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Abstract

Background The translational research approach aims to accelerate the innovation process. In the healthcare sector,
this process is highly regulated and requires a broad set of skills. This study with researchers from Brazilian institutions
aimed to identify the knowledge, skills, and structures that permeate the process of translating research into medical
devices and to what extent they are present in Brazilian research groups working in the area.

Methods A structured questionnaire was applied in which the characteristics of the participants and the level

of mastery in each skill were analyzed. Fisher's exact test was performed to verify the association between the per-
centages of knowledge and importance. Pearson’s Chi-square test was also performed to verify the association
between the sum of knowledge, categorized by the median, and the characteristics of the questionnaire participants.
Finally, an exploratory factor analysis (EFA) was performed to validate the questionnaire construct.

Results One hundred two researchers working in the area of health innovation in Brazil, especially in the medical
devices segment, answered the questionnaire. These researchers come from different regions of the country and work
in several areas of knowledge, such as engineers (28%), doctors (12%), information technology and connectivity pro-
fessionals (11%), pharmacists (8%), nurses (7%), and other formations (34%). The research revealed that a small num-
ber of these researchers have a good level of knowledge in human factors engineering and usability (23%), in patent
legislation and asset management (24%), in pre-clinical and clinical trials (29%), in business plans (30%) and in the
requirements of the technology incorporation process in the SUS (31%). The results reveal significant learning gaps
and institutional deficiencies in essential skills and structures for translational medical device research.

Conclusion Understanding the necessary skills and gaps to be filled can contribute to the adoption of institutional

strategies and the formulation of public policies capable of promoting more effective results for the Brazilian health
system.
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Introduction

The current debate surrounding technological innova-
tion in healthcare, which encompasses developing new
products or processes for application in health systems,
poses significant challenges for academia. These chal-
lenges are particularly evident in developing competen-
cies that facilitate the transfer of scientific knowledge
to the productive sector and society [1-8].

Brazil occupies the 49 th position in the ranking that
measures the performance of the innovation ecosys-
tems of 132 economies (Global Innovation Index). This
ranking is inferior to other low-income countries, such
as Thailand (43rd), Turkey (39 th) and Bulgaria (35 th),
Malaysia (36 th) and China (12 th) [9]. A study indi-
cates that, while Brazil remains in 14 th place in the
ranking of 51 countries with the highest scientific out-
put globally, the country experienced a 7.4% decrease in
scientific article publications in 2022 compared to 2021
[10]. This decline was not observed in other emerging
nations, such as India and China. Brazil’s underper-
formance is also reflected in the long, bureaucratic,
costly process of developing innovative health technol-
ogy [11].

The literature highlights that innovation performance
is also directly linked to learning, which is based both
on formal education processes (science) and on empiri-
cal and tacit knowledge, grounded in learning by doing,
using, and interacting [3, 12, 13]. These continuous train-
ing processes involve economic structures, organiza-
tional frameworks, and professional relationships, where
both formal and implicit knowledge are leveraged to fos-
ter interactive learning [7, 14—16].

The Translational Research (TR) approach aims to
accelerate the innovation process, from the transposition
of basic and applied science to the provision of new prod-
ucts or processes to society [17—23]. In this approach, the
weaving of knowledge and the progress in the different
stages of research is achieved through multidirectional
flows and multidisciplinary, transdisciplinary dialog and
technical-scientific cooperation between the various
actors involved in a systemic inter-institutional and inter-
sectoral way [15, 24—-26].

This translation process is strongly regulated in the
health sector and incorporates the final stages of devel-
opment, relating to clinical research, health regulation,
production, and the incorporation of technologies into
the healthcare system [27-32]. The existing literature
indicates that these stages presuppose learning a set of
technical, ethical, intellectual property, and health stand-
ards requirements. In addition, it requires mastering the
parameters adopted for incorporating the technology
into the healthcare system and conditions relating to the
financing and payment model [33].

Page 2 of 17

Boterf [34] considers that the development of these
competencies findings from the multidimensional com-
bination of available resources, knowledge, skills, and
attitudes, alongside the ability to produce effective
responses. Moreover, studies highlight that within this set
of competencies, in addition to hard skills (specific tech-
nical skills), soft skills (personal and behavioral abilities)
such as motivation, teamwork, ethics, planning, effective
communication, and cultural awareness are increasingly
valued for academic and professional success [35-37].
Consequently, they are essential for the economic devel-
opment of a country and the creation of sustainable and
resilient healthcare systems.

According to Illeris [14], the learning process-
which involves content (knowledge and skills), incen-
tive (motivation), and interaction (communication and
cooperation)-is the area of tension that fosters the devel-
opment of competencies, which is related to the ability to
address different challenges imposed in professional mat-
ters and throughout life. In this perspective, the stages
and requirements of the research translation process
require the development of individual competencies by
researchers and institutional capacities by university sup-
port teams, e.g., encouragement, communication, organ-
izational structure, process, and management. Owing to
the locoregional specificities outlined by Lundvall [3],
it is critical to understand how those competencies are
developed in articulation with the innovation system,
the production system, and the local demands of the
healthcare system. In Brazil, the body of literature on the
Health Economic-Industrial Complex (HEIC) explains
the conformation of the productive bases and the inter-
dependence between health services and the industrial
and innovation segments [38, 39]. This conception high-
lights health as a critical economic sector that combines
economic and social development based on the conver-
gence of efforts to generate well-being and health.

In this conception, translational research can be viewed
as an approach within the broader context of the National
Innovation System (NIS) and the Health Economic-
Industrial Complex (HEIC) as it is favorably impacted
by improved interaction among local players (university,
health services, government, and industry) [30, 40, 41].
Concurrently, it may help delimit translational research
to a specific industrial segment, as this study proposes.
This could favor understanding the institutional arrange-
ments that support the development of competencies,
content, incentives, and interaction and thus shape the
innovation process in a particular way.

Among other features, the medical device industry is
directly linked with local production, access, and safe
use [42, 43]. The World Health Organization (WHO)
underscores that local production is essential to mitigate
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inequalities in access to medical devices. Medical tech-
nologies designed and developed in high-income coun-
tries often falter in low- and middle-income countries
due to structural challenges and local contexts [44—46].
The medical devices segment encompasses technologies
indispensable in health services and healthcare. In 2007,
with Resolution WHA60.29, the WHO recognized the
importance of these products for universal health cov-
erage and urged member states, including Brazil, to
broaden their expertise around such technologies [47,
48]. The WHO has also acknowledged the relevance of
these technologies’ availability and safe use in achieving
the Sustainable Development Goals (SDGs) related to
health [47, 49]. In addition, amidst the rapid digital trans-
formation in health in the context of global health, par-
ticularly after the COVID- 19 pandemic, it is noteworthy
that the WHO expressed its concerns by introducing a
set of guidelines for the ethical and effective use of arti-
ficial intelligence to enhance diagnosis, treatment and
health research for the public benefit of all nations [50].

Within this context, the development of competen-
cies in health-related academic programs is pivotal for
driving innovation within health systems. The literature
underscores the importance of equipping students and
researchers with both technical expertise and essen-
tial soft skills-such as teamwork, critical thinking, and
adaptability-empowering them to effectively navigate the
complexities and dynamic challenges of contemporary
health environments [51-53]. In the Brazilian context, a
deeper investigation into these competencies can support
the design of further targeted strategies and public poli-
cies, accelerating the development and implementation
of innovative solutions tailored to the specific challenges
of the healthcare system.

In response to these challenges, this study engaged
Brazilian researchers working in health innovation to
elucidate which knowledge, skills, and frameworks are
considered relevant for the translation of research into
medical devices and to what extent these elements are
present in Brazilian research groups operating in this
field.

Methods

This is a study with data analysis gathered from the
application of a structured questionnaire that sought to
understand the competencies and conditions that affect
the development of translational research in medical
devices in Brazil.

Given the need to map out the main concepts and
terms, a systematic review of the literature, of the Scop-
ing Review type, entitled: “Translational research in
health technologies: a scoping review” [33]. From the
qualitative analysis of the data, this review allowed for
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the characterization of translational research, the identi-
fication of the aspects and attributes that favor and the
barriers faced by researchers and academic laboratories
linked to Brazilian institutions in the process of trans-
lating research. The findings of the review made it pos-
sible to identify three dimensions of understanding,
which helped to elucidate the most relevant aspects that
should be included in the questionnaire. These were: 1)
the knowledge dimension, which refers to the content
that can be learned; 2) the skills dimension, which indi-
cates an acquired ability; and 3) the dimension relating to
institutional capacities and structures, which refers to the
conditions of the physical structures or management of
an institution or a group of institutions.

With these dimensions and the contents identified in
the literature, the questionnaire was formulated and then
validated by experts with at least 10 years of experience
in research and technology development in the health
sector, before being applied.

Target population and sample

To select the research participants and establish the pro-
file for completing the online questionnaire, searches
were carried out on November 20, 2022, in the following
databases:

a) Health Research [54], a public database maintained
by Brazil's Ministry of Health (MoH), which con-
tains research funded by the MoH. For selection on
this database, the filters “technological development
research” and “translational research” were consid-
ered, with no time frame. This database identified
250 researchers coordinating projects;

Directory of Research Groups of the National Lattes

Platform [55], in which the following search options

were used: by name, all words, repercussion in the

research group (purpose), and lines of research. The
following descriptors were used: “health innovation’,

“translational health research” and “medical devices”

or “health technologies” with no time frame. This

directory identified 556 researchers who are mem-
bers of research groups working in the area;

c) Brazilian Network for Health Technology Assess-
ment (REBRATS), all researchers who are part of
any Health Technology Assessment Centers (NATS)
were considered for the universe. In this group, 285
researchers were identified. The Brazil Clinical Engi-
neering Group, included due to its relevance to the
segment [50], has 277 members; and

d) The patent directory of the Brazilian National Insti-
tute of Industrial Property (INPI) [56], which iden-
tifies patents granted in Brazil. This database was
selected by searching for “exact expression” in the

=
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“abstract” with the filter “medical device” In this
directory, 792 patent processes were identified, with
a time frame of 2015 -2022, including 42 inventors
resident in Brazil.

After this multiple selection, repetitions were disre-
garded, such as researchers who appeared in more than
one group or platform, totaling the target population of
880 researchers.

The questionnaire used a Likert scale, in which values
were assigned from 1 to 5, with zero being assigned to the
item “I don’t know” The maximum admissible sampling
error was 2.5% (0.1 point on the Likert scale adopted),
with a 95% confidence level. According to the calcula-
tions used to define the sample size (being a simple ran-
dom sample of the population), it would be necessary to
obtain at least 87 valid answers to the questionnaire.

Questionnaire

The survey was evaluated in a workshop with a group of
five expert researchers, with technical and scientific pro-
duction and experience in the development of medical
devices and technologies for use in healthcare, similar to
those of the target sample. The final version of the ques-
tionnaire was validated by expert consensus and included
four sections:

i) general identification, such as age, length of experi-
ence, state where they work, academic background,
degree and area of work (6 questions);

ii) knowledge and competencies necessary for a trans-
lational researcher, containing the attribution of
importance to the content or technique indicated
and the researcher’s self-assessment of their mastery
of this content or technique (20 likert scale questions
and 2 open questions);

iii) skills, referring to the abilities that can be acquired for
the development of translational research, containing
the attribution by the researcher of the importance of
mastering these skills (5 likert scale questions and 2
open questions); and

iv) institutional structure and capacity, referring to the
physical or management conditions of an institu-
tion or a group of partner institutions, containing the
attribution by the researcher of the importance of
these conditions for the development of translational
research (14 likert scale questions and 2 open ques-
tions).

The four sections were also validated using a confirma-
tory factor analysis. All in all, the sections contained 45
(forty-five) questions, of which 6 (six) were identification
questions, 29 (twenty-nine) were Likert scale questions
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(Not important/Slightly important/Moderate/Important/
Very important), 10 (ten) were Likert scale questions
(No knowledge/Little knowledge/Fair knowledge/Good
knowledge) and 6 (six) were open questions.

The questionnaire in Google Forms format was sent to
the e-mail addresses listed on the platforms, to the virtual
social networks, and the specifically identified commu-
nication groups (Rebrats and Clinical Engineering Brazil
Whatsapp groups). The questionnaire, developed specifi-
cally for this study, can be found in the Supplementary
Material.

Data analysis

A descriptive analysis was carried out of the character-
istics of the participants, the knowledge, its importance
and the degree of mastery by the researchers, the indi-
vidual capabilities, as well as the importance of institu-
tional structures that can contribute to the development
of translational research into medical devices in Brazil.
These data were presented in absolute values or per-
centages in the form of figures or tables. To check the
association between the percentages of knowledge and
importance, Fisher’s exact test was performed. Pear-
son’s chi-square test was also carried out to verify the
association between the sum of knowledge (categorized
by the median) and the characteristics of the question-
naire participants. exploratory factor analysis (EFA). The
EFA is a robust analysis, with more solid evidence for
theoretical construction, a priori, for the confirmation
of the established factors, named as Knowledge, Capac-
ity and Structure, and Institutional Capacity. The esti-
mator used was the Weighted Least Squares Mean and
Variance-Adjusted (WLSMV). To identify acceptable
measures for the model, the Comparative Fit Index (CFI)
was used - ideal value above 0.9; Tucker-Lewis Index
(TLI) - acceptable above 0.9; Root Mean Square Error of
Approximation (RMSEA) - acceptable up to 0.05. All data
was analyzed using packages (pandas and numpy) in the
Python language, in addition to the R software, using the
“lavaan” package for EFA modeling.

The six open questions in the questionnaire were ana-
lyzed according to the phases proposed by Bardin [57]:
organization of the analysis, coding, categorization, and
treatment and interpretation of the results. The content
analysis of the open questions explored a qualitative per-
spective, analyzing both the frequency of occurrence of
certain contents, constructions, and references, as well as
relevant aspects for establishing categories that contrib-
ute to the analysis.

The complete data from the applied questionnaire
and the research results are available for public consul-
tation and use in the Zenodo repository. This includes
both the questions and the answers collected, offering
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valuable insights for researchers and professionals in
the field. Access to the dataset in Zenodo is via a direct
link (https://doi.org/10.5281/zenodo.10622263).

Ethical approval

The online questionnaire used in this study was
anonymized and involved low risk. However, it was
approved by the Research Ethics Committee of the Fed-
eral University of Rio Grande do Norte, Natal, Brazil,
through letter CAAE-No. 65474322.9.0000.5292 and
following the Helsinki Accords (as amended in 2004).
The terms of acceptance of participation and the partici-
pant’s rights are set out in the Informed Consent Form
(ICF) that was part of the questionnaire presentation
under the General Data Protection Law (LGPD) and
CNS Resolution 466/12, Resolution 510/2016 and Reso-
lution 580/2018. Consent to participate in this study was
obtained implicitly through the survey.

Limitations

A limitation of the study regarding the methodological
design is related to the non-standardized understand-
ing of what translational research is by the research-
ers who answered the questionnaire. To minimize this
limitation, the concept of translational research from
the theoretical framework adopted was included in the
initial Questionnaire section. In addition, a homogeni-
zation of the sample was sought, as can be seen in the
Target population and sample section in the Methods
section.

North (2%)e

2 researchers
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Results

A total of 102 researchers working in the field of health
innovation in Brazil answered the questionnaire, espe-
cially in the medical devices segment. The distribution of
researchers across Brazil can be seen in Fig. 1.

As shown in Fig. 2, the researchers in the sample
mostly concentrate their work on coordinating projects
and developing medical devices.

The questionnaire was answered by individuals with a
higher level of qualification, the majority of whom hold
master’s (33%) and doctorate (44%) degrees (see Fig. 3).

The area of knowledge shows multidisciplinarity in
the field of innovation, marked by the participation of
researchers from the health and engineering/technology
fields, as Fig. 4 shows:

The knowledge needed to develop translational
research identified in the international literature was
compared with the self-perception of Brazilian research-
ers working in the segment [33]. In general, the research-
ers confirm the importance of the knowledge found in
the literature, but the data analysis shows that they have
different levels of knowledge, as shown in Table 1:

Researchers answering the questionnaire presented a
better level of knowledge in Technical Standards applica-
ble to the medical device under development (47%) and
a lower level of mastery in Design, Human Factors Engi-
neering and Usability (23%). The latter is low even among
engineers (33%).

Also noteworthy is the small number of researchers
who had a good level of knowledge of patent legislation
and asset management (24%), pre-clinical and clini-
cal research (29%), the business plan for the technology

Northeast (35%)

30 researchers

Midwest (18%)e——

18 researchers

South (13%) «—8=

13 researchers

Fig. 1 Sample distribution of researchers across Brazil (n = 102+)

Southeast (32%)

33 researchers
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Auditing in Brazil’s National Health System . 1.0%
Development of assistive technologies . 1.0%
Healthcare - 2.0%

3.9%

Basic or applied research
Regulation of medical devices - 3.9%

Evaluation of Health Technologies - 4.9%
Support and researchers _ 6.9%
Software development _ 9.8%
Researcher training _ 16.7%
Development of medical devices _ 18.6%
g

0% 5% 10% 15% 20% 25% 30% 35%
Fig. 2 Field of activity of the researchers (n = 102)

m Doctorate degree ™ Master degree = Specialist ® Graduate degree
Fig. 3 Qualification of the researchers in the sample (%)
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Human Sciences j 2.0%
Exact Sciences 3.9%
Biological Sciences 4.9%
Social Sciences 5.9%
Engineering/Technology 41.2%
Health Sciences 42.2%
0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Fig. 4 Area of expertise of the researchers in the sample (%)

Table 1 Researchers'level of knowledge (n = 102)

Dimension Knowledge

Good Regular Little
Technical Standards 48 31 23
ANVISA Standards 30 35 37
Ethical Standards and Procedures 39 38 25
Intellectual Property Legislation (INPI) 24 40 38
Clinical Guidelines and Protocols 43 37 22
The process of incorporating technologies 32 42 28
into SUS?
Technology business plan 30 34 38
Project management tools and methods 38 30 44
Pre-clinical and Clinical Research 29 41 32
Design, human factors engineering and usabil- 23 38 41
ity

@ SUS: Brazilian Health System

(30%), and the process of incorporating technologies into
the SUS (31%), knowledge considered important by 89%,
95%, 92% and 91% of researchers, respectively.

Among the researchers who coordinate projects (n=
32), only 43% considered they had a good level of knowl-
edge of the technology’s business model (demand, pro-
duction capacity, suppliers, logistics, and supply chain),
only 37% were proficient in managing innovation projects

using tools and methodologies (translational readiness
level — TRL, project and risk management), and only
31% said they had a good knowledge of economic evalu-
ation studies (cost-effectiveness, budgetary impact and
payment or reimbursement mechanism). These skills are
associated with good practices in managing health inno-
vation projects.

On the other hand, researchers who work directly in
the development of equipment, diagnostic tests, orthoses,
or prostheses (n= 19) or in the development of embed-
ded software for clinical, diagnostic, or therapeutic pur-
poses, which process medical, managerial, demographic,
or epidemiological data (n= 10), consider themselves to
have a good level of knowledge of Anvisa standards (only
41%), lines of care, use protocols, clinical protocols, and
therapeutic guidelines (only 37%) and mastery of design-
ing and conducting validation tests, safety tests and pre-
clinical and clinical trials (only 31%). This knowledge is
pointed out in the literature as essential for moving for-
ward in the translation stages of the research [58—62].

The skills identified were also compared with the per-
ception of their importance for Brazilian researchers
working in the sector, with the following being consid-
ered critical: identifying unmet clinical or managerial
needs (99%), working collaboratively (98%), interact-
ing with patients, managers, and health professionals
to assess the technical, patent, clinical and economic
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feasibility of the technology (97%) and techniques for
horizon monitoring and technology prospecting (95%).

When comparing the proportions between the knowl-
edge and skills needed by translational researchers and
their perception of the importance of this knowledge,
there was a significant association between the team’s
knowledge of the process of incorporating technologies
into Brazil's SUS (economic evaluation studies, cost-
effectiveness, budgetary impact, payment or reimburse-
ment mechanism for the use of the product, organization
of the system by level of complexity), i.e., 75.5% of those
interviewed who had regular or good knowledge attrib-
uted it as an essential item (p = 0.005). At the limit of sig-
nificance, it should be noted that 71.4% of team members
consider their knowledge of the design and conduct of
validation tests, safety tests, and pre-clinical and clinical
trials to be an important item and have regular or good
knowledge (p = 0.088). The other competencies ana-
lyzed had no significant relationship between having the
knowledge and its classification as important. The analy-
sis is based on the data described in Table 2.

When comparing the proportions of the level of knowl-
edge on the topics with the demographic and contextual
characteristics of the survey participants, there was a
significant association with sufficient knowledge among

Table 2 Importance and level of knowledge of competencies

Page 8 of 17

researchers over 60 years of age (76.92%; p = 0.026) and
coming from the northeast region (82.35%; p = 0.003).
There was no significant relationship between sufficient
knowledge and length of time working in the area, area
of training, area of knowledge and current predominant
area (Table 3).

Regarding the importance of institutional structure and
capacity, referring to the physical or management condi-
tions of an institution or a group of partner institutions,
the researchers considered all the capacities listed to be
important, as described in Table 4.

Other knowledge and skills that were not included in
the questionnaire were suggested by the researchers
as being important or indispensable for a translational
research team (open questions), as shown in Table 5.

In the analysis of the open questions, the emphasis on
transdisciplinary themes is remarkable, such as a favora-
ble environment and agility for innovation, partnerships,
entrepreneurship in the public sector, international coop-
eration, the establishment of the Health Technology
Assessment Centers, the team’s resilience to setbacks in
the innovation process (tolerance and learning from mis-
takes). In the Management and Communication area,
most of the contributions came from team, project and
risk management, while in the Financing and Business

Competencies Important Knowledge pValue
Little Regular/Good

Technical standards for the development of a new medical device or new software for use No - - *

in healthcare (Inmetro, ABNT, ISO, IEC, LGPD, DataSUS, SBIS, etc.) Yes 23(22.8%) 78(77.2%)

ANVISA rules applicable to the process of research and registration of a medical device or software  No 1(100%) 0 (0%) 0367

for use in healthcare (RDC 548/2021, 153/2017, 185/2001, NT 04/2012, 657/2022, etc.) Yes 35(36.1%) 62 (63.9%)

Norms and procedures of the ethical regulatory framework (CNS Resolutions, CEP/CONEP System,  No - - *

and Brazil Platform) Yes 25 (24.5%) 77 (75.5%)

Intellectual property legislation (INPI) and asset management (institutional innovation policy) No 1(100%) 0 (0%) 0.366
Yes 36 (36%) 64 (64%)

Conceptual model of the disease, problem area, workflow or process (Lines of Care, Use Proto- No 1(100%) 0 (0%) 0218

cols, Cl|p|cq| Protocols angl Therapegt\c Guidelines (PCDT), Brazilian Guidelines, Burden of Disease Yes 21Q1%) 79 (79%)

and Guidelines from Medical Societies, etc.)

Process of incorporating technologies into the SUS (economic evaluation studies, cost-effec- No 4(100%) 0 (0%) 0.005

tiveness, budgetary impact, payment or reimbursement mechanism for the use of the product, Yes 24 (245%) 74 (75.5%)

organization of the system by level of complexity)

Knowledge of how to draft a technology business plan (demand, production capacity, suppliers, No 2(66.7%) 1(33.3%) 0.294

logistics, and supply chain) Yes 34(351%) 63 (64.9%)

Knowledge and use by the team of tools and methodologies capable of foreseeing the obstacles No 2(100%)  0(0%) 0.169

of translational research (assessment of the translational readiness level-TRL, project, and risk Yes 39 (402%) 58 (59.8%)

management)

Knowledge of how to design and conduct validation tests, safety tests and pre-clinical and clinical  No 2(100%) 0(0%) 0.088

trials (where appropriate). Yes 28(286%) 70 (71.4%)

Knowledge of product design, human factors engineering and usability No 2(100%)  0(0%) 0.154
Yes 38(38.4%) 61.6%
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Table 3 Level of knowledge by demographic and contextual characteristics
Insufficient (up to 20) sufficient (> 20) pValue
Age group
Over 60 years old 3(23.08%) 10 (76.92%) 0.026
From 25 to 34 years old 14 (73.68%) 5(26.32%)
From 35 years old to 44 years old 24 (61.54%) 15 (38.46%)
From 45 to 59 years old 19 (65.52%) 10 (34.48%)
Country Region
Central-west 10 (55.56%) 8 (44.44%) 0.003
Northeast 28 (82.35%) 6 (17.65%)
North 3 (100%) 0 (0%)
Southeast 12 (37.5%) 20 (62.5%)
South 7 (53.85%) 6 (46.15%)
Time of experience in the area
Over 15 years 21 (45.65%) 25 (54.35%) *
From 10 years to 15 years 14 (63.64%) 8(36.36%)
From 3 years to 5 years 10 (76.92%) 3(23.08%)
From 5 years to 10 years 10 (71.43%) 4(28.57%)
Academic background
Nursing 4 (66.67%) 2 (33.33%) *
Engineering 14 (48.28%) 15 (51.72%)
Pharmacy 4 (57.14%) 3 (42.86%)
Medicine 6 (50%) 6 (50%)
Information and Communication Technology 10 (90.91%) 1 (9.09%)
others 22 (62.86%) 13 (37.14%)
Major field of knowledge
Health Sciences 26 (60.47%) 17 (39.53%) *
Engineering/Technology 25 (60.98%) 16 (39.02%)
others 9 (56.25%) 7 (43.75%)
Predominant field of activity
Project Management 21 (65.62%) 11 (34.38%) *
Development of medical devices 8 (42.11%) 11 (57.89%)
Software development 7 (70%) 3 (30%)
Training researchers 8 (47.06%) 9 (52.94%)
others 16 (72.73%) 6 (27.27%)

Model area, in addition to the ability to outline a busi-
ness plan, the researchers also attributed importance to
interaction with companies in order to understand the
demands of the sector. Another highlight is the set of
skills inherent to the 4.0 technological revolution that
permeate the areas of ICT and Research Methodology,
such as systems engineering, testing and validation, inte-
gration, analysis and data science.

The questionnaire structure was validated using Con-
firmatory Factor Analysis (CFA). This began with the
theoretical construction, a priori, of the three dimen-
sions: Knowledge, Capacity and Institutional Structure.
In the CFA modeling to confirm the variables that make
up the “Capacity” dimension, question 31 (Effective

communication with different actors involved in the
research) was removed, as it did not have an acceptable
factor load in contributing to the final model. The factor
loads presented in the final CFA model in Fig. 5 were suf-
ficient to build a parsimonious theoretical model, con-
firming the theoretical model with three dimensions,
with values of CFI = 0.907, TLI = 0.980 and RMSEA =
0.028. The values indicated show low error (RMSEA) and
good fit (CFI and TLI, close to 1). The values for each fac-
tor loading of the dimensions and questions are shown in
Fig. 6.

Description:

Knl-Knowledge: v8 + v10 + v12 + v14 + v16 + v18 +
v20 +v22 + v24 + v26
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Table 4 Institutional structure and capacity

Description

Continuous formation for the team on regulatory and technical requirements, financing issues, intellectual property and other relevant topics (100%)
Support on existing funding sources for each stage of the research (99%) and administrative, legal and/or regulatory support (99%)

Provision of mentoring by experienced researchers and experts for new researchers (99%)

Engagement of institutional leaders to overcome technical and administrative barriers (99%)

Development of an environment in the institution favorable to entrepreneurship, creation of start-ups and transfer or licensing of technology (99%)
Organization and maintenance of a multidisciplinary team with adequate dedication to research (98%)

Adoption of good laboratory practices (GLP) and project quality management system (98%)

Partnerships for collaborative or network action linking multiple researchers, research centers and government (98%)

Partnership with the industry to develop innovations (98%)

Own or shared physical infrastructure for prototype development under best practice conditions (97%)

Support for researchers in project management, monitoring and evaluation (97%)

Physical infrastructure for pre-clinical and clinical research in-house or in collaboration with another institution (97%)

Own or shared physical infrastructure for developing proof of concept and in vitro tests (96%)

Table 5 Institutional knowledge, skills, structure and capacity identified in the open questions

Area Freq. Textual Corpus

Management and Communication 15 “Agility in the innovation ecosystem, with emphasis on management models. A counterpro-
ductive factor in the innovation process is a lack of agility”; “Timing is essential and the major
challenge is management!; “Resilience to setbacks in the RD&l process”; “Risk management
inherent in the development and contract handling and moderation of expectations
with stakeholders!; “Continuous interaction and exchange of experience and knowledge
with companies in the productive sector!

Financing and Business Model 12 “Understanding the financing methods for innovation projects, whether through incen-
tives, calls for proposals or venture capital”; “Whether a business model is viable or does
not depend on a single customer”; “Interaction with health product manufacturers
and researchers to identify specific needs!

Public Policies and Institutional Strategies 11 “Direct financial incentive for researchers who attract large projects and resources, encourag-
ing the pursuit of new projects and opportunities”; “Implementation of Health Technology
Assessment Centers (NATS).; “The regulation of innovation initiatives and partnerships,
not only between the public and private sectors but also by re-evaluating internal produc-
tion relations, ensuring that government employees have the right to undertake!; “Strength-
ening international cooperation strategies to promote the development of skills at the fron-
tier of knowledge”

Team 9 “Team with permanent involvement of users (doctors/patients) in researching demands
for improvements or new devices!; "Ability to work in multidisciplinary groups.’; “Experiences
with managers, professionals and users of the health system with similar technologies”

won

Information and Connectivity Technologies (ICTs) 8 “Data science techniques in healthcare!; "Data integration.’; “Systems engineering, product
testing, and validation”

Technical and Sanitary Regulation 8 “Testing, calibration, certification, validation.’; "Knowledge of the incorporation process
into the ANS catalog in addition to CONITEC!; “Monitoring the world regulatory framework”;
“Interaction with health product manufacturers and researchers to identify the requirements
of the specific application from a technical, metrological and scientific point of view.”

Research Methodology 8 “Regarding the scientific method, implementation science and its tools and techniques;
some kind of literature review method, to understand the state of the art with scientific

and gray literature”; “Data Science and Analysis!; “Capability of interpreting metrological
results, instrumentation, and biomedical equipment”

Education and Training 6 “The multidisciplinary team needs to understand the business (research, development,
application). Understanding what it is all about and then applying the knowledge is impor-
tant”; "Creativity for product generation; “Continuing education!; “Capability to quickly show
the customer a minimum viable product (PITCH)”

Cpt-Capacity: v30 + v32 + v33 + v34 Discussion
Str-Structure: v37 + v38 + v39 + v40 + v41 + v42 + v43  Until it is available for use, a medical device goes through
+ v44 4 v45 + v46 + v47 4 v48 + 149 + v50 several stages of research and development which differ
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greatly depending on the type of technology and the rules
of the regulatory process to which the product is subject
[58, 63—65]. Analysis of the data obtained from Brazilian
researchers confirms this systemic and multidisciplinary
nature, which involves the mastery of various skills in the
process of developing translational research into medical
devices [8, 59, 66—69].

The data obtained also shows important gaps in knowl-
edge considered essential for the development of a medi-
cal device, since the researchers participating in this
research considered the following domains to be regular
or low:

1) patent and sanitary regulation;

2) technology business plan;

3) on the design and conduct of validation tests;

4) safety and pre-clinical and clinical trials; and

5) knowledge of economic evaluation, such as cost-
effectiveness, budgetary impact, payment or reim-
bursement mechanisms.

The latter are fundamental to the process of incorpo-
rating technology into Brazilian Health System (SUS)
[70-74].

The findings on the low regulatory domain in clini-
cal trials corroborate Nascimento’s study [58], which
points out that the regulatory environment for the clini-
cal evaluation of medical devices involves various issues
related to the level of transparency and the require-
ments of scientific evidence. Unlike medications, which
almost always rely on randomized clinical trials to assess
efficacy and safety, medical devices have no standard-
ized methodology for determining the depth and scope
of the clinical trials required. According to Nascimento
[58], it is crucial for researchers to be aware of the regu-
latory environment before commencing a clinical trial
involving a device. That is because even at the prototype
or other development stages, the use of such devices pre-
sents risks that need to be assessed from both a health
and ethical standpoint. This becomes crucial for ensuring
research participants’ safety and methodological quality
to obtain data for future health registration [58].

In Brazil, patient access to new medical devices
includes four macro-process stages [70]. Initially,
ANVISA (Brazil’'s National Health Surveillance Agency)
grants a health registration for the device to be mar-
keted in the country. At this stage, access is restricted
to people who can afford the expenses themselves, as
it has not yet been incorporated into Brazilian Health
System (SUS). For national reimbursement and fund-
ing policies, submitting and evaluating the device in
technological incorporation processes is necessary. In
the process of inclusion in the National Supplementary
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Health Agency (ANS) catalog, access is expanded but
limited to the population covered by private health
insurance, as Brazil's SUS has not yet granted it. Uni-
versal access by the population only occurs after
deliberation by the National Commission for the Incor-
poration of Technologies into Brazilian Health System
(CONITEC). Ultimately, for technologies to be used in
health facilities, the local incorporation process must
be considered through the process of acquisition and
availability in the health services, thus representing
effective access [75].

Thus, the process of incorporating technology into
Brazil’'s SUS is the milestone that establishes the condi-
tions for accessing and offering technologies to the Bra-
zilian population. In other words, the medical device
will only be purchased for use in the public health sys-
tem if it passes this stage of incorporation into the SUS.
For this process, CONITEC incorporates evaluation
requirements, such as impact and sustainability, as well
as the dimensions of efficacy, safety, and effectiveness,
which are the responsibility of other agencies, such as
ANVISA. Mastering the competencies related to the
regulatory pathway of medical devices during the early
stages of development enables compliance with techni-
cal and regulatory requirements and standards that will
be demanded during the health registration process and
the incorporation of technology into SUS later on [33, 63,
64, 76, 77]. This helps to minimize risks and uncertainties
throughout the technology development process.

Regarding the essential skills for research teams, the
findings highlight the need for collaboration with the
industry and further regular and effective communica-
tion with managers, utilizers, patients, caregivers, and
healthcare professionals. Concerning transdisciplinary
themes, the study aligns with the literature in emphasiz-
ing the importance of fostering synergy between Health
Technology Assessment units (HTAs) and the Technol-
ogy Innovation Centers (TICs) of universities [63, 64, 78].
This articulation is crucial for anticipating demands and
identifying opportunities that can accelerate the develop-
ment of innovative solutions, contributing to the effec-
tiveness and sustainability of healthcare services.

The formation of multidisciplinary teams, encourage-
ment of entrepreneurship, establishment of partnerships,
and the presence of certified laboratory infrastructures
were identified by study participants as essential insti-
tutional capacities. To foster partnerships between
universities and industry and to ensure that the knowl-
edge generated by research groups is further effectively
utilized by society, a new Legal Framework for Science,
Technology, and Innovation was enacted in Brazil [79]. In
summary, this framework encompasses a series of legal
reforms designed to strengthen mechanisms for funding,
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cooperation with companies, and licensing and technol-
ogy transfer.

However, regarding laboratory infrastructure, it is
possible to identify gaps through the National Research
Infrastructure Platform (MCTI) [80]. For instance, the
Platform indicates the existence of 33 vivariums installed
in public institutions, accredited for experimentation
by the Council for Animal Experimentation. Of these,
only two animal facilities have the highest international
certification from the Association for Assessment and
Accreditation of Laboratory Animal Care. As for the
clinical research centers in Brazil, the 2020 mapping car-
ried out by Brazil's Ministry of Health points out that,
although the country has reference centers, it still lacks
an adequate number of institutions with quality infra-
structure to carry out more complex phase I and II clini-
cal trials, which require the densification of the entire
Research, Development & Innovation (RD&I) chain [81].
In both scenarios, the data shows the necessity of map-
ping out and improving these structures so they comply
with national and international regulatory requirements.

Conclusion

The learning gaps identified in this study can explain Bra-
zil's low performance in the health innovation segment,
and in particular, medical devices segment, considering
that the training of human resources is a determining
factor for the development of the innovation ecosystem.
However, as Illeris [14] and Lundvall [3] emphasized,
learning is interactive and is conditioned not only by
individual knowledge, but also by institutional and cul-
tural factors related to the country.

This study provides an original contribution by system-
atically identifying critical gaps in knowledge and compe-
tencies among Brazilian researchers in the medical device
sector. Additionally, the validation of a theoretical model
with three dimensions - knowledge, capacity, and insti-
tutional structure - represents an innovative approach
to understanding the needs of the sector and proposing
actionable strategies for improvement.

The learning gaps, the lack of qualified structures and
the absence of certain institutional capacities, along with
the fragility of the Brazilian industrial base, and the trans-
formations brought about by the impact of the spread of
the 4.0 revolution technologies, could increasingly accen-
tuate the asymmetries between the innovations launched
by major players and the capacity to make them available
to the public health system, and consequently further
aggravate the conditions of access to health care for the
Brazilian population.

Among 102 surveyed researchers, less than 25% dem-
onstrated strong expertise in key areas such as human
factors engineering and usability (23%), patent and asset
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management (24%), pre-clinical and clinical trials (29%),
and business planning (30%). Additionally, knowledge
of regulatory requirements for incorporating technolo-
gies into Brazil’s public health system (SUS) was limited,
with only 31% reporting good proficiency. The study also
identified significant disparities in infrastructure, with
deficiencies in laboratory facilities and capabilities for
conducting complex clinical trials. Despite recognizing
the importance of multidisciplinary collaboration, most
researchers reported limited interaction with stake-
holders, such as healthcare professionals and managers,
which is crucial for assessing the feasibility and imple-
mentation of medical devices.

Understanding the competencies and gaps to be over-
come, both professional and institutional, can contribute
to the adoption of more effective institutional strategies
and public policies for training qualified teams. In addi-
tion, they also contribute to structuring more efficient
environments for interaction with the relevant players,
which are essential factors for advancing results in health
innovation in Brazil.

Considering the need to advance in the qualification
of the available infrastructure and, due to the diversity
of technologies covered by the medical devices segment,
which require different levels of complexity, the literature
on successful trajectories points to the need to adopt spe-
cialization strategies and concentrate competitive efforts
on sub-segments with greater technological intensity [82,
83].

Compared to previous studies, such as that by Nasci-
mento et al. [58], which highlights deficiencies in labora-
tory infrastructure for early-phase clinical trials in Brazil,
this study extends the discussion by providing specific
data on researchers’ self-perceived competencies. This
alignment with prior research underscores the urgency
of strengthening infrastructure and technical training to
meet regulatory and technological demands.

This expertise would be especially useful in outlining
a translational route and learning paths and strategies
that seek to address the learning gaps and organizational
shortcomings highlighted in this study, without losing
sight of the real needs of Brazil’s National Health System
(SUS). It is therefore necessary to consider the education-
health dyad as an intervention tool in this process, which
also involves strengthening the Health Economic-Indus-
trial Complex (HEIC) in Brazil.

The data from this study points to a convergence of
responses regarding the importance and limited capac-
ity of the technical and health regulatory areas and the
incorporation of technology into the SUS. These are
essential competencies for advancing the development of
an innovative medical device and making it available to
Brazilian society.
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The challenge is to develop a set of professional and
institutional skills that foster the ability to respond to the
challenges of the public health system. Setting up teams
capable of understanding and executing the translational
research cycle could be one of the ways to speed up this
process. Furthermore, it is necessary to analyze the list
of structures and capacities to be developed by Brazilian
institutions for the proper approach to public policy.

Another factor that may be decisive is the conver-
gence of government action within the Health Eco-
nomic-Industrial Complex in Brazil and the direction
of the innovation system’s efforts to meet the demands
that affect the health system. The latter is present in the
recently launched National Development Strategy for the
Health Economic-Industrial Complex, which formalizes
the Brazilian government’s intention to guide this con-
centration of efforts, not around specific products, but
around the health challenges for Brazil’'s National Health
System (SUS) [84—86].

Due to the clear option to induce the innovation pro-
cess by the demand of the SUS, it becomes even more
necessary to formulate public policies and institutional
strategies focused on the qualification of translational
research teams for the adoption of good practices, from
the initial phase of development of an innovative medical
device, in order to contribute to the fulfillment of techni-
cal and regulatory requirements and standards that will
be demanded in the process of sanitary registration and
incorporation of the technology into the SUS.

The findings reveal a systemic need to improve educa-
tion, training, and institutional support to advance trans-
lational research in Brazil. These results underscore the
importance of aligning research and innovation efforts
with public health needs, strengthening the Health Eco-
nomic-Industrial Complex (HEIC), and fostering syn-
ergies between academia, industry, and government to
accelerate the development and adoption of medical
technologies in the SUS.

Public policies and institutional strategies should pri-
oritize creating transdisciplinary teams, fostering col-
laboration with industry, and establishing environments
that streamline compliance with technical and regula-
tory requirements. By addressing these gaps, Brazil can
reduce the technological vulnerability of its health sys-
tem and guarantee equitable access to essential health
technologies.

The qualification of translational teams and the guid-
ance of public policies and institutional strategies can
be decisive in reducing the technological vulnerability
of Brazil's SUS and guaranteeing the population’s access
to essential technologies for prevention, diagnosis, treat-
ment and rehabilitation in health, as well as achieving
the health-related Sustainable Development Goals. This
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qualification process must take into account articu-
lated and programmatic actions involving universities,
research institutions, companies, industry and research
funding bodies.
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