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METHOD FOR CREATING A DIGITAL ATLAS OF 3D
MODELS OF HUMAN ANATOMY FOR PROSTHETICS

A. Bonxos, C. Aumowyx. Metoa cTBopeHHs1 nudpoBoro atiacy 3D-mozeneii anatomii roqunu aias nporesyBanHs. CydacHi
MeToau 3D-MozenoBaHHSA Ta KOMI'FOTEpHOI rpadiki BiJirparoTh KIIOUOBY POJIb Y MEAMIMHI, 30KpEMa y CTBOPEHHI NEPCOHAIi30BaHHUX
HpoTe3iB Ta iMIUIaHTaTiB. BukopucTtanHs TexHousorii 3D-ckaHyBaHHs JO03BOJISE CIELiaNicTaM 3 BHCOKOIO TOYHICTIO OLIHIOBaTH CTYIIHb
TOLIKO/KEHb JIIOJICBKOrO TiJIa Ta CTBOPIOBATH JETalli30BaHi HU(POBI MoJeni ypaxkeHHX AUISHOK. Lle BiIKkpuBae HOBI NMEPCIEKTHBU Yy
JiarHOCTHLI, XipypriYHOMY IUIaHYBaHHI Ta BUPOOHMLTBI iHAMBIAyaJbHHX NPOTE3iB i iMIUIaHTaTiB. 3acTocyBaHHs 3D-pekoHCTpyKLil aae
3MOT'y JIKapsiM IPOEKTYBATH MEIMYHI PUCTPOI, SIKi 11ealIbHO BIITBOPIOIOTH aHATOMIYHI CTPYKTYPH KOHKPETHOrO MalieHTa. BripoBakeHHs
TaKUX METOJIB JO3BOJISIE OOMpATH ONTHMANBHI BapiaHTH Teparii, IPUCKOPIOIOYHM BiITHOBJICHHS XBOPHX Ta IIiABUINYIHOYHM €(EKTUBHICTH
JiKyBaipHOTO mpouecy. Ha cboronsi icHye 6e3miy nudpoBHX aTiaciB Tija JIFOJHHH, IPOTE OUIBLIICTE 3 HUX HE CIELiai30BaHi Ui 3aBIaHb
HPOTE3yBaHHs, 10 YCKJIAJHIOE MPOLEC PEKOHCTPYKIUIi KIHIIBOK 3 ypaxyBaHHSIM IHIMBIJyaJbHUX aHATOMIYHUX OCOOJMBOCTEH MAlli€HTIB.
Mertor poboTu € po3podka METOUKN CTBOpEeHHS 1M(ppoBoro atinacy 3D-mozeneit aHaToMil JTIOMHY JUIS TATPUMKA TPUHHATTS KIIHIYHUX
pimens y mporesyBanHi. [{udposuii atnac 3abesnedye epeKTHBHY CHCTEMy KepyBaHHS aHATOMIYHHMH 3D-MOIENSIMH 3 MOKIHBICTIO
TpUBEJCHHS TUMIB paHuxX Juist 3D-npyky ab6o pexoncrpykmii. [{udposnii atmac Takox Hajae MOXJIMBICTH 30epiraTv TOYHI aHATOMIiYHI
XapaKTEPUCTUKH Y CTPYKTYPOBAHOMY BUIJIA[l, 30KpeMa SK OMHMC MOJENECH €TANIOHHMX KIHILIBOK i3 MPHB’SI3KOI0 0 CIIeliaii3oBaHoi 0asu
JaHuX, 1o 3abesledye 3pydYHICTH JOCTYIy Ta OOpOOKM HaHHX. 3aBJSIKA [[OMY 3HAYHO IIiABHILYETHCS TOYHICTH 3D-pekoHCTpyKIii,
CIIPOLLYETHCS TPOLEC MPOEKTYBAHHS IPOTE3iB, MOKPAIIYEThCS SIKICTh MIarHOCTHKH Ta IUIAHYBAHHS XIpYpriuHMX BTpydYaHb, a TaKOX
3a0e3neuyeTbesi ePeKTUBHUN TOCTY JIiKapiB 10 HEOOXIAHUX aHaToMiuHUX 3D-Moneneii 1 cynpoBigHoi iHpopMmarii.

Kmiouosi cnosa: 3D-monemoBanss, 3D-pekoHCTpyKLis, crenianizoBaHa 0a3za naHuX, iH(OpMariiHi TexHoJoril, Iu(poBHil aTiac,
MIepCOHAIi30BaHa MEMIINHA, IPOTE3yBaHHs, ATPUMKA IIPUHHATTS KIIHIYHHUX pillleHb

A. Volkov, S. Antoshchuk. Method for creating a digital atlas of 3d models of human anatomy for prosthetics. Modern methods
of 3D modeling and computer graphics play a key role in medicine, particularly in the development of personalized prostheses and implants.
The use of 3D scanning technology enables specialists to accurately assess the extent of damage to the human body and to create detailed
digital models of the affected areas. This opens new perspectives in diagnostics, surgical planning, and the production of customized
prosthetic and implantable devices. The application of 3D reconstruction allows physicians to design medical devices that precisely replicate
the anatomical structures of a specific patient. The implementation of such methods facilitates the selection of optimal treatment strategies,
accelerates patient recovery, and improves the overall efficiency of the therapeutic process. Currently, there are numerous digital atlases of
the human body; however, most of them are not specialized for prosthetic applications, which complicates the reconstruction of limbs
considering individual anatomical features of patients. The aim of this work is to develop a method for creating a digital atlas of 3D human
anatomy models to support clinical decision-making in prosthetics. The digital atlas provides an effective system for managing anatomical
3D models, with the capability of adapting data formats for 3D printing or reconstruction. It also enables the storage of precise anatomical
characteristics in a structured form, specifically as descriptions of reference limb models linked to a specialized database, ensuring
convenient data access and processing. As a result, the accuracy of 3D reconstruction is significantly improved, the process of prosthesis
design is simplified, diagnostics and surgical planning are enhanced, and medical professionals gain effective access to anatomical 3D
models and supporting information.

Keywords: 3D modeling, 3D reconstruction, specialized database, information technology, digital atlas, personalized medicine,
prosthetics, clinical decision support

Introduction

In the modern world, the significance of 3D reconstruction is steadily increasing. This growing
relevance is primarily attributed to the rapid advancement of information technologies, which continue
to make this method more accessible, highly efficient, and extremely versatile in its applications.

The use of 3D reconstruction today encompasses a broad spectrum of industries, including archi-
tecture, medicine, prosthetics, restoration of infrastructure, education, forensic science, and many oth-
ers. Thanks to modern tools — such as high-precision 3D scanners, digital modeling technologies, and
powerful data processing software — it is now possible to create highly accurate virtual replicas of real-
world objects. This, in turn, opens up entirely new possibilities and solutions for a wide range of fields
in human activity.
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A particularly important area of application for 3D reconstruction is the field of medicine and
prosthetics. With the help of advanced 3D scanning technologies, medical specialists are able to eval-
uate the degree of bodily damage with high precision and to generate detailed and accurate digital
models of the affected anatomical regions. This capability opens the door to new diagnostic methods,
careful surgical planning, and the production of personalized prostheses and implants. These technolo-
gies enable medical professionals to determine the most appropriate and rational treatment solutions
for each individual patient, which significantly enhances the chances of a faster recovery and a higher
overall quality of life. Moreover, 3D reconstruction plays an essential role in simulating and modeling
complex surgical procedures. This allows doctors to prepare in detail for upcoming surgeries, thereby
improving both the safety and effectiveness of medical interventions.

Due to the conflict in Ukraine, the issue of creating customised implants and prostheses has be-
come critical. Military and civilians who have been injured in the fighting need high-quality and fast
medical care. Thanks to 3D reconstruction, doctors can create personalized prostheses that best match
the anatomical features of each patient. This significantly reduces the time required for the preparation
and production of implants, as well as improves their convenience and functionality. In addition, the
latest research in the field of bioprinting allows the creation of tissues and even organs using 3D print-
ers, which opens up new prospects in transplantation.

This paper proposes a methodology for creating a digital atlas of 3D models of human anatomy,
which is intended to support clinical decisions in the field of prosthetics. A method has been devel-
oped that provides for the efficient management of 3D anatomical models with the ability to convert
various types of data into a format suitable for 3D printing or reconstruction. The digital atlas provides
for the systematic storage of detailed anatomical characteristics in a structured format, in particular in
the form of descriptions of reference limb models integrated with a specialised database, which en-
sures convenient access, editing and efficient processing of anatomical information.

Literature review

In modern scientific research, great attention is paid to the creation of comprehensive and inte-
grated 3D atlases of the human body, covering various levels of biological organisation — from indi-
vidual organs and tissues to cellular structures, molecular targets and biomarkers, which are critically
important for advancing personalised medicine. In particular, the international research programme
HuBMAP (Human BioMolecular Atlas Programme) [1] has developed the Common Coordinate
Framework (CCF), a unified coordinate system that serves as a robust platform for integrating 3D or-
gan models, histological images, spatial transcriptomes and other omics data. This framework pro-
vides a standardised, unified and open digital space for in-depth analytical processing of complex bi-
omedical data, which facilitates interdisciplinary collaboration between biologists, anatomists, bioin-
formaticians and clinicians. The use of modern biomedical ontologies, such as Uberon (for describing
anatomical structures), FMA (Foundational Model of Anatomy) and CL (Cell Ontology), allows for
efficient structuring, systematisation and annotation of large amounts of complex information, which
is the essential basis for long-term development, ongoing project support and reproducibility.

The use of 3D printing plays an increasingly important role in modern medical education and the
training of healthcare professionals. Numerous recent studies, including [2, 3], convincingly show that
the creation of physical 3D models of anatomical structures significantly enhances spatial perception
and understanding of the complex configurations of the human body. This leads to improved precision
and greater confidence among future surgeons during preparation for surgical procedures, and also
serves as a highly effective tool for interactive, hands-on learning for medical students. Despite exist-
ing technical challenges, such as relatively high costs of equipment and consumables, and the ongoing
need for specialised personnel training, 3D printing technology is becoming more widespread and in-
creasingly recognised as a powerful supplement to traditional methods of teaching anatomy and surgi-
cal planning.

A number of papers focus on the use of 3D modelling and printing to create personalised medical
prostheses. In particular, the studies [4, 5, 6] show that combining 3D printing with bionic technolo-
gies and CT scanning allows development of highly functional and anatomically accurate prostheses
maximally adapted to individual patient characteristics. The use of advanced computer-aided design
and simulation environments helps customize prosthetic limb geometry and improve ergonomic, func-
tional and aesthetic characteristics. An important addition is the use of specialised software for virtual
implantation, as described in [7], and the recent development of anatomically accurate 3D printed
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prosthetic ossicles for ossicular chain reconstruction, extending 3D printing applications to delicate
middle ear prostheses with high biocompatibility [8].

The reconstruction of bone structures using modern 3D technologies is covered in the studies [9,
10]. These demonstrate the importance of an individual approach to creating titanium prostheses and
porous scaffolds that best match anatomical bone defect features, ensuring high mechanical stability,
biomechanical compatibility and promoting osseointegration, which significantly increases implants’
long-term durability.

Special attention should be paid to the fact that several studies, in particular [11, 12], demonstrate
digital 3D reconstruction methods allowing fast, cost-effective, and highly accurate creation of models
based on photographs and other digital data, replacing traditional labour-intensive impression meth-
ods. This greatly simplifies, automates and speeds up the prosthesis design process, reducing time and
costs while improving the prosthetic fit accuracy.

The review of current research confirms the high relevance of creating a digital atlas of 3D mod-
els of human anatomy as a tool to support clinical decision-making in the field of prosthetics. The re-
sults of the analysis indicate the need for an integrated digital system that combines multi-level ana-
tomical data (from macrostructures to the cellular level), standardised 3D models, CT/MRI images in
DICOM format, medical reports, and textual descriptions of prostheses and anatomical standards.

Important functional requirements for such an atlas are:

1. Support for heterogeneous data types (3D models of various formats - STL, OBJ, DCM, as
well as annotated images, text medical reports, omics data, etc.);

2. Integration of DICOM images and medical reports, which allows you to automatically match
patient scans with the corresponding 3D models and prosthetic standards;

3. Search by textual descriptions of models and anatomical references, which allows you to
quickly find relevant options for virtual planning of surgery or designing an individual implant;

4. The ability to adapt models to the patient based on CT data, taking into account individual ana-
tomical features, which is especially important for the manufacture of prosthetic limbs, joint replace-
ments and bone defect reconstruction;

5. Export of 3D models to formats suitable for 3D printing, while maintaining anatomical accura-
cy and compliance with the patient's physical parameters.

All of these aspects demonstrate that an effective digital atlas should not only store and structure
complex 3D anatomical data, but also provide interactive, adaptive and clinically oriented functionali-
ty that will facilitate more accurate reconstruction, individualised treatment approaches, and decision
support based on comparative analysis of anatomical models, clinical findings and prosthetic stand-
ards. The availability of tools for searching by text descriptions, automatic comparison with reference
structures and the use of DICOM data allows doctors to quickly select the best intervention options,
which significantly improves the quality of diagnosis, surgery planning and personalised prosthetics.

Therefore, the aim of this work is to develop a digital atlas of 3D models of human anatomy to
support clinical decision-making in prosthetics. The digital atlas provides an efficient system for man-
aging 3D anatomical models with the ability to specify data types for 3D printing or reconstruction.
The digital atlas also provides the ability to store accurate anatomical characteristics in a structured
manner, including descriptions of reference limb models linked to a specialised database, which en-
sures easy access and data processing.

Creating a digital atlas of 3D anatomical models

To achieve this goal, it is planned to design a specialised database of 3D anatomical models of
the digital atlas, which will provide centralised storage, access and interaction with spatial medical
data. In addition, it is planned to create an information system capable of efficiently working with het-
erogeneous sources of medical imaging, including DICOM images obtained as a result of computed
tomography (CT) or magnetic resonance imaging (MRI), as well as 3D scans of physical models or
anatomical objects and digital 3D models in STL, OBJ, BLEND and other popular formats. Of central
importance in this process is bringing all the collected data into a single unified format that will be
suitable for further computer processing, 3D printing and integration into clinical information systems.
It is also important to ensure that rational solutions can be offered based on the data received, pro-
cessed and compared, taking into account the individual characteristics of the patient. To better under-
stand the logic of the digital atlas of 3D human anatomy models, which is focused on supporting clini-
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cal decision-making in the field of prosthetics, a conceptual diagram of information flows was devel-
oped, which reflects the key stages of data processing and integration (Fig. 1).

Request

Ul (Doctor's (Parametrs/files), API request

dashboard) processing

3D model
search

e e
Customization STL

Data base Module 3D printer

3D model

Fig. 1. Information Flow Diagram

The process begins with the formation of a request specifying the required parameters, which is
sent to the API interface. Here, the input data is processed, checked for correctness, and prepared for
further stages. The digital atlas supports work with DCM, STL, OBJ, BLEND, as well as PDF,
DOCX, TXT files. DCM files are processed without any third-party medical software: ready-made 3D
models are generated from them. Text documents are analysed to search for models by description.
The results are saved in STL format, suitable for 3D printing and visualisation.

The main focus is on the personalisation module, which unifies models in different formats
(DCM, OBJ, BLEND, etc.) by converting them into a single internal structure. Once the processing is
complete, all data is exported to STL format, a standard for 3D printing.

The next step is to search for a 3D model in the database. Both reference and adapted models are
available, taking into account individual parameters, including ready-made prostheses. The user can
view the result and download it in the desired format.

The final step is to transfer the model to a 3D printer or other device for physical reproduction.
The system covers the entire cycle from digital request to finished product, remaining flexible, scala-
ble and adaptable to both educational and clinical tasks. Given the complexity and diversity of the data
being processed, a key element of the system is a reliable and structured database capable of efficient
storage, retrieval and reuse of 3D anatomical models.

The database design considers the specifics of medical formats, supports models with different
levels of detail, and establishes clear links between 3D models, their sources, and related information.
It is essential for the digital atlas, ensuring personalization, integration with clinical systems, and
adaptability. Microsoft SQL Server is used for efficient data storage and management. The database
includes Prosthesis, Model, and Etalon tables: Prosthesis stores data on prosthetic devices linked to
Model, which holds 3D model descriptions; Etalon also links to Model but stores anatomical refer-
ences. The structure of the database is shown in (Fig. 2).

MODEL

uuid Id PK
varchar | Model
text Description
- S
7 4 ’ ™ \
131/ N
PROSTHESIS
ETALON
I T T 1 uuid Id PK
uuid Id PK 1
1 uuid Id_model FK

uuid Id_model | FK T
1 1 1 varchar | NameProsthesis
varchar | BodyPart T
- varchar | TypeProsthesis

Fig. 2. Database Structure

Description of the structure of the database of prostheses and standards is given below.
The MODEL table contains a Model (varchar) field that stores the name of the model, and a De-
scription (text) field that contains a detailed description of the model (anatomical for reference models
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or technical for prostheses). Each entry in this table corresponds to a separate 3D model. An example
of a record in the Model table (Fig. 3).

MODEL

‘ UuID Id PK | 4COBFE48-54C5-4F32-AC80-F57350DD3430
binary | Model3D 0x424C...500D
string | Description hand, cosmetic

Fig. 3. Table Model

The ETALON table contains a foreign key Id_model that refers to MODEL. The BodyPart (var-
char) field defines the anatomical region for which the reference is intended. The 1:1 relationship be-
tween MODEL and ETALON ensures that each reference model has only one corresponding entry. An
example of an entry in the Etalon table (Fig. 4).

ETALON

uuID Id 6358A9E4-DOCF-4502-AE28-241F3FCDO1C3

uuip Id_model | 4COBFE48-54C5-4F32-AC80-F57350DD3430

string | BodyPart | Hand

Fig. 4. Table Etalon

The PROSTHESIS table also contains the 1d_model foreign key that links it to MODEL. The
NameProsthesis and TypeProsthesis (varchar) fields store the name and type of prosthesis (for exam-
ple, “bionic”). The 1:1 relationship between MODEL and PROSTHESIS ensures an unambiguous cor-
respondence to the prosthesis model. Thus, each model can be either a reference (linked to ETALON)
or a prosthesis (linked to PROSTHESIS). An example of a record in the Prosthesis table (Fig. 5).

PROSTHESIS

uuiD Id AD4DBD5B-43B3-467E-9EF9-77448AD6B0O1D

uuIiD Id_model 4COBFE48-54C5-4F32-AC80-F57350DD3430

string | NameProsthesis | Hand

string | TypeProsthesis Cosmetic

Fig. 5. Table Prosthesis

The proposed database structure ensures efficient data management and quick access to the nec-
essary information. The use of a relational model allows for a clear organisation of the relationships
between anatomical standards and prostheses, which ensures data unambiguity and ease of processing.
The normalised structure minimises duplication of information and enhances the integrity of the data-
base, while a well-thought-out system of foreign keys simplifies data search and analysis.

Unification of digital atlas data

The digital atlas supports the processing of heterogeneous types of data coming in the form of a
text description of a prosthesis or reference limb, as well as in file format. The system accepts only
certain types of files: three-dimensional models (STL, OBJ), medical images (DCM), text documents
(TXT, DOCX), and PDF files. Formats that do not meet the requirements are automatically rejected at
the upload stage.

Once the data is received, it is unified: text, image and volume files are converted to internally
consistent structures to ensure correct interpretation and compatibility within the anatomical database.
This allows the digital atlas to effectively integrate different types of information, contributing to the
formation of a single space to support clinical decisions and design tasks related to prosthesis model-
ling and selection. A diagram of data unification for further processing is presented (Fig. 6).
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Atlas provides comprehensive processing of input
data for the generation of 3D prosthetic models. The user
forms a request via the API, specifying the necessary pa-
rameters, after which the system analyses and verifies the
input data, including medical scans in DCM format, 3D ‘ ‘
models (STL, OBJ) or text descriptions (PDF, DOCX,
TXT). Medical scans are automatically converted into ¥
ready-made 3D models without the use of third-party L ]
software — this process is implemented through a Python
script that uses PyVista libraries. PyVista is used to pro- l
cess volumetric data, build polygonal meshes, and per-
form further visualisation. Files in DCM format are pro- e s
cessed by the pydicom library, after which a three-
dimensional geometry is created, which can be exported Fig. 6. Data Unification Diagram
to the required STL format. Conversion between formats
is also performed automatically using PyVista and related tools [13].

Text files are used to search for relevant structures in the database, ensuring semantic corre-
spondence between the query and the finished model. In cases where there is no text description, the
system tries to recognise the name of the file that was uploaded. This happens according to the follow-
ing algorithm:

1. The input string containing the full path to the file is normalised - all backslashes are replaced
with forward slashes to unify the format, unnecessary consecutive delimiters and edge spaces are re-
moved;

2. Each character of the string is analysed sequentially;

3. If the character does not belong to the set delimiters (slash, backslash, underscore, period, hy-
phen), it is added to the current word buffer;

4. When a delimiter is encountered, the contents of the buffer are added to the resulting word list,
and then the buffer is cleared to accumulate the next word;

5. After the entire string is processed, the result is filtered to remove empty lines that may have
been created by several consecutive delimiters, and, if necessary, all words are lowercased,;

6. The final list of words obtained by dividing the original path by the specified delimiters is re-
turned as the result of the algorithm.

After that, the database is searched using the list of words obtained. Using the Description field,
the system finds the highest-priority limb reference models or prosthesis models.

Conclusions

Based on the analysis of the current state of 3D modelling and the current needs in the field of
medical prosthetics, potential opportunities were identified for developing a methodology for creating
a digital atlas of 3D models of human anatomy for prosthetics that implements the functionality re-
quired by specialists in the field of medicine, bioengineering and technical modelling. Based on an
understanding of these requirements, a list of key components was identified, including automated 3D
reconstruction, medical scan processing, and adaptation of reference models to individual anatomical
defects.

As part of the development, we created an architecture for a methodology that integrates the pro-
cessing of CT/MRI data in the DCM format with subsequent automatic conversion into 3D models
(STL, OBJ, BLEND) through Python scripts using PyVista libraries. A model search mechanism
based on text markers has also been implemented, which significantly speeds up the selection of pros-
theses without processing the full geometry.

Further development may include expanding the library of 3D models of anatomical structures
and improving methods for classifying and comparing models to ensure full automation of the process
of selecting anatomical structures. This will allow for a more accurate consideration of individual pa-
tient characteristics and provide more efficient decision support in clinical practice. Additionally, the
development of mechanisms for filtering and contextual comparison of models with medical data will
help to create a more adaptive and flexible system capable of responding to a wide range of clinical
scenarios.

OBJ / BLEND DCMm
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