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Abstract The present systematic review provides a comprehensive analysis of the current role of
artificial intelligence (AI) in plastic surgery, focusing on its applications, outcomes,
challenges, and limitations. Out of an initial pool of 213 articles, 74 studies were
included after a rigorous selection process based on relevance and methodological
quality. Among the AI technologies evaluated, augmented reality (AR) stands out as an
emerging tool with significant potential to enhance visualization and planning in
esthetic and reconstructive procedures. The use of AR facilitates advancements in
volume projection, shape, and symmetry, helping to reduce patient anxiety and better
align surgical expectations by offeringmore precise preoperative visualization. Despite
the identified benefits, the implementation of these technologies faces considerable
challenges. The lack of specific regulations and the need for adequate technical training
for healthcare professionals are significant barriers to the full integration of AI into the
clinical practice. Additionally, the heterogeneity of studies and the lack of standardized
outcomes make it difficult to generalize the observed benefits. The review concludes
that, although the advances are promising, there is a critical need for further studies
that address existing gaps and for robust regulations to ensure the safe and effective
adoption of AI in contemporary plastic surgery.
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Introduction

Artificial intelligence (AI) has emerged as a new tool in
several fields ofmedicine. Its ability to analyze large volumes
of data and provide advanced decision-making support can
transform clinical practices, improve surgical precision, and
optimize patient outcomes.1–3 Within plastic surgery, the
incorporation of AI could theoretically improve diagnoses,
surgical planning, and postoperative outcomes.

In recent years, the application of AI in plastic surgery has
expanded significantly, ranging from preoperative planning,
with the optimization of surgical design and planning, to
intraoperative guidance, treatment decisions, and postoper-
ative management of patients, denoting its versatility.4,5

Some of the technologies that have been explored to improve
the surgical practice include machine learning models, con-
volutional neural networks to assess mammograms and
distinguish benign from malignant tumors, and natural
language processing.6–8 The use of neural networks to eval-
uate mammograms and differentiate benign frommalignant
tumors has shown results comparable to those obtained by
medical experts, for example.5

The incorporation of AI also raises significant ethical and
regulatory issues. Patient autonomy, respect for the general
data processing law, informed consent, confidentiality, and
proper metadata use are crucial considerations to ensure the
ethical and effective implementation of AI in plastic sur-
gery.2,4 Collaboration between plastic surgeons and comput-
er scientists is essential to develop clinically-relevant and
interpretable algorithms, minimizing systematic biases and
assuring data representativeness.5,9 Transitioning these
technologies into the daily clinical practice will require

collaborative and ongoing efforts to validate performance
and address recognized limitations.6

The present systematic reviewaims to explore the current
AI applications in plastic surgery, discuss outcomes, chal-
lenges, and limitations, and outline future directions to
integrate this technology into the daily clinical practice to
understand its implementation within procedures and as-
sess the quality and effectiveness of its interventions, as well
as the potential limitations in the current literature. By
providing a comprehensive overview of the capabilities
and implications of AI, the current study aims to contribute
to the advancement of plastic surgery and promote the safe
and effective adoption of this emerging technology.

Materials and Methods

The present systematic review is registered in the Interna-
tional Prospective Register of Systematic Reviews (PROS-
PERO; ID 585318). A comprehensive search in the PubMed
and LILACS databases was conducted in March 2024. The
search strategy combined the descriptors Artificial Intelli-
gence and Plastic Surgery to capture relevant articles in
Portuguese, English, and Spanish on AI applications in plastic
surgery, covering esthetic and reconstructive procedures.

Inclusion Criteria
The present review included articles meeting the following
criteria:

Publication period – only articles published between
January 2023 and March 2024 were eligible, ensuring that
the studies reflected the most recent and relevant develop-
ments in AI applications in plastic surgery.

Resumo Esta revisão sistemática oferece uma análise abrangente do papel atual da inteligência
artificial (IA) na cirurgia plástica, com ênfase em suas aplicações, resultados, desafios e
limitações. A partir de uma base inicial de 213 artigos, 74 estudos foram incluídos após
uma seleção rigorosa, considerando critérios de relevância e qualidade metodológica.
Entre as tecnologias de IA avaliadas, a realidade aumentada (RA) destaca-se como uma
ferramenta emergente com potencial significativo para melhorar a visualização e o
planejamento de procedimentos estéticos e reconstrutivos. A utilização de RA permite
avanços na projeção de volume, formato e simetria, e auxilia na redução da ansiedade
dos pacientes e no alinhamento das expectativas cirúrgicas ao oferecer uma visuali-
zação pré-operatória mais precisa. Apesar dos benefícios identificados, a implementa-
ção dessas tecnologias enfrenta desafios consideráveis. A ausência de regulamentação
específica e a necessidade de treinamento técnico adequado para profissionais de
saúde são barreiras significativas para a integração plena da IA na prática clínica. Além
disso, a heterogeneidade dos estudos e a falta de padronização nos resultados
dificultam a generalização dos benefícios observados. Conclui-se que, embora os
avanços sejam promissores, há uma necessidade crítica de estudos adicionais que
abordem as lacunas existentes e que sejam acompanhados por regulamentações
robustas para assegurar uma adoção segura e eficaz da IA na cirurgia plástica
contemporânea.
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Language –we restricted inclusion to studies published in
Portuguese, English, or Spanish, as long as they were avail-
able in full text, to enable a critical analysis with no language
barriers.

Thematic relevance – we included only studies directly
addressing the application of AI tools in plastic surgery
procedures, such as augmented reality (AR), predictive algo-
rithms, and machine-learning techniques.

Availability – we included only articles whose full text
could be accessed, to ensure the availability of all relevant
information for a detailed analysis.

Exclusion Criteria
We excluded articles that fell within the following categories:

Thematic relevance – we excluded studies that did not
directly address the application of AI tools in plastic surgery,
such as manuscripts that did not specifically focus on plastic
surgery or did not provide significant empirical data to the
analysis.

Methodological quality – we excluded opinion articles,
editorials, and correspondences to ensure the quality of the
data for analysis.

Article selection occurred in two sequential stages. In the
first, we identified 213 potentially-relevant articles for an
initial screening of titles and abstracts. The second consisted

of the full-text review of articles meeting the inclusion
criteria. The application of the inclusion and exclusion
criteria led to the selection of 74 articles for a detailed
analysis. This careful process ensured that the review only
included studies with good methodological quality, provid-
ing a comprehensive and up-to-date overview of AI use in
plastic surgery.

Results

During the systematic review process, we initially identified
213 potentially-relevant articles for analysis. A rigorous
screening based on the inclusion and exclusion criteria
resulted in the selection of 74 articles suitable to compose
the final analysis. This significant reduction reflects the
application of rigorous methodological criteria, ensuring
the inclusion of relevant and high-quality studies
alone. ►Figure 1 details the flow of the screening process,
from the initial identification to the final article selection.

We carefully extracted, synthesized, and organized the
data from the selected studies. ►Table 1 presents the rele-
vant information for each study, including the title, authors,
study type, sample size, interventions, main outcomes, and
limitations. This synthesis provides a comprehensive over-
view of the available evidence on AI application in plastic

Fig. 1 Process of selection of articles. Abbreviation: PICO, patient, intervention, comparison, and outcome.
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surgery, enabling a critical analysis of the methodological
quality and the impacts of the reported interventions. Data
organization aims to facilitate comparisons between studies
and identify gaps in current knowledge, contributing to a
deeper understanding of AI implications in this medical
field. ►Table 1 compiles information from the 74 articles.

Discussion

The use of AI in surgical procedures has undergone significant
developments in recent years. The studies in the current
review show that integrating machine-learning methods
with surgeons’ practices helps to achieve better outcomes in
routine surgery. Four studies10–12 addressed AI integration in
breast reconstruction surgery. This technology improved the
visualization of blood vessels and tissues compared with
reconstructions performed without the use of AI. As such, AI
enabled the earlier identification of risk factors for the proce-
dure, reducing intra- and postoperative complications.10–12

Another significant issue is the evaluation of the perfor-
mance of ChatGPT (OpenAI, Inc., San Francisco, CA, United
States) in the provision of answers about plastic surgery.13–15

Fourteen studies reported on counseling provided by AI and
demonstrated that ChatGPT can act as a supplementary tool
for surgeons, offer crucial information to patients, and solve
problems related to the surgical procedure.16 Studies13–15

also analyzed the surgeons’ view regarding the answers
provided by ChatGPT when asked about daily procedures
within plastic surgery. The surgeons pointed out that the
answers provided by ChatGPTwere relevant and accurate for
simple questions. However, ChatGPT provided superficial
answers for highly-complex topics, that is, a mere general
overview.13–15

One topic worth highlighting is the use of deep learning,
that is, machine learning based on algorithm predictive
analysis, deemed an efficient tool for surgical wound man-
agement. Using this evaluation method, AI could identify
infections and predict complications of postoperative
wounds with a 96% accuracy rate.17 Furthermore, one article
analyzing this same tool in burn patients demonstrated AI’s
ability to predict graft-requiring sites, complication occur-
rence, and prolonged hospital stays due to skin lesions.18–20

Regarding the intraoperative period, the articles mostly
addressed AI-provided AR. This tool significantly improves
the visualization and planning of perforating flaps in recon-
structive plastic surgery for a better understanding of the
anatomy to increase the accuracy of the procedure. It is also
worth noting that this visualization enables a projection of
the volume, shape, and symmetry of the structures for
reconstruction, rejuvenation, or beautification in the preop-
erative period.21,22

Although the current study presented promising results
on AI use in plastic surgery, some critical limitations remain.
First, AI is an emerging technology, and the lack of specific
regulation represents a significant challenge. The absence of
clear and standardized guidelines can compromise the safety
and reliability of the data processed by AI tools, raising
questions about result validation.23Ta
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Another relevant limitation is the bias associated with
ethical and legal responsibility in AI-based medical deci-
sions. The lack of regulation by health agencies leaves the
role of AI in supporting clinical decisions undefined, creating
uncertainty about liability in cases of errors or undesirable
outcomes. This scenario highlights the urgent need for a
regulatory framework considering patient protection and
the legal security of health professionals.24–26

Furthermore, the effective use of AI tools in plastic surgery
requires a high level of technical knowledge by medical
teams, limiting its widespread adoption. The need for spe-
cialized training can create barriers to technology imple-
mentation in clinics and hospitals without sufficient
resources for ongoing training.27,28

Finally, the black box concept inherent in many AI algo-
rithms represents another crucial limitation. The lack of
transparency in automated decision-making processes hin-
ders the understanding of the origin and reason for certain
recommendations. This opacity limits control over data and
interferes with a critical result evaluation, potentially reduc-
ing the confidence of healthcare professionals in applying
these tools.23

In summary, despite the advances, the full integration of
AI in plastic surgery faces significant challenges that need to
be addressed through adequate regulation, specialized train-
ing, and greater transparency in decision-making processes.

Conclusion

The analysis of the results highlights the growing incorpo-
ration of AI in plastic surgery. In different subspecialties, AI
has shown its potential, such as in breast reconstruction, in
which machine-learning techniques are used to improve the
visualization of anatomical structures and identify risk fac-
tors early, contributing to the reduction of intra- and post-
operative complications. The reduction in the time required
for the analysis and selection of recipient vessels, demon-
strated in one of the studies, illustrates the efficiency AI can
provide to surgical planning.

In addition, the assessment of ChatGPT’s performance
revealed its value as a supplementary tool, providing support
in clinical decision-making and improving communication
with the patients. However, its limitations in more complex
topics highlight the need for careful and judicious integration
of this technology into the clinical practice. Other innova-
tions, such as deep learning in surgical wound management
and AR in reconstructive plastic surgery, have demonstrated
positive impacts in optimizing clinical outcomes and im-
proving the patient experience. Thus, AI adoption, with
adequate regulation and ongoing training of healthcare
professionals, can transform the practice of plastic surgery,
leading to significant advances in esthetic and reconstructive
medicine.
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