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ABSTRACT. Background. Modern science is experiencing a stage of rapid development due to the integration of innova-
tive digital technologies, among which artificial intelligence (Al) occupies a leading position. In morphology, Al opens up
new opportunities for analyzing large datasets, automating image analysis, and modeling complex processes. In the field of
medical education, the implementation of Al transforms traditional approaches to teaching morphological disciplines and
determines new directions for the development of medical training. Objective. To analyze the possibilities and approaches
to the use of Al in medical morphology and in the educational process of histology, cytology, and embryology. Methods.
The study employed comprehensive methods of practical orientation, including analysis, synthesis, induction, and deduc-
tion, as well as specialized methods such as component analysis. Results. The use of Al in morphological science enables
the automation of cell and tissue analysis, the identification of subtle patterns, and the creation of large-scale digital data-
bases of histological images. The application of CNNs, U-Net, and Vision Transformers allows automated histological slide
analysis, improves morphometric accuracy, and ensures standardized evaluation of morphological changes. In the educa-
tional process, the integration of digital platforms, virtual microscopes and simulators (Labster, Anatomage, Organon,
QuPath, PathPresenter), VR/AR technologies, and Explainable Al provides interactivity, personalization, and deep immer-
sion of students into the structure of tissues and organs, fostering the development of critical thinking and analytical skills.
Conclusion. The use of Al in morphology and histology teaching is not only a technological trend but also a strategic
direction in the development of medicine and education. The integration of digital platforms, virtual laboratories, and
VR/AR systems makes learning interactive, personalized, and practice-oriented. The combination of traditional teaching
methods with Al enhances motivation, cultivates critical thinking, and prepares future physicians for work in the era of
digital medicine.
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Background a human-like manner. It is a relatively young disci-
Artificial Intelligence (Al) is a field of computer pline that originated in 1955 to solve mathematical
science that trains computational systems to think in problems and has since undergone periods of rapid

development and stagnation, from the First National
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Conference in 1980 to assisting in the development of
COVID-19 vaccines in 2020, and, finally, to the cur-
rent technological boom in Al [1-3]. We are now wit-
nessing the rapid expansion of its applications across
diverse domains of knowledge and the growing diver-
sity of ways in which its capabilities can be utilized.

Convolutional neural networks (CNNs) are
widely applied across different fields. The first task
solved with neural networks was image classification.
However, their applications have extended into med-
icine, where they are used for disease or symptom
classification in MRI diagnostics, automated recogni-
tion of cellular structures, tissue segmentation, classi-
fication of cell damage types, disease progression
prediction, and the generation of synthetic histologi-
cal samples for pathology using generative models
(VAE, GAN) [4,5].

Acrtificial intelligence has provided a new per-
spective on both medicine as a discipline and medical
education. The teaching of fundamental medical sci-
ences—particularly morphological disciplines such
as histology, cytology, and embryology, which form
the foundation for understanding the structure and
functions of the human body—is now inseparable
from the integration of modern Al technologies [6].

This trend became especially pronounced during
the coronavirus pandemic and the subsequent war-
time period, when teaching was conducted online and
in hybrid formats. Interactive and personalized dis-
tance learning increasingly relies on digital platforms
that provide access to microscopy tools, tissue sam-
ples, and virtual laboratories.

Therefore, the objective of our study is to ana-
lyze the possibilities and methods of applying artifi-
cial intelligence in medical morphology and in the
training of medical students at Zaporizhzhia State
Medical and Pharmaceutical University in such mor-
phology-related disciplines as histology, cytology,
and embryology.

Materials and methods

The study employs both general methods—anal-
ysis, synthesis, induction, and deduction—as well as
specialized methods, such as component analysis.

Results and discussion

Acrtificial intelligence is increasingly integrated
into morphological science and the educational pro-
cess related to the teaching of morphological disci-
plines. The use of computer vision algorithms and
deep learning makes it possible to automate the
recognition of cellular structures, tissue segmenta-
tion, and detection of pathological changes with high
accuracy and reproducibility. This opens opportuni-
ties for the creation of large-scale digital databases of
histological images, which can be utilized both for re-
search and educational purposes.

Automated morphometric analysis enables the
collection of data on cell dimensions and the ratios of
cellular populations, thereby reducing the subjectivity
of results [7,8].

In morphological science, Al provides a new
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level of morphometric analysis, allowing precise
measurement of cell size, membrane thickness, ratios
of cellular and intercellular components, vascular net-
work density, and tissue architecture features [9].
Such quantitative indicators obtained through auto-
mated methods minimize result subjectivity and cre-
ate conditions for the standardization of morphologi-
cal diagnostic criteria [10]. Moreover, machine learn-
ing algorithms allow for the identification of subtle
patterns in tissue organization, which may serve as a
basis for discovering new biomarkers of functional
changes in cells and tissues [11].

Convolutional neural networks (CNNSs), a class
of deep learning architectures most suited for image
analysis, are widely applied. Models such as U-Net,
ResNet, EfficientNet, DenseNet, and the more recent
Vision Transformer (ViT) architecture provide the
ability to detect key morphological markers, includ-
ing Ki-67, p63, and features of spatial cellular organ-
ization within the microenvironment, thus enabling a
shift toward quantitative tissue analysis in disease di-
agnostics [12].

In cytology, neural networks are successfully ap-
plied for karyotype classification, detection of dys-
plastic changes in Papanicolaou smears, as well as for
the analysis of the cytomorphology of lymphocytes,
plasma cells, macrophages, and other cell types [13].

In embryology, Al is used to model tissue devel-
opment and predict anomalies based on images ob-
tained from prenatal screening. The application of
segmentation models to 3D embryological structures
assists in diagnosis.

A novel approach to building a foundation for
integrated digital morphology involves combining
multi-omics data (histology + transcriptomics + pro-
teomics) with morphometry and medical imaging.
Such approaches are currently employed in the inter-
pretation of tumors of the pancreas, prostate, and
brain [14].

The use of artificial intelligence in medical edu-
cation opens new opportunities, expanding teaching
practices from simple information transfer in the
teacher—student model toward the creation of immer-
sive learning environments. Modern medical educa-
tion is rapidly advancing due to the integration of dig-
ital technologies, which optimize the learning process
and make it more interactive and visually engaging.
In histology, traditionally based on the analysis of mi-
croscopic specimens, virtual simulators and digital
platforms are increasingly used [15].

The virtual Labster laboratory immerses stu-
dents in a digital environment where they can perform
experiments, conduct microscopic studies, and ex-
plore tissue structures without constant access to
physical equipment. In histology, this enables realis-
tic simulators for repeated practice in handling speci-
mens, analyzing tissue sections, and receiving instant
feedback—especially valuable for early-stage stu-
dents with limited experience using real microscopic
preparations.
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For instance, in histology, we employ the fol-
lowing Labster simulation models: “Microscopy,”
“Light Microscopy,” “Fluorescence Microscopy,”
“Sudan IV Test for Lipids,” “Cell Structure: Cell The-
ory and Internal Organelles,” “Cell Membrane and
Transport: Learn How Transporters Keep Cells
Healthy,” “Cell Membrane and Transport: Modifying
the Cell Membrane,” “Cell Membrane and Transport:
Types of Transporter Proteins,” “Cell Division (Prin-
ciples): Mitosis and Meiosis,” “Cell Culture Basics:
Plate, Split and Freeze Human Cells,” “Embryology:
Discover the Genetics of Limb Development,” “Ex-
ploring Human Reproductive Cells,” “Hematology:
Introduction to Blood,” “Introduction to Immunol-
ogy: Organs and Cells of the Immune System,” “Skin
Layers and Organ Anatomy: Follow a Skin Cell’s
Journey!,” “Counting Cells: Control the Epidemic,”
“Microanatomy of a Neuron: Build Your Own Neu-
rons!,” and “The Peripheral Nervous System: Create
a Model of the Nervous System.”

Particular attention should also be paid to the
prospects of three-dimensional modeling of tissue
structures. The use of Al in combination with data
from confocal microscopy or electron tomography
enables the creation of highly accurate virtual tissue
models. Existing 3D reconstructions of renal glomer-
uli or lung alveoli are already applied both in research
and in medical education. Such models make it pos-
sible to study the spatial organization of cellular ele-
ments, intercellular interactions, and organ architec-
ture in a new dimension [16].

The Anatomage Table, an interactive anatomical
platform mainly for macroanatomy, also supports his-
tology education. Its high-quality 3D visualization
and zoom capabilities help students connect micro-
scopic and macroscopic structures, deepening under-
standing of tissue architecture and its functional sig-
nificance.

Another promising tool is Organon 3D Anat-
omy, which combines virtual and augmented reality.
In histology, it enables visualization of tissues and
microstructures in 3D, demonstrates their relation-
ships with organs and systems, and supports interac-
tive sessions where students can “immerse” into
structures at the cellular level. VR/AR fosters engage-
ment and deepens understanding of biological spatial
organization.

The integration of these tools provides a strong
foundation for modernizing histology teaching. Lab-
ster develops microscopy skills in virtual settings,
Anatomage links histological knowledge with macro-
anatomy, and Organon offers a three-dimensional
view of tissues and organs in functional context. To-
gether, they boost motivation, strengthen analytical
thinking, and support more effective learning.

Convolutional neural networks (CNNs) are
widely applied for automated tissue classification,
cellular recognition, and pathology detection. In edu-
cation, they underpin interactive simulators, enabling

students to test answers and receive real-time feed-
back [17].

U-Net, among the most effective medical image
segmentation models, ensures precise delineation of
cells, tissue structures, and pathological regions. In
practice, students can compare their segmentations
with reference examples, making study more visual,
hands-on, and oriented toward complex specimens.

These tools offer multiple educational ad-
vantages: they improve visualization and interactiv-
ity, facilitate knowledge assessment, personalize
learning, and boost motivation through modern tech-
nologies. Combining traditional histology methods
with Al algorithms deepens understanding of tissue
morphology and develops analytical thinking essen-
tial for medical practice. In the long term, such ap-
proaches are likely to become integral to medical ed-
ucation, creating a more efficient and cohesive learn-
ing system.

A key application is automated histological slide
classification using deep CNNs and their variants, in-
cluding ResNet, DenseNet, and EfficientNet. These
models distinguish tissue types, identify normal ver-
sus structures, and can be integrated into educational
simulators. Students can test diagnostic hypotheses,
compare results with model outputs, and receive im-
mediate feedback, fostering critical thinking and
more accurate mastery of morphological criteria [18].

Another important direction is histological im-
age segmentation, which enables the identification of
individual cells, nuclei, tissue regions, or pathological
formations. Particularly effective in this regard are
the architectures U-Net, U-Net++, and Attention U-
Net, as well as algorithms such as Mask R-CNN and
DeepLab. For students, this translates into the ability
to clearly visualize annotated tissue samples, making
navigation in the complex microscopic environment
easier. Moreover, the interactive combination of man-
ual segmentation by the student and automatic results
proposed by Al not only accelerates the acquisition of
recognition skills but also allows assessment of indi-
vidual accuracy [19].

Tools for digital histological scans, or whole-
slide images (WSIs), play a crucial role. Many uni-
versities now use virtual microscopes with high-reso-
lution digital specimens (e.g., Histology Guide,
HistoViewer, Michigan Histology, Histology Lab
Manual, Indiana University Virtual Microscopy,
PEIR, Human Protein Atlas, PathPresenter). Due to
their size and complexity, classical CNNs often strug-
gle, whereas Vision Transformers, Swin Transform-
ers, and other modern architectures can analyze large
images while capturing global relationships between
cellular structures. These models enable virtual mi-
croscopes where students can view specimens with
Al-generated hints and highlights of key areas.

Equally important is the implementation of soft-
ware platforms that integrate Al algorithms for both
scientific and educational purposes. Among these,
QuPath provides histological image analysis powered
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by Al algorithms, while PathPresenter serves as an
educational resource for working with digital slides
and supports elements of automated structure recog-
nition. These tools can be employed both within lec-
tures and for students’ independent study.

Explainable Al methods, such as Grad-CAM
and heatmaps, add educational value by highlighting
image regions that influence model decisions. This
helps students understand algorithm logic and better
grasp diagnostic criteria and key morphological fea-
tures. When combined with VR/AR platforms, these
tools create immersive learning, allowing students to
“see” tissues in 3D with automatically highlighted
critical structures [20].

Modern histology education actively integrates
digital technologies and artificial intelligence tools,
creating new opportunities for comprehensive acqui-
sition of knowledge about the structure of tissues and
organs. An example of such an approach in histology
teaching at Zaporizhzhia State Medical and Pharma-
ceutical University is an integrated practical class on
the microscopic structure of the liver and pathological
changes of hepatocytes, which combines the use of
VR/AR platforms, QuPath, and PathPresenter.

Initially, the student explores a 3D liver model
in VR/AR, studying spatial organization, portal
tracts, central veins, and hepatic lobules, with Al al-
gorithms highlighting key structures to connect
macro- and microscopic features. Next, using
QuPath, liver section scans undergo segmentation via
U-Net or Mask R-CNN for automatic identification
of cell nuclei, sinusoidal spaces, and other morpho-
logical elements. Comparing their annotations with
the algorithm’s output provides immediate feedback
and promotes analytical thinking. Then, in PathPre-
senter, students access digital histological images and
Al tools to recognize normal and pathological struc-
tures, receiving real-time guidance and accuracy eval-
uation. Finally, students integrate knowledge and dis-
cuss results, formulating conclusions about the liver’s
microscopic structure and function. The instructor
links macro- and microanatomy with digital analysis,

fostering comprehensive understanding, critical eval-
uation, and competence in modern digital tools essen-
tial for medical practice.

Conclusion

Thus, the use of artificial intelligence in the mor-
phological sciences and in the teaching of histology
is not merely a technological trend but a strategic di-
rection in the development of modern medicine and
education. In the educational domain, Al integration
facilitates the creation of digital platforms, virtual mi-
croscopes, and simulators that make the study of his-
tology interactive, accessible, and personalized. The
use of VR/AR systems (Anatomage, Organon), vir-
tual laboratories (Labster), as well as platforms such
as QuPath and PathPresenter, enables students to gain
a comprehensive understanding of tissue structures
and practice analytical skills in a safe and flexible dig-
ital environment. The combination of traditional
teaching methods with intelligent technologies en-
hances motivation, fosters critical thinking, and pro-
vides conditions for integrated, personalized, and
practice-oriented learning. This not only simplifies
the acquisition of complex structural concepts but
also equips future physicians with the competencies
required to work in the era of medical digitalization.

Prospects for further development

The use of artificial intelligence in histology ed-
ucation is not limited to a few models such as CNN,
U-Net, or Vision Transformers. It encompasses a
wide spectrum of tools—from classification and seg-
mentation systems to virtual platforms, adaptive sim-
ulators, and explainable Al methods. Exploring the
possibilities of integrating these tools into the educa-
tional process, thereby enhancing the clarity and ac-
cessibility of material, fostering analytical skills, per-
sonalizing learning, and preparing students for future
practice in digital medicine, represents, in our view, a
highly promising direction for further research.
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Auiesa O.I'., 3srina I'.O., ITorouska O.1., Makeena JI.B., I'pomokoBcbka T.C. Bukopucranus mry-
YHOrO iHTeJeKTy B MeAM4Hii Mopdoorii Ta MeanyHIiii ocBiTi.

PE®EPAT. Akryanbnictb. CydyacHa Hayka NEpeKHBAE €Tal CTPIMKOTO PO3BUTKY 3aBASKH IHTErpailii iHHO-
BalliMHUX U(POBUX TEXHOJIOTIH, cepes SIKMX MpoBigHe Micue rnocigae mrydnuit intenekt (III). Y mopdosorii
LI BinkprBa€e HOBI MOXIIMBOCTI JJIsl aHAJII3y BEJIMKMX MacHBIB JaHUX, aBTOMATHU3Aallii aHaji3y 300pakeHb Ta MO-
JICITIOBAaHHS CKJIaJHUX mporeciB Y chepi Mmeanunoi ocBitu BrpoBamkenHs 1111 3MiHIOE TpaauIiiHi MiIX0au 10
BUKJIaJJTaHHS MOP(OJOTIYHNX JUCHUILTIH 1 BU3HAYA€ HOBI HAIPSMHU PO3BUTKY MeIU4HOI ocBiTH. Merta. AHami3
MOIMBOCTEH 1 crtoco0iB BukopucTanHs 11 y MegumaHOT MOpdoIoTii Ta Y HABYaIFHOMY IPOIIECi 3 TiCTOJOTII,
uToIIoTii Ta eMOpionorii. Meroau. Cepell BUKOPUCTAHUX HAMHU MPUCYTHI KOMILICKCHI — MPAKTHYHOTO CIIPSAMY-
BaHH: — aHAIli3y, CHHTE3Y, IHAYKIII Ta IeAYKIii Ta CrenianbHi — KOMIIOHEHTHOTO aHami3y. Pesyabpraru. Bukopu-
cranns LI y mopdororiuniif Haylli JO3BOJISIE aBTOMATH3YBATH MIPOIIECH aHAJi3y KIITHH 1 TKAHUH, BUSBILATH Ma-
JIOTIOMITHI 3aKOHOMIPHOCTI Ta CTBOPIOBATH MacIITaOHi I(POBi 6a3M TiCTOIOTIYHIX 300pakeHb. 3aCTOCYBaHHS
CNN, U-Net ta Vision Transformers 103BoJisie aBTOMAaTH3yBaTH aHAI3 [IPENApPaTIB, MiABUIIUTH TOYHICTH MOP-
(hometpii Ta 3a0e3MEUNTH CTAaHAAPTH30BAHY OI[IHKY MOP(OIOTIYHUX 3MiH. Y HaBYaJILHOMY IPOIIECi IHTETpamis
rdpoBux miatdopm, BipTyaabHUX MiKpockotis i cumyistopis (Labster, Anatomage, Organon, QuPath, PathPre-
senter), VR/AR-texuomoriit Ta Explainable Al 3a6e3mneuye iHTepaKTHBHICTD, IIEPCOHATI3AIIIO Ta TIIHOOKE 3aHY-
PEeHHS CTYACHTIB y Oy/IOBY TKaHHH i OpTaHiB, CIIPHUsE€ PO3BUTKY MHCIICHHS Ta aHATITHYHAX HaBUYOK. Ilincymoxk.
Bukopucranns LI y mopdororii Ta BUKiIagaHHi TiCTOJIOTIT € CTpaTeriYHUM HaIpsSIMOM PO3BUTKY MEIWIMHU Ta
ocBiTH. [HTerpanis nudposux miardpopm, BipTyansHux gaboparopii, VR/AR-nmardopm pobuts HaBUaHHS iHTe-
PaKTHBHHM, TIEPCOHANII30BAHUM i MpaKTUKOoOpieHTOBaHUM. [loeqHanHs Tpaaunidiaux MetoniB i3 LI migsumrye
MOTHBAIL10, JOPMYE KPUTHUHE MUCIICHHS Ta TOTY€ MaiiOyTHIX JIiKapiB 10 poOOTH B yMOBaxX IU(pPOBOT METUINHH.

Kuro4uoBi cj10Ba: mITyYHMIA iHTENEKT, TICTOJIOTIS, MEIMIHA OCBITa, IHdpoBi TexHouorii, VR/AR-TexHomMOTI],
3rOPTKOBI HEHPOHHI MEpEXi.
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