A2, and A3 composite shade tabs. Can you
identify which composite shade most closely matches the acrylic resin tooth?” After the
prompt, one photograph was uploaded and the response was recorded. All interactions
were conducted in Turkish. The same question and the same ten photographs were used for
all models. For each Artificial Intelligence Chatbot, the evaluation procedure was repeated
on five different days using new conversation windows each time, and all shade selections
were recorded for subsequent analysis. A schematic overview of the study workflow is
presented in Figure 1.
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Figure 1. Schematic overview of the experimental workflow used in the present study.

To determine the color differences between the acrylic resin teeth and the composite
shade tabs, photometric analysis was performed [29]. Artificial Intelligence Chatbots evalu-
ated non-calibrated JPEG images, whereas photometric AEy calculations were performed
on calibrated RAW images using a standardized gray reference card. Color measurements
were obtained using the same DSLR camera and macro lens, together with a gray reference
card (Genuine White Balance Reference; Michael Tapes Design, Inc., New York, NY, USA)
and a polarizing filter (Photodental; Dental AG, Inc., Santa Barbara, CA, USA). All images
used for photometric analysis were captured in RAW format to avoid compression-related
color distortions. The reference color values of the gray card were L* =75, a* = 0, and
b* = 0. The camera was positioned at a fixed distance of 30 cm from the samples. The
shooting parameters for color measurements were set to an aperture of £/18, a shutter
speed of 1/200 s, and ISO 100. After image acquisition, all photographs were calibrated
according to the gray reference card using an image editing software program (Lightroom
(https:/ /lightroom.adobe.com/); Adobe Inc., San Jose, CA, USA). For each acrylic resin
tooth, CIE L*, a*, and b* values were obtained from the center of the middle third region
using a digital color measurement software (Digital Color Meter, Version 1.8.1; Apple Inc.,
Cupertino, CA, USA). Corresponding CIE L*, a*, and b* measurements were obtained
from the composite shade tab selected by each evaluator (Artificial Intelligence Chatbot or
Dental Specialist) (Table 1). For each evaluator, AEyy values were calculated based on the
composite shade selected by that evaluator (A1, A2, or A3). Therefore, AE( values reflect
the color difference associated with each evaluator’s shade selection. The color differences
between the acrylic resin teeth and the composite shade tabs were calculated using the
CIEDE2000 formula [30]. AEy values were computed in Microsoft Excel (Microsoft, USA)
using the CIEDE2000 color difference formula provided by Sharma, with all parametric
factors set to 1 [31].

AL 2 ACT 2 AH 2 AC . AH
AEoo—\/( ) +( ) +( )+ Ry(

(o) (2
kist kesc kysu kesc ™ kpsu

In the present study, CIEDE2000 perceptibility and acceptability limits were defined ac-
cording to the 50:50% visual assessment model, with AEq values of 0.8 and 1.8 representing
the perceptibility and clinical acceptability thresholds, respectively [32]. Statistical analyses
were performed using SPSS software (Version 26.0; IBM Corp., Armonk, NY, USA). Intra-
model repeatability was assessed using Fleiss” kappa coefficient. Agreement with the dental
specialist was calculated separately for each of the five repeated assessments using Cohen’s
kappa () with 95% confidence intervals. Color difference (AEgg) values obtained from the
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artificial intelligence models and the dental specialist were compared using the Friedman
test, followed by post hoc pairwise Wilcoxon signed-rank tests with Holm adjustment
when appropriate. A significance level of p < 0.05 was considered statistically significant.

Table 1. L*, a*, and b* values of acrylic resin shade-guide teeth from the VITA Classical system and
composite shade tabs based on photometric analysis data.

Sample L* a* b*
B2 73.3 2.9 22.6
Al 76.7 1.9 16.9
Bl 77.6 1.1 16.5
A2 74.7 3.0 20.7
D4 67.6 3.2 26.7
D3 65.6 7.5 25.3
C1 713 2.5 20.2
C2 65.3 4.8 24.1
D2 71.0 2.4 14.9
A3 69.7 4.8 24.8
Composite Al 69.38 2.33 17.03
Composite A2 65.81 4.48 20.81
Composite A3 66.20 6.30 26.20
3. Results

3.1. Repeatability of Artificial Intelligence Models

Intra-model repeatability of artificial intelligence models based on repeated assess-
ments is presented in Table 2. Intra-model repeatability analysis using Fleiss” kappa
revealed marked differences among the artificial intelligence models. Claude 3.5 demon-
strated moderate repeatability (k = 0.45), whereas ChatGPT-4.0 exhibited fair repeatability
(k = 0.33). In contrast, Microsoft Copilot demonstrated poor repeatability (x = —0.12),
indicating substantial variability in repeated shade selections.

Table 2. Intra-model reliability of artificial intelligence models based on repeated assessments.

Model Fleiss’ Kappa 95% CI Interpretation
ChatGPT-4.0 0.327 0.063-0.530 Fair
Microsoft Copilot —0.119 —0.199—-0.035 Poor
Claude 3.5 0.450 0.149-0.702 Moderate

Intra-model repeatability of artificial intelligence models based on five repeated assessments using Fleiss’ kappa
coefficient. Higher kappa values indicate greater consistency of repeated shade selections.

3.2. Trial-Level Agreement with the Dental Specialist

Agreement between each Artificial Intelligence Chatbot assessment and the dental
specialist is presented in Tables 3-5. ChatGPT-4.0 demonstrated variable agreement across
repeated assessments, ranging from fair to almost perfect (x = 0.25-0.81). Microsoft Copilot
showed consistently slight to poor agreement across assessments (k = 0.00-0.06). Claude
3.5 exhibited fair agreement in some assessments but slight agreement in others, indicating
performance variability across sessions.

Across the five repeated assessments (50 total evaluations per model), ChatGPT-4.0
achieved an overall agreement rate of 64%, Claude 3.5 achieved 50%, and Microsoft Copilot
achieved 24%. Considering that three composite shade options were available, chance-level
agreement would be 33.3%. ChatGPT-4.0 exceeded chance-level performance in all five
assessments, Claude 3.5 exceeded chance level in most assessments, whereas Microsoft
Copilot’s performance approached or fell below chance level in several assessments.
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Table 3. Agreement Between ChatGPT-4.0 and the Dental Specialist Across Five Repeated Assessments.

Assessment (1-5) Agreement (%)  Cohen’s K 95% CI Agreement Level
1 60.0 0.355 —0.10-0.74 Fair
2 50.0 0.254 —0.18-0.63 Fair
3 90.0 0.808 0.49-1.00 Almost Perfect
4 70.0 0.524 0.10-0.87 Moderate
5 50.0 0.275 —0.15-0.66 Fair

Agreement between each Artificial Intelligence Chatbot assessment and the dental specialist’s visual evaluation
was calculated using Cohen'’s kappa (k) with 95% confidence intervals. The significance level was set at oc = 0.05.

Table 4. Agreement Between Microsoft Copilot and the Dental Specialist Across Five Repeated Assessments.

Assessment (1-5) Agreement (%)  Cohen’s 95% CI Agreement Level
1 40.0 0.063 —0.33-0.47 Slight
2 30.0 0.028 —0.36-0.42 Slight
3 30.0 0.054 —0.35-0.45 Slight
4 10.0 0.000 —0.29-0.29 Poor
5 10.0 0.000 —0.29-0.29 Poor

Agreement between each Artificial Intelligence Chatbot assessment and the dental specialist’s visual evaluation
was calculated using Cohen’s kappa (k) with 95% confidence intervals. The significance level was set at o« = 0.05.

Table 5. Agreement Between Claude 3.5 and the Dental Specialist Across Five Repeated Assessments.

Assessment (1-5) Agreement (%)  Cohen’s 95% CI Agreement Level
1 60.0 0.394 —0.08-0.76 Fair
2 60.0 0.394 —0.08-0.76 Fair
3 30.0 0.014 —0.39-0.40 Slight
4 50.0 0.206 —0.23-0.62 Fair
5 50.0 0.057 —0.30-0.47 Slight

Agreement between each Artificial Intelligence Chatbot assessment and the dental specialist’s visual evaluation
was calculated using Cohen’s kappa (k) with 95% confidence intervals. The significance level was set at o = 0.05.

3.3. Tooth Shade-Specific Agreement (%) with the Dental Specialist Across Five Repeated Assessments

Figure 2 shows the tooth shade-specific agreement percentages between the artificial
intelligence models and the dental specialist across five repeated assessments. Agreement
percentages differed across tooth shades and among the artificial intelligence models for
the same shade.

N ChatGPT
100 mmm Claude
== Copilot

80

60

Agreement with dental specialist (%)

20

& & @ & & o o & & &
Tooth shade (VITA Classical)
Figure 2. Tooth shade-specific agreement (%) between the artificial intelligence models and the
dental specialist across five repeated assessments. Agreement percentages were calculated as the
proportion of correct matches between the artificial intelligence outputs and the dental specialist’s
visual evaluation for each tooth shade.
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3.4. Color Difference Comparison Between Artificial Intelligence Models and the Dental Specialist

Table 6 presents the comparison of color differences (AE() between the artificial in-
telligence models and the dental specialist. The lowest mean AEq value was observed
for the dental specialist (3.46 & 1.61), followed by ChatGPT-4.0 (3.96 &+ 1.97), Claude 3.5
(4.62 & 2.76), and Microsoft Copilot (5.31 = 2.92). ChatGPT-4.0 did not differ significantly
from the dental specialist (p > 0.05). In contrast, both Claude 3.5 and Microsoft Copi-
lot demonstrated significantly higher AEq values compared with the dental specialist
(p < 0.05). Among the artificial intelligence models, ChatGPT-4.0 exhibited significantly
lower AEgg values than Microsoft Copilot (p < 0.05), whereas no statistically significant
difference was observed between ChatGPT-4.0 and Claude 3.5 (p > 0.05).

Table 6. Comparison of color differences (AEg) between artificial intelligence models and the
dental specialist.

Group Mean AEy, = SD
Dental Specialist 346 +1.614
ChatGPT-4.0 3.96 + 1.97 AB
Claude 3.5 462 +2768
Microsoft Copilot 5.314292¢

Different superscript letters indicate statistically significant differences (p < 0.05).

4. Discussion

This study evaluated the intra-model repeatability of three artificial intelligence chat-
bots in composite shade selection and their agreement with a dental specialist. According
to the results, ChatGPT-4.0 demonstrated fair intra-model repeatability, whereas Claude 3.5
showed moderate intra-model repeatability. Therefore, the first null hypothesis, stating
that intra-model repeatability would not show variability among the artificial intelligence
chatbots, was partially rejected. Trial-level analyses revealed variable agreement between
the artificial intelligence chatbots and the dental specialist across repeated assessments.
Although ChatGPT-4.0 demonstrated fair to almost perfect agreement based on point
estimates, statistically significant agreement beyond chance was observed only in two of
the five evaluations, as indicated by confidence intervals not crossing zero. In contrast, for
Microsoft Copilot and Claude 3.5, all confidence intervals included zero, indicating that
agreement was not statistically significant. Accordingly, the second null hypothesis was not
rejected overall; however, statistically significant agreement was observed for ChatGPT-4.0
in two specific assessments.

A previous study also reported that ChatGPT-4.0 provided higher accuracy in
dentistry-specific queries [25]. Additionally, ChatGPT-4.0 was found to yield promis-
ing results in the Emergency Medicine Board Examination [12]. Mohammad-Rahimi and
colleagues reported that ChatGPT-4 achieved the highest average score across various
dental disciplines [13]. In the present study, ChatGPT-4.0 did not differ statistically from the
dental specialist in terms of AEgy values. However, it should be noted that the mean color
differences of both groups exceeded commonly reported clinical acceptability thresholds.

Another study evaluated chatbot responses to prosthodontics-related questions from
a dental specialty board exam, involving five different models: ChatGPT-3.5, Gemini Ad-
vanced, Claude Pro, Microsoft Copilot, and Perplexity. Copilot was reported to achieve
an accuracy rate of 73% [18]. In contrast, in the present study only slight agreement
was observed between Microsoft and the dental specialist, and Microsoft Copilot ex-
hibited significantly higher AEy values compared with both the other models and the
dental specialist.
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In the study by Ozdemir and Yapici, ChatGPT-4.0 demonstrated high reliability in
restorative dentistry-related questions, despite exhibiting limited consistency [25]. Al-
though ChatGPT-4.0 demonstrated relatively higher agreement with the dental specialist
compared with the other artificial intelligence models, this agreement remained only at a
fair level, and its intra-model repeatability was also fair. The similarity of its color differ-
ence values to those of the dental specialist indicates that the model may generate results
close to expert evaluation; however, its stability across repeated assessments appears to be
limited. In a study comparing three Artificial Intelligence Chatbots (GPT-4.0, Claude-2, and
Llama-2) in answering multiple-choice questions related to prosthodontics and restorative
dentistry, GPT-4.0 was reported to demonstrate the highest accuracy and logical quality,
whereas the accuracy of Claude-2 was significantly lower compared with GPT-4.0 [19]. In
the present study, although Claude 3.5 demonstrated moderate intra-model repeatability,
its agreement with the dental specialist remained inconsistent, ranging from fair to slight
across assessments, and its color difference values were higher than those of the specialist.
These findings suggest that higher repeatability does not necessarily translate into closer
agreement with dental specialist evaluation.

Recent dentistry-focused studies have emphasized that the reliability and clinical
safety of Large Language Model-based chatbots should be interpreted with caution, partic-
ularly in decision-support contexts that may directly influence patient care. Coskun and
Erten Taysi [26] evaluated the performance of Artificial Intelligence Chatbots in medication-
related dental scenarios using standardized prescription prompts in Turkish and reported
that newer models demonstrated higher accuracy, completeness, and response quality;
however, expert supervision remained essential due to variability in response consistency
and the potential for clinically relevant errors. Similarly, Tayeb et al. [27] compared the
performance of multiple Artificial Intelligence Chatbots with that of oral surgeons in detect-
ing clinically significant drug—drug interactions and identified substantial differences in
sensitivity and specificity among models. Importantly, the authors concluded that although
Artificial Intelligence systems may support clinical decision-making, they cannot substitute
professional judgment and should be used as supervised decision-support tools rather than
autonomous decision-makers. Although these studies primarily focused on text-based,
clinically sensitive tasks, their findings align with the present results by highlighting a
common limitation of Artificial Intelligence Chatbots: acceptable performance in certain
contexts does not necessarily imply stable, repeatable, or expert-level reliability. The present
study extends this concern to visually driven esthetic tasks, demonstrating that even under
highly standardized photographic conditions, intra-model repeatability and agreement
with expert shade selection remain limited. It should be noted that part of the observed
day-to-day variability may not solely reflect model inconsistency, but could also be influ-
enced by ongoing updates, non-deterministic behavior, or internal system changes inherent
to commercial Artificial Intelligence Chatbots, which are beyond user control. Although
the standardized in vitro design allowed controlled comparison among models, it does
not fully reproduce intra-oral clinical conditions. Natural teeth exhibit complex surface
texture, translucency gradients, surrounding structures, and dynamic lighting conditions
that may influence shade perception. In addition, restricting the decision space to three
composite shades represents a simplified scenario. Therefore, the present findings should
be interpreted as exploratory, and real-world clinical performance may differ.

In the Vita Classical system, tooth shades are grouped into four categories: A, B, C, and
D, each representing a dominant hue. Group A includes reddish-brown shades, B includes
reddish-yellow, C includes gray, and D includes reddish-gray tones [9]. Shade-specific
analysis revealed a pronounced variability in model performance depending on the tooth
shade. ChatGPT-4.0 demonstrated higher agreement for certain shades (A3 and B1) but
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showed reduced performance for darker shades. Similarly, Claude 3.5 achieved perfect
agreement for selected shades while failing in others. These findings suggest that artificial
intelligence-assisted shade selection may exhibit a strong shade-dependent behavior rather
than uniform performance across all color groups. Browning et al. reported that none of
the tested material-shade combinations fell below the clinical acceptability threshold when
comparing Vitapan Classical shade tabs with corresponding composite resins [33]. This
finding may explain why the color difference values obtained by the dental specialist in the
present study exceeded the clinical acceptability limit.

This study has certain limitations. Although the photographs containing VITA Classi-
cal shade guide samples and composite shade references were obtained under standardized
conditions, they may not fully replicate intra-oral clinical settings. The use of the VITA
Classical shade guide for shade selection limits the generalizability of the findings to nat-
ural dentition. Additionally, the optical properties of these shade guide samples differ
from those of human enamel and dentin, which may influence light reflection and color
perception. Furthermore, color difference assessment in the present study was based on
photometric analysis derived from calibrated digital photographs; although this approach
allows standardized comparisons, it is not fully equivalent to direct spectrophotometric
measurements and should be interpreted as an indirect estimation of color difference.
Moreover, since only 10 different VITA Classical shades were included in this study, further
research is needed to assess the performance of chatbots across a broader range of tooth
shades. In addition, the prompts provided to the Artificial Intelligence Chatbots were
written in Turkish. Given that large language models are predominantly trained on English-
language data, prompt language may have influenced chatbot performance and should
be considered a limitation of the present study. Furthermore, only a single standardized
prompt formulation was used to evaluate repeatability; future studies may explore the
use of alternative prompt structures to assess the robustness of chatbot responses. Future
studies may benefit from directly comparing chatbot responses to identical visual prompts
presented in Turkish and English to further examine the effect of prompt language on
performance. The relatively small sample size (N = 10) may have contributed to wide
confidence intervals and should be considered when interpreting agreement estimates.

5. Conclusions

Artificial Intelligence Chatbots exhibited variable intra-model repeatability and agree-
ment with expert evaluation in composite shade selection under standardized in vitro
conditions. Among the evaluated models, ChatGPT-4.0 demonstrated relatively higher
agreement with the dental specialist; however, this agreement was generally within the fair
range, despite occasional higher agreement in individual assessments, and its intra-model
repeatability remained limited. These findings should be interpreted as exploratory, as
controlled laboratory conditions and a constrained decision space may not fully reflect
real-world clinical scenarios. Therefore, Artificial Intelligence-assisted shade selection
should be considered a potential supportive tool rather than a substitute for professional
clinical judgment. Further refinement of visual analysis capabilities and validation under
real clinical conditions are required to enhance the reliability and clinical applicability of
these systems.
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