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Summary

3D reconstruction is an informative, objective method of morphological research that consists in transforming a series
of successive sections (histological, macroscopic, anatomical sections, computed tomography (CT), etc.) into a virtual three-
dimensional (digital) image that can be studied in different projections and measure volumes, areas, diameters, angles, save,
copy, edit.

The aim of the study. The aim of this work was to compare the effectiveness of 3D reconstruction methods of various tissues
and microscopic anatomical structures of the human body in the prenatal period of development.

Material and methods. The research was carried out on 6 series of consecutive histological sections of human embryos at
the age of 4 to 6 weeks of intrauterine development (IUD), 15 samples of organ complexes of the head, limbs and trunk of human
fetuses at the age of 7 to 12 weeks of IUD, human fetuses aged 4-9 months of IUD by the method of making histological (5), as
well as histotopographic sections (10) directly from the paraffin block and their digitization, and 14 CT of human fetuses aged
4 to 9 months of IUD.

The studies were conducted in accordance with the most important regulations of the resolution of the First National Bioethics
Congress «General Ethical Principles of Experiments on Animalsy (2001), ICH GCP (1996), the European Union Convention
on Human Rights and Biomedicine (April 4, 1997) and the European Convention for the Protection of Vertebrate Animals used
in Experimental and Other Scientific Research (March 18, 1986). 1997) and the European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other Scientific Purposes (18.03.1986), the Declaration of Helsinki on Ethical
Principles for Medical Research Involving Human Subjects (1964-2008), EU Directives Ne 609 (24.11.1986), Orders of the
Ministry of Health of Ukraine Ne 690 dated 23.09.2009, Ne 944 dated 14.12.2009, Ne 616 dated 03.08.2012.

The work is carried out within the framework of the initiative research work of the Department of Histology, Cytology
and Embryology of the Bukovinian State Medical University «Structural and functional peculiarities of tissues and organs in
ontogenesis, regularities of variant, constitutional, gender, age and comparative human morphology». State registration number:
0121U110121. Terms of execution: 01.2021-12.2025.

Results. 3D reconstruction of series of consecutive histological sections is effective for the study of embryonic specimens,
organ complexes of prefetuses and certain microscopic structures of human fetuses due to easy identification of histological
structures, however, it is necessary to improve the methods of alignment of histological sections both in the correct sequence of
the series and in the natural position. 3D reconstruction of histotopographic sections is recommended for the study of specimens
of organ complexes of human prefetuses and fetuses. 3D reconstruction of CT sections is an effective and highly accurate tool
for the study of X-ray contrast anatomical structures in the fetal period of IUD (bone tissue, contrasting blood vessels), allows
using a certain research algorithm to detect and measure ossification centers and syntopy of blood vessels with bones.

Conclusions. For wide application in morphology, the method of 3D reconstruction requires technical improvement of the
software-hardware complex for reconstruction, namely: automation of segmentation of sections, as well as improvement of
methods of polychrome marking of anatomical structures for their clear differentiation.
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Introduction

Three-dimensional (3D) computer reconstruction
of anatomical structures has become a classic method
of morphological research in recent decades [1-3]. The
method is used to reproduce and study the shape of
rather small structures in cases where the specimen
is ineffective or impossible due to the small size of
the structures or their close syntopy [4]. Before the
advent of computer technologies for image acquisition
and processing, anatomists used graphic and three-
dimensional (plastic or wax) reconstructions [5]. The
first known reconstructions of microscopic anatomical
structures were made by the scientist Born G. (1876, 1893)
from serial histological sections. Further improvement
of the reconstruction technique by Gaupp E. (1893);
Turkevich M. G. (1967), Kuhn H.-J. (1971) included

graphic reconstruction in the complex of morphological
research methods [6, 7].

It is known that the first 3D computer reconstruction
was performed in 1984 due to the development of computer
technologies [8, 9]. Since then, anatomists, histologists,
topographical anatomists, embryologists have included it in
the complex of morphological research methods as a rather
informative and objective method [10, 11]. In addition, this
technology corresponds to the main principles of modern
diagnostic medical imaging, therefore it contributes to the
improvement of interpretation of non-invasive diagnostic
methods [12].

Thus, 3D reconstruction is an informative, objective
method of morphological research, which consists in
transforming a series of successive sections (histological,
macroscopic, anatomical sections, CT, etc.) into a virtual
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three-dimensional (digital) image that can be studied
in different projections and measure volume, area,
diameter, angles, save, copy, edit [13]. Therefore, the
reconstruction is the basis for creating educational visual
materials, modeling anatomical variants, the course of
the pathological process, age-related changes, organ
movements, etc. [14, 15].

Modern medical diagnostic imaging techniques (CT,
MRI, USD) are based on obtaining a 3D image from
a series of successive «virtual» slices, which of course do
not involve tissue destruction. Their interpretation requires
exhaustive knowledge of the real anatomical structure,
especially for objective monitoring of intrauterine
development (IUD) [16, 17].

3D reconstruction of microscopic structures is
a valuable method for morphological studies of the early
period of human and animal ontogeny [18, 19, 20]. The
microscopic size of fetal organs and structures compared
to an adult organism provides the technical possibility to
embed them in a single paraffin block and reconstruct them
from serial sections in anatomical continuity for the study
of form and syntopy. Such a research method is technically
extremely difficult to carry out on an adult organism,
since the same organ complex as that taken from a fetus,
in which all variants of structure and topography of the
structures have already been determined by the 4™ month
of development, has much larger dimensions, which makes
the study of syntopy impossible.

The aim of the study. The aim of this paper was to
compare the effectiveness of 3D reconstruction methods
of various tissues and microscopic anatomical structures
of the human body in the prenatal period of development.

Material and methods

The research was conducted on 6 series of consecutive
histological sections of human embryos aged 4 to 6 weeks
of IUD, 15 samples of organ complexes of the head, limbs
and trunk of human prefetuses aged 7 to 12 weeks of IUD,
human fetuses aged 4 to 9 months of IUD by the method
of making histological (5), as well as histotopographic
sections (10) directly from the paraffin block and their
digitization, and 14 CT of human fetuses aged 4 to 9
months of IUD.

Histological specimens of human embryos were stained
with hematoxylin and eosin, digitized using a photographic
device consisting of a microscope MBR-1 with a lens
Will Wetzlar 4/0.10, adapter M42-M4/3, digital camera
Olympus PEN E-P1 1. The surface of sections of paraffin
blocks with embedded specimens of human prefetuses
was photographed using the camera Canon G7, macro
lens (Industar-100U 4/110), fixed on the feed mechanism
of the microtome object holder. Digital photographs of
histologic specimens, oriented in the natural position, were
compared using a graphic editor. Long structures such as
the rudiment of the spinal column, major blood vessels
and the largest organs (stomach, liver, heart, etc.) were
used as landmarks. Segmentation and rendering of virtual
3D reconstructions from both digital photomicrographs
and DICOM CT files were performed using 3D-Doctor
software (Able Software Corp.).
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The studies were conducted in accordance with the
most important regulations of the resolution of the First
National Bioethics Congress «General Ethical Principles
of Experiments on Animals» (2001), ICH GCP (1996),
the European Union Convention on Human Rights
and Biomedicine (April 4, 1997) and the European
Convention for the Protection of Vertebrate Animals used
in Experimental and Other Scientific Research (March
18, 1986). 1997) and the European Convention for the
Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (18.03.1986), the Declaration
of Helsinki on Ethical Principles for Medical Research
Involving Human Subjects (1964-2008), EU Directives
Ne 609 (24.11.1986), Orders of the Ministry of Health of
Ukraine Ne 690 dated 23.09.2009, Ne 944 dated 14.12.20009,
Ne 616 dated 03.08.2012.

The work is carried out within the framework of the
initiative research work of the Department of Histology,
Cytology and Embryology of the Bukovinian State
Medical University «Structural and functional peculiarities
of tissues and organs in ontogenesis, regularities of
variant, constitutional, gender, age and comparative human
morphology». State registration number: 0121U110121.
Terms of execution: 01.2021-12.2025.

Results and their discussion

According to the technology of obtaining and preparing
digital images of a series of consecutive sections, which are
loaded into the software for further stages of creating a 3D
reconstruction, we divided the material into three groups:
1) microphotographs of a series of consecutive histological
sections; 2) a series of microphotographs of the surface of
the paraffin block; 3) DICOM CT files of fetuses.

The stages of 3D reconstruction from serial histological
sections are as follows: 1) specimen preparation (injection
of blood vessels, tubular and hollow organs, placement of
landmarks); 2) obtaining a series of consecutive sections
(microtomy); 3) digitization of sections (photography);
4) alignment of images of histological sections of a series
in natural anatomical position; 5) selection of sections for
reconstruction by area, number and step; 6) calibration of
the morphometric block of the reconstruction software;
7) segmentation (manual delineation of the contours
of the anatomical structures under study); 8) rendering
(construction of a reconstruction model using information
about the volume or contours of the object); 9) study,
morphometry and animation of the reconstruction model
for demonstration.

Creating of 3D-reconstruction from a series of
consecutive histological sections. The undeniable
advantage of using histological specimens for 3D
reconstruction is their high level of information and
detail, which allows easy identification of various tissues
and organs according to their classical description
and appearance given in histological, cytological and
embryological atlases. For differentiation of blood
vessels, injection of blood vessels and hollow organs
with polychrome and X-ray contrast compositions was
used (Fig. 1). This technique can be used for histological
examination of organ complexes of human fetuses from
the 4™ month of gestation (Fig. 2).
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Fig. 1. Longitudinal section of the cystic duct of a 5-month-old human fetus (235,0 mm PCL).
Injection of the venous system with a red lead. Hematoxylin-eosin. Photomicrograph. 40x:
1 — muscular membrane; 2 — lumen; 3 — mucous membrane; 4 — submucous membrane; 5 — venous
plexus; 6 — branch of the gallbladder vein

Fig. 2. Organs of the retroperitoneal space of a 6-month-old human fetus (180.0 mm PCL).
Polychrome injection of blood vessels. Photo of macrospecimen. 2x: 1 — kidneys; 2 — major calices;
3 — abdominal aorta; 4 — inferior vena cava; 5 — renal veins; 6 — aberrant left inferior renal artery;

7 — left ovarian artery; 8 — adrenal glands; 9 — ureters; 10 — left renal pelvis; 11 — left adrenal vein

Among the anatomical structures of human embryos
and fetuses, during their segmentation, epithelial layers,
skeletal muscles and heart, cartilaginous tissues and
ossification centers, glands, blood vessels, nervous tissues,
hollow and parenchymal organs, mesenchymal layers
are identified. This makes it possible to obtain detailed
3D reconstructions for studying the peculiarities of the
microscopic structure of organ complexes during IUD
(Fig. 3).

The quality of reconstructions from a series of
histologic sections depends on a number of factors: 1) tissue
changes during preservation, fixation, dehydration,
clarification, and paraffin embedding; 2) tissue distortion
due to microtomy (usually the histological section is
shortened in the direction of movement of the microtome
blade, which is partially or completely eliminated by
straightening the sections in a water bath); 3) the accuracy
of forming a series in the correct sequence of sections;
4) the accuracy of aligning (matching) the sections in their
natural orientation; 5) the quality of surface generation,

which depends on the accuracy of manual outlining of
anatomical structures.

The histologic examination of preparations of human
fetuses and organocomplexes has certain technological
limitations that are characteristic of classical histotechnique:
1) the maximum size of a paraffin block with an embedded
organocomplex should not exceed 15-20 mm in width or
length due to difficulties with microtomy and obtaining low
quality sections; 2) a longer flotation of sections in a water
bath is required for their complete alignment and to avoid
deformation that occurs during microtomy; 3) automation
of staining of histological sections is necessary due to
their large number, i.e. it is necessary to use a stainer or
cassettes for 10-20 slides; 4) possible errors in marking or
in the correct sequence of placing the sections on the slides,
which leads to distortions of the 3D reconstruction model,
distortions in the form of a step effect can also be caused by
the displacement of the specimen holder during the restart
of its feeding mechanism; 5) industrial microscopes with
built-in digital cameras usually do not capture large areas
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of histological sections, therefore in case of photographing
sections larger than 5. 0x5.0 mm, a microscope with x2-x4
objectives and an adapter with a mirrorless digital camera
installed at the attachment point of the tube was used
with an eyepiece, while the image from the microlens
was projected directly onto the photomatrix without any
additional optical elements. It should be noted that the
photomatrix of digital single lens reflex or mirrorless

(single lens non-reflex) cameras, in which it is possible
to detach the lens, has much larger physical dimensions
than CCD cameras of microscopes, which allows to fit
more structures or even the entire surface of the paraffin
block into the photoframe window. This is important when
studying organ complexes of human fetuses, body parts of
prefetuses or whole embryos, where it is necessary to cover
relatively large areas of the specimen with a microlens.

Fig. 3. 3D-reconstruction of the head of a 7-week-old human embryo (19.0 mm PCL). Left anterior-
lateral projection. 25x: 1 — eyeball rudiment; 2 — superior oblique muscle; 3 — trigeminal ganglion;
4 — frontal bone rudiment; 5 — nasal capsule; 6 — centers of ossification of the maxilla; 7 — superior
rectus muscle; 8 — inferior rectus muscle; 9 — lateral rectus muscle; 10 — otic capsule; 11 — Meckel’s
cartilage; 12 — centers of ossification of the mandible

Creation of 3D reconstructions from a series
of consecutive images of the surface of a paraffin
block. This technique involves the creation of 3D
reconstructions of the organ complexes of human fetuses
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by photographing the surface of a paraffin block after
each microtome section. Actually, histotopographic
sections were digitized using special photographic
equipment (Figs. 4, 5).

; -, <
Fig. 4. Scheme (left) and software-hardware complex (right) for 3D-reconstruction of microscopic
structures based on a series of microtome sections: 1 — paraffin block with specimen; 2 — microtome;
3 — feed mechanism; 4 — microtome blade; 5 — digital camera; 6 — macroscopic lens; 7 — lighting
device with infrared filter
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Fig. 5. 3D-reconstruction of serial frontal histotopographic sections of the human fetus (130.0 mm
PCL). Anterior view. 30x: 1 — mucous membrane of the fundus of gallbladder; 2 - mucous membrane
of the body of gallbladder; 3 — Hartmann’s pouch and the neck of gallbladder; 4 — cystic duct; 5 — right
branch of the hepatic artery proper; 6 — cystic artery and vein; 7 — common hepatic duct; 8 — left branch
of the hepatic artery proper; 9 — portal vein; 10 — branch of the cystic artery; 11 —hepatic artery proper;
12 — spiral arteries of the cystic duct; 13 — anastomoses (arterial circle) of the cystic duct

This method of 3D reconstruction has certain advantages,
but it is not without its disadvantages. The advantages
include the following:

1. Since the photographic device is rigidly attached
to the feed mechanism of the sliding microtome, it is
impossible to shift the optical axis, thus ensuring the exact
alignment of the sections, which is practically impossible
to achieve when photographing histological specimens.

2. In parallel, histologic specimens are also prepared
from microtome paraffin sections.

3. It is possible to use paraffin blocks with relatively
large organ complexes —up to 40 mm in length and up to 25
mm in width (when using a conventional sled microtome).

4. Photographs are taken using a special tripod, a macro
lens and a compact digital camera in semi-automatic
mode with remote control using appropriate software and
a personal computer.

The main disadvantage of the method of 3D
reconstruction of histotopographic sections is the low

clarity and detail of the obtained images, which makes
the identification of histological structures difficult and
requires professional knowledge of embryology, histology
and anatomy. To improve the quality and clarity of the
images, their batch processing is usually performed in
a graphic editor. Despite its shortcomings, this technique
makes it possible to identify microscopic anatomical
structures (Fig. 5), study their shape and syntopy, and
perform morphometry.

A significant advantage of the method is the possibility
of automatic segmentation of blood vessels contrasted
with dyes (Fig. 6), which is performed using 3D-Doctor
and similar software. During manual segmentation, in
addition to hollow and parenchymal organs, nerves,
cartilage, bone tissue, muscles and glands are well
identified. When studying the development of bones,
it is possible to clearly determine the external contours
of the cartilaginous rudiments of bones and centers of
osteogenesis (Fig. 7, 8).

Fig. 6. 3D-reconstruction of the left kidney of a 7-month-old human fetus (260.0 mm PCL).
Polychrome injection of arteries. A — posterior projection; B — anterior projection. The papillary
parts of the renal pyramids are reproduced in pink. 7x: 1 — renal artery; 2 — renal vein; 3 — pelvic and
ureteric branches; 4 — interlobular arteries; 5 — arcuate and interlobular arteries; 6 — renal pelvis
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Fig. 7. 3D-reconstruction of the cartilage rudiments of the left upper limb of an 8-week-old human
fetus (30.0 mm PCL). Left side projection. 30x: 1 — scapula; 2 — humerus; 3 — radius; 4 — ulna;
5 — brachial artery; 6 — rudiments of carpal bones

Fig. 8. 3D-reconstruction of the structures of the anterior part of the head of an 11-week-old human
fetus (55.0 mm PCL). Right projection. 25x: 1 — body of mandible; 2 — coronoid process; 3 — condylar
process; 4 — Meckel’s cartilage; 5 —head of malleus; 6 — nasal septum; 7 — rudiments of the
basicranium; 8 — otic capsule; 9 — Mental protuberance

Creation of 3D reconstruction from a series of
DICOM CT files. During a CT scan, a series of DICOM
PACS images are created that carry information about each
virtual slice of the anatomical specimen. The resolution
of modern CT allows the identification of structures with
aresolution of up to 0.5 mm. Therefore, it is advisable to use
this method on relatively large macro specimens of human
fetuses when studying the shape, structure and syntopy of
radiolucent organs and organ complexes. Not only bone
tissue, but also blood vessels can be studied on CT scans
of human fetuses contrasted with a composition based on
red lead. In addition to specialized software for studying
CT and automated creation of 3D reconstructions, such as
RadiAnt Dicom Viewer (Medixant), we used 3D-Doctor,
which has the ability to work with DICOM files. The
interactive segmentation of fetal structures with different
radiodensities allows the determination of contrasting
structures (Fig. 9), the spatial shape of bone rudiments,
and the location and shape of ossification centers (Fig. 10).
The software automatically outlines the contours of bone
rudiments according to the gradients of the Hounsfield
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scale, allowing visualization and morphometry of both the
entire bone rudiment and ossification centers.

The advantages of the method of 3D reconstruction
from a series of DICOM CT files include accuracy of
matching, automatic calibration of slices, detailing of
structures with high x-ray density, interactivity, and
thus speed of rendering. Disadvantages include those
characteristic of X-ray techniques.

The most difficult stage of 3D reconstruction is to
outline the contours of the anatomical structures. This
process requires time, professional knowledge and skills,
a graphic manipulator pen or a special computer with
a touch screen. This stage is the most difficult during
3D reconstruction of a series of successive images of
the surface of the paraffin block. The final stage of
creating a 3D reconstruction is rendering (application of
a visualization algorithm). It is performed automatically by
the software. The created reconstruction model is studied
in different projections and its individual elements are
measured. The next stage of work with 3D reconstruction
can be its 3D printing [18].
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Fig. 9. CT of a 5-month-old human fetus (155.0 mm PCL).
Injection of the arterial system with a composition of red lead. Anterior projection. 3x:

1 — bifurcation of the aorta; 2 — umbilical arteries; 3 — renal arteries; 4 — contours of the minor renal

calices; 5 — Xll rib.

Fig. 10. CT of the head of a 6-month-old human fetus (200.0 mm PCL).
Anterior projection. 3x: 1 — frontal bone; 2 — zygomatic bone; 3 — ethmoidal bone; 4 — frontal process
of the maxilla; 5 — body of sphenoid bone; 6 — lesser wing of sphenoid bone; 7 — greater wing
of sphenoid bone.

The prospects for improving 3D reconstruction
methods, in our opinion, are as follows: 1) 3D
reconstruction of a series of consecutive histological
sections requires the use of effective landmarks for the
correct alignment of the sections; 2) 3D reconstruction
of a series of consecutive images of the surface of the
paraffin block requires the use of total staining of the
specimen before it is embedded in the paraffin block
for a more contrasting image of organs and histological
tissues; 3) 3D reconstruction of a series of DICOM CT
files requires an increase in resolution (the thickness of

the CT slices is less than 1.0 mm). Considering the fact
that the tracing of anatomical structures remains the
most difficult stage of 3D reconstruction, it is advisable
to further develop software using elements of artificial
intelligence, in particular to identify and automate the
segmentation of sections of certain anatomical structures
and tissues [21-26].

Taking into account all the advantages and
disadvantages of the applied 3D reconstruction methods,
they can be presented in the form of a table according to
the degree of objectivity and automatic realization (Table).
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Table
Comparative characteristics of 3D-reconstruction methods
. Calibration of slices - Segmeptatlon
Alignment L Recognition of (selection of . Accuracy of
Stages . (determination of : Detailing
of slices . . microstructures contours of morphometry
pixel and voxel sizes) .
microstructures)
3D reconstruction
of serial histological - - + - + +
sections
3D reconstruction
of serial images of + _ _ _ _ _
the surface of the
paraffin block
3D reconstruction of
. + + — + — +
serial CT scans

Notes: (+) — objective factor, automatic execution; (—) — subjective factor, manual implementation.

Conclusions

1. 3D reconstruction of series of consecutive
histological sections is effective for the study of embryo
specimens, organ complexes of prefetuses and certain
microscopic structures of human fetuses due to easy
identification of histological structures, however, it
is necessary to improve the methods of alignment of
histological sections both in the correct sequence of the
series and in the natural position in two-dimensional
coordinate system.

2. 3D reconstruction of histotopographic sections
(images of the surface of the paraffin block) is advisable to
use in the study of samples of organ complexes of human
fetuses and fetuses, allows identification of individual
parenchymal and hollow organs and blood vessels,
especially if their injection is performed before fixation of
the sample.

3. 3D reconstruction of CT sections is an effective
and highly accurate tool for the study of x-ray contrast
anatomical structures in the fetal period of human
development (bone tissue, contrast blood vessels). The
method allows to detect and measure ossification centers
and syntopy of blood vessels with bones using a certain
research algorithm.
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4. The choice of the technique of 3D reconstruction
of microscopic structures in the prenatal period of human
ontogenesis depends on the age period of the research
material, which is caused by certain technological limitations
of the specific technique: 3D reconstruction of a series of
histological sections is recommended for the study of embryos
and fetuses, as well as individual structures and organs of
fetuses; 3D reconstruction of a series of histotopographic
sections — for the study of organ complexes of human
prefetuses and fetuses; 3D reconstruction of CT slices — for
the study of individual structures of human fetuses.

Prospects for further research. Improving the
technique of 3D reconstruction of organ complexes em-
bedded in a paraffin block requires the development of
methods for total staining of specimens, which will greatly
facilitate both the preparation of serial histological sections
and the delineation of the contours of anatomical structures
on the images of histotopographic sections.

Conflict of interest: The Authors declare no conflict
of interest.

Sources of funding: self-financing.

1. Raiola M, Sendra M, Torres M. Imaging Approaches and the Quantitative Analysis of Heart Development. J Cardiovasc Dev Dis
[Internet]. 2023[cited 2023 Oct 19];10(4):145. Available from: https://www.mdpi.com/2308-3425/10/4/145 doi: 10.3390/jcdd10040145

2. Liu W, Wang X, Wang Y, Wang Y, Zhang J, Shi B, et al. Three-dimensional reconstruction of systematic histological sections:
application to observations on palatal shelf elevation. Int J Oral Sci [Internet]. 2021[cited 2023 Oct 19];13(1):17. Available from: https://
www.nature.com/articles/s41368-021-00122-8.pdf doi: 10.1038/s41368-021-00122-8

3. Utsunomiya N, Katsube M, Yamaguchi Y, Yoneyama A, Morimoto N, Yamada S. The first 3D analysis of the sphenoid
morphogenesis during the human embryonic period. Sci Rep [Internet]. 2022[cited 2023 Oct 19];12(1):5259. Available from: https://
www.nature.com/articles/s41598-022-08972-w.pdf doi: 10.1038/s41598-022-08972-w

4. Tomalty D, Giovannetti O, Velikonja L, Balamane S, Morcos M, Adams MA. Three-dimensional reconstruction of the innervation
of the female pelvis: A review of current methods. Clin Anat. 2023;36(5):696-707. doi: 10.1002/ca.24023

5. Caon M. Voxel-based computational models of real human anatomy: a review. Radiat Environ Biophys. 2004;42(4):229-35.

doi: 10.1007/s00411-003-0221-8

6. Haas A, Fischer MS. Three-dimensional reconstruction of histological sections using modern product-design software. Anat Rec.
1997;249(4):510-6. doi: 10.1002/(SICT)1097-0185(199712)249:4<510:: AID-AR11>3.0.CO;2-R

7. Machin GA, Sperber GH, Ongaro I, Murdoch C. Computer graphic three-dimensional reconstruction of normal human embryo
morphogenesis. Anat Embryol (Berl). 1996;194(5):439-44. doi: 10.1007/BF00185991

8. Moons T. 3D Reconstruction from Multiple Images Part 1: Principles. Foundations and Trends® in Computer Graphics and

Vision. 2008;4(4):287-404. doi: 10.1561/0600000007

132



PE3YNbTATU AUCEPTALINHUX TA HAYKOBO-OQOCIIAHUX POBIT

9. Nagaoka T, Watanabe S, Sakurai K, Kunieda E, Watanabe S, Taki M, et al. Development of realistic high-resolution whole-
body voxel models of Japanese adult males and females of average height and weight, and application of models to radio-frequency
electromagnetic-field dosimetry. Phys Med Biol. 2004;49(1):1-15. doi: 10.1088/0031-9155/49/1/001

10. Ogoke O, Guiggey D, Mon T, Shamul C, Ross S, Rao S, et al. High resolution, serial imaging of early mouse and human liver
bud morphogenesis in three dimensions. bioRxiv [Internet]. 2019[cited 2023 Oct 19]:803478. Available from: https://www.biorxiv.org/
content/10.1101/803478v3.full doi: 10.1101/803478

11. Nakano S, Kodama R, Yamaguchi Y, Takakuwa T, Yamada S. MCA-Based Embryology and Embryo Imaging. In: Hashizume
M, editor. Multidisciplinary Computational Anatomy. Singapore: Springer; 2022. p.121-30. doi: 10.1007/978-981-16-4325-5 14

12. Alomar A, Morales A, Vellvé K, Porras AR, Crispi F, Linguraru MG, et al. Reconstruction of the fetus face from three-
dimensional ultrasound using a newborn face statistical shape model. Comput Methods Programs Biomed [Internet]. 2022[cited 2023
Oct 19];221:106893. Available from: https://www.sciencedirect.com/science/article/pii/S0169260722002759?via%3Dihub doi: 10.1016/j.
cmpb.2022.106893

13. Spaletta G, Sofroniou M, Barbaro F, di Conza G, Mosca S, Toni R. A Computational Template for Three-Dimensional Modeling
of the Vascular Scaffold of the Human Thyroid Gland. Tissue Eng Part A. 2023;29(1-2):47-57. doi: 10.1089/ten.TEA.2022.0148

14. Balaya V, Guimiot F, Bruzzi M, El Batti S, Guedon A, Lhuaire M, et al. Feasibility of a fetal anatomy 3D atlas by computer-
assisted anatomic dissection. J] Gynecol Obstet Hum Reprod [Internet]. 2020[cited 2023 Oct 19];49(9):101880. Available from: https://
www.sciencedirect.com/science/article/abs/pii/S2468784720302312?via%3Dihub doi: 10.1016/j.jogoh.2020.101880

15. Fiorentino G, Parrilli A, Garagna S, Zuccotti M. Three-dimensional imaging and reconstruction of the whole ovary and testis:
a new frontier for the reproductive scientist. Mol Hum Reprod [Internet]. 2021[cited 2023 Oct 19];27(3): gaab007. Available from:
https://academic.oup.com/molehr/article-pdf/27/3/gaab007/36645326/gaab007.pdf doi: 10.1093/molehr/gaab007

16. Katsube M. Morphometric Analysis for the Morphogenesis of the Craniofacial Structures and the Evolution of the Nasal
Protrusion in Humans. In: Hashizume M, editor. Multidisciplinary Computational Anatomy. Singapore: Springer; 2022. p. 247-52.
doi: 10.1007/978-981-16-4325-5 32

17. Katsube M, Yamada S, Yamaguchi Y, Takakuwa T, Yamamoto A, Imai H, et al. Critical Growth Processes for the Midfacial
Morphogenesis in the Early Prenatal Period. Cleft Palate Craniofac J. 2019;56(8):1026-37. doi: 10.1177/1055665619827189

18. Azkue JJ. External surface anatomy of the postfolding human embryo: Computer-aided, three-dimensional reconstruction of
printable digital specimens. J Anat. 2021;239(6):1438-51. doi: 10.1111/joa.13514

19. Takakuwa T. Skeletal System Analysis during the Human Embryonic Period Based on MCA. In: Hashizume M, editor.
Multidisciplinary Computational Anatomy. Singapore: Springer; 2022. p.113-9. doi: 10.1007/978-981-16-4325-5 13

20. Holroyd NA, Walsh C, Gourmet L, Walker-Samuel S. Quantitative Image Processing for Three-Dimensional Episcopic Images
of Biological Structures: Current State and Future Directions. Biomedicines [Internet]. 2023[cited 2023 Oct 19];11(3):909. Available
from: https://www.mdpi.com/2227-9059/11/3/909 doi: 10.3390/biomedicines11030909

21. Potrusil T, Heshmat A, Sajedi S, Wenger C, Johnson Chacko L, Glueckert R, et al. Finite element analysis and three-dimensional
reconstruction of tonotopically aligned human auditory fiber pathways: A computational environment for modeling electrical stimulation
by a cochlear implant based on micro-CT. Hear Res [Internet]. 2020[cited 2023 Oct 19];393:108001. Available from: https://www.
sciencedirect.com/science/article/abs/pii/S0378595520302720?via%3Dihub doi: 10.1016/j.heares.2020.108001

22. Salah M, Tayebi L, Moharamzadeh K, Naini FB. Three-dimensional bio-printing and bone tissue engineering: technical
innovations and potential applications in maxillofacial reconstructive surgery. Maxillofac Plast Reconstr Surg [Internet]. 2020[cited
2023 Oct 19];42(1):18. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7270214/pdt/40902_ 2020 Article 263.pdf
doi: 10.1186/s40902-020-00263-6

23. Gul M, Arif A, Ghafoor R. Role of three-dimensional printing in periodontal regeneration and repair: Literature review. J Indian
Soc Periodontol. 2019;23(6):504-10. doi: 10.4103/jisp.jisp_46 19

24. Lin K, Sheikh R, Romanazzo S, Roohani I. 3D Printing of Bioceramic Scaffolds-Barriers to the Clinical Translation: From
Promise to Reality, and Future Perspectives. Materials (Basel) [Internet]. 2019[cited 2023 Oct 19];12(17):2660. Available from: https://
www.mdpi.com/1996-1944/12/17/2660 doi: 10.3390/mal12172660

25. Scheitz CJF, Peck LJ, Groban ES. Biotechnology software in the digital age: are you winning? J Ind Microbiol Biotechnol.
2018;45(7):529-34. doi: 10.1007/s10295-018-2009-5

26. Maroulakos M, Kamperos G, Tayebi L, Halazonetis D, Ren Y. Applications of 3D printing on craniofacial bone repair:
A systematic review. J Dent. 2019;80:1-14. doi: 10.1016/j.jdent.2018.11.004

OCOBJUBOCTI ITIEHTH®IKALIT PI3HUX TUIB TKAHWAH NI YAC 3D-PEKOHCTPYKIIII
MIKPOCKONIYHUX CTPYKTYP JJIOAUHHA

P. P. Ilmumpenxo, O. A. Kosanws, JI. A. Anopywax, 1. C. Maxapuyk, O. B. I{uzukano

BykoBHHCBHKHIi Aep:kaBHUIT MeTUYHUIT YHIBepcUTET
(m. YepHiBui, Ykpaina)

Pesiome.

3D-pekoHCTpyOBaHHS € iH)OPMATHBHUM, 00’ €KTUBHIUM METOI0OM MOP(OIOTri4HOTO AOCIIHKEHHS, SIKU MOJISIrae y NepeTBOPEHHI
cepii NOC/IiZOBHUX 3pi3iB (IiCTONOrTYHNUX, MAKPOCKOMIYHUX, AHATOMIYHHUX PO3IHJIIB, KOMIT IOTEPHHX TOMOIPaM TOII0) Y BipTyajbHe
00’emue (1nppoBe) 300paXkeHHs, ske MOYKHA BUBYATH B PI3HUX MMPOCKLISX Ta BUMIpIOBaTH 00’ €M, IIIOILY, {iaMeTpH, KyTH, 30epirary,
KOIIIOBaTH, peiaryBaru.

Merta gocaiaKeHHsI — TOPIBHATH epeKTUBHICTh METOMUK 3D-peKOHCTPYIOBaHHSI Pi3HUX TKAHUH Ta MIKPOCKOITIYHUX aHATOMIUYHHX
CTPYKTYp OpraHi3My B MpeHaTaIbHOMY Mepiojii PO3BUTKY JIIOIUHU.

Marepiau i MeToau nocaimkennst. Hamu gociipkeHo 6 cepiit MoCiiIOBHUX TiCTONOTYHUX 3pi3iB 3apOAKIB JOAMHHU BiKOM Bij 4 10
6 THKHIB BHYTPIIIHBOYTPOOHOTO PO3BUTKY, 15 mpenapaTiB opraHoOKOMILICKCIB rOJIOBH, KiHIIIBOK Ta Ty/Ty0a nepe/rIo/iB JIIOAUHH BiIKOM
Bit 7 10 12 THXKHIB BHYTPIIIHHOYTPOOHOTO PO3BUTKY, IIOAIB JTOANHHU BikoM 4-9 micsuiB BYP MeTon0M BUTOTOBIICHHS TiCTONOTTYHHUX
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(5), a Taxox ricroromnorpadivnux 3pizis (10) 6e3mocepenubo 3 napagdinoBoro 610Ky Ta ix onudposky, Ta 14 KT muioxiB qrognHN BikoM
Bix 4 1o 9 micsmis BYP.

JlocmikeHHS TIPOBOIMIIOCS BiIIOBITHO JO OCHOBHHX MHoJIokeHb Pe3ormonii [lepmroro HarionaasHOTO KOHrpecy 3 OioeTukn «3a-
rajbHi €THYHI IPUHIUIN eKcriepuMeHTiB Ha TBapuHax» (2001), ICH GCP (1996), Konsennii €Bponeticekoro Coro3y mpo mpasa Jio-
quHY Ta 6iomenuiuay (1997), a Takox ['enmbeiHCEKOT AekIapariii Ipo eTHYHI IPHHIIIH MEANYHHUX JOCIIHKEHB 13 3aTydeHHsIM JIIoneit
(1964-2008), Tupexrus €C Ne 609 (1986), Hakazie MO3 Ykpainu Ne 690 Bix 23.09.2009, Ne 944 Bix 14.12.2009, Ne 616 Bin 03.08.2012.

PoGota BUKOHY€ThCS B paMKax iHII[IaTHBHOI HAayKOBO-IOCIIIHOI poOoTH Kadeapu TicToorii, muTonorii Ta eMOpionorii 3axiaxy
BHIIOT OCBITH «ByKOBHHCBKHUH JiepkaBHUN MeIUUHUN yHiBepcuTeT» «CTpyKTypHO-(DyHKIIIOHAIBHI 0COOIMBOCTI TKAaHHUH 1 OPTaHiB
B OHTOT€HE31, 3aKOHOMIPHOCTI BapiaHTHOI, KOHCTUTYLIHHOI, CTaTeBO-BIKOBOI Ta MOPIBHsUILHOT Mopdoiorii moauany. JlepxaBHuit
peectpaniitauii Homep: 0121U110121. Tepminu Bukonanns: 01.2021-12.2025.

Pe3yabrarn nociimxenns. 3D-pekoHCTPYIOBaHHS Cepiif MOCTIJOBHUX TICTOIOTIYHHX 3pi3iB e(h)eKTUBHE IS JOCIIHKSHHS Mpera-
pariB 3apojIKiB, OPraHOKOMILIEKCIB MEPEAILIOIB Ta IIEBHUX MIKPOCKOMIYHHUX CTPYKTYP IUIOAIB JIFOAWHHY 3aBISKHU JIETKIH 11eHTHdikamii
TiCTOJIOTIYHUX CTPYKTYp, OAHAK MOTPeOye yTOCKOHAJICHHS CIIOCO0IB 3iCTAaBICHHS TiCTOIOTIUYHMX 3pi3iB y NMpupoaHiil mo3umii. 3D-pe-
KOHCTpPYIOBaHHS TicTOTONOrpadivHuX 3pi3iB JONUIFHO 3aCTOCOBYBATH IIPH AOCIIUKEHHI IIpernapariB OpraHOKOMILIEKCIB MepeIIoNiB
Ta 1I0/iB JtoauHu. 3D-pexoncTpyroBanHs cepiiHux KT-3pi3iB — eekTHBHUI Ta BUCOKOTOUHHH IHCTPYMEHT JOCTI/PKEHHS PEHTTCH-
KOHTPACTHUX aHATOMIYHUX CTPYKTYp Y IuI0foBoMY nepiofi BYP (kicTkoBO1 TKaHHHH, KOHTPACTOBAaHUX KPOBOHOCHHX CYANH), I03BOJISIE
TIPY BUKOPHCTAHHI TIEBHOTO aJTOPUTMY JIOCII/PKEHHS BUSBIISATH TA BUMIPIOBATH OCEPEAKN CKOCTEHIHHS Ta CHHTOIII0 KPOBOHOCHUX
CYIIMH 3 KICTKaMH.

Bucnosku. /Iyt mupoxoro 3actocyBaHHS B Mopdoorii Mmetoq 3D-pekoHCTpyIOBaHHS BUMarae TeXHITHOTO YIOCKOHAICHHS
IIPOrpaMHO-aIapaTHOTO KOMIUIEKCY JUIsl PEKOHCTPYIOBAHHS, a caMe: aBTOMATH3allii eTamiB peKOHCTPYKIIiT, 30KpeMa, CerMeHTalli1 3pi3iB,
a TAaKOX yJOCKOHAJIEHHS METOIUK MOITIXPOMHOTO MapKyBaHHS CTPYKTYp aHATOMIYHOTO TIpenapary Uist IXHbOTO YiTKOTO JudepeHIito-
BaHHSI.

Ku1ro4oBi ¢J10Ba: 3D-pekoHCTpyioBaHHS; IOCTIKEHHS KiCTKOBOT TKAHMHM; NPEHATATBHUI PO3BUTOK JIIOXMHM; TUTOJH JIFOMHH.
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