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This paper aims to describe a standardized reconstruction process for computational
biomechanical models of the human lumbar spine based on publicly available CT datasets. The
process begins with the geometric and topological information of the publicly available datasets
and proceeds through three sequential stages: data preprocessing, geometric model
reconstruction, and biomechanical modeling and simulation, ultimately generating a patient-
specific model suitable for simulation analysis. This paper systematically discusses the
fundamental role of publicly available datasets as data sources in the reconstruction process, and
proposes a series of methods for reconstructing computational models of the human lumbar spine.
This work provides a clear technical path for the reproducible construction of computational
lumbar spine models.
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Lenvio Oanmoii pabomel asngemca @Gopmaruzayus CMaHOAPMUIUPOBAHHO2O Npoyecca
PEKOHCMPYKYuU Ol 6bIYUCTUMENbHbIX  OUOMEXAHUYeCKUxX Mooenell NOSACHUYHO20 Oomoena
NO380HOYHUKA YeN08eKa Ha OCHOBe obujedocmynHulx Habopoe oannvix KT. [Ipoyecc nauunaemes c
popmuposanus 2ceomempuieckou U MONOIO2UYECKOU UHPOpMayuu 00uedoCmynubvlx Habopos
OAHHBIX U NPOXOOUM Yepe3 Mpu HOCIe008AMENbHBIX SMANA: Nped8apumenvHyly o0opabomxy
OGHHBIX, PEKOHCMPYKYUIO 2e0Mempuveckoll Mooenu u Ouomexanuieckoe MoOenuposaHue u
CUMYNAYUIO, 8 KOHEUHOM Umoze co30aeds CReyupuyHyo Oiisi RaYueHma mMooeib, NPUeOOHyr OJis
CUMYTAYUOHHORO anaiusda. B oannoll pabome cucmemamuuecku oocyscoaemcs QyHOaMeHmAalbHas
POTb 00WedOCMYNHbIX HADOPO8 OAHHBIX KAK UCHOYHUKO8 OAHHbIX 8 Npoyecce peKOHCMpPYKYuu u
npeonazaemcs paod Memoo08 PEeKOHCMPYKYUU GbIUUCIUMENbHbIX MoOoenell NOACHUYHO020 Omoeld
no3eoHounuxka uenoeexa. [amnas paboma npedocmaensiem Yemkull MexHU4ecKuu nymo O
80CNPOU3BOOUMO20 NOCMPOEHUS BLINUCTUMENbHBIX MOOeell NOSICHUYHO20 0MOend NO360HOYHUKA.

KiioueBble ¢ji0Ba: PEKOHCTPYKIIMS MOJICIH, BBIYUCIUTENbHAS OMOMEXaHWKa, ITyOIMIHBINA
Habop JaHHBIX, IpoIlecc, TapaMeTpU3alus; IPOBEpKa.
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In the field of computational biomechanics, constructing a high-fidelity human
lumbar spine model is a prerequisite for any quantitative analysis. However, traditional
model reconstruction processes often rely on in-house, non-public data and methods,
limiting their reproducibility and comparability [1]. The recent release of publicly available
CT datasets with detailed annotations (such as VerSe and CTSpinelK) has provided an
opportunity to address this issue. They provide standardized, auditable input for model
reconstruction.

The current research gap is the lack of a clear, end-to-end standardized reconstruction
process to clearly guide how to systematically generate a model that can be used for
biomechanical calculations from these publicly available data. The core contribution of this
paper is that we define and validate a hierarchical model reconstruction process, and
deeply analyze how the public datasets serve as the foundation of this process, how the
core reconstruction technology (parameterization) plays a role, and how the hierarchical
validation metrics ensure the quality of the final model [2].

Public datasets are the standardized cornerstone of the framework. Our selection
strategy focuses on large, publicly available CT datasets with clear vertebral level
annotations. These datasets play an indispensable role in this framework, and their core
value lies in providing a common starting point for the modeling process.

Standardized source for geometry and annotation provides a stable, unified source of
geometry and annotation for patient-specific modeling. Directly using this pre-annotated
data bypasses the bias introduced by varying segmentation protocols across institutions and
ensures that all models are constructed using the same anatomical definitions [1-3].

And the large, multi-center sample allows us to stress-test the entire automated
pipeline, from segmentation to simulation. By running the pipeline on data from different
devices, pathologies, and voxel sizes, we can assess its robustness and ensure that the
framework is not limited to a specific type of scan data.

Proposed in this study for reconstructing the computational model of the human
lumbar spine is a sequentially executed, modular pipeline.

Data processing stage: Input the original CT image and preprocess the data, such as
grayscale normalization, which can standardize the grayscale value of the CT image to
ensure the consistency of data under different equipment and different scanning conditions.

1. Geometric model reconstruction: During the model reconstruction phase, an
automated segmentation algorithm (such as a deep learning model) is used to separate each
vertebra from the CT image. Surface mesh reconstruction is then performed, converting the
segmented vertebral regions into a 3D surface mesh model (such as in STL format).
Simultaneously, the generated mesh is smoothed to remove noise and irregularities,
improving model quality. Finally, a 3D spinal model is obtained through segmentation.

2. Based on the generated geometric model, a biomechanical model is established,
combined with the Gibbon toolbox Using tools such as MATLAB, we developed an
automated program to implement lumbar spine finite element meshing, load path and
nucleus pulposus area delineation, and the setting of material properties and boundary
conditions. We also designed a user interface for the automated lumbar spine model processing
program, enabling users to easily load, process, and export lumbar spine model data.

This article details a human lumbar spine reconstruction process based on a public
dataset. Parameterization is the core technical component of the reconstruction, while the
public dataset serves as the starting point and quality assurance for the process. These
components are closely interwoven with this core component, forming a complete, reliable,
and auditable model reconstruction solution.
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Paccmompena npoyedypnas eenepayus kowmenma, ancopummbsl npoyeoypHol ceHepayuu,
nPeuMywecmea ux UCHOAb306aHUs @ paspabomke NpoSpAMMHO20 oObecneuenus, obnacmu ux
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This article discusses procedural content generation, procedural generation algorithms, the
advantages of their use in software development, their areas of application, existing approaches
and methods of their optimization.
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[Tpouenypuas renepanus konTeHta (I1I'K) — omHo u3 Hanbonee aKTUBHO pPa3BUBAIO-
nuxcsi HarnpaBieHui B chepe nHpopmannonubeix texnonoruit. [lox IMI'K monumarot aB-
TOMAaTHUYECKOE WJIM MOJTyaBTOMAaTHUECKOE CO3/IaHHE M JTUHAMUYECKOE U3MEHEHUE 3JIeMEH-
TOoB: 00bekTOB 2D/3D-rpaduku, BH3yanbHBIX AS(PQPEKTOB, 3BYKOB, MY3BIKH H JPyTUX
KOMITOHEHTOB BUPTyaJIbHOW cpesibl. COBpeMEHHbIE TEXHOJIOIMH MO3BOJIAIOT CO3/1aBaTh Or-
POMHBIE BUPTYaJbHbIE IPOCTPAHCTBA U CIOKHBIE CUMYJISILIMU, OJTHAKO PYYHOE MPOEKTHPO-
BaHME TpeOyeT KOJOCCAIbHBIX 3aTpaT BpeMeHHU U pecypcoB. McnonszoBanue I1I'K pemaer
Cpa3y HECKOJIbKO 3aJa4: YCKOPSIET MpoIiecc pa3pabOTKU, CHUKAET HArpy3Ky Ha KOMaHIy U
o0ecrieunBaeT pazHOOOpa3ue YHUKAIbHBIX OOBEKTOB, YTO OCOOEHHO BaXXHO I CUMYJIs-
Uil ¥ TpeHaxxepos [1].

HccnenoBanust B 3TOM 00J1aCTH cOCPEOTOUYEHBI Ha pa3paboTKe alropuTMOB, CIIOCO0-
HBIX aBTOMaTHYECKH (OPMHPOBATH JAaHAMA(THI, OOBEKTH U MHBIE CTPYKTYpHl. Takue aj-
TOPUTMBI MTO3BOJISIOT CO3/aBaTh OOJbIINE U AECTATU3UPOBAHHBIE BUPTYaJbHbIE MPOCTPAH-
CTBa, TJIe py4dHas paboTa ObLTa OBl MPAaKTHYECKH HEBO3MOXKHA [2, ¢. 59].

[TponierypHas reHepanys UCIOIb3YETCsl B CAMBIX pa3HbIX 00JIacTAX:

— UTpoBasi UHIYCTPUS: CO3/IaHNE YHUKAJIbHBIX MUPOB, YPOBHEH U EPCOHAXKEH;

— CUMYJIATOPBl U TPEHAXKEPBhl: T€HEpaLlusl PEaTMCTUYHBIX JaHIMA(TOB U CLIEHApUEB
JUIsl 00y4YeHMsI MUIJI0TOB, BOJUTENEH NIM BOEHHBIX CIELIMATIUCTOB;



