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Dramatic shifts in the health and demographic profiles of populations are characterizing the

21st century. People are living longer and with disabling chronic conditions that impact on

their functioning and well-being. Health systems are confronted with the responsibility of

responding to these emerging challenges and health policies are placing increased emphasis

on services targeted at increasing functioning, in addition to those that reduce mortality.
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The development of robotic treatments is

motivated by the increasing public health

burden associated with stroke-related disability,

and by the current emphasis on health care

cost reductions, which have resulted in shorter

lenght of stay for inpatient rehabilitation.

1. Faran S, Treger I, Mahoney R, Ring H. Feasibility of a new robot-assisted therapy for neuromuscular training opf

subacute stroke patients. AAPM&R 67° Assembly November 9 – 12 , 2006, Hawaii.
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EDITORIAL (EurMedPhys 2003;39:3-6)

Technology in rehabilitation
Haim Ring

The 21st century finds rehabilitation medicine

in rapid growth and development in each and

every field of activity. Among them technology

plays a central role and it can be safely said

that rehabilitation medicine is by now and can

be in the future even more, a very

technological profession.

1. Weinrich M, Stuart ME. Rehabilitation for the 21st century. J Rehabil Res Develop 2001;38:VII-XII

2. Smith RO. Research over the next century: impact of technology. Am J Occup Ther 2001;55:233-234.



Grandi bifacciali acheuliani del Paleolitico inferiore da Terranera, 

nel bacino di Venosa (Basilicata)

Homo sapiens Homo faber

1. AA. VV., 1986. Il Paleolitico “Le Scienze Quaderni”, a cura di Fedele F., Milano, 30.

2. BROGLIO A., 1998. Introduzione al Paleolitico, Laterza, Bari.
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… desiderio di conoscenza e possibilità

di sfruttare in chiave economica le novità.

1. Catananti C. L’impatto dell’innovazione tecnologica. MONITOR,2004;III(11):34-40.
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RISORSE BISOGNI

Fattori legati all’inflazione

Mutamenti della struttura demografica

Modifiche nei volumi e nell’intensità delle pratiche cliniche

INNOVAZIONE
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• sprouting of new synapses

• unmasking of redundant motor networks

• re-organization of the areas around the lesion site

• an increase in the size of the motor and sensory areas in the lesioned hemisphere that is

dedicated to the impaired limb

• enhance activity and recruitment in preexisting motor networks in unaffected regions and

those surrounding the lesion site and in the cerebellum

• a reduction the amount of activity in primary and secondary motor regions over time,

especially in areas in the hemisphere ipsilateral to the lesion
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Mechanisms in mediating functional recovery



Modifica strutturale 
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Plasticità del Sistema Nervoso indotta da lesione

Modifica funzionale

Variazioni delle connessioni sinaptiche

Bilancio dei mediatori chimici, inibitori o

facilitatori, agenti nei network nervosi

Degenerazione progressiva delle cellule nervose

Riduzione delle spine dendritiche



Declarative model of motor recovery

1. Timmermans AAA, Seelen HAM, Willmann RD, Kingma H. Technology-assisted training of arm-hand skills in stroke: concepts

on reacquisition of motor control and therapist guidelines for rehabilitation technology design J NeuroEng Rehabil. 2009;6:1.



There is strong evidence that intensity as well as task specificity are

the main drivers in an effective treatment program after brain injury. In

addition, this training should be repetitive (active), functional (task-

oriented), meaningful, and challenging (motivating) for a patient.

1. Van Peppen RP, Kwakkel G, Wood-Dauphinee S, Hendriks HJ, Van der Wees PJ, Dekker J. The impact of physical therapy on functional

outcomes after stroke: what’s the evidence? Clin Rehabil. 2004;18:833-862.
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The effective treatment program



Nell’animale e nell’uomo 

il MOVIMENTO è sopravvivenza, 

sia dell’individuo che della specie, ma …

Cappozzo A. Introduzione all’analisi del movimento umano. Lezioni 2005/06 

Istituto Universitario di Scienze Motorie -Roma 

… nell’uomo esprime molto di più:

…  ricerca estetica

…  esplorazione dei propri limiti fisici

…  creatività

…  metalinguaggio





Functional cortical reorganization and carryover of motor gains after

stroke seem to be linked to therapies that involve the intense use of

the impaired limb and involve the acquisition of new motor skills.

Evidence also suggests that in addition to mass-practice and use of

the arm, enriched environments, highly functional and task-

oriented practice environment, and highly motivating

environment that increase task engagement are important for

motor re-learning and recovery after stroke.



1. Johnson MJ. Recent trends in robot-assisted therapy environments to improve real-life functional performance after stroke. J NeuroEng and Rehabil, 2006,3:29.

The robot-assisted environment may be modified:

• to better engage the patient (e.g., provide extrinsic motivators)

• to improve its relevance to the person and the activities they do in real life

(i.e., increase task-oriented nature, purpose and patient-centered)

• to improve feedback strategies (i.e., increase feedback of errors and results)

• to improve learning strategies (i.e., employ new control strategies)



Articulated mechanical

system with actuators

Environment

Computer

Task

Interaction Language

Internally sensed 

information

Control



Upper Limbs

Lower Limbs

Body Function

Bilateral

Unilateral

Design

usually bilateral because they 

focused on gait recovery

Stroke Research and Treatment Volume 2012,

Operational mode

End-Effector

Exoskeleton

End-Effector

Exoskeleton

unilateral



End-Effector

Upper LimbsLower Limbs

1. Molteni F, Gasperini G, Cannaviello G, Guanziroli E. Exoskeleton and End-Effector Robots

for Upper and Lower Limbs Rehabilitation: Narrative Review. PM R 10 (2018) S174-S188



Exoskeleton

1. Molteni F, Gasperini G, Cannaviello G, Guanziroli E. Exoskeleton and End-Effector Robots

for Upper and Lower Limbs Rehabilitation: Narrative Review. PM R 10 (2018) S174-S188

Upper LimbsLower Limbs



Exoskeleton

Overground exoskeleton for lower limbBody weight support exoskeleton for lower limb

«Static» «Overground»

1. Molteni F, Gasperini G, Cannaviello G, Guanziroli E. Exoskeleton and End-Effector Robots

for Upper and Lower Limbs Rehabilitation: Narrative Review. PM R 10 (2018) S174-S188



Active

Passive

Electromedical devices

Active-assisted

Resistive

Interactive

patients’ active assistance to the movement

nonpowered support to patients’ upper and lower limbs

complete the movement after the user initiates a movement

offer an opposition to the subject’s movement execution

allow the correction of movements with a combination of

actuators and control strategies

 Molteni F, Gasperini G, Cannaviello G, Guanziroli

E. Exoskeleton and End-Effector Robots for

Upper and Lower Limbs Rehabilitation: Narrative

Review. PM R 10 (2018) S174-S188

BioMed Research International, 2013;15:38-72





Loureiro RCV, Harwin WS, Nagai K, Johnson M. Med Biol Eng Comput (2011) 49:1103–1118.

End-effector-based robotic rehabilitation systems

http://www.jneuroengrehab.com/content/1/1/5/figure/F1?highres=y
http://www.jneuroengrehab.com/content/1/1/5/figure/F1?highres=y


Loureiro RCV, Harwin WS, Nagai K, Johnson M. Med Biol Eng Comput (2011) 49:1103–1118.

End-effector-based robotic rehabilitation systems



Exoskeleton based robotic rehabilitation systems

Loureiro RCV, Harwin WS, Nagai K, Johnson M. Med Biol Eng Comput (2011) 49:1103–1118.



Feasibility and efficacy of a robotic device for hand rehabilitation in

hemiplegic stroke patients: A randomized pilot controlled study.

Vanoglio F, Bernocchi P, Mulè C, Garofali F, Mora C, Taveggia G, Scalvini S, Luisa A.

Clin Rehabil 2016; Apr 7.

OBJECTIVE: The purpose of the study was to evaluate the feasibility and efficacy of robot-assisted hand rehabilitation in

improving arm function abilities in sub-acute hemiplegic patients. DESIGN: Randomized controlled pilot study. SETTING:

Inpatient rehabilitation centers. PARTICIPANTS: 30 hemiplegic stroke patients (Ashworth spasticity index <3) were

recruited and randomly divided into a Treatment group (TG) and Control group (CG). INTERVENTIONS: Patients in the TG

received intensive hand training with Gloreha, a hand rehabilitation glove that provides computer-controlled, repetitive,

passive mobilization of the fingers, with multisensory feedback. Patients in the CG received the same amount of time in

terms of conventional hand rehabilitation. MAIN OUTCOME MEASURES: Hand motor function (Motricity Index, MI), fine

manual dexterity (Nine Hole Peg Test, NHPT) and strength (Grip and Pinch test) were measured at baseline and after

rehabilitation, and the differences, (Δ) mean(standard deviation), compared between groups.

RESULTS: Twenty-seven patients concluded the program: 14 in the TG and 13 in the CG. None of the patients refused the

device and only one adverse event of rheumatoid arthritis reactivation was reported. Baseline data did not differ

significantly between the two groups. In TG, ΔMI 23(16.4), ΔNHPT 0.16(0.16), ΔGRIP 0.27(0.23) and ΔPINCH 0.07(0.07)

were significantly greater than in CG, ΔMI 5.2(9.2), ΔNHPT 0.02(0.07), ΔGRIP 0.03(0.06) and ΔPINCH 0.02(0.03)]

(p=0.002, p=0.009, p=0.003 and p=0.038, respectively).

CONCLUSIONS: Gloreha Professional is feasible and effective in recovering fine manual dexterity and

strength and reducing arm disability in sub-acute hemiplegic patients.





1. Kinematic measures quantify the spatial and temporal quality of a subject’s movement. They are

described either in the endpoint/task space or in the joint space of the arm, depending on the task

and type of robot used.

2. Kinetic measures are used to quantify force, work, energy consumption, and power associated

with a subject’s motor behavior.

3. Neuromechanical measures of the upper limb, such as the viscoelastic properties or mechanical

impedance, which can include the influence of musculoskeletal dynamics and neural feedback.





Treadmill training with and without partial body weight support

From modern concepts of rehabilitation …

repetitive task-specific approach

higher intensities of walking practice (resulting in more repetitions trained)

… new approachs 

Robot-driven exoskeleton orthosis

(from an engineering point of view: 

an exoskeleton approach) 

Electromechanical solution with two 

driven foot plates simulating the 

phases of gait

(from an engineering point of view : 

an end-effector approach)

Automated electromechanical gait machines (reduce dependence on therapists)

Robotic-assisted gait training in neurological patients: who may benefit?

Schwartz I, Meiner Z.

Ann Biomed Eng 2015; May 43(5):1260 -1269



Uso militare: potenziamento di forza e resistenza

Impiego civile e applicazioni in

soggetti con limitazioni motorie

Dispositivi robotizzati per la riabilitazione

Exoskeleton

End-effector



Results: Eight patients completed the study. Median time from stroke to

inclusion was 35 days (range 6 to 46). Training started by use of the

autonomous HAL mode in all and later switched to the voluntary mode

in all but one and required one or two physiotherapists. Number of

training sessions ranged from 6 to 31 (median 17) and walking time per

session was around 25 minutes. The training was well tolerated and no

serious adverse events occurred. All patients improved their walking

ability during the training period, as reflected by the 10MWT (from 111.5

to 40 seconds in median) and the FAC (from 0 to 1.5 score in median).

Conclusions: The HAL system enables intensive

training of gait in hemiparetic patients with severely

impaired gait function early after stroke. The system is

safe when used as part of an inpatient rehabilitation

program for these patients by experienced

physiotherapists.

Hybrid Assistive Limb (HAL)



Tibion Bionic Leg orthosis

Conclusions: … may improve gait speed, endurance and community

levels of participation in select patients in a post-stroke chronic state after

plateauing within a bodyweight-supported treadmill training program

… safely supplemented supervised physical therapy





Results: Active robotic training resulted in considerable increase in target-tracking accuracy

and reduction in the kinematic variability of ankle trajectory during robot-aided treadmill

walking. These improvements also transferred to overground walking as characterized by

larger propulsive forces and more symmetric ground reaction forces.

4-weeks 6-weeks



ERIGO

• tavolo basculante ( da 0° a 80°)

• meccanismo di movimento arti inferiori a controllo elettronico

vantaggi rispetto al tavolo basculante tradizionale

• verticalizzazione del paziente + movimento passivo degli arti inferiori;

• alterna carico e scarico degli arti inferiori del paziente;

• movimento adattato alle esigenze del paziente per l’arto inferiore destro e sinistro.

indicazioni

• circolazione instabile

• spasticità delle estremità inferiori

• mobilizzazione in caso di gravi lesioni cerebrali

• insufficienza respiratoria (polmonare)

Supino 0°→ Verticalizzazione 80°





ULISSE



1. Elliot L, M Coleman, A Shiel et al. Effect of posture on levels of arousal and awareness in vegetative and minimally conscious state

patients: a preliminary investigation. J Neurol Neurosurg Psychiatry 2005;76:298-9.

2. Luther MS, Krewer C, Müller F et al. Comparison of orthostatic reactions of patients still unconscious within the first three months of brain

injury on a tilt table with and without integrated stepping. A prospective, randomized crossover pilot trial. Clin Rehab 2008;22:1034-41.



Early mobilization does not increase the production of

catecholamines and is a well-tolerated method of mobilization.

n.s. n.s.



This study compared the use of functional electrical stimulation

(FES) and passive leg movements to improve orthostatic

tolerance during head-up tilt. Four trial conditions were

assessed during head-up tilt: (1) rest (2) isometric FES of

the hamstring, gastrocnemius and quadriceps muscle

group (3) passive mobilization using the Erigo dynamic tilt

table and (4) dynamic FES (combined 2 and 3).

Ten healthy male subjects experienced 70 head-up tilt for 15

min under each trial condition. Heart rate, blood pressure and

abdominal echograms of the inferior vena cava were recorded

for each trial. Passive mobilization and dynamic FES resulted in

an increase in intravascular blood volume, while isometric FES

only resulted in elevating heart rate. No significant differences in

blood pressure were observed under each condition.

We conclude that FES combined with passive

stepping movements may be an effective modality

to increase circulating blood volume and thereby

tolerance to postural hypotension in healthy

subjects.



To tackle the problem of fatigue

that limits gait time and the problem

of poor control that leads to non-

repeatable stepping motions, several

research groups have turned to

hybrid systems that combine FES

with a mechanical orthosis.

1. Andrews, B., et al., Hybrid FES orthosis incorporating closed loop control and sensory feedback. J Biomed Eng, 1988. 10: p. 189-195.

2. Ferguson, K.A., et al., Walking with a hybrid orthosis system. Spinal Cord, 1999. 37(11): p. 800-4.

3. Kobetic, R., et al., Development of a hybrid gait orthosis: a case report. J Spinal Cord Med, 2003. 26(3):254-8.

4. Marsolais, E.B., et al., The Case Western Reserve University hybrid gait orthosis. J Spinal Cord Med, 2000. 23(2): p. 100-8.

5. McClelland, M., et al., Augmentation of the Oswestry Parawalker orthosis by means of surface electrical stimulation: gait analysis of

three patients. Paraplegia, 1987. 25: p. 32-38.

6. Popovic, D., Dynamics of the self-fitting modular orthosis. IEEE Trans Robotics Automat, 1990. 6(2): p. 200-207.

7. Popovic, D., R. Tomovic, and L. Schwirtlich, Hybrid assistive system – the motor neuroprosthesis. IEEE Trans Biomed Eng, 1989.

36(7):729-737.

8. Solomonow, M., et al., Reciprocating gait orthosis powered with electrical muscle stimulation(RGO II). Part I: performance evaluation of

70 paraplegic patients. Orthopedics, 1997. 20(4): p. 315-324.

9. Yang, L., et al., Further development of hybrid functional electrical stimulation orthoses. Artif Organs, 1997. 21(3): p. 183-7.

… new solutions for gait assistance



Transcranial direct current stimulation (tDCS) for improving

activities of daily living, and physical and cognitive functioning,

in people after stroke.

Elsner B, Kugler J, Pohl M, Mehrholz J.

Cochrane Database Syst Rev 2016;Mar;21:3:CD009645.

MAIN RESULTS: We included 32 studies involving a total of 748 participants aged above 18 with

acute, postacute or chronic ischaemic or haemorrhagic stroke. We also identified 55 ongoing studies. The risk

of bias did not differ substantially for different comparisons and outcomes.

AUTHORS' CONCLUSIONS: At the moment, evidence of very low to moderate quality is available on

the effectiveness of tDCS (anodal/cathodal/dual) versus control (sham/any other intervention) for

improving ADL performance after stroke.

However, there are many ongoing randomised trials that could change the quality of evidence in the

future. Future studies should particularly engage those who may benefit most from tDCS after stroke

and in the effects of tDCS on upper and lower limb function, muscle strength and cognitive abilities

(including spatial neglect). Dropouts and adverse events should be routinely monitored and presented

as secondary outcomes. They should also address methodological issues by adhering to the

Consolidated Standards of Reporting Trials (CONSORT) statement.





Journal of NeuroEngineering and Rehabilitation 2011, 8:49

Background: Brain-computer interface (BCI) is a relatively novel

technology with a potential to restore, substitute, or augment lost

motor behaviors in patients with neurological injuries. We describe the

first successful integration of a noninvasive

electroencephalogram (EEG)-based BCI with a

noninvasive functional electrical stimulation

(FES) system that enables the direct brain

control of foot dorsiflexion in able-bodied individuals.

Conclusions: This study suggests that the

integration of a noninvasive BCI with a lower-

extremity FES system is feasible. With additional

modifications, the proposed BCI-FES system may offer a novel and

effective therapy in the neuro-rehabilitation of individuals with lower

extremity paralysis due to neurological injuries.



Future developments



Scientific evidences

https://www.cochranelibrary.com/en/
https://www.cochranelibrary.com/en/


The Cochrane Library 2013, Issue 7

Authors’ conclusions
People who receive electromechanical-assisted gait training in combination with

physiotherapy after stroke are more likely to achieve independent walking than people

who receive gait training without these devices. Specifically, people in the first three

months after stroke and those who are not able to walk seem to benefit most from this

type of intervention. The role of the type of device is still not clear. Further research

should consist of a large definitive, pragmatic, phase III trial undertaken to address

specific questions such as the following: What frequency or duration of

electromechanical-assisted gait training might be most effective? How long does the

benefit last?



Main results

We included 19 trials (involving 666 participants) in this update of our review.

Electromechanical and robot-assisted arm training did improve:

- activities of daily living (SMD 0.43, 95% confidence interval (CI) 0.11 to 0.75, P = 0.009, I2 = 67%)

- arm function (SMD 0.45, 95% CI 0.20 to 0.69, P = 0.0004, I2 = 45%),

but arm muscle strength did not improve (SMD 0.48, 95% CI -0.06 to 1.03, P = 0.08, I2 = 79%).

Electromechanical and robot-assisted arm training did not increase the risk of patients to drop out

(RD 0.00, 95% CI -0.04 to 0.04, P = 0.82, I2 = 0.0%), and adverse events were rare.

Authors’ conclusions

Patients who receive electromechanical and robot-assisted arm training after stroke are more

likely to improve their generic activities of daily living. Paretic arm function may also improve, but

not arm muscle strength. However, the results must be interpreted with caution because there

were variations between the trials in the duration and amount of training, type of treatment,

and in the patient characteristics.

Cochrane Database of Systematic Reviews 2012, Issue 6.



Neuroprosthesis with electromyographic control



The cybernetic rehabilitation aid: preliminary results

for wrist and elbow motions in healthy subjects.

Akdogan E, Shina K, Kataoka H, Hasegawa M, et al.

IEEE Trans Neural Syst Rehabil Eng, 2012;20(5):697-707.

… EMG signals measured from a patient are analyzed using a log-linearized

Gaussian mixture network that can classify motion patterns and compute the

degree of similarity between the patient's measured EMG patterns and the

desired pattern provided by the therapist. Tactile stimulators are used to convey

motion instructions from the therapist or the system to the patient, and a

rehabilitation robot can also be integrated into the developed prototype to

increase its rehabilitation capacity. A series of experiments performed using

the developed prototype demonstrated that the CRA (Cibernetic

Rehabilitation Aid) can work as a human-human, human-computer and

human-machine system. The experimental results indicated that the healthy

(able-bodied) subjects were able to follow the desired muscular contraction

levels instructed by the therapist or the system and perform proper joint motion

without relying on visual feedback
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Conclusioni

1. Lo sviluppo e l’impiego di tecnologie in riabilitazione potrebbe rappresentare una

possibile via per aumentare l’intensità del trattamento e migliorare i risultati,

contenendo i costi.

2. La realtà dei robot in riabilitazione non è destinata a

rimpiazzare il lavoro del terapista, “deumanizzando”

l’intervento riabilitativo, ma piuttosto rappresenta uno

strumento aggiuntivo per incrementare l’intensità delle

terapie, in linea con i moderni principi della riabilitazione.

3. L’attività riabilitativa svolta attraverso le tecnologie dovrebbe essere

considerata alla stregua di un “farmaco”, come “opzione terapeutica” da

integrare nel contesto biologico, neurobiologico ed epigenetico.
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