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ABSTRACT

Facial reconstruction addresses congenital malformations and trauma through functional and aesthetic repair,
but faces limitations due to the dependence on surgical skills. The integration of telemedicine, artificial
intelligence (Al) and 3D printing have emerged as a solution to improve the accuracy and accessibility of
treatments; the objective was to demonstrate the benefits of telemedicine and artificial intelligence in the use
of 3D printing in facial reconstructions. A literary review was carried out using the PRISMA method, analyzing
20 studies from Scielo, Elsevier, PubMed, REDALYC and ERIC and taking into account the inclusion criteria: 1)
Research period between 2020 and 2024 2) Textual studies 3) Review articles 4) Spanish, English and Portuguese
language 5) Free open access articles, demonstrating that these technologies increase the quality of treatment
in functional and aesthetic results. The findings were a decrease in hospital admissions (12,5 %) and medical
costs (5,3 %), accuracy in facial reconstructions (90 % sensitivity) and economic benefits with 26 % returns
on technological investment (4-6). It is concluded that there is an improvement in functional and aesthetic
results in facial reconstruction and that it also transforms the accessibility and efficiency of the health system.
However, the adoption of these technologies faces challenges such as limited access to resources and the need
for more precise algorithms.
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RESUMEN

La reconstruccion facial aborda malformaciones congénitas y traumas mediante la reparacion funcional y
estética, pero enfrenta limitaciones debido a la dependencia de habilidades quirlrgicas. La integracion de
telemedicina, inteligencia artificial (IA) e impresion 3D han emergido como solucion para mejorar la precision
y accesibilidad a los tratamientos; el objetivo fue demostrar los beneficios de la telemedicina y la inteligencia
artificial en el uso de la impresion 3D en reconstrucciones faciales. Se realizo una revision literaria con el
método PRISMA, analizando 20 estudios de Scielo, Elsevier, PubMed, REDALYC y ERIC y teniendo en cuenta
los criterios de inclusion: 1) Periodo de investigacion entre 2020 y 2024 2) Estudios textuales 3) Articulos
de revision 4) Idioma espanol, inglés y portugués 5) Articulos gratuitos de libre acceso, demostrando que
estas tecnologias aumentan la calidad del tratamiento en resultados funcionales y estéticos. Los hallazgos
fueron disminucion en ingresos hospitalarios (12,5 %) y costos médicos (5,3 %), precision en reconstrucciones
faciales (90 % de sensibilidad) y beneficios econdomicos con retornos del 26 % en inversion tecnologica (4-6). Se
concluye que existe mejora en los resultados funcionales y estéticos en la reconstruccion facial y que también
transforma la accesibilidad y la eficiencia del sistema de salud, Sin embargo, la adopcion de estas tecnologias
enfrenta desafios como acceso limitado a recursos y necesidad de algoritmos mas precisos.
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INTRODUCTION

Multiple congenital malformations or external factors such as trauma cause facial deformities in patients,
which is why facial reconstruction is a diverse and varied multidisciplinary field that aims to provide both
functional and aesthetic repair for patients. However, this process is directly dependent on the surgical skills
of healthcare personnel, which causes significant limitations in the degree of accuracy and results in countless
cases. As a result of this problem, telemedicine has been integrated with artificial intelligence to raise standards
in facial reconstructive surgery, with 3D printing as a fundamental tool.

According to the World Health Organization (WHO), telemedicine is essential to ensure equity in access
to advanced and personalized health services.(" It has also become an indispensable tool for overcoming
geographical barriers and enabling access to specialized medical care, which is essential for remote or low-
income locations. It is also useful in the field of reconstructive surgery, as it allows for greater collaboration
between medical personnel, adequate postoperative follow-up, optimization of time, and reduction of
treatment costs.

In the field of facial reconstruction, deep learning algorithms can analyze medical images to design accurate
anatomical models, improve surgical planning, and predict clinical outcomes with a high degree of accuracy.®?
Furthermore, the combination of Al with 3D printing technologies allows for the creation of prostheses, surgical
guides, and customized structures that improve both functionality and aesthetics in patients.® For this reason,
its use is essential for favorable patient outcomes and facilitates the work of healthcare personnel.

On the other hand, 3D printing has emerged as a decisive tool in reconstructive surgery, as it provides
individualized resources for each patient’s problem, addressing their specific needs. Its ability to manufacture
detailed anatomical models and customized devices has been shown to reduce surgical times and improve
operational precision. ®>)

In light of these advances, the question arises: What are the benefits of telemedicine and artificial
intelligence in the use of 3D printing in facial reconstruction? This question is justified because traditional
methods of facial reconstruction surgery often have limitations in terms of precision, individualization, and
accessibility, especially in regions with limited resources. That is why the integration of telemedicine, artificial
intelligence (Al), and 3D printing technologies can transform this perspective by making use of advanced tools
that aim to improve the quality of treatment, obtain better results, and reduce geographical and economic
barriers, thereby generating a higher degree of patient satisfaction and providing better tools for healthcare
professionals.

Therefore, the objective of this project is to demonstrate the multiple benefits offered by telemedicine
and artificial intelligence in the use of 3D printing in facial reconstructions with the aim of optimizing surgical
precision, accessibility to specialized health services, and both functional and aesthetic results in patients.

METHOD

In carrying out this project, exhaustive research and literature review were conducted with the aim of
integrating the fundamental concepts of the project, respecting the parameters established by the PRISMA
method and putting into practice the bases established in its regulations.

The following search engines were used as the main sources of information: Scielo, ELSEVIER, REDALYC, and
PubMed. The search terms that made up the research equation were as follows: “telemedicine,” “artificial
intelligence,” “facial reconstruction,” and “3D printing.” These keywords were combined using the Boolean
term “AND” as a link, yielding results that contain these categories of analysis in either the title, abstract, or
body of the information. In addition, the inclusion criteria are: 1) Research period between 2020 and 2024,
2) Textual studies, 3) Review articles, 4) Spanish, English, and Portuguese language, 5) Free and open-access
articles. For this reason, any article that did not meet the selected filters and did not address the topic of study
was excluded.

Of the 15,190 articles that appeared, only 20 met both the inclusion and exclusion criteria and were
therefore considered in this literature review. Each of the articles was then analyzed to obtain their main ideas
and integrate them into this project.
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Figure 1. Flowchart of article selection
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DISCUSSION

Facial reconstruction is becoming more widespread every day due to the integration of telemedicine and
artificial intelligence (Al). Telemedicine offers healthcare professionals the possibility of providing personalized
care to patients in remote areas or with limited resources, ®® while Al can improve the accuracy and effectiveness
of most surgical procedures performed.©®? That is why the combination of Al and 3D printing allows for the
creation of prostheses, surgical guides, and customized structures that improve both functionality and aesthetics
in patients, providing great support to medical staff.¢"

Learning algorithms can analyze medical images to design accurate anatomical models, improve surgical
planning, and predict clinical outcomes with a high degree of accuracy.®? On the other hand, 3D printing
has emerged as a tool that allows not only the manufacture of accurate anatomical models but also devices
adapted to the specific needs of each patient. They highlight that the use of virtual simulators in conjunction
with 3D printing optimizes both the aesthetics and functionality of reconstructions.

In the field of artificial intelligence, tools such as DeepGestalt, used in most research, have shown a notable
impact on the early diagnosis of craniofacial malformations, with a sensitivity of 91 % for the identification of
more than 215 genetic syndromes compared to the use of similarity in 2D format alone. which is why it improves
accuracy and response time in treatments that traditionally rely heavily on the subjective experience of the
professional.

Furthermore, the integration of telemedicine, Al, and 3D printing in facial reconstruction has been shown in
the vast majority of studies reviewed to improve surgical accuracy, accessibility to specialized health services,
and both functional and aesthetic outcomes in patients. Likewise, the use of Al has been shown to reduce
surgical time by 74 % compared to the time commonly used.

In terms of accessibility, it has been shown that telemedicine, together with 3D printing, allows the benefits
of facial reconstruction to be extended to remote areas, minimizing transportation costs and eliminating
logistical barriers. In fact, collaboration between specialists is possible thanks to digital platforms that transmit
data in real time, with an effectiveness of 94,2 % for remote consultations, reaching a greater number of
patients compared to in-person care without the use of telemedicine or artificial intelligence.

Another crucial aspect that stands out in almost all studies is the reduction of errors and the higher degree
of operational precision, achieving adequate facial symmetry, low morbidity, and greater patient satisfaction,
reaching a percentage of 75 %. In addition, they report that anthropometric studies performed with 3D facial
reconstruction offer a margin of error of less than one millimeter, a significant advantage over two-dimensional
methods without the use of artificial intelligence.

That is why, from an economic and social perspective, the implementation of these technologies reduces
costs for patients and the entire healthcare system in general. In addition, the return on investment in Al and
3D printing technologies for facial reconstruction exceeds 26 % compared to normal daily expenses, which
reinforces their long-term viability. However, there are still challenges in integrating telemedicine, Al, and 3D
printing into facial reconstruction. Some of these challenges include the lack of access to technology in remote
or resource-limited areas and the need to develop more accurate and reliable Al algorithms to ensure the safety
and effectiveness of surgical procedures. In addition, technological integration requires significant investment
and a learning curve for medical staff.

Despite these challenges, the integration of telemedicine, Al, and 3D printing in facial reconstruction has
great potential to improve medical care and provide better outcomes for patients, reduce morbidity rates, and
improve patient satisfaction, reaching a 90 % positive perception of results.

CONCLUSION

The combination of telemedicine, Al, and 3D printing not only improves functional and aesthetic outcomes
in facial reconstruction, but also transforms the accessibility and efficiency of the healthcare system. The
literature shows that these technologies have a positive impact in terms of diagnostic accuracy, cost reduction,
time optimization, and patient satisfaction. That is why their integration represents a significant advance in
modern medicine, with the potential to redefine standards in the management of complex cases and in clinical
practice globally.
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