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Description of the Project (max 3,000 characters including spaces)

Background [ gap of knowledge

Non-traumatic spinal cord injury (NTSCI) is a severe condition that can result in the loss of
essential neurological functions, including motor and sensory deficits up to complete paralysis
(1). In recent years, spinal cord stimulation (SCS) has gained increasing application in patients
with traumatic spinal cord injury. When combined with rehabilitative training, SCS has been
shown to promote recovery of lower-limb motor function, leading to functional improvements
in selected individuals (2,3).

Rationale and hypothesis

The mechanisms underlying stimulation-enabled motor recovery and the sources of inter-
individual variability remain poorly understood. We hypothesize that SCS combined with task-
specific rehabilitation may induce measurable and sustained neuroplastic reorganization
across spinal and supraspinal networks. Multimodal central nervous system (CNS) magnetic
resonance imaging (MRI) may be used to assess reorganization of brain and spinal motor
networks (4,5).

Previous studies have already demonstrated that SCS implanted for the treatment of chronic
neuropathic pain is associated with modulation of cortical connectivity. Significant changes in
brain plasticity have been reported after SCS implantation, particularly in regions involved in

pain perception and processing (6,7). By analyzing neuroimaging data and integrating them
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with clinical measures, this project aims to investigate whether SCS-assisted rehabilitation
influences brain neuroplasticity and to determine whether these neuroplastic changes can
serve as potential biomarkers for predicting individual responsiveness to the treatment.

Objectives and specific aims

1) To investigate brain and spinal neuroplasticity and network reorganization associated with
SCS-assisted rehabilitation, in order to understand whether treatment-related changes in
neural circuits are linked to motor improvement.

2) To develop an artificial intelligence model integrating clinical data, multiparametric brain and
spinal MRI to identify imaging biomarkers predictive of individual response.

Expected outcomes

The project is expected to identify brain and spinal neuroplastic changes associated with SCS-
assisted rehabilitation and their relationship with motor recovery, addressing a current gap in
the scientific literature.

Skills that the student should acquire (max. 600 characters including spaces):

During the project, the student will acquire the following skills:

-Understanding SCS protocols aimed at improving motor function;

-Interpretation and analysis of MRI data in patients with NTSCI;

-Evaluation of longitudinal CNS MRI changes and their relationship with clinical outcomes;

-Development of machine learning models to identify imaging biomarkers predictive of
treatment responsiveness;

-Preparation and drafting of scientific reports and research articles.

References (max. 15)

1. Molinares DM, Gater DR, Daniel S, Pontee NL. Nontraumatic Spinal Cord Injury: Epidemiology,

Etiology and Management. J Pers Med. 2022 Nov 8;12(11):1872. doi: 10.3390/jpomI2111872. PMID:

36579590; PMCID: PMC9694799.




MO 20-5
APPLICATIONTOACT AS SUPERVISOR AND

ed. 02 of 16/01/2026
[ —— RESEARCH PROJECT PROPOSAL
Universita Vita-Salute PO 20

~esHnS- San Raffaele Poge 7 of10

2. Romeni S, Losanno E, Emedoli D, Albano L, Agnesi F, Mandelli C, Barzaghi LR, Pompeo E, Mura C,

Alemanno F, Tettamanti A, Castellazzi P, Ciucci C, Fossati V, Toni L, Caravati H, Bandini A, Del Carro

U, Agosta F, Filippi M, lannaccone S, Mortini P, Micera S. High-frequency epidural electrical

stimulation reduces spasticity and facilitates walking recovery in patients with spinal cord injury.

Sci Transl Med. 2025 Jan 8;17(780):eadp9607. doi: 10.1126/scitransimed.adp9607. Epub 2025 Jan

8. PMID: 39772775.

3. Albano L, Emedoli D, Agnesi F, Romeni S, Losanno E, Toni L, Fossati V, Ciucci C, Gasperotti F,

Cociani L, Zucco G, Pompeo E, Mura C, Carpaneto J, Tettamanti A, Castelnovo V, Padul JD,
Mandelli C, Barzaghi LR, Alemanno F, Caravati H, Butera C, Del Carro U, Castellano A, Falini A,

Agosta F, Filippi M, lannaccone S, Mortini P, Micera S. Epidural electrical stimulation facilitates

motor recovery in spinal cord injury involving the conus medullaris: A case study. Med. 2025 Oct

4. Puderbaugh M, Emmady PD. Neuroplasticity. 2023 May 1. In: StatPearls |Internet|. Treasure

Island (FL): StatPearls Publishing; 2025 Jan—. PMID: 32491743.

5. Reid LB, Boyd RN, Cunnington R, Rose SE. Interpreting Intervention Induced Neuroplasticity with

fMRl: The Case for Multimodal Imaging Strategies. Neural Plast. 2016;2016:2643491. doi:

10.1155/2016/2643491. Epub 2015 Dec 29. PMID: 26839711; PMCID: PMC4709757.

6. Deogaonkar M, Sharma M, Oluigbo C, Nielson DM, Yang X, Vera-Portocarrero L, Molnar GF,

Abduljalil A, Sederberg PB, Kno M, Rezai AR. Spinal Cord Stimulation (SCS) and Functional

Magnetic Resonance Imaging (fMRI): Modulation of Cortical Connectivity With Therapeutic SCS.

Neuromodulation. 2016 Feb;19(2):142-53. doi: 10.1111/ner.12346. Epub 2015 Sep 16. PMID: 26373920.

7.Vetkas A, Cheyuo C,Zemmar A, Santyr B, Chow CT,Kashyap S, Yang B, Mojica M, Boutet A, Sarica

C, Germann J, Lang S, Hajiabadi MM, Yang AZ, Graham SJ, Uludag K, Bhatia A, Lozano AM.

Functional MRI reveals brain activation patterns associated with optimization of spinal cord

10.1016/.brs.2025.01.009. Epub 2025 Jan 16. PMID: 39826636.




