
1Rev. bioét. 2026; 34: e4333EN  1-12http://dx.doi.org/10.1590/1983-803420264333EN

1

The authors declare no conflict of interest.

Re
se

ar
ch

Revista Bioética 
Print version ISSN 1983-8042 | On-line version ISSN 1983-8034

Rev. Bioét. vol.34 Brasília 2026

Bioethics and artificial intelligence: digital content 
analysis on labiaplasty
Vera Lucia Mota da Fonseca 1, Jorge Artur Peçanha de Miranda Coelho 2, Gustavo Henrique Silva de Souza 3, Emanuel Duarte 
de Almeida Cordeiro 4, Luiza Andrade Botelho 4, Isabel Moreira Santos 4, José Humberto Belmino Chaves 2, Rui Nunes 1

1. Universidade do Porto, Porto, Portugal. 2. Universidade Federal de Alagoas, Maceió/AL, Brasil. 3. Instituto Federal do Norte de 
Minas Gerais, Teófilo Otoni/MG, Brasil. 4. Universidade Estadual do Sudoeste da Bahia, Vitória da Conquista/BA, Brasil.

Abstract
Digital marketing for labiaplasty medicalizes natural anatomical variations, necessitating large-scale 
bioethical screening tools. This study validates a natural language processing framework by evaluating 145 
websites. The GPT-4 model, guided by bioethical directives, was compared against independent expert 
judgment (gold standard). The artificial intelligence demonstrated sensitivity up to 100% in identifying 
pathologization but null specificity (0.00%), revealing systematic disagreement with humans (Kappa between 
-0.06 and -0.80). A visual “blind spot” (sensitivity <40%) was identified due to the absence of descriptive 
metadata on websites. In conclusion, natural language processing is an impartial screening tool yet limited by 
informational gaps and risks of allocative harm. These results reinforce the need for multimodal approaches 
and mandatory metadata to safeguard patient autonomy and ethics in digital medical marketing.
Keywords: Natural language processing. Bioethics. Body image. Artificial intelligence.

Resumo
Bioética e inteligência artificial: análise de conteúdo digital sobre labioplastia
O marketing digital da labioplastia frequentemente medicaliza variações anatômicas naturais, exigindo 
ferramentas de triagem bioética em larga escala. Este estudo valida uma estrutura de processamento de 
linguagem natural na avaliação de 145 websites. Utilizou-se o modelo GPT-4 guiado por diretivas bioéti-
cas, comparando-o ao julgamento de especialistas independentes (padrão-ouro). A inteligência artificial 
demonstrou sensibilidade de até 100% na identificação da patologização, mas especificidade nula (0,00%), 
revelando discordância sistemática com os humanos (Kappa entre -0,06 e -0,80). Identificou-se um “ponto 
cego” visual (sensibilidade <40%) devido à ausência de metadados descritivos nos sites. Conclui-se que o 
processamento de linguagem natural é uma ferramenta de triagem imparcial, porém limitada por lacunas 
informacionais e riscos de dano alocativo. Os resultados reforçam a necessidade de abordagens multimodais 
e metadados obrigatórios para salvaguardar a autonomia da paciente e a ética no marketing médico digital.
Palavras-chave: Processamento de linguagem natural. Bioética. Imagem corporal. Inteligência artificial.

Resumen
Bioética e inteligencia artificial: análisis de contenido digital sobre labioplastia
El marketing digital de la labioplastia medicaliza las variaciones anatómicas naturales, lo que requiere herra-
mientas de detección bioética a gran escala. Este estudio valida un marco de procesamiento de lenguaje 
natural evaluando 145 sitios web. El modelo GPT-4, guiado por directivas bioéticas, se comparó con el juicio 
de expertos independientes (estándar de oro). La inteligencia artificial mostró una sensibilidad de hasta el 
100% en la identificación de la patologización, pero una especificidad nula (0,00%), revelando un desacuerdo 
sistemático con los humanos (Kappa entre -0,06 y -0,80). Se identificó un “punto ciego” visual (sensibili-
dad <40%) debido a la falta de metadatos descriptivos en los sitios. Se concluye que el procesamiento de 
lenguaje natural es una herramienta de detección imparcial, aunque limitada por brechas informativas y 
riesgos de daño alocativo. Los resultados refuerzan la necesidad de enfoques multimodales y metadatos  
obligatorios para salvaguardar la autonomía de la paciente y la ética en el marketing médico digital.
Palabras clave: Procesamiento de lenguaje natural. Bioética. Imagen corporal. Inteligencia artificial.
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In recent years, a progressive growth in 
female genital cosmetic surgeries, particularly 
labiaplasty, has been observed. According to the 
most recent survey by the International Society of 
Aesthetic Plastic Surgery 1, 210,633 labiaplasties 
were performed in 2023, representing 1.2% of all 
aesthetic surgical procedures globally and ranking 
as the 21st most performed aesthetic surgery 
worldwide. Compared to 2020, when 142,119 
procedures were recorded, there has been a 
cumulative increase of 48.2% over four years. 
While the growth relative to 2022 was more 
modest (3.7%), this upward trend highlights the 
consolidation of labiaplasty within the context 
of female genital cosmetic surgeries (FGCS), 
interventions aimed exclusively at the aesthetic 
appearance of the female genitalia. 

Such a scenario prompts ethical, clinical, 
and sociocultural reflections, especially considering 
that the procedure’s popularity occurs alongside 
a scarcity of robust scientific evidence regarding 
its safety, efficacy, and precise indications. 
As labiaplasty becomes widespread in medical 
practice and collective imagination, questions 
regarding its actual necessity, potential risks, 
and implications for women’s physical and 
psychological health have intensified.

Gynecologists-obstetricians must receive 
adequate training to identify women with sexual 
function disorders and psychiatric conditions such 
as depression and anxiety. Patients should be 
informed that surgical interventions to alter sexual 
appearance or function lack medical justification, 
carry substantial risks, and have not been proven 
safe or effective 2,3.

Ethicists and professional groups have long 
raised concerns about female cosmetic genital 
surgery. In evaluating the ethicality of elective 
vulvar cosmetic surgery, principles such as 
autonomy, beneficence, nonmaleficence, justice, 
and truthfulness must be critically considered 4. 
Despite reported subjective success rates of 
80-90%, these studies are often limited by their 
retrospective nature, short-term follow-up periods, 
superficial treatment of body image issues, and 
lack of control groups 5. 

 “Subjective success rates” are primarily based 
on patient satisfaction, which, in medical literature, 
does not necessarily equate to procedural 
efficacy or long-term outcomes. This discrepancy 

underscores the need for more rigorous studies to 
evaluate the true effectiveness and safety of these 
procedures. Concerns are further heightened when 
labiaplasty is performed on minors, as adolescents 
may not have the maturity or knowledge to 
make informed decisions about irreversible 
body modifications 6.

Female genital cosmetic surgery (FGCS) 
has become a significant and expanding sector 
within cosmetic surgery, driven by cultural, 
commercial, and technological forces that uphold 
and perpetuate rigid beauty standards. Feminist 
theory and bioethics frame FGCS not only as a 
medical intervention but as part of the broader 
medicalization of women’s bodies, where natural 
variations are problematized and surgically altered 
under the guise of aesthetic improvement 7. 
Media, including pornography, promotes the ideal 
of hairless, “neat” vulvas, intensifying societal 
pressures on women to conform 8. This environment, 
coupled with aggressive marketing by the cosmetic 
surgery industry, creates a market that encourages 
women to undergo irreversible procedures to meet 
narrowly defined beauty standards 9. 

Feminist critics argue that FGCS commodifies 
women’s bodies, presenting conformity to beauty 
standards as empowerment 7. These ethical 
concerns, particularly regarding informed consent, 
coercion, and the promotion of surgical solutions 
to socially constructed problems, necessitate 
a critical examination of the cultural, medical, 
and ethical dimensions of FGCS 8. The ethical 
implications extend beyond individual autonomy, 
as FGCS often exploits women’s insecurities and 
reinforces damaging gender norms 10.

The internet has played a pivotal role in shaping 
distorted body representations, particularly through 
the widespread depiction of hairless genitalia in 
pornographic media and the reinforcement of 
idealized female aesthetics across social media 
platforms 6,11,12. Aggressive marketing and the 
increasing normalization of cosmetic surgery 
have further fueled the demand for FGCS 13-15. 
Such pervasive exposure functions as a powerful 
normalization agent; as familiarity with these 
idealized digital representations increases, individual 
confidence in pursuing surgical modification grows, 
subsequently fostering a broader social acceptance 
of these procedures 16. Additionally, heteronormative 
and androcentric depictions of sexual pleasure, 
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which prioritize heterosexual vaginal intercourse, 
intensify the pressure on women to conform to 
specific vulvar aesthetics 10,14,17.

Within this context, language emerges as both 
a reflection and an agent of influence, functioning 
as a political tool that shapes societal norms and 
individual perceptions. This interplay between 
language and society generates significant impacts 
within natural language processing, such as the 
reinforcement of cognitive biases resulting from 
excessive exposure 18. For instance, the availability 
of heuristics leads individuals to overestimate the 
prevalence or significance of specific aesthetic 
standards based on their ease of recall, a process 
frequently intensified by pervasive media 
coverage. Consequently, both media exposure and 
individual relationship status have been identified 
as key factors influencing women’s decisions to 
undergo labiaplasty 19,20.

Labiaplasty websites often employ marketing 
techniques such as behavioral modeling and 
vicarious learning to encourage women to seek 
aesthetic surgery through before-and-after photos, 
videos, testimonials, and images of satisfied 
individuals 21. Internet content normalizes female 
genital cosmetic surgery by promoting behavioral 
norms that encourage surgical interventions. 
Such advertising, which reinforces societal 
standards regarding body image, demonstrates 
the effectiveness of behavioral modeling in shaping 
attitudes and behaviors 14. Artificial intelligence 
and machine learning techniques, including 
natural language processing and computer vision 
algorithms, can be employed to analyze the 
content of medical websites 18,22-25.

This research presents a study that employs 
web scraping and natural language processing 
techniques to analyze online content related 
to labiaplasty. The objective of this study is to 
validate a natural language processing (NLP) 
framework for the automated bioethical appraisal 
of websites promoting labiaplasty, investigating 
how promotional narratives medicalize anatomical 
variations and reinforce rigid aesthetic standards.

Method

The analysis was conducted using a combination 
of web scraping and artificial intelligence (AI) 

techniques. A list of target websites was generated 
via a standardized Google search using the 
command: “List websites that offer labiaplasty”. 
A standardized Google search identified an 
initial pool of 152 websites offering labiaplasty 
services. Following the screening process, seven 
websites were excluded as they were inaccessible 
or returned server errors at the time of data 
collection. Consequently, the final analytical 
sample consisted of 145 accessed websites. 
Data collection and automated processing were 
conducted between June 26 and July 30, 2025.

Data acquisition and web scraping
The data collection was designed to capture the 

primary communicative elements of labiaplasty-
related websites. The procedure involved:
a.	 Content extraction: An automated scraping 

pipeline was implemented to parse the HTML 
structure of each target website. We prioritized 
the extraction of textual content from the main 
body, systematically excluding non-content-
related nodes such as scripts, CSS styles, 
and commercial advertisements to ensure data 
integrity.

b.	 Visual metadata harvesting: Since visual 
marketing is a cornerstone of aesthetic surgery 
promotion, the scraper targeted the “alt” 
attributes of all image tags (img). This process 
converted visual stimuli into textual metadata, 
enabling the language model to analyze the 
bioethical context of imagery that would 
otherwise be inaccessible to text-only processing.

AI-driven bioethical appraisal
This study used a large language model (LLM) 

to perform an automated bioethical evaluation 
of the scraped content. This process ensured 
a standardized and replicable assessment of 
the promotional narratives. The evaluation was 
guided by three specific directives designed to 
identify the medicalization of aesthetics and the 
pathologization of anatomical variations.
a.	 Natural language processing: The analysis 

utilized the GPT-4 engine (gpt-4-0613 or latest 
available version) 26 engine via a dedicated 
API interface. This model was chosen for its 
advanced capability in processing complex 
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ethical nuances and generating narrative-
style evaluations.

b.	 Instructional directives (prompts): 
The evaluation was guided by three specific 
bioethical directives designed to identify: 
(1) the promotion of harmful appearance 
norms; (2) the conflation of surgical aesthetics 
with sexual functionality or youthfulness; 
and (3) the pathologization of normal 
anatomical variations. The complete text for 
each instructional directive and representative 
samples of AI-generated narratives is 
provided in Appendix 1.

c.	 Processing pipeline: To maintain consistency 
across the 145 websites, the input was 
normalized through filtering and truncation 
before being processed by the LLM, ensuring 
the analysis focused on the core promotional 
narrative of each site.

Categorization of ai narratives
Since the GPT-4 model was instructed to provide 

narrative-style bioethical evaluations rather than 
simple binary outputs, a systematic post-hoc 
coding process was required. To ensure maximum 
methodological rigor and prevent confirmation 
bias, these textual narratives were independently 
categorized into binary classifications (yes/no) by a 
third researcher who was not involved in the initial 
human validation phase. This coder remained fully 
blinded to the results provided by the independent 
expert judges, ensuring that the interpretation of 
the AI’s evaluative content was conducted without 
prior knowledge of the criterion-reference scores.

Human validation (criterion-reference)
To ensure the reliability of the AI-generated 

analyses and address potential concerns regarding 
algorithmic bias or inaccuracy, a human validation 
phase was conducted. Two independent judges, 
experienced in the field, were recruited to provide 
a gold standard (criterion-reference) for the 
evaluation of the 145 websites.

The validation framework established a strict 
separation of roles: Two independent raters 
provided the gold standard reference, while a 
third, unrelated researcher performed the blinded 
categorization of the AI’s textual outputs. This 

triple-blinded approach was designed to uphold 
the psychometric integrity of the criterion-
validity analysis.

Procedures and blinding
The experts performed a blind evaluation, 

meaning they had no access to the previous 
outputs generated by the OpenAI model. 
Each judge independently assessed the same 
145 websites using a binary scale (yes/no) for 
three specific criteria that mirrored the prompts 
provided to the AI:
a.	 Criterion 1: Presence of language or imagery 

promoting unrealistic or harmful ideals of 
female genital appearance.

b.	 Criterion 2: Presence of before-and-after 
images suggesting enhanced appearance, 
sexual responsiveness, or pleasure.

c.	 Criterion 3: Presence of language 
misrepresenting natural vulvar variations 
as abnormal or promoting procedures as 
“empowerment”.
Specific instructions were provided to ensure 

standardized assessment across the sample.

Statistical design and performance 
evaluation

The statistical analysis was designed to evaluate 
the criterion validity of the AI model through a 
multi-reference diagnostic framework. To ensure a 
robust assessment of the AI’s performance in the 
face of potentially varied expert interpretations, 
the analytical plan was structured as follows:
a.	 Inter-rater reliability: To assess the stability 

of the human gold standard, Cohen’s Kappa 
(kappa) was planned for each of the three 
evaluation criteria. This measure was intended 
to categorize the tasks as either objective (high 
agreement) or subjective (low agreement).

b.	 Multi-reference validation strategy: Given the 
interpretative nature of bioethical criteria, 
this study utilized a “divergent approach.” 
Instead of forcing a consensus, the AI’s 
performance was calculated individually 
against each expert judge. This strategy allows 
for an assessment of the AI’s alignment with 
different professional frameworks.
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c.	 Performance metrics: The AI’s diagnostic 
accuracy was quantified using the following 
metrics, calculated for each judge-AI pair:

•	 Sensitivity (true positive rate): The model’s 
capacity to correctly identify sites with infractions.

•	 Specificity (true negative rate): The model’s 
capacity to correctly identify ethical or 
educational sites.

•	 Overall accuracy: The total proportion of 
correct classifications.

Software and code availability
To ensure the transparency of the computational 

pipeline and the reproducibility of the findings, the 
following environment and tools were utilized:
a.	 Computational environment: All data 

collection, processing, and statistical analyses 
were performed using the R programming 
language (version 4.2.2) 27. The analyses were 
conducted on a macOS Ventura operating 
system (version 13.2.1) 28, using RStudio as the 
Integrated Development Environment (IDE) 29.

b.	 Web scraping and AI integration: The extraction 
of textual content and visual metadata 
from the 145 websites was executed using 
the rvest package. The interface between 
R and the OpenAI GPT-4 API was managed 
via the reticulate package, which allowed 
for the direct application of the GPT-4 model to 
the scraped data.

c.	 Statistical software and metrics: Inter-rater 
reliability (Cohen’s Kappa) was calculated 
using the irr package. Performance metrics 
for criterion validity, including sensitivity, 
specificity, and accuracy, were derived through 
custom-built scripts in base R to ensure full 
transparency in the diagnostic calculations.

d.	 Data stewardship: The complete dataset, 
including the raw scraped text, AI-generated 
evaluation narratives, and independent expert 
classifications, is documented and available for 
peer review to uphold Open Science standards. 

To ensure full transparency and reproducibility, 
the detailed prompt specifications, sample 
evaluations, and the comprehensive R 
programming script are hosted in a public 
GitHub repository 30.

Results

The analyzed websites’ content frequently 
emphasized the importance of physical beauty 
and aesthetics, employing terms like “abnormal 
labia size”, “abnormal vaginal shape”, and “vaginal 
rejuvenation”, and associating these procedures 
with luxury and prestige. This messaging frequently 
targets vulnerable populations, providing discounts 
to specific groups and employing potentially 
triggering language for those dealing with body 
image issues. Instead of procedure details, 
the websites emphasize before-and-after photos 
and doctor credentials, downplaying potential 
risks and complications. Phrases like “perfectly 
shaped labia”, “restore your femininity”, and 
“enhance self-confidence” reinforce these 
unattainable standards. 

The qualitative analysis of the AI-generated 
narratives illustrates this pattern; for instance, 
when evaluating a website that featured imagery 
of social approval and concealing gestures, 
the model reasoned as follows: “The language 
used in this website promotes unrealistic and 
harmful ideals of female genital appearance by 
suggesting that women should have a certain type 
of genital appearance to be attractive or desirable. 
The imagery of a woman covering her private 
parts and a group of women laughing implies that 
there is anatomical deviance in the way a woman’s 
genitalia looks and that it should be changed 
to fit a certain standard of beauty”.

Furthermore, marketing language frequently 
employs behavioral modeling, implying that 
women must change their bodies to be attractive 
and desirable, and contributing to a body-shaming 
culture. Women who do not meet these standards 
may experience increased body dissatisfaction as 
a result. These findings highlight the significant 
role that marketing tactics play in shaping societal 
and individual perceptions of beauty, which may 
have implications for women’s psychological health 
and self-perception.
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In contrast, a small subset of the sample 
prioritized educational content over promotional 
narratives. Only four out of the 145 analyzed 
websites met these strictly educational criteria, 
such as the following example: “A labiaplasty is a 
surgical procedure used to reduce the size of the 
labia minora… It should not be performed on girls 
under the age of 18 because the labia continue to 
develop after puberty and into early adulthood. 
The labiaplasty is rarely and expensively available 
on the NHS”. 

Validation and inter-rater reliability
Inter-rater reliability varied significantly by 

criterion. Question 2 (objective imagery) showed 
near-perfect agreement (kappa=0.95; p<0.001). 
In contrast, Question 1 (kappa=-0.04) and Question 
3 (kappa=0.13) demonstrated poor agreement. 

For these subjective criteria, the AI’s performance 
was compared separately against each judge to 
identify patterns of alignment or systematic bias.

Criterion validity and AI performance
The diagnostic performance of the AI model 

relative to the human criterion-reference is 
summarized in Table 1. For the identification of 
before-and-after imagery (Question 2), the AI 
achieved an accuracy of 47.0% and a sensitivity 
of 39% when compared to Judge A. Similar results 
were observed for Judge B, with an accuracy of 
47.8% and sensitivity of 39%.

In the assessment of bioethical criteria, the AI 
demonstrated high sensitivity across both references, 
ranging from 97.9% for Question 1 (Judge A) to 
100% for Question 3 (both judges). Conversely,  
specificity for these criteria remained null (0.00%).

Table 1. AI diagnostic performance metrics against independent human experts

Criterion (Prompt) Reference Sensitivity Specificity Accuracy Kappa

Q2 (Objective Imagery)

IA vs. Judge A 0.39 0.55 0.47 −0.06ns

IA vs. Judge B 0.39 0.55 0.48 −0.61ns

Judge A vs. Judge B – – – 0.95***

Q1 (Harmful Ideals)

IA vs. Judge A 0.97 0.00 0.35 −0.48***

IA vs. Judge B 1.00 0.00 0.10 −0.80***

Judge A vs. Judge B – – – −0.04ns

Q3 (Pathologization)

IA vs. Judge A 1.00 0.00 0.58 −0.26***

IA vs. Judge B 1.00 0.00 0.24 −0.61***

Judge A vs. Judge B – – – 0.13ns

***: p<001; **: p<01; *: p<05; ns: non-significant. P-values refer to the test of the null hypothesis that agreement is due to chance (Kappa=0).

Discussion

General findings
The automated web analysis demonstrates that 

promotional content for labiaplasty systematically 
reinforces rigid beauty norms by problematizing 
natural anatomical variations. These narratives 
frame surgical intervention as a foundational 
requirement for self-confidence, effectively 
medicalizing aesthetic preferences and positioning 
the female body as a commodity subject to 
professional modification. This systematic 
commodification aligns with previous sociocultural 

critiques, illustrating how the digital marketing 
of female genital cosmetic surgery (FGCS) 
entrenches restrictive gender norms by presenting 
surgery as a predetermined response to socially 
constructed insecurities 7-9.

In parallel, the framing of FGCS as a surgical 
resolution for socially constructed concerns serves 
to entrench restrictive gender norms, effectively 
positioning body modification as a predetermined 
response to the very insecurities fostered by these 
normative standards 7.

In parallel, the frequent association of 
procedural outcomes with sexual responsiveness 
and youthfulness confirms the prevalence 
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of marketing strategies that conflict physical 
appearance with sexual desirability. By prioritizing 
“neat” and “youthful” aesthetics, these websites 
exert substantive pressure on women to conform 
to idealized standards frequently promoted 
through media portrayals 12,19,20. The clinical 
implications of this marketing are profound, 
as the consistent downplaying of physical and 
psychological risks complicates the process of 
obtaining truly informed consent. The lack of 
transparency regarding procedural complications 
echoes the contentions of the medical community 
regarding the ethical justification of elective 
cosmetic genital surgery in the absence of robust 
safety evidence 10,31.

Ultimately, the application of natural language 
processing (NLP) in this research demonstrates the 
substantive potential of computational techniques 
for large-scale bioethical assessment. By serving as 
a standardized benchmark, the AI model provides 
a level of evaluative consistency that supplements 
the inherent subjectivity identified among human 
experts, offering a foundational framework for the 
future regulation of digital medical marketing.

Comparison with prior work
The findings of this research expand upon 

established qualitative and manual content 
analyses regarding the digital promotion 
of labiaplasty. The role of online content in 
normalizing FGCS and perpetuating rigid beauty 
standards has been well documented in previous 
systematic reviews 14,15,32. However, traditional 
manual methodologies are often constrained by 
limited sample sizes and the significant human 
labor required for qualitative coding, which may 
hinder the ability to conduct continuous or large-
scale surveillance.

In contrast, this study introduces a pivotal 
advancement by employing NLP to automate the 
bioethical assessment of a substantive dataset. 
While manual critical discourse analysis has been 
traditionally utilized to identify the sensationalism 
and medicalization of the female pudenda, 
the current model provides a standardized 
benchmark that processes these narratives with 
high sensitivity 33. This transition to an automated 
evaluative framework allows for a more consistent 
identification of pathologization patterns that might 

otherwise be subject to individual interpretative 
bias in purely human-led evaluations.

Furthermore, the identification of a “blind 
spot” in text-based models offers a more nuanced 
understanding of the systemic limitations 
inherent in current AI technology, particularly 
regarding the ethical challenges of implementing 
machine learning in healthcare 22. While earlier 
works focused primarily on the socio-cultural 
impact of promotional content, this research 
contributes a diagnostic performance analysis that 
bridges the gap between bioethical critique and 
computational validation.

The challenge of subjectivity in  
bioethical analysis

The marked disparity in inter-rater reliability 
reveals a central tension in digital bioethical 
assessment. While human experts reached near-
perfect agreement on objective tasks, such as 
identifying the presence of before-and-after 
imagery (kappa=0.95; p<0.001), their consensus 
vanished when navigating the ethical nuances of the 
content. The poor agreement found for Question 1 
(kappa=-0.04) and Question 3 (kappa=0.13), this 
evidence demonstrates that evaluating medical 
marketing is inherently interpretative, necessitating 
standardized benchmarks to supplement individual 
clinical judgment.

Furthermore, the impartiality of this benchmark 
was safeguarded by using a third independent 
researcher to categorize the AI’s textual narratives. 
By ensuring this researcher remained blinded 
to the expert judges’ scores, we mitigated the 
risk of confirmation bias, demonstrating that 
the AI’s high sensitivity is a robust property of 
its linguistic reasoning rather than an artifact of 
interpretative alignment.

This subjectivity indicates that concepts 
such as “pathologization,” “empowerment,” 
and “unrealistic beauty standards” are not static 
benchmarks; they are filtered through the individual 
professional’s framework, clinical experience, 
and sociocultural values. In this study, what one 
expert identified as a clear bioethical infraction 
regarding anatomical variation, another may have 
interpreted as acceptable clinical information. 
This “gold standard” problem, the absence of a 
universal consensus on what constitutes a digital 

Re
se

ar
ch



8 Rev. bioét. 2026; 34: e4333EN  1-12 http://dx.doi.org/10.1590/1983-803420264333EN

Bioethics and artificial intelligence: digital content analysis on labiaplasty

ethical violation, represents the primary hurdle in 
the regulation of medical marketing.

Within this context, the role of AI shifts from 
a mere automated substitute to a standardized 
benchmark. Although the AI demonstrated lower 
specificity, its sensitivity of up to 100% in identifying 
pathologization (Q3) suggests its utility as an 
impartial “first-pass” assessment. By applying the 
same instructional directives (prompts) across all 
145 websites, the AI bypasses the individual biases 
of human judges, providing consistent, albeit rigid, 
ethical screening that serves as a foundation for 
subsequent human clinical judgment.

However, the premise of AI as a purely 
impartial benchmark must be approached with 
caution. Recent evidence indicates that LLMs 
systematically shift their ethical priorities, such 
as the balance between autonomy and justice, 
when presented with different socio-demographic 
cues 34. This suggests that while AI bypasses 
individual human judge bias, it may introduce 
algorithmic biases that mirror or even amplify 
societal inequities, particularly in sensitive health-
related decision-making.

The blind spot of text-based AI in 
bioethical surveillance

A critical finding of this study is the discrepancy 
between human expert consensus and AI 
performance in identifying visual marketing 
tactics. While the experts achieved near-perfect 
agreement in detecting before-and-after photos, 
the AI’s sensitivity remained below 40%.

This “blind spot” highlights a fundamental 
limitation of current NLP models in bioethical 
assessment. Since the methodology relied on web 
scraping text and image descriptions (alt-text), 
the AI’s failure suggests that many labiaplasty 
websites do not employ descriptive metadata for 
their visual content. Consequently, while a human 
visitor is immediately exposed to potentially 
harmful visual standards, a text-based automated 
assessment tool remains unaware of these 
infractions. This underscores the necessity for 
multi-modal AI approaches that combine computer 
vision with NLP for effective regulatory oversight of 
medical marketing.

The observed performance gap in imagery 
detection (<40% sensitivity) highlights a fundamental 

limitation of text-based NLP models. As the AI’s 
diagnostic ability was constrained by its reliance 
on textual metadata (alt-text), it remained “blind” 
to visual adverts that were readily identified by 
human experts. This finding suggests that many 
labiaplasty websites do not employ descriptive 
metadata, rendering visual marketing infractions 
invisible to automated textual evaluative models. 
Beyond the technical blind spot regarding visual 
metadata, there exists a second, more nuanced 
limitation: socio-demographic bias. If promotional 
content for labiaplasty subtly targets specific 
economic or ethnic groups, current LLMs may 
alter their bioethical assessments based on 
these identifiers, potentially directing more 
utilitarian or pathologizing narratives toward 
certain populations 34.

Recent evidence highlights that while LLMs like 
GPT-4 can offer sophisticated linguistic reasoning, 
they exhibit systematic limitations when faced with 
complex medical ethical dilemmas, particularly 
regarding the prioritization of patient autonomy 35. 
These findings align with the performance 
gaps observed in our study, where the model 
demonstrated high sensitivity but was constrained 
by a lack of multi-modal data integration.

Implications for policy and practice
The findings of this study offer substantive 

contributions to the regulation of digital 
healthcare environments. First, the high sensitivity 
demonstrated by the LLM in identifying the 
pathologization of anatomical variations suggests 
that automated bioethical assessment can serve 
as a pivotal tool for health surveillance agencies. 
Regulatory bodies, such as medical councils, 
could implement these AI-driven frameworks to 
conduct continuous, large-scale monitoring of 
online medical marketing, providing a standardized 
benchmark that addresses the ethical challenges 
of implementing machine learning in healthcare 22.

Second, the identification of a blind spot in 
text-based AI highlights a systemic requirement for 
improved transparency in medical web design. It is 
imperative that future digital advertising guidelines 
for surgical procedures mandate the inclusion of 
descriptive metadata (alt-text) for all clinical and 
promotional imagery. Such a requirement would 
not only facilitate more effective automated 
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oversight but also uphold the principles of digital 
accessibility and transparency 10.

Finally, for clinical practitioners, these results 
underscore the necessity of incorporating 
a critique of digital beauty standards into 
preoperative consultation. By acknowledging 
how online narratives often medicalize natural 
variations, clinicians can better assist patients 
in navigating the psychological dimensions of 
genital surgery, ensuring that the decision-
making process is grounded in clinical reality and 
professional ethics 2.

Strengths and limitations
The robustness of this research is grounded in 

several methodological pillars. First, the application 
of NLP for the bioethical assessment of medical 
marketing represents a pivotal innovation in 
digital health surveillance. By employing an 
LLM as a standardized evaluative tool, this study 
demonstrates the utility of AI in identifying 
nuanced ethical infractions across a substantive 
dataset of 145 websites. Second, the use of blinded 
independent experts to establish a gold standard 
provided a rigorous framework for assessing the 
AI’s criterion validity. The subsequent divergence 
approach utilized to handle inter-rater variability 
ensured that the inherent subjectivity of bioethical 
analysis was treated with psychometric precision. 
Furthermore, the study upholds Open Science 
standards by detailing the complete computational 
environment and providing the datasets for peer 
review, ensuring the reproducibility of the findings.

A significant strength of this study lies in its 
triple-blinded methodological structure. Beyond 
the use of independent expert judges, the final 
categorization of AI-generated narratives was 
performed by a third, unrelated researcher with 
no access to the human criterion-reference. 
This design ensures that the transition from 
qualitative AI outputs to quantitative performance 
metrics follows the highest standards of 
psychometric integrity.

Despite these strengths, certain limitations 
must be acknowledged:
•	 Scope and generalizability. While the analysis 

included 145 websites, this sample size may 
limit the generalizability of the findings to the 
broader global market of labiaplasty promotion.

•	 Search engine and selection bias. The sample 
was derived from a standardized Google 
search, which potentially prioritizes websites 
with high search engine optimization (SEO), 
possibly excluding less visible clinical platforms 
or independent forums.

•	 Modal constraint (the blind spot). The AI’s  
diagnostic accuracy for visual content 
remained limited, with sensitivity falling 
below 40%. This performance gap is 
attributed to the model’s reliance on textual 
metadata (alt-text), indicating that text-based 
automated assessments remain “blind” to 
potentially harmful visual marketing that  
lacks descriptive descriptors.

•	 Technological context. The results reflect 
the capabilities of the GPT-4 architecture 
as utilized during the data collection period 
in 2025. While GPT-4 represents a significant 
advancement over previous iterations 
(like GPT-3.5), performance metrics and 
ethical detection capabilities continue to 
evolve with the emergence of multi-modal and 
reasoning-heavy models.

•	 Algorithmic fairness and measurement bias. 
From a psychometric perspective, the disparity 
between the high sensitivity and extremely 
low specificity observed in our results (Table 1) 
suggests a challenge of algorithmic fairness 
and measurement bias. The model’s tendency 
toward ‘over-identification’ indicates that it 
may be functioning with a rigid evaluative 
template that lacks the necessary calibration 
to distinguish between legitimate clinical 
information and unethical pathologization. 
This identifies a risk of allocative harm, where 
educational or neutral content is unfairly 
penalized by the AI due to linguistic patterns 
rather than actual bioethical infractions. 
Recent evidence highlights that while clinical 
NLP models exhibit systematic limitations 
in prioritizing patient autonomy 35, the path 
forward involves the development of Fairness 
Certification frameworks. These frameworks 
aim to provide formal guarantees that LLMs 
meet specific equity criteria before being 
deployed in sensitive healthcare assessments, 
mitigating the risks of biased pathologization 
identified in our study 36,37.
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