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Abstract

Personalized physics-based and data-driven models are increasingly shaping the development
of digital twins in medicine and neuroscience. In the context of glioma growth and lumbar
spine disorders, several challenges arise in computational modeling, including the
representation of complex and heterogeneous geometries, the multiscale and multiphysics
nature of the underlying processes, and the identification of patient-specific physical
parameters. Hybrid approaches combining physics-based modeling with data-driven
techniques offer a promising framework to address these challenges. By integrating patient-
specific clinical data with biomechanical and biological knowledge, such models enable the
simulation of disease progression and the assessment of potential treatment outcomes. By
coupling mechanistic understanding with data-informed learning, these frameworks can
generate digital representations of individual patients, supporting improved diagnosis,
therapy planning, and outcome prediction. This integrated paradigm highlights the potential
of personalized digital twins as clinical decision-support tools and their role in advancing
precision medicine in cranial and spinal neurosurgery.
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Main technical approaches

Development, analysis and implementation of physics-based multiscale and multiphysics
computational models.

Development and integration of data-driven methods (e.g., computational learning
paradigms).

Model validation, verification and simulation-based analysis.
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Type of contract

PhD scholarship of € 21.000 gross per year awarded by Humanitas University, with Funding
from Politecnico di Milano. This sum is exempt from IRPEF income tax according to the
provisions of art. 4 of Law no. 476 of 13th August 1984 and is subject to social security
contributions according to the provisions of art. 2, section 26 and subsequent sections, of Law
no. 335 of 8th August 1995 and subsequent modifications.

Borsa di dottorato pari a € 21.000 annui lordi erogata da Humanitas University, finanziata dal
Politecnico di Milano. Importo non soggetto a tassazione IRPEF a norma dell’art. 4 della L. 13
agosto 1984 n. 476 e soggetto, in materia previdenziale, alle norme di cui all’art. 2, commi 26
e segg., della L. 8 agosto 1995, n. 335 e successive modificazioni.
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