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PhD Research Project Rationale - LUNEX International University 

 
Exoskeleton-Assisted Gait Training of patients with central nervous system diseases Exercise and 
physical activity provide beneficial effects on motor abilities of people affected by Multiple 
Sclerosis (MS), but adhering to the rehabilitation interventions represent a real challenge for these 
individuals due to their muscle weakness, mobility limitations and increased fatiguability 1,2. While 
walkers, canes or rollators have been proven to assist MS ambulatory activity, they cannot provide 
improvement in physical endurance3 as exercise interventions which, as resource-intensive 
approaches, still have limited success in clinical settings4. Considering such premises, a real need 
for innovative solutions in improving exercise delivery and intake capacity in people with MS is 
advisable. Robotic technology which seamlessly interfaces and interacts with human motion, can 
provide a practical and feasible solution to improve endurance and adherence in training5–7. LUNEX 
International University proposes to test the effectiveness of a supervised 4-weeks gait training 
based on an innovative powered lower-limb exoskeleton (ExoAtlet, Luxembourg). A cross-over 
design study will be implemented to compare improvements in gait abilities and endurance 
between a conventional gait rehabilitation and the exoskeleton-assisted gait training in MS. 
Complete biomechanical assessment of gait, (motion, forces and muscular activities), together 
with clinical motor and cognitive tests, (Timed Up and Go (TUG), 6-minute walk test (6MWT) and 
the Symbol Digit Modalities Test (SDMT)), will serve as outcome measures and executed at baseline 
and following the 4-weeks training. Improved motor coordination, endurance and cognitive 
function of processing speed will be expected in the Exoskeleton-Assisted training group compared 
to the conventional training approach. 

 
References 
1. Johansson, S. et al. High concurrent presence of disability in multiple sclerosis: Associations 
with perceived health. J. Neurol. (2007) doi:10.1007/s00415-006-0431-5. 
2. Finlayson, M. & van Denend, T. Experiencing the loss of mobility: Perspectives of older adults 
with MS. Disabil. Rehabil. (2003) doi:10.1080/09638280310001596180. 
3. Souza, A. et al. Multiple sclerosis and mobility-related assistive technology: Systematic 
review of literature. J. Rehabil. Res. Dev. (2010) doi:10.1682/JRRD.2009.07.0096. 
4. Sangelaji, B. et al. A combined exercise model for improving muscle strength, balance, 
walking distance, and motor agility in multiple sclerosis patients: A randomised clinical trial. Iran. J. 
Neurol. (2016). 
5. Kotov, S. V., Lijdvoy, V. Y., Sekirin, A. B., Petrushanskaya, K. A. & Pismennaya, E. V. The 
efficacy of the exoskeleton exoatlet to restore walking in patients with multiple sclerosis. Zhurnal 
Nevrol. i Psihiatr. Im. S.S. Korsakova (2017) doi:10.17116/jnevro201711710241-47. 
6. McGibbon, C. A. et al. Evaluation of the Keeogo exoskeleton for assisting ambulatory 
activities in people with multiple sclerosis: An open-label, randomised, cross-over trial. J. Neuroeng. 
Rehabil. (2018) doi:10.1186/s12984-018-0468-6. 

mailto:ateneo.bicocca@pec.unimib.it
http://www.unimib.it/


 

UNIVERSITÀ 
DEGLI STUDI DI MILANO-BICOCCA 
 

  
 

 

UNIVERSITÀ DEGLI STUDI DI MILANO-BICOCCA 

Piazza dell'Ateneo Nuovo, 1 - 20126, Milano 

 

Tel. +39 02 6448 1 

PEC: ateneo.bicocca@pec.unimib.it 

www.unimib.it 

 

 

7. Androwis, G. J. et al. Mobility and Cognitive Improvements Resulted from Overground 
Robotic Exoskeleton Gait-Training in Persons with MS. in Proceedings of the Annual International 
Conference of the IEEE Engineering in Medicine and Biology Society, EMBS (2019). 
doi:10.1109/EMBC.2019.8857029. 
 
 
n. 1 scholarship funded by CRISP Centor di Ricerca Iteruniversitario per i servizi di pubblica utilità 
 
Title 
Study and definition of methodologies for the construction, extension and validation of ontologies 
from unstructured data 
 
Abstract 
 
The topic of the use of AI (specifically, machine learning) for the classification of unstructured data 
(e.g., texts) is of main challenge for the extraction of knowledge from data. The CRISP centre is 
actively working on this topics in several national and international projects, in both Labour Market 
Intelligence and Healthcare fields. 

 
One of the problems related to the use of AI in such a context lies in the ability to classify on both 
domain dependent and independent taxonomies/ontologies, which often present limitations in 
terms of representation and updating ability, and this limits their expressive power in the context 
of in which they are used (as in the case of the ESCO taxonomy). In such a context, the research 
direction goes towards the identification and definition of new techniques for the definition of 
ontologies from data (hence bottom-up, rather than top-down), with the aim of identifying terms, 
concepts and ontology relationships in a semi-automatic way (human-in-the-loop approach), to 
build new taxonomies / ontologies, as well as to enrich and to validate the existing ones. 
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