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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 (AI) occupies a leading position. In morphology, AI opens up 

new opportunities for analyzing large datasets, automating image analysis, and modeling complex processes. In the field of 

medical education, the implementation of AI 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 AI 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 AI 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 AI 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 AI 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 AI enhances motivation, cultivates critical thinking, and prepares future physicians for work in the era of 

digital medicine. 

Key words: artificial intelligence, histology, medical education, digital technologies, VR/AR technologies, convolutional 

neural networks. 
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Background 

Artificial Intelligence (AI) is a field of computer 

science that trains computational systems to think in 

a human-like manner. It is a relatively young disci-

pline that originated in 1955 to solve mathematical 

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 AI [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]. 

Artificial 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 AI 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 

Artificial 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, AI provides a new 

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 (CNNs), 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, AI 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. 



______________________________________________________________________________________ 

MORPHOLOGIA • 2025 • Том 19 • № 3  

 

193 

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 AI 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 AI 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 AI 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 

AI-generated hints and highlights of key areas. 

Equally important is the implementation of soft-

ware platforms that integrate AI algorithms for both 

scientific and educational purposes. Among these, 

QuPath provides histological image analysis powered 
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by AI 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 AI 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 AI 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 

AI 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, AI 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 AI 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. 

Conflict of interest information 

There are no potential or apparent conflicts of 

interest related to this manuscript at the time of pub-

lication and are not anticipated. 

 

References 

 

1. Grzybowski A, Pawlikowska-Łagód K, 

Lambert WC. A History of Artificial Intelligence. 

Clin Dermatol. 2024;42(3):221-9. doi: 10.1016/j.clin-

dermatol.2023.12.016. 

2. El Arab RA, Alkhunaizi M, Alhashem YN, 

Al Khatib A, Bubsheet M, Hassanein S. Artificial in-

telligence in vaccine research and development: an 

umbrella review. Front Immunol. 2025;16:1567116. 

doi: 10.3389/fimmu.2025.1567116. 

3. Dwivedi YK, Sharma A, Rana NP, Gianna-

kis M, Goel P, Dutot V. Evolution of artificial intelli-

gence research in Technological Forecasting and So-

cial Change: Research topics, trends, and future di-

rections. Technol Forecast Soc Change. 2023;192. 

doi: 10.1016/j.techfore.2023.122579. 

4. Ali MU, Kim KS, Khalid M, Farrash M, 

Zafar A, Lee SW. Enhancing Alzheimer's disease di-

agnosis and staging: a multistage CNN framework us-

ing MRI. Front Psychiatry. 2024;15:1395563. doi: 

10.3389/fpsyt.2024.1395563. 

5. El-Assy AM, Amer HM, Ibrahim HM, et al. 

A novel CNN architecture for accurate early detection 

and classification of Alzheimer’s disease using MRI 

data. Sci Rep. 2024;14:3463. doi: 10.1038/s41598-

024-53733-6 

6. Giarnieri E, Scardapane S. Towards Artifi-

cial Intelligence Applications in Next Generation Cy-

topathology. Biomedicines. 2023;11(8):2225. doi: 

10.3390/biomedicines11082225. 

7. Liu G, Dong F, Fu C, Smith ZJ. Automated 



______________________________________________________________________________________ 

MORPHOLOGIA • 2025 • Том 19 • № 3  

 

195 

morphometry toolbox for analysis of microscopic 

model organisms using simple bright-field imaging. 

Biol Open. 2019;8(3):bio037788. doi: 10.1242/ 

bio.037788. PMID: 30814065. 

8. Ruffinatti FA, Genova T, Mussano F, Mu-

naron L. MORPHEUS: An automated tool for unbi-

ased and reproducible cell morphometry. J Cell Phys-

iol. 2020;235(12):10110-5. doi: 10.1002/jcp.29768. 

9. Bourn MD, Daly LF, Huggett JF, Braybrook 

J, Rivera JF. Evaluation of image analysis tools for 

the measurement of cellular morphology. Front Cell 

Dev Biol. 2025;13:1572212. doi: 10.3389/ 

fcell.2025.1572212. 

10. Shafi S, Parwani AV. Artificial intelligence 

in diagnostic pathology. Diagn Pathol. 

2023;18(1):109. doi: 10.1186/s13000-023-01375-z. 

11. Baghdadi A, Lama S, Singh R, et al. Tool-

tissue force segmentation and pattern recognition for 

evaluating neurosurgical performance. Sci Rep. 

2023;13:9591. doi: 10.1038/s41598-023-36702-3. 

12. Canales-Fiscal MR, Tamez-Peña JG. Hybrid 

morphological-convolutional neural networks for 

computer-aided diagnosis. Front Artif Intell. 

2023;6:1253183. doi: 10.3389/frai.2023.1253183. 

13. Gedefaw L, Liu CF, Ip RKL, Tse HF, Yeung 

MHY, Yip SP, Huang CL. Artificial Intelligence-As-

sisted Diagnostic Cytology and Genomic Testing for 

Hematologic Disorders. Cells. 2023;12(13):1755. 

doi: 10.3390/cells12131755. 

14. Huang Y, Chen L, Zhang Z, Liu Y, et al. In-

tegration of histopathological image features and om-

ics data in predicting molecular features and survival 

in glioblastoma. Front Med. 2025;12: 1510793. doi: 

10.3389/fmed.2025.1510793. 

15. Bajčetić M, Mirčić A, Rakočević J, Đoković 

D, Milutinović K, Zaletel I. Comparing the perfor-

mance of artificial intelligence learning models to 

medical students in solving histology and embryol-

ogy multiple choice questions. Ann Anat. 

2024;254:152261. doi: 10.1016/j.aanat.2024.152261. 

16. Pati P, Karkampouna S, Bonollo F, Compé-

rat E, Radić M, et al. Accelerating histopathology 

workflows with generative AI-based virtually multi-

plexed tumour profiling. Nat Mach Intell. 2024; 

6(9):1077-93. doi: 10.1038/s42256-024-00889-5. 

17. Li YX, Chen F, Shi JJ, Huang YL, Wang M. 

Convolutional Neural Networks for Classifying Cer-

vical Cancer Types Using Histological Images. J 

Digit Imaging. 2023;36(2):441-9. doi: 10.1007/ 

s10278-022-00722-8. 

18. Greeley C, Holder L, Nilsson EE, Skinner 

MK. Scalable deep learning artificial intelligence 

slide analysis and validation. Sci Rep. 2024;14(1): 

26748. doi: 10.1038/s41598-024-76807-x. 

19. Li J, Sarma KV, Chung HoK, Gertych A, 

Knudsen BS, Arnold CW. A Multi-scale U-Net for 

Semantic Segmentation of Histological Images from 

Radical Prostatectomies. AMIA Annu Symp Proc. 

2018;2017:1140-8. PMID: 29854182. 

20. Kosaraju S, Park J, Lee H, Yang JW, Kang 

M. Deep learning-based framework for slide-based 

histopathological image analysis. Sci Rep. 2022; 

12(1):19075. doi: 10.1038/s41598-022-23166-0. 

 

 

Алієва О.Г., Звягіна Г.О., Потоцька О.І., Макєєва Л.В., Громоковська T.C. Використання шту-

чного інтелекту в медичній морфології та медичній освіті. 

РЕФЕРАТ. Актуальність. Сучасна наука переживає етап стрімкого розвитку завдяки інтеграції інно-

ваційних цифрових технологій, серед яких провідне місце посідає штучний інтелект (ШІ). У морфології 

ШІ відкриває нові можливості для аналізу великих масивів даних, автоматизації аналізу зображень та мо-

делювання складних процесів У сфері медичної освіти впровадження ШІ змінює традиційні підходи до 

викладання морфологічних дисциплін і визначає нові напрями розвитку медичної освіти. Мета. Аналіз 

можливостей і способів використання ШІ у медичної морфології та у навчальному процесі з гістології, 

цитології та ембріології. Методи. Серед використаних нами присутні комплексні – практичного спряму-

вання – аналізу, синтезу, індукції та дедукції та спеціальні ‒ компонентного аналізу. Результати. Викори-

стання ШІ у морфологічній науці дозволяє автоматизувати процеси аналізу клітин і тканин, виявляти ма-

лопомітні закономірності та створювати масштабні цифрові бази гістологічних зображень. Застосування 

CNN, U-Net та Vision Transformers дозволяє автоматизувати аналіз препаратів, підвищити точність мор-

фометрії та забезпечити стандартизовану оцінку морфологічних змін. У навчальному процесі інтеграція 

цифрових платформ, віртуальних мікроскопів і симуляторів (Labster, Anatomage, Organon, QuPath, PathPre-

senter), VR/AR-технологій та Explainable AI забезпечує інтерактивність, персоналізацію та глибоке зану-

рення студентів у будову тканин і органів, сприяє розвитку мислення та аналітичних навичок. Підсумок. 

Використання ШІ у морфології та викладанні гістології є стратегічним напрямом розвитку медицини та 

освіти. Інтеграція цифрових платформ, віртуальних лабораторій, VR/AR-платформ робить навчання інте-

рактивним, персоналізованим і практикоорієнтованим. Поєднання традиційних методів із ШІ підвищує 

мотивацію, формує критичне мислення та готує майбутніх лікарів до роботи в умовах цифрової медицини. 

Ключові слова: штучний інтелект, гістологія, медична освіта, цифрові технології, VR/AR-технології, 

згорткові нейронні мережі. 

 

  


