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Time-dependent Evolution of Interest in Rehab Technologies  

Search “tech* AND rehab*” was launched on MEDLINE on July 14th, 2024, and filtered for systematic review. 
5124 records have been screened and the included studies after title and abstract screening were 623 
(12.2%). (In preparation position Paper UEMS –PM&R).



186 responders: 70% of clinicians who gave complete survey 
answers reported that technology for rehabilitation was available in 
their clinical centre. 
On average, 2.4 centers with rehabilitation technology are available 
for every 1 million inhabitants in Italy. 

Capecci et al. 2024 on behalf of HTA 

section SIMFER
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3.2.5 Exergaming 

Twenty-four (22%) physicians reported using exergaming systems. 

Stroke (74%), traumatic brain injury (32%), spinal cord injury (16%), 
Parkinson's disease and parkinsonism (53%), multiple sclerosis (47%), 
neuromuscular disease (16%), dementia (5%), orthopedics pathologies of 
the spine (11%), shoulder/upper limb (21%) hip (26%), Knee (32%), ankle 
(21%), rheumatologic (5%), metabolic pathologies (0%), and other (5%) 
conditions.

Functional recovery of muscle strength and sensitivity (58%), functional 
recovery of dexterity (79%), functional recovery of gait (58%), balance (79), 
modulation of muscle tone (21%), recovery of joint range of motion (42%), 
pain management (11%), recovery of cognitive functions (42%), recovery of 
basic ADL (58%), recovery of IADL (21%), other (5%).

In 47% of the cases, medical devices were used among those already 
described in the previous four sections and which had games associated 
with electro-mechanical or virtual reality devices. 

(Capecci et al. submitted to BMC public health)

Capecci et al. 2024 on behalf of HTA 

section SIMFER



Other Aspects of Health Technology 
Assessment 
(N=30; 4,8%)

Health Technology 
Assessment

cost-effectiveness 12

acceptability 17

organization 1
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La Realtà Virtuale è un interfaccia uomo-computer di alta qualità con stimoli ed 

interazioni in tempo reale del soggetto immerso, attraverso canali sensoriali 

multipli (visivi e acustici, a volte tattili,  raramente anche olfattivi e di gusto) in un 

ambiente virtuale nel quale il soggetto si immagina e si percepisce presente

[Burdea & Coiffet, 2003]

Cosa è la Realtà Virtuale



Serious game/exergame – non-, semi- ed immersive virtual reality

SERIOUS-GAMESEMI – IMMERSIVE VRIMMERSIVE VR NON IMMERSIVE VR

Sensor – based rehabilitation - Artificial Intelligence -  Metaverse 



Lanotte et al 2023



MetaRehabVerse: the great opportunity to put the person’s functioning and participation at the center of healthcare.

Giovanni Morone, Irene Ciancarelli, Rocco Salvatore Calabrò, Antonio Cerasa, Marco Iosa, Francesca Gimigliano.





Caratteristiche VR

Caratteristiche della Realtà Virtuale: 
• Interaction
• Immersion
• Content

sensi della Realtà Virtuale: 
• sense of presence
• sense of embodiment
• sense of agency

«Effetto Michelangelo» 
VR and Ictus



Sense of 
Presence
(determinato da 
ambienti 3D)

Reazioni fisiologiche:
❖ Risposte autonomiche (Aumento frequenza 

cardiaca, temperatura cute, EEG)
❖ Risposte percettive
❖ Risposte emozionali e comportamentali
❖ Risposte psicologiche e neuropsicologiche

Necessario mediatore per permettere le 
reazioni fisiologiche in ambiente virtuale

Sense of Presence





Visual perception involves both
sensory information processing and
attention.

In primates, attention has been
shown to alter or modulate the
representation of information even
at early stages of visual processing,
and all classes of vertebrates possess
circuits that mediate attention



This study identified the neural pathway 
associated with visual processing of movement 
stimuli used in upper limb robot-mediated 
training and investigated the brain’s ability to 
assimilate abstract object movements with 
human motor gestures. In both conditions, 
activations were elicited in cerebral areas involved 
in visual perception, sensory integration, 
recognition of movement, re-mapping on the 
somatosensory and motor cortex, storage in 
memory, and response control.
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“Apart from its clinical importance, visual feedback paves the way for a 
paradigm shift in the way we approach neurological disorders.”



Modality

Timing

Valenza

Engagement!!!

The self-attribution of body parts is mediated by correlated 
multisensory feedback (Armel, 2003; Ramachandran et al., 2000).

Information arising from limb proprioceptors contributes importantly 

to the planning and ongoing control of movements (Sainburg et al. 1993; 

Sanes et al. 1984; Scheidt et al. 2005;Sober and Sabes 2003).

Importanza feedback nella pianificazione motoria



VR acts as a nonpharmacologic form of analgesia by exerting an array of emotional affective, emotion-based cognitive and 

attentional processes on the body’s intricate pain modulation system. 

Virtual reality has been found to attenuate pain, and this effect has been called ‘VR analgesia’ 

        Li A, Pain Manag. 2011 Mar;1(2):147-157. 
 

To date, in addition to the distraction of attention, studies have associated cognitive analgesic effects to 

cognitive task loading    [Seminowicz DA, Davis KD. Interactions of pain intensity and cognitive load: the brain stays on task. 

Cereb Cortex. 2007]

mood [Villemure C, Mood influences supraspinal pain processing separately from attention. J Neurosci. 2009], 

expectancy [Keltner JR, Furst A, Fan C, Redfern R, Inglis B, Fields HL. Isolating the modulatory effect of

expectation on pain transmission: a functional magnetic resonance imaging study. J Neurosci. 2006]

   

VR and Pain



It is a non-invasive, drug-free, and user-friendly analgesic approach. 

Virtual reality may alter the behavior of the pain modulation system by lowering the concentration on pain resulting 

in a stimulus not being perceived as painful. By activating the visual cortex and integrating additional senses, 

virtual reality alters the handling of nociceptive stimuli. 

Brain functional magnetic resonance imaging (fMRI) confirms that virtual reality influences the insular and sensory 

cortex similar to opiates. 



Burn care

pain and anxiety attenuation during burn care procedures and rehabilitation of burn survivors

Cancer pain

Virtual reality technology has also been studied as a way to decrease pain, unpleasantness and anxiety 

associated with common painful cancer procedures and treatments, such as chemotherapy, lumbar 

puncture and port access

Routine medical procedures

Many routine medical procedures, such as a blood draw, intravenous placement and immunization can be 

painful and anxiety provoking.

VR for acute pain management



Chronic Pain

Pain

Neuroplasticity

Motor/Tone 
Training

Mentel 
Imagery

Educational 
Factors Sensorymotor

feedback 
Anxiety/ 

Depression
Cognitive 

factors
Perceptive 

training

• Il dolore induce una riorganizzazione dell’area corticale motoria e somatosensoriale primaria, anteriore

del cingolo e dell’insula. 

• Maggiore è il dolore e maggiori sono le modificazioni corticali

• La plasticità corticale è coinvolta nella memoria del dolore e nella risposta motoria al dolore

• La plasticità cerebrale è un ostacolo alla guarigione.

• La plasticità corticale offre tuttavia possibilità terapeutiche.

TDCs, 

TMS



(J Med Internet Res 2025;27:e59922)

(1) pain types are highly heterogenous in the literature to date, 

(2) VR design was highly variable, 

(3) secondary and exploratory outcome choice was highly variable, 

(4) VR immersion was infrequently assessed, and 

(5) side effect monitoring was limited.
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VR rehabilitation therapy, augmented by sensor 

based technology, shows significant potential as an 

adjunctive intervention for patients with CNS-LBP. 

VR rehabilitation therapy, particularly through 

exergames, can effectively reduce pain and 

disability while also addressing psychosocial factors 

such as kinesiophobia.



Cybersickness (letteralmente, cybermalattia)

Cybersickness è un termine ombrello che indica tutti di disagi creati dall’utilizzo di un display computerizzato. 

Simile alla chinetosi (nausea che si prova per il mal d’auto o mal di mare) – include sintomi come vertigini, nausea, 

discomfort visivo e disorientamento.  E’ data da una mancata corrispondenza sensoriale tra quello che vediamo e 

quello che gli altri sensi ci dicono a proposito del nostro movimento.

Ipotesi: Latenza tra movimenti del capo e latenza delle immagini anche 5 msec.



Prolonged use of VR headsets can result in headaches, dizziness, 
nausea, eye discomfort, strain, fatigue and blurred vision.

Myopia, a leading burden in ophthalmology with 32% of the world’s 
population affected in 2019, will become even more prevalent.

In the elderly population, discomfort, notably dizziness, following 
prolonged use of VR headsets may also lead to reduced interaction and 
conversation with their families.

Additionally, the use of VR has been noted to cause disruption of 
normal development of coordination strategy in children of ages 1–7 
years with regular

Kataria et al 2023

Adverse Events of VR



Declan Butler. Translational research: Crossing the valley of death. Nature, 
2008.

“A chasm has opened up between 
biomedical researchers and the patients 
who need their discoveries”

Conclusions

• VR genera analgesia

• Migliore comprensione dei meccanismi di analgesia mediata da VR

• Traslazionalità è sempre un grande problema

• Adeguare piani di formazione: accademia, società scientifiche, linee 
guida



G R A Z I E !
giovanni.morone@univaq.it
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