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ABSTRACT

This article presents, describes, and evaluates, from the perspective of Design for Sustainability (DfS), the social,
economic, and technological aspects of the process of developing and manufacturing anatomical biomodels
to support surgery using 3D printing in a Brazilian public hospital. This process had an interdisciplinary charac-
ter, involving professionals of Design, Odontology, and Physiotherapy. The assessment was carried out using
DfS (Design for Sustainability) social and environmental heuristics (guidelines), and enabled the identification
of relevant aspects, as well as opportunities for improvement in processes. Among the results, the importance
of having a specific space dedicated to digital manufacturing in public hospitals stands out, which speeds up
the development of biomodels, as well as the quantity, diversity, and quality of 3D printing equipment, which
allows the exploration of multiple possibilities for processes and materials, speeding up innovation in the hos-
pital environment.
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RESUMO

Este artigo apresenta, descreve e avalia, sob a perspectiva do Design para Sustentabilidade (DfS), os aspectos sociais,
econémicos e tecnoldgicos do processo de desenvolvimento e fabricagdo de biomodelos anatémicos para apoio a
cirurgias com uso de impressdo 3D em um hospital publico brasileiro. Esse processo teve cardter interdisciplinar, en-
volvendo profissionais de Design, Odontologia e Fisioterapia. A avaliagéo foi realizada por meio de heuristicas socio-
ambientais (diretrizes) DfS (Design for Sustainability) e possibilitou a identificacéo de aspectos relevantes, bem como
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oportunidades de melhoria nos processos. Entre os resultados, destaca-se a importdncia de se ter um espaco especif-
ico dedicado a fabricagao digital em hospitais publicos, o que agiliza o desenvolvimento de biomodelos, bem como
a quantidade, diversidade e qualidade dos equipamentos de impresséo 3D, que permitem a exploragdo de mdltiplas
possibilidades de processos e materiais, acelerando a inovagdo no ambiente hospitalar.

PALAVRAS-CHAVE

Saude publica; cirurgia; biomodelos; impressao 3D; design de produto.

RESUMEN

Este articulo presenta, describe y evaltia, desde la perspectiva del Disefio para la Sostenibilidad (DfS), los aspectos sociales,
econdmicos y tecnoldgicos del proceso de desarrollo y fabricacion de biomodelos anatémicos para soporte de cirugias
mediante impresién 3D en un hospital publico brasilefio. Este proceso tuvo un cardcter interdisciplinario, involucrando
a profesionales del Disefio, Odontologia y Fisioterapia. La evaluacion se realizé mediante heuristicas socioambientales
(directrices) DfS (Disefo para la Sostenibilidad) y permitid identificar aspectos relevantes, asi como oportunidades de
mejora en los procesos. Entre los resultados destaca la importancia de contar con un espacio especifico dedicado a la
fabricacion digital en los hospitales publicos, lo que agiliza el desarrollo de biomodelos, asi como la cantidad, diversidad y
calidad de los equipos de impresion 3D, que permiten explorar multiples procesos y posibilidades materiales, acelerando
la innovacién en el entorno hospitalario.

PALABRAS CLAVE

Salud publica; cirugia; biomodelos; Impresién 3d; disefio de producto.
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1. INTRODUCTION

The inclusion of new technologies in the health sector
represents an important strategy in the search for impro-
vements in health care, and this requires innovative pro-
posals and ideas in development and processes, in addi-
tion to the design of products to increase the quality of
health care practices. in Brazil (Oliveira and Rodas, 2017;
Fabris, Vicentin, Sampaio, 2023). In healthcare, the use of
three-dimensional technologies, also known as additive
manufacturing (AM) or rapid prototyping (PR), has enab-
led the expansion of innovative techniques involving cus-
tomization and personalization of medical products and
equipment. (Matozinhos, 2017). AM, as it presents a wide
field of applicability, has stood out as a promising method
for prototypes and final parts (Paiva; Nogueira, 2021). The
search for alternatives for health treatments has led to AM
applications being incorporated into a variety of medical
techniques and procedures, contributing significantly to
several areas, such as oral and maxillofacial surgery, den-
tistry, neurosurgery, orthopedic surgery, among others
(Dod; Jibhakate; Walke, 2023).

Of particular note in this study is oral and maxillofacial
surgery, which has excelled with the emergence of these
new technologies, which enable better diagnosis and sur-
gical planning for craniofacial disorders. Examples include
orthognathic surgery, maxillofacial reconstructions, and
temporomandibular prostheses, which, through three-di-
mensional virtual planning, allow customizing prostheses,
surgical guides, fixation plates, among others (Lima, et. al,
2023). Conventional surgical planning, although effective,
requires an arduous method of manual tracing and plas-
ter casts, in addition to a significant amount of time in its
preparation and encompasses several steps that can ac-
centuate flaws and cause inaccuracies in the outcome of
surgical treatment (Resnick; Inverso; Wrzosek, 2016).

Unlike conventional surgical planning, the combina-
tion of clinical and virtual planning allows for more pre-
dictable, personalised, and precise treatment (Lima, et al,
2023). Whether with the manufacture of surgical templa-
tes (most common medical applications of 3D printing in
routine practice), or in the reconstruction of bone defects,
replacement of the temporomandibular joint and more
recently the 3D printing of implantable biomaterials using
the patient's own image data, either by computed tomo-
graphy or magnetic resonance imaging (Dod; Jibhakate;
Walke, 2023).

Currently, AM allows the creation of biomodels ob-
tained from human anatomy, through the association of
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imaging systems with computing systems (CAD - CAM).
3D biomodels are produced from patient images acqui-
red by resonance or computed tomography and can be
manufactured in nylon using SLS 3D printing technology.
The creation of biomodels or anatomical models of RP
has played a very important role in Oral and Maxillofacial
Surgery and Traumatology, as it allows better surgical
planning in all its stages, facilitates visualization of the
extent of the injury and the use of materials in the mo-
del (Sapphire , 2010), reducing the time of the surgical
procedure and consequently the period of anesthesia,
as well as the risk of infection, better aesthetic and func-
tional results due to the possibility of measurement and
prior conformation of the materials, contributing to the
reduction of the total cost of the treatment (Peckitt, 1999;
Mazzonetto et al, 2002; Meurer et al, 2003).

To enable the production of these models in public
hospitals, the emergence of digital manufacturing labo-
ratories in these institutions has been essential. These
spaces, often called "healthcare fab labs," provide an envi-
ronment where digital manufacturing technologies such
as 3D printing, laser cutting, CNC machining and elec-
tronics are applied to the healthcare context. The Digital
Manufacturing and Innovation Center (Fab.i HU) at the
University Hospital of Londrina (HU UEL) is one of these
digital manufacturing laboratories, which had its origins
in the COVID-19 pandemic. It is part of the HU UEL struc-
ture and was opened in April 2022, with several FDM and
LCD printers, 3D scanners and computers with 3D mode-
ling software to develop projects and health products. It
is in this space that the solutions presented in this article
were developed, having as reference a development pro-
cess in which Design assumed a fundamental role, and
which will also be presented and discussed in this article.

2. THEORETICAL FRAMEWORK

« The importance of Craniomaxillofacial
Reconstruction

Craniomaxillofacial deformities cause significant harm to
patients, as they generally cause aesthetic sequelae that
hinder social integration, compromise their quality of life
and interfere with self-esteem. Furthermore, it causes se-
rious functional sequelae, such as changes in the visual
field, breathing, speech, chewing impairment and other
mandibular functions (Freitas, 2006). These defects can be
congenital or acquired, such as those arising from trauma,
infections, bone resorption, resection of facial neoplasms,
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among others. In these surgical interventions, the impor-
tance of reconstructing the deformity, restoring function
and facial harmony stands out, aiming for a satisfactory
result (Gouveia, 2009).

Biomodels obtained by 3D printing are physical repli-
cas of anatomical structures and allow three-dimensional
visualization of the structures and their changes. They
allow the advantage of evaluating the exact extent of the
resection, the size and shape of the graft to be used, in
addition to allowing pre-operative modelling of the plate,
which considerably reduces surgical time (Gouveia, 2009).
In this article, three biomodels developed at Fab.i HU will
be presented and discussed, as well as an evaluation of
these in terms of social and economic aspects, from the
perspective of Design for Sustainability.

+ Application of 3D printing in the planning
of bucocraniofacial surgeries

3D printing has revolutionized several sectors of society,
from manufacturing to medicine. In the field of health-
care and surgery, this innovative technology is playing a
crucial role in enabling the creation of precise anatomical
models, personalized medical devices, and even functio-
nal human organs. With continued advancements and a
growing understanding of its applications, 3D printing is
shaping the future of healthcare in unprecedented ways.

One of the most promising aspects of 3D printing in
medicine is the ability to produce accurate and detailed
anatomical models from medical imaging data such as
computed tomography (CT) scans and magnetic reso-
nance imaging (MRI) scans. The images obtained from
CT scans and MRIs are stored in a format called DICOM
(Digital Imaging and Communication in Medicine), con-
taining information about bone structure and tissues,
allowing digital analysis and separation of the desired
structures, with which it is possible to create a piece thre-
e-dimensional model that can be used to reproduce, via
3D printing, a model that provides surgeons with a tangi-
ble physical representation of the patient and the target
area of surgery (Jacobo et al, 2023).

This allows healthcare professionals to study the pa-
tient's anatomy in greater detail, plan specific surgical
approaches and rehearse complex procedures before the
actual operation (Matozinhos et al, 2017). Additionally,
these models can be used to educate patients and their
families about planned procedures, increasing unders-
tanding and acceptance of medical and dental interven-
tions. 3D printing can also be used to simulate complex
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surgeries, helping surgeons develop their skills and per-
fect techniques before entering the operating room.

In the biomodelling of anatomical parts, 3D printing
has proven to be a useful tool, whether in surgical plan-
ning, in the manufacture of personalized prostheses and
in the execution of surgery, resulting in better functional
and aesthetic results, as well as a reduction in risks and
costs (Gouveia, 2009). Surgical methods became safer
and more reliable as advances in radiology, such as com-
puted tomography and clinical analysis methods were
introduced into practice (Gouveia, 2009).

Currently, most biomodels reproduce the patient's
own bone structures and are constructed from computed
tomography (CT). These help the surgical team to unders-
tand the shape, relative location, orientation, and size of
the anatomical structure in question (Gouveia, 2009). In
some cases, biomodels are cut, sanded, and reconstruc-
ted before surgery, sometimes being sterilized, and taken
to the operating room to assist on site as a visualization
tool for surgical intervention (Petzold, 1999; Gouveia, 2009).

« 3D printing applied to healthcare and
surgery: types of systems

3D printing systems known as FDM (Fused Deposition
Modelling) and LCD (Liquid Crystal Display) are two po-
pular and affordable 3D printing technologies that can be
used to produce these models, each with its own charac-
teristics and applications.

Fused Deposition Modelling, or FDM, is a 3D printing
process that involves depositing molten thermoplas-
tic material, layer by layer, to build a three-dimensional
object. The material is fed through a heated nozzle and
deposited onto a build platform, rapidly solidifying upon
deposition (Kumar and Pumera, 2021). This process uses
thermoplastic materials, such as PLA (polylactic acid), ABS
(acrylonitrile-butadiene-styrene) and PETG (Polyethylene
Terephthalate Glycol), and its main advantage is that it is
an accessible and suitable technology for reproducing
bone models, allowing printing in large formats. Each
material has distinct characteristics and must be chosen
according to the needs of the model to be prototyped.

Liquid Crystal Display (LCD) technology is a 3D prin-
ting method that uses a photosensitive liquid resin. A thin
layer of resin is exposed to ultraviolet light through a li-
quid crystal screen, which acts like a mask, solidifying the
exposed areas (Kumar and Pumera, 2021). This process is
repeated layer by layer until the object is completely for-
med. This technology achieves greater levels of detail and
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precision, but more affordable equipment has printing
areas small, which makes the production of bone models
difficult. However, this problem has recently started to be
overcome with the arrival on the market of equipment
with a larger printing volume, and at a very affordable cost.

Despite advances in recent years, 3D printing in heal-
thcare and surgery also faces significant challenges. The
safety, regulation and validation of 3D printed devices
are areas that require continuous research and develop-
ment, in addition to lacking explicit regulation. In short,
3D printing is playing a transformative role in healthcare
and surgery, revolutionizing the way healthcare profes-
sionals approach diagnosis and treatment. With the abi-
lity to create precise anatomical models, this technology
is opening doors to a future where healthcare is more
effective, personalized, and accessible. Although challen-
ges remain, the potential positive impact of 3D printing
on medicine is undeniable.

« Digital manufacturing labs in hospitals:
The Fab.i HU

Fab.i HU is a laboratory linked to the research project
No. 12565/2020 and was institutionalized by HU UEL in
April 2021. HU UEL is a Supplementary Body of the State
University of Londrina (UEL), being recognized by the
Ministry of Education and Ministry of Health, under the
terms of Interministerial Ordinance MEC/MS No. 1,213 of
05/30/2014, as well as Health License (verification code
No. 8264312). HU UEL is the second largest public hospi-
tal in Parand, being considered a strategic and traditional
reference centre in medium and high complexity, 100%
SUS (Unified Health System). It is worth mentioning that
HU UEL was one of the references and support in the
Covid_19 epidemic in the State of Parana.

Since its institutionalization, Fab.i HU has already de-
veloped several solutions for the areas of Paediatrics,
Pulmonology, Burn Treatment Centre (CTQ), Dentistry/
Oral and Maxillofacial Surgery, and is now seeking to
expand its reach to other areas of health from hospi-
tal. Having the laboratory integrated into the hospital
structure has several advantages, among which we can
highlight:

+ Medical customization: allows the creation of per-
sonalized medical devices, prosthetics and implants
adapted to the specific needs of patients. This can
resultin more effective treatments and a better qua-
lity of life.

« Cost savings: On-site manufacturing of medical
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devices reduces costs compared to purchasing
commercial devices. Additionally, customization
can eliminate the need for subsequent adjustments,
saving time and resources.

+ Rapid prototyping: Rapid prototyping allows heal-
thcare professionals to test ideas and designs be-
fore larger-scale production, accelerating medical
innovation.

+ Reduction in surgery/hospitalization time: with the
ability to produce models so that the medical team
can practice the surgical procedure or even carry out
measurements to produce implants and prostheses,
the patient's time in the surgical centre is reduced,
generating savings, and promoting shorter anaes-
thesia time. This means the patient spends less time
in the hospital, as it allows for a faster recovery.

In addition to these advantages, the fact that the
laboratory is linked to the Hospital allows for multidis-
ciplinary collaboration, generating more efficient and
comprehensive solutions, in addition to allowing effi-
cient management of resources, including financing,
space and personnel. Compared to traditional fab labs,
as they have a specific medical context, at Fab.i HU the
R&D team ends up having a deeper understanding of me-
dical needs, allowing the creation of more targeted so-
lutions. Proximity to doctors and patients makes it easier
to test and implement innovative devices and solutions.
Additionally, the presence of healthcare professionals can
guide the design of solutions that meet medical safety
and effectiveness standards.

But there are also disadvantages, such as regulatory
complexity. Medical devices are subject to strict regula-
tions and healthcare laboratories must ensure complian-
ce with standards and approvals. Furthermore, they end
up having limited resources, as they depend on bidding
and must follow bureaucratic procedures that often end
up making certain applications unfeasible. In summary,
digital manufacturing laboratories in hospitals represent
an important milestone in the convergence between he-
althcare and technology. These spaces offer a platform
for personalized medical innovation, although they pre-
sent regulatory and resource challenges. Compared to
traditional fab labs, healthcare labs stand out for their
medical specialization and clinical integration.

Mix Sustentavel | Floriandpolis | v.10 | n.2| p.91-101 | MAR. | 2024




Production of surgical biomodels to support surgery by 3D printing: A social and economic evaluation from the design for sustainability perspective.

C.P.Sampaio; S. M. Fabris; J. A. Vincentin; G. A. V. Stabile; C. L. P. Stabile.
https://doi.org/10.29183/2447-3073.MIX2023.¥10.n2.91-101

3. METHODOLOGY

In addition to a bibliographical review, the method used
in this study is the case report of the development of
three artifacts (jaw biomodel for orthognathic surgery,
skull biomodel for craniomaxillofacial reconstruction sur-
gery, and skull biomodel for bone dysplasia correction
surgery), from which a qualitative assessment was carried
out based on social and economic heuristics, based on
Santos, et al (2019).

4. RESULTS

Below are three biomodels that were prototyped by Fab.i
HU in response to the request of the hospital's Oral and
Maxillofacial surgical team: 1) biomodel to support or-
thognathic surgery (jaw printed in green PLA); 2) biomo-
del to support craniomaxillofacial reconstruction surgery
(skull printed in crystal liquid resin) and 3) biomodel to
support bone dysplasia correction surgery (jaw printed in
crystal PETG).

« Biomodel 1: Orthognathic surgery

Orthognathic surgery is a procedure used to correct facial
asymmetry to correct and reposition the jaw bones, and,
consequently, the dental positioning of patients who have
different degrees of asymmetry in the region (Modonesi
et.al, 2017). In this case, the 3D model of the mandible in
stl format was opened in the Rhinoceros 7 software for
verification together with a professional from the surgi-
cal team, and then imported into the Ultimaker Cura sof-
tware to generate a gcode file, which was then sent to
be printed on an Ender 5 Plus 3D printer, in 1.75mm PLA
plastic filament, in green, using a 0.4mm printing nozzle.
The printing took approximately 6 hours, and the model
proved to be suitable for the intended purpose of surgical
planning, allowing it to be machined with micro-grinding
equipment (Figures 1a and 1b).
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(a) (b)
Figure 1: Mandible printed in PLA with the impression supports (a) and being machined by a
professional from the surgical team in the surgery planning stage (b).
Source: prepared by the authors.

« Biomodel 2: Craniomaxillofacial deformity

To optimize the results of craniomaxillofacial reconstruc-
tions, careful planning is necessary with excellent anam-
nesis, pre-operative preparation, imaging tests, creation
of biomodels, selection of the biomaterial indicated for
reconstruction and, above all, choice of the appropriate
surgical technique. Depending on the complexity of the
cases, a multidisciplinary approach is required. For this
application, the 3D model in stl format provided by the
surgical team was also reviewed in the Rhinoceros 7 sof-
tware together with a professional from the surgical team.
However, the generation of the print file was done using
the Halot Box software, specific to the Halot One prin-
ter, as the laboratory team wanted to experiment with
the use of resin printing to evaluate the viability of this
technology in surgical biomodels. A 3D model of a male
skull was printed, which had to be produced in parts due
to the small size of the equipment'’s printing area. After
removing the part, the printing supports and washing to
remove excess resin, the parts were subsequently joined
using resin applied with a brush, followed by curing by
ultraviolet rays in equipment suitable for this purpose.

(a) by
Figure 2: Skull printed in resin on an LCD printer, in side (a) and front (b) views.
Source: prepared by the authors.

The process proved to be viable, although laborious,
asthe assembly was done by hand. However, this difficulty
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can be overcome with the use of larger volume resin prin-
ters, currently available on the market and at a viable cost
(around R$5,000). The model presented a high quality of
finish (Figures 2a and 2b), but also excessive rigidity for
the need for machining by the surgical team. It is worth
noting that the laboratory has six Halot One equipment,
two of which are intended for printing in rigid resin like
the one used in this biomodel, and the others for testing
with other types of resin, such as flexible or pigmented).

« Biomodel 3: Bone dysplasia

Bone dysplasia is described as a benign disorder of bone
development, characterized by the replacement of nor-
mal bone by an excessive proliferation of fibrous connec-
tive tissue. A piece obtained from the CT image of a pa-
tient who had bone dysplasia was manufactured for the
surgical procedure of osteoplasty in the maxillary region.
As with previous biomodels, this part was printed from a
stl file provided by the surgical team, using Rhinoceros 7
software for evaluation and Ultimaker Cura to generate a
gcode file for 3D printing.

(a) (b)
Figure 3: Skull printed in PETG, with printing supports (a) and front (b).
Source: prepared by the authors.

This piece was printed on an Ender 5 Plus printer but,
unlike biomodel 1, 1.75mm PETG filament was used with a
Tmm printing nozzle. Therefore, biomodels 1 and 3 were
printed on two different FDM printers, which was possi-
ble since the laboratory has four pieces of equipment of
this type. The objective of using the Tmm nozzle is to re-
duce printing time on parts that do not require very high
precision, as was the case with biomodel 3.

+ Development and manufacturing process

The creation of the three biomodels followed the same
basic work process, but with some specificities for each of

the pieces, as follows:
« Receipt of the 3Dfile of the object to be printed in st for-
mat, delivered by a professional from the surgical team.
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« Conference of the 3D model together with the sur-
gical team professional.

« Discussion with the requesting professional about
the attributes that the material should fulfil to meet
the needs (surface quality, malleability, mechanical
resistance, hardness level, ease of cutting, machi-
ning and pen markings, absence of post-printing
lint), as well as the deadline for delivery of the part.

« Definition of printing material, layer resolution, fill
level, use of supports and other printing parameters.

« 3D printing of the biomodel.

« Removal of printing supports, cleaning, curing (re-
sin printing) and finishing.

+ Delivery of the biomodel to the surgical team.

Next, the development of these biomodels will be dis-
cussed from aspects of social and economic sustainabili-
ty, from the perspective of Design for Sustainability, and
based on the heuristics described by Santos, et al (2019).

5. ANALYSIS OF RESULTS

+  Aspects of social sustainability: benefits for
the hospital’s internal and external public

The evaluation of the social aspects of the processes des-
cribed above was carried out considering the following
heuristics, as proposed by Santos et al (2019): improve
working and employment conditions; favour the inclusion
of everyone;improve social cohesion; value local resources
and skills; promote education in sustainability, and instru-
mentalize responsible consumption. Of these, three were
considered relevant to this study, and are discussed below.

Improve working and employment conditions

In this case, we can see an improvement in working con-
ditions for surgical professionals, who, with the use of
biomodels, begin to perform faster, safer, and therefo-
re less tiring and stressful surgeries, with direct impacts
on the well-being of patients. surgical patients, who,
thanks to the reduction in surgery time, also have their
risk level (contamination, complications) and stress re-
duced. In this aspect, surgical team professionals repor-
ted, for example, reductions in surgery time from more
than five hours to less than two hours, a significant gain
thanks to the use of biomodels for prior surgery planning.

Encourage the inclusion of everyone
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The use of surgical biomodels and the reduction in sur-
gery time also imply the possibility of performing new
surgeries, expanding the reach of the public health ser-
vice to more patients. Considering that a large part of the
public that seeks care at HU UEL is low-income, there is an
obvious social benefit in favouring the inclusion of the-
se people in care, which is provided entirely via SUS. The
incorporation of 3D printing in this case presents bene-
fits that can be concretely perceived by the population.

Valuing local resources and skills

The digital manufacturing of biomodels located within
the hospital can be considered an example of distribu-
ted production, in which the production and distribu-
tion of goods is carried out locally and decentralized,
without direct dependence on a few producers who
are far from consumers. Although the equipment and
inputs originate from suppliers far from the hospital,
once the 3D printing infrastructure is installed, the hos-
pital gains greater autonomy in the development, pro-
duction, testing and delivery of solutions. Therefore, we
start using a local resource (in this case the 3D printing
laboratory) and local skills (in this case the laboratory
team, made up of researchers, professors, and students
from the university to which the hospital belongs).

+ Aspects of economic sustainability: bene-
fits for the hospital and the SUS

The economic heuristics proposed by Santos, et al (2019)
refer to: strengthening and valuing local resources; res-
pect and value local culture; promote and local economy;
promote network organizations; value the reintegration
of waste and promote education for a sustainable eco-
nomy. Of these, those that we consider most significant
in the process of producing surgical biomodels are dis-
cussed below.

Strengthening and valuing local resources

In addition to the social implications, prioritizing the choi-
ce of local resources (material, technical, financial, human)
over those of external origin is also an economic heuristic,
as it can lead to a gain in competitive advantage. In the
case of a public hospital, the main advantage of having the
3D printing laboratory as a local resource is the reduction
in costs resulting from the reduction in surgery time, with
savings in both team working hours and costs resulting
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from the reduction of risks, already mentioned previously.
Promotion of the local economy

Once installed, to produce biomodels, the laboratory
starts to consume different types of inputs (filaments,
glues, spare parts), as well as maintenance and repair ser-
vices that can be purchased from local companies, which
helps to strengthen chains of value in the city itself, ge-
nerating work and local income. Furthermore, the techni-
cal-scientific knowledge generated in the laboratory and
disseminated through articles, reports, lectures, courses,
and other forms of dissemination enables other actors
external to the hospital to also create new business mo-
dels, thus encouraging locally based entrepreneurship,
which is also favoured by the existence of an innovation
agency at the university to which the hospital is linked.

Promotion of networked organizations

The development of biomodels involves the interaction
of professionals from different areas (design, physio-
therapy, dentistry, medicine, surgery), in an interdisci-
plinary way. This interaction can occur both within the
hospital and outside it, with professionals from other
institutions, both public and private, which enables the
exchange of information and knowledge that leads to
the creation of a virtuous circle of learning with conse-
quences for the entire health system. In this sense, it is
important that the hospital offers a good information
technology structure, with a quality intranet and inter-
net and good work equipment. In a broader and more
systemic way, the creation and strengthening of these
network organizations also allows the health system to
increase its resilience to respond with more agility, as-
sertiveness, and efficiency to future critical situations,
such as the pandemic that occurred in recent years.

Technological aspects: challenges and benefits

The main technological challenges to produce biomodels
are also common to other types of artifacts developed by
Fab.i HU, the main ones being the following:

+ Constant need for technological updating, both in
equipment and materials and processes, with a risk
of rapid obsolescence in both.

+ Infrastructure maintenance, mainly 3D printing
equipment.
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« Constant need to search for sources of financing,
both for the infrastructure and for the maintenan-
ce of qualified technical personnel to operate the
equipment.

« Growing demand for products and services by the
hospital, requiring expansion of the centre’s service
capacity.

+ Dependence on labour provided by the university
itself, especially research professors and research
fellows with short-term contracts that need to be re-
newed annually. In the case of new fellows, training
is required to enable them to use the laboratory's
infrastructure and internal processes.

These challenges point to the need to develop and
execute an innovation policy and strategy appropria-
te for the laboratory, which must necessarily include
technological, economic-financial, informational, intel-
lectual, social, and environmental capital dimensions.

Environmental aspects: a future challenge

The environmental aspects involved in the production
of biomodels for surgical use are one of the topics to
be investigated in the future by the team, which should
be done considering both the search for greater envi-
ronmental efficiency (eco-efficiency) in the life cycle of
biomodels, and the dematerialization in production and
consumption (focusing on the final benefit rather than
the product itself). In this sense, some aspects have alre-
ady been identified by the team, including energy con-
sumption, reduction in material waste and the possibility
of reuse and/or recycling, which will be investigated in a
future article.

6. FINAL CONSIDERATIONS

In this work it was possible to understand the relevance of
using 3D printing in the production of biomodels for sur-
gical use, as an important instrument for the prior plan-
ning of surgeries, as well as the importance of having a la-
boratory dedicated to this activity within a public hospital,
equipped with quality equipment and in good quantity.
The importance of adopting an interdisciplinary process
between different areas was also highlighted, including
Design, Physiotherapy, Dentistry and Medicine, especially
for professionals who work in a surgical environment.
The social and economic benefits were evaluated using
Design for Sustainability heuristics, which allowed a more

C.P.Sampaio; S. M. Fabris; J. A. Vincentin; G. A. V. Stabile; C. L. P. Stabile.
https://doi.org/10.29183/2447-3073.MIX2023.v10.n2.91-101

specific reading of these, highlighting relevant aspects,
as well as opportunities for improving processes. The en-
vironmental dimension will be explored by the Fab.i HU
research team in future studies.
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