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Abstract. The transformative impact of Open Science on medical research and healthcare: a view from Ukraine.
Shevchuk 0.0., Levkiv M.O., Berezko O.L., Boitsaniuk S.I., Kochan O.V., Shulhai A.H., Korda M.M. Open
science is focused on the free exchange of knowledge in all scientific fields and promotes closer cooperation between
scientists and society. In the biomedical field, its importance is particularly great, because research results directly affect
people's health, the functioning of healthcare systems and the formation of relevant policies. In the modern scientific
environment, the principles of this concept are gaining special importance for the development of medical research and
the improvement of clinical practice. Ukraine is actively adapting Open Science policies, which provides a number of
strategic advantages. In particular, open research data contribute to the implementation of evidence-based medicine and
reproducible research, a personalized approach to treatment, improving the practice of clinical research and the appli-
cation of artificial intelligence in the field. All this contributes to improving the quality of medical services and supporting
the health of the population as a whole. Relevant policies are being implemented in Ukraine through the adoption of
relevant legislation, participation in Erasmus+, Horizon and other projects. Thanks to the projects of the European
Union, including Erasmus+ KA2 Capacity Building in Higher Education, more stakeholders are involved, and not only
the audience of scientists who implement the principles of Open Science. However, the openness of biomedical and dental
data requires consistency between accessibility, ethics, security and legal regulation. There is a need to form common
standards and form a new professional competence in the system of science and education — data stewardship, which has
important features in the biomedical field. The study summarizes the main principles and practices of Open Science that
relate to medicine and dentistry, as well as relevant practices and integration of Ukraine into the European research
space. The literature search was carried out in electronic databases: MEDLINE (PubMed) and Google Scholar using the
keywords "FAIR data", "open data", "big data", "medicine"”, "dentistry", "education”, "deep learning". Works published
from 2015 to 2025 were considered. It is necessary to further promote a national infrastructure, develop data management
professions, and ensure the ethical use of medical information in the context of the digitalization of healthcare.

Pegepar. Tpanchopmauiiinnii BOJIMB BiTKPUTOI HAYKH HA MeAMYHI TOCTITKEHHS Ta OXOPOHY 310POB'sl: MOIJIAN 3
Yxpainu. leuyk 0.0., JIeskis M.O., Bepe3zko O.JI., Boiinaniok C.I., Kouan O.B., Hlyasraii A.I'., Kopaa M.M.
Biokpuma nayka opienmosana na inbHUll 0OMIH 3HAHHAMU 8 YCIX HAYKOBUX 2ANY35X [ CNPUSE MICHIU CRienpayi misxc
sYeHuUMU ma cycnitbemeom. Y 6iomeouunii cgepi it 3uauenHs ocoOnUBo 6enure, adice pe3yibmamu O0CHONCEHb
be3nocepeOHbO GNAUBAIOMb HA 300P08’s NH00el, (DYHKYIOHY8AHHA CUCMEM OXOPOHU 300P08’s ma QOPMYSAHHS
BIONOBIOHUX NOIMUK. V CYUACHOMY HAYKOBOMY Cepedosuiyi NPUHYyunu i0Kpumoi Hayku Habysaoms 0cobaugol eazu o
PO36UMKY MeOUUHUX O00CNiOdHCeHb ma YOOCKOHANEHHs KUIHIYHOI npakmuxu. YKpaina akmusHo adanmye noaimuKu
BIOKpUMOI HayKu, wo O0a€ HU3KY cmpameziunux nepesaz. 30Kpema, GIOKpumi OOCHIOHUYbKI OAHI CHpUsIONMb
iMniemenmayii 00Ka3080i MeOUyuHu ma GiOMEOPIOBAHUX O00CHIONHCeHb, NEPCOHANIZ08AH020 NiIOX00Y 00 JNiKYBAHHS,
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B00CKOHANEHHIO NPAKMUKU KITHIYHUX OOCTIONCEHb MA 3ACMOCYS8AHHI0 WIMYYHO20 IHmeaekmy 6 2anysi. Yce ye cnpuse
NOKPAWEHHIO SIKOCMI HAOAHHS MeOUYHUX MNOCiye ma niompumyi 300pog’s uacenenns 3azanom. B Vipaiui
8NPOBAOICYIOMBCSL BIONOBIOHI NOJIMUKU Yepe3 6RPOBAOICEHHs BIONOBIOHO20 3AKOHOOABCMEd, YUACMb ) NPOEKMAX
Erasmus+, Horizon ma inwux. 3aedaxu npoexmam €spocorosy, exmouno 3 Erasmus+ KA2 Capacity Building in Higher
Education, 3anyyaemscs Oinvuwe cmeuikxondepis, a He auuie ayOumopii HayKoeyie, sKi Gnpo8aodiCcyioms NPUHYUNU
8iokpumoi Hayku. OOHax GIOKpumicmv OiOMeOUUHUX MA CHOMAMONOSIYHUX OGHUX BUMASAE Y3200HCEHOCHI MidiC
docmynHicmio, emuxor, 0Oe3nekorw ma npagoeum pe2yntoganusam. Ilocmae HeobXiOHicmb Yy (DopmyaHHi €OUHUX
cmanoapmis ma opmye8aHHs HO8oI npoghecilinoi KomnemeHyii @ cucmemi HAYKU U OCEIMU — YNPAGIIHHS 00CTIOHUYbKUMU
OaHuMU, KA MAE 8ANCIUBI 0CcOOIUBOCMI 8 OioMeOuuHill eany3i. ¥ 0ocniodcenni y3azanvHeHi OCHOGHI NpUHYunu i
NPAKMUKY GIOKPUMOT HAYKU, SIKI CMOCYIOMbCS MEOUYUHU A CIMOMAMONO2IE, a MaKodc 8ION0GIOHUX NPAKMUK md
inmezpayii Ykpainu 0o egponeiicbko2o 0ocrionuybko2o npocmopy. Ilowyk nimepamypu npooouscsi 6 eleKmpoHHUX
bazax danux: MEDLINE (PubMed) ma Google Scholar 3a kniouosumu cnosamu « FAIR datay, «open datay, «big datay,
«mediciney, «dentistryy, «educationy, «deep learningy. Pozensoanucs pobomu, onyonikosani 3 2015 poxy 0o 2025 poxy.
Heobxionum € nodanvute popmysanisi HayioHATbHOL IHBPACMPYKMYPU, PO3BUMOK NPOecill 3 YAPAsIiHH OAHUMU MA

3a6e3neueHts eMmuyH020 BUKOPUCIAHH MeOuuHOl iHghopmayii 6 ymosax yugposizayii oxopouu 300pos s.

Open Science is an umbrella concept encom-
passing open access, open research data, reproducible
research, open peer review, and other practices aimed
at increasing the transparency and accessibility of
science and expanding scientific collaboration and
knowledge exchange for the benefit of science and
society [1, 2]. This review paper explains that open
data refers specifically to data that are made available
for access and reuse under appropriate legal and
licensing conditions. FAIR principles (Findable,
Accessible, Interoperable, Reusable), in contrast, des-
cribe how research data should be managed to ensure
their Findability, Accessibility, Interoperability, and
Reusability. Importantly, FAIR data are not neces-
sarily open, particularly in biomedical research,
where access may need to be restricted to protect
sensitive information. In recent years, global crises
such as the coronavirus pandemic and climate change
have only underscored the importance of Open
Science as a means to overcome them [3, 4]. In the
biomedical field, this concept is of particular im-
portance because research results directly affect
public health, the functioning of healthcare systems,
and the development of evidence-based policy in this
area [5, 6]. The relevance of this topic stems from
Ukraine’s active integration of Open Science prin-
ciples into health research and healthcare practices as
part of its European integration policy. This process
is creating new opportunities for developing evi-
dence-based medicine and personalized treatment
approaches [7]. The use of open data can improve
research reproducibility, support clinical trial pro-
cedures, and facilitate the application of artificial
intelligence in diagnostics and therapy [8]. This
directly contributes to a higher quality of medical
services and an improved health level and well-being
for the population. At the same time, the openness of
medical data requires the establishment of reliable
standards for ethical, legal, and secure information
management. This, in turn, highlights the necessity of
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developing professional competencies in the field of
research data management. In this context, open
access to or sharing of research outputs is no longer
limited to the academic community alone [9, 10]. To
ensure the practical application of scientific disco-
veries, numerous public-private partnerships have
been created [11]. These partnerships help ensure that
research results do not remain confined to scientific
publications but find real-world use — in the design of
medical devices [12, 13], the creation of new medi-
cines or new pharmaceutical forms of existing
medicines [14], and the development of software for
healthcare facilities [15]. Funding programs, such as
the European Union's Horizon 2020 / Horizon Euro-
pe Research and Innovation Program, play an impor-
tant role in this process [16]. Within the framework
of the programs and its calls, collaboration between
research institutions and businesses is supported,
stimulating the transfer of knowledge and technologies
to the commercial sector. Thanks to such initiatives,
scientific achievements are more quickly transformed
into innovative solutions that benefit society.

The purpose of this study was to summarize the
principles, practices, and main mechanisms of Open
Science and innovation encountered by research
teams in medicine and dentistry. It also aimed to
outline national and international initiatives that
facilitate Ukraine’s integration into the European
scientific space.

MATERIALS AND METHODS OF RESEARCH

This study was conducted as a narrative review
with a structured literature search. The review aimed
to provide a broad synthesis of scientific evidence,
policy documents, and institutional initiatives related
to Open Science, open data, FAIR data practices, and
digital transformation in medicine, with particular
attention to the Ukrainian context. Given the broad
and heterogeneous nature of the research question and
the inclusion of scientific publications, regulatory
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documents, and institutional materials, a narrative
review design was considered appropriate.

The reporting and methodological transparency of
the present review were checked against the
principles of the SANRA scale for narrative review
articles [17].

The primary research method used in this paper is
the analysis of modern scientific literature and the
regulatory framework regarding the impact of open
science, open data, and modern electronic techno-
logies on medicine. Based on the analysis, recom-
mendations were synthesized for the development of
regulatory support and institutional infrastructure of
modern medical science in Ukraine.

The electronic literature search was conducted in
MEDLINE (PubMed) and Google Scholar using
predefined combinations of keywords. The PubMed
search combined terms related to Open Science, open
data, FAIR principles, research data management,
medicine, dentistry, electronic health records, and
artificial intelligence using the Boolean operators
AND and OR. The following combinations were
used: (“open science” OR “open data” OR “FAIR
data”) AND (medicine OR healthcare OR dentistry),
and (“FAIR data” OR “open data”) AND (“artificial
intelligence” OR “deep learning””) AND medicine. The
following Google Scholar queries were used: “open
science” medicine healthcare, “FAIR data” medicine,
“research data management” medicine, and “open
data” “artificial intelligence” medicine.

The search covered publications, policy and grey
literature published from January 2015 to September
2025. The final database search was performed on
September 15, 2025.

Grey literature and policy documents were con-
sidered separately from peer-reviewed publications.
Targeted searches were conducted on the official
websites of international organizations, European
institutions, Ukrainian governmental bodies, public
health institutions, and Open Science projects rele-
vant to Ukraine. Eligible sources included legislation
and policy documents, official strategies and action
plans, institutional reports, project outputs, and
official web resources directly addressing Open
Science, research data governance, FAIR principles,
digital health, or the implementation of these ap-
proaches in Ukraine. Sources were assessed accor-
ding to the authority of the issuing organization,
relevance to the review objectives, document status,
currency, and direct applicability to the Ukrainian or
European research context.

The inclusion criteria were:

I) full-text articles from journals written in
English and Ukrainian;

II) books and book chapters written in English;
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IIT) scientific papers, policy and grey literature
published in 2015 and later.

The exclusion criteria were as follows:

I) case reports;

II) conference reports;

IIT) materials published before 2015;

IV) randomized controlled trials;

V) editorials, short communications, errata.

The current review included heterogeneous types
of evidence and did not aim to estimate pooled treat-
ment effects, therefore no formal risk-of-bias instru-
ment was applied across all sources. Instead, publi-
cations were critically assessed for their direct rele-
vance to the review question, methodological transpa-
rency, consistency of the reported evidence, recency,
and the extent to which they directly supported the
statement for which they were cited. Official and grey-
literature sources were additionally evaluated accor-
ding to the authority of the issuing organization, docu-
ment status, and applicability to the Ukrainian context.

The selected information was synthesized nar-
ratively and organized into thematic domains: clinical
trials and data sharing; electronic health records and
real-world data; artificial intelligence and open
medical data; FAIR data and metadata; and Open
Science policies, infrastructure, and collaborative
initiatives, with Ukrainian developments considered
within each domain.

This study was based exclusively on previously
published literature and publicly available documents
and did not involve human participants, animals, or
identifiable personal data; therefore, approval by an
ethics committee was not required.

RESULTS AND DISCUSSION

Open Science is a crucial player that funda-
mentally changes biomedical research and healthcare
practice. Its main goal is to make scientific results —
including publications, datasets, software, and educa-
tional materials — more accessible to researchers,
students, educators, and the general public.

This movement, recognized as a new scientific
paradigm [2] and a global standard by organizations
such as UNESCO [1], is crucial for advancing
healthcare. Ensuring openness at all stages of the
research cycle allows for a quicker response to global
health challenges, promotes the development of
evidence-based medicine, and fosters international
collaboration in the field [18, 19]. The transparent
exchange of information is at the core of the Open
Science concept [4]. Open research data, in particular,
ensures the reliability of published scientific infor-
mation by promoting its free use, modification, and
dissemination [19]. This directly supports the repro-
ducibility and repeatability of experiments, thereby
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increasing trust in scientists, their work, and the
scientific system as a whole [20]. Furthermore, open
data fosters collaboration among different scientific
schools and teams, allows for the analysis of large
volumes of information, and aids in the development
of innovative solutions for global problems. In this
context, data science in healthcare offers significant
benefits and opportunities but also faces unique chal-
lenges due to the specific nature of the field, parti-
cularly the need to handle sensitive patient data [15].

Clinical trials and data sharing

A transparent system for conducting clinical trials
of medicines is a central element of responsible
scientific research. Open science practices in this area
are aimed at improving reproducibility, scientific
value, and strengthening the public’s trust in trial
results. In particular, the Peer Reviewers' Openness
Initiative, as a foundational document, called on
reviewers of scientific publications to accept for pub-
lication only those manuscripts whose authors
commit to openly sharing their data and other related
materials [19]. The initiative has shown a clear ten-
dency to directly stimulate open science practices
through the peer review process. Shared clinical trial
data can support reanalysis, meta-analysis, and other
secondary analyses, extending their scientific value
beyond the objectives of the original trials [21]. These
datasets enable secondary research that goes beyond
the initial experiments. This was also confirmed in
broader discussions on research reproducibility [20,
22]. These studies emphasize how open data can
maximize the scientific utility of research. Open
scientific data systematically leads to an increase in
the number of citations, enhances the academic
influence of researchers and their institutions, and
provides wider opportunities for collaboration and
attracting funding [23, 24]. It also encourages public
involvement in scientific research ("citizen science").
State-funded research organizations are increasingly
recognizing their moral obligation to promote data
sharing, which further stimulates open science
practices [5]. However, significant ethical challenges
remain. Participants in clinical trials continue to be
concerned about the possibility of data deper-
sonalization, commercial exploitation of results, and
other abuses [25-27]. These fears underscore the
importance of transparent management of the clinical
trial system, clear and understandable informed con-
sent procedures for participants, and the application
of robust technical measures to ensure information
security. These issues have been consistently raised
in discussions regarding the ethical aspects of using
big data in healthcare [28]. Adherence to ethical
norms, such as the Declaration of Helsinki, is para-
mount in achieving global health goals [29]. Regis-
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tries play an important role in clinical research,
quality improvement, benchmarking, and clinical
decision support [25, 30]. These systems are crucial
for connecting healthcare with science, education,
and innovation [25].

The International Committee of Medical Journal
Editors (ICMJE) has introduced data-sharing re-
quirements to improve transparency and repro-
ducibility in clinical trials. The ICMJE requires ma-
nuscripts reporting clinical trials to include a data-
sharing statement. Clinical trials that began enrolling
participants on or after January 1, 2019, are also re-
quired to include a data-sharing plan in the trial
registration [31]. Initiatives like ClinicalTrials.gov and
the European Open Science Cloud (EOSC) underscore
the need for open, traceable data pipelines.

In line with international trends, after joining the
Horizon Europe and Euratom programs in 2021,
Ukraine committed to promoting the adoption of
Open Science practices in national programs,
projects, and initiatives, in accordance with the re-
quirements of these programs and current Ukrainian
legislation [32]. Despite the challenges posed by the
full-scale war, the adoption of the National Open
Science Plan in October 2022 cemented these com-
mitments, particularly regarding the deployment of
best practices for research data management. Some
Ukrainian medical journals align their editorial
policies with international publishing standards,
including ICMJE recommendations [33].

Electronic health records (EHRs) and real-
world data (RWD) of clinical practice

Electronic health records (EHRs) are a rich but
complex source of scientific evidence from real-
world clinical practice [10]. They pose significant
challenges for Open Science due to their hetero-
geneity and the sensitive nature of patient data. To
address this issue, efforts are being made to convert
raw medical data into digital assets that comply with
FAIR principles, using systematic "FAIR-ification"
processes [34] and automated metadata quality moni-
toring [35]. These approaches are vital for making
sensitive medical data usable while preserving ethical
standards. This is a known barrier in FAIR practices
for biomedical data [36]. A crucial step in this area is
the use of standardized metadata repositories, such as
the Portal of Medical Data Models, which support
interoperable formats [37]. These systems enable
wider reuse, support reproducibility, and expand the
possibilities for decentralized data integration, contri-
buting to a better understanding of big data analytics
in healthcare [38]. Data from EHRs are an important
component of healthcare information systems and can
support secondary analysis of clinical data [38].
Despite their immense potential, real-world EHR
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datasets require further harmonization and methodo-
logical innovation for their full use in evidence-based
medicine [20, 22, 38]. The establishment of these
systems is critical for advancing evidence-based
decision-making [39] and overcoming information
discontinuity in clinical practice [40]. Due to the
heightened sensitivity of medical data concerning
confidentiality, its processing requires adherence to
strict information protection standards. This includes
compliance with relevant data protection frameworks
and careful consideration of ethical and legal
requirements for sharing sensitive health information
[41]. In addition, the use of open medical data re-
quires a high level of cybersecurity, including data
encryption, multi-layered protection, and regular
audits to prevent the serious consequences of infor-
mation leaks [42, 43].

In the context of digital reforms and adaptation to
the challenges of war, Ukraine has significantly
developed its digital healthcare infrastructure. The
national e-Health system, launched in 2017, now
includes electronic health records (EHRs), e-pres-
criptions, e-referrals, and integration with state re-
gistries. It plays a key role in ensuring the continuity
of medical services, especially amid war and
humanitarian crises. As a result of hostilities and mass
displacement, the application of telemedicine solu-
tions has become critically necessary. However,
digital inequality, particularly in regions with weak
communication infrastructure, hinders the effective
use of EHRs and digital access to services. In addition
to technical barriers, the insufficient level of digital
literacy among medical staff also limits the potential
of digital transformation [44]. Despite this, the e-
Health system has made significant progress toward
standardizing and reusing medical data, laying the
foundation for compliance with FAIR principles and
international practices [45, 46]. In 2025, the e-Health
system also showed progress in data openness: the
edata.e-health.gov.ua portal provides analytical mo-
nitoring of the financial reports of healthcare insti-
tutions, and the state platform data.gov.ua contains
a significant number of open medical datasets. This
facilitates the transparency and accountability of the
healthcare system. Meanwhile, strategic documents
emphasize the need to coordinate digital investments
and develop a high-quality data infrastructure as a
prerequisite for the effective transformation of the
healthcare system during crisis and post-conflict
recovery [47]. Thus, in the Ukrainian context, the
further use of EHR-derived data for research will de-
pend not only on digitalization itself but also on in-
teroperability, standardized metadata, secure access
mechanisms, and clear governance of secondary
data use.
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Artificial intelligence and open medical data

The integration of artificial intelligence (Al) into
medicine has been largely made possible by open,
multi-modal data. Open access to research outputs
stimulates the development of Al and machine
learning, which can significantly improve informa-
tion analysis and the discovery of new patterns in
various fields of science [48]. From advances in
dental diagnostics [49, 50] to radiology [51], Al tools
trained on open datasets show great potential in
increasing the accuracy and speed of diagnostics.
This is further confirmed by reviews on deep learning
in medicine [52]. The availability of publicly acces-
sible dental image datasets for Al training also
contributes to this progress [53]. The effectiveness of
applying artificial intelligence (Al) directly depends
on the quality, balance, and transparency of the
training data. Initiatives like federated learning enable
the development of predictive models without the
need for direct transfer of sensitive personal data.
This ensures compliance with confidentiality re-
quirements while promoting scientific collaboration
between research organizations. Additionally, the
integration of open bioinformatic workflows, such as
the BioCompute Object (BCO, IEEE 2791-2020),
enhances the reproducibility of Al by documenting
each step of the analytical process in a machine-
readable format [54]. This aligns with the principles
of transparency and openness for data-driven research
[55]. The use of open medical data makes it possible
to train Al models on real clinical examples, which
helps improve algorithms for disease diagnosis and
prognosis. Specifically, neural networks trained on
large datasets of medical images demonstrate high
accuracy in detecting pathologies, such as malignant
tumors at early stages [56]. In parallel, predictive
algorithms successfully forecast the development of
complications in patients with chronic diseases,
particularly diabetes [57]. Studies have shown that Al
can effectively recognize periapical lesions on pano-
ramic radiographs, and with cone-beam computed
tomography, it achieves a diagnostic accuracy of up to
93% [49]. Other studies show that deep learning
models applied to various types of dental images
provide a caries detection accuracy ranging from
74.5% to 98.7% [50, 58]. Taken together, these fin-
dings show the growing importance of data sharing for
Al-based healthcare innovation, while highlighting the
need to protect the privacy of medical data [41].

Artificial Intelligence (AI) holds significant po-
tential for improving the quality of medical care in
Ukraine, especially during wartime when healthcare
system resources are severely limited and the burden
on medical professionals is increasing. The use of Al
can contribute to more accurate diagnostics,
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personalized treatment planning, continuous patient
monitoring, and more effective allocation of available
resources. Together, these factors can reduce medical
errors and improve the quality of healthcare services.
At the same time, the integration of such technologies
requires a comprehensive approach that considers
ethical, legal, and social challenges, including the
protection of personal data and the prevention of
algorithmic bias [59, 60]. It is important to note that
Ukraine already has positive experience using Al in
medicine, particularly for the automatic diagnosis of
tuberculosis [61] and the monitoring of HIV infection
prevalence [59]. For Ukraine, the expansion of Al-ba-
sed healthcare therefore depends not only on access to
algorithms but also on the availability of high-quality,
interoperable and ethically governed medical data.

FAIR data and metadata

The FAIR principles are central to Open Science,
and adherence to them is increasingly required by re-
search funders and publishers. Implementing the FAIR
principles is transforming approaches to datasets mana-
gement, particularly regarding the creation, sharing, and
reuse of data. A key aspect of FAIR use is ensuring the
machine-readability of data, which is critical for effec-
tive long-term management [54]. FAIR compliance
does not necessarily mean the data is open [36].

Numerous studies have highlighted the impor-
tance of international data-sharing communities in
supporting Al research [48]. The promotion of FAIR
principles involves using standard repositories,
assigning a unique identifier such as a DOI to each
dataset, and utilizing standardized metadata schemas
[35]. This involves validating data formats and in-
tegrity, prioritizing open formats, and selecting an
appropriate open license, such as Creative Commons
Attribution 4.0 (CC BY 4.0), to facilitate accessi-
bility, interoperability, and reuse of research outputs
[62]. The availability of standardized datasets and
supporting tools increases reproducibility, reduces
redundant research, and accelerates cumulative scien-
tific progress [10, 36, 62]. European research insti-
tutions are actively working on creating harmonized
data-sharing mechanisms, with a particular focus on
handling sensitive medical data [63]. Examples of
such infrastructures include biomedical databases like
GenBank (the US National DNA Sequence Database)
and EMBL-EBI (the European Molecular Biology
Laboratory — European Bioinformatics Institute) [64],
as well as the Nightingale Open Science platform and
dental datasets on the Kaggle platform, which provide
access to open data to support health research and the
development of clinical practice [55].

Implementing FAIR principles in the field of
medical data is crucial for the development of modern
medicine in Ukraine, especially in the context of the
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digital transformation of the healthcare system and
integration with the European research space. The
standardization of medical data is a prerequisite for
ensuring its interoperability, improving the quality of
clinical research, increasing the accuracy of artificial
intelligence, and effective administration [65]. A
promising example is the creation of a platform for
anonymizing, harmonizing, and labeling medical
datasets to support machine learning research [66].
Simultaneously, Ukraine is gradually developing an
institutional infrastructure for implementing FAIR
principles, including the creation of a roadmap for
applying FAIR in scientific information management
systems [67]. Additionally, the draft Strategy for the
Development of Ukraine’s Open Data Sphere for
2025-2027 includes a number of directions that di-
rectly correlate with the FAIR principles. Specifi-
cally, the document provides for improving data
quality, interoperability, and expanding open data and
metadata sets, which corresponds to the principles of
findability and interoperability [68]. Meanwhile, in
the context of the war in Ukraine, the FAIR system
may be insufficient to ensure the protection of com-
munity rights and ethical responsibility. Instead, the
CARE principles — Collective Benefit, Authority to
Control, Responsibility, and Ethics — supplement
FAIR by integrating moral foundations and focusing
on the protection of vulnerable populations,
particularly internally displaced persons and civilians
under occupation [69]. Accordingly, the implemen-
tation of FAIR principles in Ukraine should be
considered primarily as a research data governance
challenge rather than simply as an expansion of open
access to medical data.

Ecosystems of collaboration and policy changes

Implementing systemic changes in Open Science
requires not only legal and regulatory support but also
a developed institutional infrastructure and sus-
tainable international partnerships. Cross-border
initiatives, particularly the Observational Health Data
Sciences and Informatics platform, as well as Euro-
pean research infrastructures, demonstrate the
practical effectiveness of harmonized and decen-
tralized approaches to scientific research in a global
context [70]. In the field of research funding, the
Horizon Europe program enshrines the principles of
open access and data management in accordance with
FAIR standards as key criteria for project evaluation
[16], thereby creating institutional incentives for
implementing open practices.

Parallel to this, grassroots initiatives are also
becoming more active, changing the approaches to
setting scientific priorities and participating in
research. Examples of citizen science in healthcare
[71] and the Indigenous data governance approaches
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[27], which are also applicable in the context of the
war in Ukraine [69], illustrate the growing role of
communities in the co-creation of knowledge. Such
practices are increasingly being reflected in insti-
tutional strategies in both high-income and deve-
loping countries, where the integration of Open
Science values into local research cultures is under-
way [72]. In developing countries, public-private
partnerships can play an important role, but their
implementation requires a balanced approach based
on the principles of transparency, academic freedom,
and long-term sustainability [11]. An important con-
dition is the support of academic libraries as key
centers for research data management and open
access [73]. Overall, these processes indicate that
Open Science is gradually transforming from a set of
individual practices into a structural foundation for
modern biomedical research — with a focus on open
innovation [23] and prioritizing free access to
research data [24].

Physician-scientists, who combine clinical practice
with scientific activity [74], play a key role in trans-
lating research results into healthcare practice, parti-
cularly by working with open biomedical data repo-
sitories [75]. Engaging researchers in the analysis of
thematically structured databases contributes to effec-
tive research process management and the develop-
ment of interdisciplinary team collaboration [40]. The
active participation of students in such projects shapes
modern research education by providing practical
experience in project management, data work, and
analytics [76]. Another important aspect is, is that the
use of open biomedical data supports the continuous
professional development of healthcare professionals,
giving them access to current scientific information
and evidence-based clinical decisions [77, 78]. In this
context, medical informatics serves as a strategic tool
for responding to public health challenges and
improving the quality of medical care [79].

Alongside considering international experience,
Ukraine is actively forming its own initiatives for
implementing Open Science principles. Specifically,
the National Open Science Plan has been approved,
as well as the Open Government Partnership Action
Plan for 2023-2025. International educational prog-
rams, particularly Erasmus+ CBHE projects such as
OPTIMA and Opend4UA, play a vital role in this
process by promoting the integration of Open Science
into the higher education system. As a result of these
projects, specific recommendations, methodological
materials, and tools have been developed for imple-
menting Open Science in universities [80, 81]. The
National Research Foundation of Ukraine is actively
supporting these approaches, adapting the terms of its
competitions to the principles of the Coalition for
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Advancing Research Assessment. Additionally, the
methodology for evaluating the effectiveness of
scientific activities at research and higher education
institutions during state attestation, which was
updated by the Ministry of Education and Science in
2024, now includes qualitative indicators that
promote fairer and more comprehensive institutional
development. Parallel to this, the development of a
professional standard for “Research Data Mana-
gement Specialist” — data steward, is ongoing, and the
Ukrainian Reproducibility Network (UARN) coor-
dinates efforts to promote the principles of openness
and reproducibility within the scientific community.
Open medical data is becoming an increasingly
powerful tool for improving the quality of medical
services and advancing science [82].

Open Science in Ukraine and its current
progress and remaining challenges

Taken together, the reviewed evidence indicates
that Ukraine has already established several impor-
tant elements of an Open Science ecosystem, inclu-
ding the National Open Science Plan, participation in
Horizon Europe, the development of digital health
infrastructure, the expansion of open governmental
data, and institutional initiatives aimed at research
data management and reproducibility. International
projects such as OPTIMA and Open4UA have addi-
tionally supported the transfer of European Open
Science practices into Ukrainian higher education and
research institutions.

At the same time, the Ukrainian context reveals
several areas that require further development. In
medicine and dentistry, the implementation of Open
Science is closely linked to the governance of sen-
sitive health data, interoperability of information
systems, FAIR-compliant research data management,
ethical and legal safeguards, and the development of
professional competencies in data stewardship. These
issues are particularly relevant under wartime condi-
tions, when continuity of healthcare, cybersecurity,
protection of vulnerable populations, and reliable
digital infrastructure become especially important.
Thus, for Ukraine, further integration into the Euro-
pean Research Area requires not only formal adoption
of Open Science policies but also their practical
implementation in biomedical research and health-
care institutions.

Research limitations

The study is a narrative review, and does not
provide quantitative synthesis or meta-analysis. The
concept of Open Science is highly dependent on
legislative, infrastructural and communication as-
pects, as well as on the interactions between them.
Thus, any changes in one of these components may
have unpredictable impacts on other components of
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the ecosystem. Legal aspects were interpreted
according to current legislation and published legal
analyses. The legal considerations presented in this
review are intended to support the discussion of Open
Science in medicine rather than provide a
comprehensive legal interpretation. Some relevant
studies may not have been retrieved because they
were not indexed in Google Scholar or PubMed at the
time of literature search.

Prospects for further research

Future research should focus on developing
qualimetric indicators to assess the impact of the
implementation of Open Science and digital transfor-
mation on medical research and the healthcare system
in Ukraine.

CONCLUSIONS

1. Open Science provides a framework for im-
proving transparency, reproducibility, data reuse, and
collaboration in medical research. In biomedicine,
however, greater accessibility must be balanced with
confidentiality, data protection, informed consent,
and other ethical requirements.

2. FAIR principles support the findability, acces-
sibility, interoperability, and reuse of research data but
should not be equated with open data. Their imple-
mentation in medicine requires standardized metadata,
interoperable infrastructures, appropriate access
conditions, and sustainable research data management.

3. Ukraine has taken important policy and insti-
tutional steps toward integrating Open Science into
the European Research Area. Further progress
requires stronger research data infrastructure, clear
governance mechanisms for sensitive medical data,
development of data stewardship competencies, and

continued alignment of national practices with
European standards.
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