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Objective: to investigate the clinical usefulness of the rEha-
roB therapeutic System, which provides passive robot-me-
diated physiotherapy for patients with spastic hemiparesis.
Design: Controlled, randomized, preliminary study.
Patients and methods: thirty patients with hemiparesis as 
a consequence of upper motor neurone lesion were divided 
randomly into 2 groups: robotic and control. Subjects from 
both groups received 30 minutes of Bobath therapy sessions 
on 20 consecutive work days. members of the robotic group 
received an additional 30 minutes of robot-mediated thera-
py on the same days. the clinical status of each patient was 
assessed before the first session and at the end of the pro-
gramme. the difference in the scores was statistically evalu-
ated by t-test for dependent variables in case of parametric 
data and Friedman’s test in case of non-parametric data.
Results: the majority of the parameters measured improved 
in both groups, but modified Ashworth score of shoulder ad-
ductors and elbow flexors showed a statistically significant 
change only in the robotic group. 
Conclusion: the results suggest that it could be useful to sup-
plement traditional physiotherapy with this form of robot-
mediated therapy. Clinical investigation of a higher number 
of patients is planned in the near future.
Key words: spasticity, hemiparesis, robotics, stroke, traumatic 
brain injury.
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INTRODUCTION

Stroke, traumatic brain injury and some other conditions often 
cause spastic hemiparesis. Spasticity is often an important 
problem in these cases. Spasticity is velocity- and acceleration-
dependent. It has been suggested that performing exercises at a 
slow and constant velocity is beneficial in reducing spasticity 
(1). This might be managed more accurately by a robot than 
by a person. The use of robots is a relatively new trend for 
improving rehabilitation programmes (2, 3). The US Mirror 
Image Movement Enabler (MIME) and the Massachusetts 
Institute of Technology (MIT)-Manus robots provide goal-
directed exercise training. Studies using these robots have 

showed that repetitive exercise training could improve motor 
abilities even in the chronic stage following stroke (4–6). In 
the REHAROB (robotic rehabilitation system for upper limb 
motion therapy for the disabled) project of the 5th Framework 
Programme of the European Union, a robotic rehabilitation 
system was developed to support upper limb (shoulder and 
elbow) physiotherapy of patients with spastic hemiparesis. The 
REHAROB Therapeutic System uses 2 industrial robot arms to 
exercise the patient’s upper limb. The system can be adapted 
easily to suit patient’s individual requirements. 

An initial clinical trial was carried out to gain experience 
of the equipment (7). Twelve participants were subjected to a 
total of 240 robot-mediated sessions of physiotherapy. Some 
parts of the system were then modified (8). To investigate the 
effectiveness of the system a controlled clinical study was 
designed. In this preliminary trial (named Fiziorobot study) 
the aim was to investigate the robot-mediated therapy with a 
wide range of patients: left- and right-sided hemiparesis, men 

Fig. 1. The REHAROB Therapeutic System.
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and women, young and older subjects, patients after stroke 
and traumatic brain injury. 

PATIENTS AND METHODS
The REHAROB Therapeutic System involves 2 unmodified industrial 
robots (Fig. 1). The robot arms are connected to the patient’s upper 
arm and forearm through instrumented orthoses. The robot-mediated 
therapy comprises 3 main steps: the physiotherapist teaches the robots 
a series of exercises (i.e. the physiotherapist programs the robots). The 
physiotherapist then edits a complex therapy programme using these 
exercises, determining the order and repetition number of the exercises. 
Finally, the robots execute the complex therapy programme. In this 
way the REHAROB Therapeutic System provides passive shoulder and 
elbow physiotherapy. The physiotherapist can choose exercises from 
any therapeutic school (Bobath, Kabat, etc.). The detailed operation 
of REHAROB and the safety measures involved have been described 
previously (9).

The clinical trial was designed in compliance with the Declaration 
of Helsinki. The Investigation Plan was approved by both the local 
ethics committee and the National Scientific and Research Ethics 
Committee. All subjects signed the informed consent.

A total of 30 patients with hemiparesis as a consequence of upper 
motor neurone lesion due to stroke or traumatic brain injury (confirmed 

by computerized tomography or magnetic resonance imaging) were 
divided randomly into 2 groups (15–15 patients). The main subject 
data are shown in Table 1. Subjects in both groups received 30 minutes 
of Bobath therapy sessions on 20 consecutive work days. Members of 
the robotic group received an additional 30 minutes of robot-mediated 
therapy on the same 20 days. The clinical status of each patient was 
assessed before the first therapeutic session, after the 10th event (inter-
mediate assessment) and at the end of the programme. The measured 
parameters were as follows: modified Ashworth score of shoulder 
adductors and elbow flexors (10); range of motion of shoulder and 
elbow; the Fugl-Meyer scale – shoulder and elbow subsection (11); 
Rivermead Motor Assessment (RMA) – arm score; Functional Inde-
pendence Measure (FIMTM) – self-care subsection (12). The assessment 
was performed by a blinded physiotherapist.

Statistics
Statistical analysis was performed using SPSS software (package 
14.0). The difference in the scores between the initial and final as-
sessments were statistically evaluated by t-test for dependent variables 
in the case of parametric data, and by Friedman’s test in the case of 
non-parametric data. Differences were considered significant at the 
level of p ≤ 0.05.

RESULTS

The results are presented in Table II. Both groups showed 
improvement in most fields. In controls the improvement 
was statistically significant (p < 0.05) regarding Fugl-Meyer 
shoulder – elbow subsection, active range of elbow flexion, 
RMA – arm score and FIMTM – self-care. Patients in the robotic 
group showed significant improvement in the same fields as 
well as in the modified Ashworth score for shoulder adductors 
and elbow flexors. We found no significant improvement in 
shoulder girdle anteflexion of either groups. FIMTM – self-care 
score improved more remarkably in controls.

The patients received a total of 150 h of robot-mediated 
therapy. No adverse events occurred.

Table I. Main data for the subjects

Control Robotic

All 15 15
Female 5 8
Male 10 7

Traumatic brain injury 6 2
Stroke 9 13
Hemipareis
Left 6 7
Right 9 8

Age, mean (range) (years) 55.9 (28–77) 56.6 (28–82)
Time since onset (months) 9.5 (1.1–44) 23.2 (1.2–87)

Table II. Results when comparing the robot-mediated therapy (n = 15) with controls (n = 15)

Possible range Group
Median
Initial – Final assessment

Mean
Initial – Final assessment Value of significance*

Rivermead arm score 0–15 Robotic 3–4 3.0–5.33 0.0001
Control 3–6 4.93–6.8 0.0001

Modified Ashworth of shoulder 
adductors

0–5 Robotic 2–1 1.93–1.2 0.011

Control 2–2 1.67–1.47 0.564

Modified Ashworth of elbow 
flexors

0–5 Robotic 3–2 2.87–2.13 0.021

Control 3–2 2.13–2.13 0.705

Fugl-Meyer shoulder-elbow 
subsection

0–36 Robotic 18–25 17.67–23.07 0.0001
Control 24–26 21.73–24.33 0.0001

ROM – S 0–180° Robotic 99–97 84.33–93.47 0.145
Control 108–108 98.93–98.8 0.987

ROM – E 0–140° Robotic 24–91 50.6–76.33 0.036
Control 80–103 70.0–86.73 0.015

FIMTM – self-care 6–42 Robotic 36–36 29.8–33.87 0.014
Control 29–36 25.8–34.53 0.001

*p-values < 0.05 are shown in bold type.ROM – S: active range of shoulder-girdle anteflexion; ROM – E: active range of elbow flexion; FIMTM: 
Functional Independence Measure.
Rivermead, Ashworth, Fugl-Meyer and FIM were calculated by Friedman’s test for related samples, ROM–S and E were calculated by t-test for 
dependent samples.
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DISCUSSION

The REHAROB Therapeutic System provides passive physio-
therapy including shoulder and elbow movements for patients 
with spastic hemiparesis. The therapy programme is planned 
individually, the repetition number of the exercises can be de-
termined by the physiotherapist and it is not limited by therapist 
fatigue. The system is able to execute complex exercises in the 
full range of shoulder and elbow movements. 

The aim of this pilot study was to investigate whether this 
kind of robot-mediated therapy provides advantages for the 
patients with spastic hemiparesis, if their traditional therapy 
is supplemented with the robot-mediated one.

Thirty patients with spastic hemiparesis were divided 
randomly into 2 groups. Both received neurodevelopmental 
therapy, and the robotic group also received robot-mediated 
therapy. Seven parameters were assessed before and after the 
therapy programme. The majority of parameters improved in 
both groups, but the modified Ashworth score for shoulder 
adductors and elbow flexors showed a statistically significant 
change only in the robotic group. The self-care score of FIMTM 
started from a lower value and reached a better outcome in 
the controls. A possible reason for this could be that the posi-
tive change in the FIMTM score was not exclusively due to the 
improvement in the affected upper limb motor impairment. 
(Nevertheless the change in this score in both groups proved 
to be significant.) It appears that the robotic therapy was ben-
eficial in reducing spasticity, however from this analysis no 
conclusion can be drawn about its effect on active movements 
or activities of daily living.

The results suggest that this form of robot-mediated therapy 
could usefully supplement traditional methods. 

The exercises executed by REHAROB are different from 
those provided by MIT-Manus or MIME systems, which 
set their sights on goal-directed movements. REHAROB 
represents another idea: executing exercises slowly and with 
constant velocity in a high repetition number so as to decrease 
spasticity and increase range of motion of shoulder and elbow 
joints. The final aim of each method is to contribute to a better 
functional outcome. It seems that the role of the robot-medi-
ated therapy is not to replace the physiotherapist, but rather 
to widen the treatment options (13).

The authors believe that the results of this preliminary 
study are encouraging: the REHAROB Therapeutic System 
works reliably and benefits patients who receive the robot-
mediated therapy. Nevertheless, further clinical investigation 
on a higher number of patients is needed to reinforce these 
preliminary results.
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