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Modern healthcare, biomedicine, and translational medicine are becoming increasingly
dependent on innovations and achievements in bioinformatics and biomedical engineering.
Artificial intelligence and machine learning, medical imaging and predictive analytics, deep
learning, wearable technologies and computational genomics are all major technologies
that help to improve our understanding of biological processes, support informed decision-
making and diagnostics and personalized treatment options, and facilitate improved
distribution of healthcare technologies. Nevertheless, these innovations are accompanied
by multiple methodological, ethical, regulatory, and translational issues that require careful
consideration of various factors that influence the success of biomedical inventions.

This Special Issue “Breakthroughs in Bioinformatics and Biomedical Engineering,”
aims to showcase high-quality scientific achievements in the field of biomedical computing
and engineering. Bioinformatics and biomedical engineering is currently characterized
by strong disciplinary intersections, calling for a joint contribution of computational tech-
niques, domain knowledge, data management and processing, validation of results, clinical
relevance, usability, etc. The convergence of these components has led to the development
of a new generation of biomedical technologies that represent a significant breakthrough in
research and healthcare practice.

Artificial intelligence (AI) and machine learning are widely used in biomedical re-
search [1,2]. Nowadays, AI models are successfully employed in numerous tasks, from
interpreting images and identifying biomarkers to stratifying patients and making deci-
sions. Deep learning algorithms in particular have contributed significantly to progress
in pattern recognition within biomedical data, including genomic sequences, images, elec-
tronic health records, and other sources [2]. However, the increased efficiency and accuracy
of these models should be accompanied by clinical generalizability, reproducibility, and
transparency. Though experiments have produced satisfactory results, some AI models
face serious challenges when employed in a real-life setting [1].

One of the most sophisticated and productive areas of biomedical AI development is
based on image analysis techniques [3,4]. Medical imaging data represents a huge source of
information which can be effectively used for diagnostic and monitoring purposes, among
other potential uses. Furthermore, thanks to AI-powered analysis, it is now possible to
perform segmentation, registration, classification, reconstruction, denoising, visualization,
biomarker extraction, and other operations on imaging data [4]. Nevertheless, despite
all the advances in this field, there are still many issues related to dataset imbalances,
interpretability problems, differences in imaging protocols, and challenges associated with
applying imaging analysis in clinical practice [3,4]. Hence, the implementation of image
analysis algorithms in healthcare requires extensive cooperation between researchers from
various fields of expertise.
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It is also worth acknowledging the incredible progress that has recently been achieved
in bioinformatics and computational genomics [5,6]. With the advent of high-throughput
sequencing technologies and other related innovations, large amounts of genomic, tran-
scriptomic, and other omics data have started accumulating, and novel analytical tools are
required to make sense of the information collected. RNA sequencing, analysis of genomic
variants, pathway modeling, and other techniques may contribute substantially to the
study of disease mechanisms, biomarker discovery, precision medicine, etc. In the future,
researchers should focus on integrating biological data across different levels from molecu-
lar and cellular processes to individuals, groups, and populations in order to develop a
more comprehensive understanding of the underlying disease mechanisms.

Finally, wearable health devices and biomedical sensors represent another important
area of research [7,8]. These technologies can be employed to continuously monitor the
patient’s physiological parameters and can support preventive healthcare, telemedicine,
activity recognition, and other vital functions. Thanks to machine learning algorithms,
wearable biomedical systems can provide clinicians with a substantial amount of clinically
meaningful information from time-series data. However, wearable biomedical devices
require calibration, energy efficiency, user involvement, signal quality control, and data
transmission security in order to operate successfully. Consequently, further research in
this field should involve hardware development, embedded systems, signal processing,
data analytics, cloud and edge computing, and human-centered design aspects [8].

The use of AI technologies in healthcare poses many concerns from an ethical and
governance perspective. The World Health Organization recommends paying particularly
close attention to ethics, human rights, transparency, accountability, inclusiveness, and trust
in the development and implementation of AI for health [9,10]. These factors are especially
important in the biomedical sector, since AI algorithms typically work with highly sensitive
data and can influence diagnostics and other clinical decisions made by the physician.
Hence, when creating biomedical systems, one needs to consider data privacy, informed
consent, data responsibility, fairness, explainability, cybersecurity, and other relevant issues.
Ethical and trustworthy AI innovation cannot be considered an additional requirement
after technical innovation, but a key aspect of the research.

Additionally, it is necessary to introduce methodological and reporting standards
when developing predicting models, intervention design, decision-making systems, or
other similar components. Recently, some reporting guidelines have been proposed—
TRIPOD+AI, CONSORT-AI, and SPIRIT-AI. These recommendations provide guidelines
on the requirements concerning the dataset, model development, model validation, inter-
ventions, human–machine interaction, error analysis, and clinical implementation [11–13].
Adherence to these recommendations will support the peer review process, allow the
results to be reproduced, and promote clinical implementation of AI technologies.

Further innovations reinforce the notion that the future of biomedical engineering
and bioinformatics will be substantially impacted by reliable, generative, and multi-modal
AI. The WHO highlights that multi-modal systems open up new possibilities in the fields
of healthcare, medical research, public health, and drug development, but that they need
to be properly governed, made transparent, accountable, supervised, and safeguarded
to prevent them from undermining patients’ rights. In parallel, the recently published
international guideline on FUTURE-AI offers recommendations for building and using
trustworthy AI in healthcare throughout the whole healthcare AI lifecycle, considering
its design, validation, and regulation; its implementation in clinical practice, and post-
deployment monitoring [14]. These recommendations are especially applicable for AI
systems that are designed to be used within clinical settings, where technical effectiveness
alone is not sufficient.
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Finally, another growing trend that is anticipated to play an increasingly important
role in the field of biomedical engineering and bioinformatics is generative AI and the
application of large language models in medicine [15]. Recently, several promising studies
have investigated the use of conversational diagnostic AI and differential diagnosis by
means of large language models [16,17]. These advancements should be viewed with a
critical eye, since recent evaluations of large language models in medicine may overestimate
the clinical utility of such AI if they utilize narrow benchmarks, simple tasks, or unrepresen-
tative data [18]. Therefore, future biomedical AI systems should undergo a comprehensive
evaluation process based on clinically valid, transparent, and context-dependent criteria
prior to their practical application.

Several important future directions in biomedical sciences deserve special considera-
tion. Firstly, it is possible to combine various types of information—including imaging, ge-
nomic, clinical, and laboratory data, signals from wearable biomedical devices, and patients’
reports—to provide a more comprehensive description of disease mechanisms, progression,
and responses to treatments. Secondly, federated learning and privacy-preserving AI may
help researchers and organizations collaborate on the development of prediction models
without needing to share patient data [19]. Thirdly, techniques for the explanation of AI
system behavior and creation of trustworthy models may promote wider applications of
biomedical innovations; however, one should evaluate the concept of explainability criti-
cally and carefully [20]. Fourthly, edge computing may help extend the use of biomedical
technologies by performing analysis near patients in dynamic environments.

In conclusion, it is clear that the future of bioinformatics and biomedical engineering
depends on the activities of the interdisciplinary scientific community. Scientists from
spheres such as engineering, computer science, biology, medicine, statistics, law, ethics, and
public health must collaborate to develop effective, convenient, sustainable, inclusive, and
safe technologies. At the moment, the healthcare industry is experiencing several issues
related to an aging population, the presence of chronic diseases, a shortage of medical
specialists, increased costs, and the need for personalized healthcare services. Under these
circumstances, there is an acute need for advanced technologies in the healthcare industry.
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