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in difficulty carrying out activities of daily living (ADLs) 
such as eating, dressing and washing. More than half of 
people with upper-limb impairment after stroke will still 
have difficulties in performing ADLs many months to 
years after their stroke.2, 3 Robotic rehabilitation systems 
have the potential to deliver large doses of motor training 
in a cost-effective manner and, although the debate on the 

Stroke is a leading cause of serious long-term disability 
in developed countries,1 and has an enormous emo-

tional and socioeconomic impact on patients, families 
and, health services. Upper-limb impairments and func-
tional problems are, in fact, very common after a stroke. 
Impairments commonly include difficulty moving and 
co-ordinating the arms, hands and fingers, often resulting 
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ABSTRACT      
BACKGROUND: Robotic rehabilitation is promising to promote function in stroke patients. The assist as needed training paradigm has shown 
to stimulate neuroplasticity but often cannot be used because stroke patients are too impaired to actively control the robot against gravity.
AIM: To verify whether a rehabilitation intervention based on robot fully assisted reaching against gravity (RCH) and hand-to-mouth (HTM) 
can promote upper-limb function in chronic stroke.
DESIGN: Cohort study.
SETTING: Chronic stroke outpatients referring to the robotic rehabilitation lab of a rehabilitation centre.
POPULATION: Ten chronic stroke patients with mild to moderate upper-limb hemiparesis.
METHODS: Patients underwent 12 sessions (3 per week) of robotic treatment using an end-effector robot Every session consisted of 20 minutes 
each of RCH and HtM; movements were fully assisted, but patients were asked to try to actively participate. The Fugl-Meyer Assessment (FMA) 
was the primary outcome measure; Medical Research Council and Modified Ashworth Scale were the secondary outcome measures.
RESULTS: All patients, but one, show functional improvements (FMA section A-D, mean increment 7.2±3.9 points, P<0.008).
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in promoting function in chronic stroke patients. These results are promising considering the short time of the intervention (1 month) and the 
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confirm the results.
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against gravity, especially in the case of low function-
ing patients with high strength and coordination impair-
ments. In these cases, when the patient is not able to 
control actively the robot, full assistance, based on a 
rigidly imposed trajectory (path and motion law), is the 
only remaining option in robotic rehabilitation.

In this preliminary study, an upper-limb rehabilitation 
program based on robot fully assisted (rigidly imposed) 
goal-oriented movements is presented. The objective of 
the work was to verify the efficacy of the intervention in 
the short term in reducing motor impairment in chronic 
stroke patients.

Materials and methods
Study population

This is a single-centre observational study. Ten patients 
were enrolled among those who had previously referred to 
Villa Beretta Rehabilitation Centre Costa Masnaga (Lec-
co) during the period December 2013 – June 2015. The 
inclusion criteria were: 1) hemiplegia after first stroke; 
2) time from the stroke event >6 months; 3) absence of 
severe attentive deficits; 4) ability to perform active arm 
movements (shoulder flexion MRC>1 and AROM>60°, 
elbow flexion-extension MRC>1 and AROM>90°) and 
able to hold the robot handle; 5) Modified Ashworth 
Scale Score ≤3 (see section Outcome). Exclusion criteria 
were: 1) other concurrent upper-limb rehabilitation in-
terventions; 2) presence of global aphasia and/or cogni-
tive impairments that could interfere with understanding 
the instructions during evaluation and treatment (Mini-
Mental State Examination Test >24/30); 3) concomitant 
progressive central nervous system disorders, peripheral 
nervous system disorders or myopathies.

Written informed consent was obtained from each 
subject before inclusion in the study. Ethical approval 
of the treatment and evaluation protocol was granted by 
the local ethics committee at A. Manzoni, Lecco.

Equipment
1.  An end-effector robot (Pa10-7, Mitsubishi, Japan) 

customized for rehabilitation purposes (Figure 1), which 
allows for the execution of functional movements per-
formed at physiological velocity.24

2.  A wireless 8 channel surface EMG acquisition 
system (FreeEMG 300, BTS, Italy), which was used to 
define the movements velocities for each patient and to 

efficacy of robotic therapy is still open, they are emerging 
as valid solutions to help stroke survivors in the rehabilita-
tion of the upper limb.4, 5 The study of Lum et al.6 dem-
onstrated in 2002 that a robotic treatment was superior to 
conventional therapy in the reduction of the impairment 
in the short term. Furthermore, at 6-month follow-up, the 
robot group had larger improvements in the Functional 
Independence Scale. Recent reviews show that the ef-
fect of a robotic training is comparable to a conventional 
therapy training of the same length and intensity.7 A recent 
Cochrane systematic review 8 included 34 trials (involv-
ing 1160 participants) showed that electromechanical and 
robot-assisted arm training improved ADLs scores (SMD 
0.37, 95% confidence interval [CI] 0.11 to 0.64, P=0.005, 
I²=62%), arm function (SMD 0.35, 95% CI 0.18 to 0.51, 
P<0.0001, I²=36%), and arm muscle strength (SMD 0.36, 
95% CI 0.01 to 0.70, P=0.04, I²=72%), but the quality 
of the evidence was low to very low. Unfortunately, the 
mechanisms leading to impairment reduction following 
the robotic training are still unclear.9 It is known that neu-
roplasticity plays an important role in the motor recovery 
process of stroke patients 10 and, furthermore, that the pa-
tient should be engaged during the treatment in order to 
foster a process similar to motor learning.11 To promote 
engagement and maximize neuroplasticity, two main 
methods have been studied in robotic rehabilitation: 1) the 
assist-as-needed training paradigm; and 2) the Detection 
of Patient Intent (DPI) 12 method, also called guided force 
training.13 The first one, which consists in providing the 
minimal assistance needed to the subject to complete the 
task required, has shown promising results in enhancing 
the participation to the treatment, especially in medium-
high functional patients.14-16 The DPI method is based on 
triggering the movement of the robot using the patient’s 
exerted force or induced velocity.17-19 In some cases, the 
DPI method may even exploit biomedical signals like 
EMG or EEG to initiate the given task.20, 21

Besides the modality of interaction between patient and 
robot, another important feature that can determine the 
success of the therapy is the type of movement proposed. 
It is known that treatments based on purposeful move-
ments show better results in the recovery of the upper-
limb function than those based on movements without a 
goal.22 Therefore, a proper rehabilitation program should 
include high repetition task-oriented movements.23

Unfortunately, the assist-as-need principle and the 
DPI method are often of little applicability in training 
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One physical therapist, the same for all patients, per-
formed all outcome assessments (pretreatment as well as 
post-treatment) with the supervision of the patient’s ref-
erent physician, which could double check the clinical 
tests results even consulting the videos of the patients. 
To minimize biases during post-treatment evaluation, he 
could not have access and view the pretreatment results.

Intervention

The rehabilitation protocol consisted in a 1-month 
intervention, 12 sessions, 3 per week. Every session 
consisted of 40 minutes of robot-assisted training, 20 
minutes of reaching movement (RM) and 20 minutes of 
the hand-to-mouth movement (HtMM).

The two functional movements were selected for the 
robotic training because of their importance in ADLs. In 
fact, these are key movements from a functional point 
of view because they allow, respectively 1) to reach for 
objects placed in front of the subject up to the shoulder 
height, and 2) to take objects towards the body and face. 
The RM and HtMM are two compound movements that 
involve both motion towards and away from the body 
and, just as importantly, are movements continuously 
repeated during common life. Finally, in the case of 
HtMM, it also recalls eating, and ancestral need, which 
involves brain emotional processes making the exercise 
for the patient highly engaging and stimulating.

The frame series of the RM and HtMM are shown in 
Figures 2, 3, respectively. Both movements started from 
the same rest position (hand on the thigh and shoulder 
slightly extended) and ended with shoulder flexed at 90° 
and elbow fully extended in the case of the RM or with 

monitor the neuromuscular activation pattern during the 
intervention sessions.

3.  Two digital video camera (Vixta, BTS, Italy) film 
patients’ movements.

Study design

Patients selected from the Villa Beretta database were 
phone called and asked to participate to the study after 
having verified that inclusion criteria were met. Before 
treatment, patients were further evaluated by their refer-
ent physician. All patients were submitted to the same 
intervention, only movement ranges and velocities were 
customize based on the patients’ residual abilities and the 
EMG activation pattern (see the intervention section). 

Figure 2.—Frames sequence of the RM performed by a healthy subject.

Figure 1.—The robotic platform (Mitsubishi Pa10-7, Mitsubishi, Japan) 
used to perform rehabilitation at the Robotic Rehabilitation and Transla-
tional Reserch Lab installed at Villa Beretta Rehabilitation Center.
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ized exercises. In the case of the HtMM, in order to avoid 
collisions with the robot, the assisted movement started a 
little more sidewise than the freely executed movement. 
The frame series of the robot assisted RM and HtMM are 
shown in Figures 4, 5, respectively. Velocities, character-
ized by bell-shaped profiles, were rigidly imposed; that is, 
the robot handle followed the predefined path and motion 
law independently of the forces applied by the patient. 

the hand touching the mouth (elbow fully flexed and 
shoulder flexed around 30°) in the case of the HtMM.

The hand paths of both the RM and HtMM were taken 
from a healthy subjects’ database of movement acquired 
using the 3D-motion capture system and the procedure 
described in Caimmi et al.25 The trajectories were scaled 
on each patient’s anthropometric measures and velocities 
on his functional residual abilities for creating custom-

Figure 5.—Frames sequence of the robot assisted HtMM performed by a healthy subject.

Figure 4.—Frames sequence of the robot assisted RM performed by a healthy subject.

Figure 3.—Frames sequence of the HtMM performed by a healthy subject.
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Figure 6.—Graphical interface.
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2. T he Medical Research Council scale for muscle 
strength (MRC) 27 was used for evaluating the muscles 
(joint) strength of three targeted movements: shoulder 
abduction, elbow extension and fingers extension. MRC 
is a 15-point scale (5 points for each item).

3.  The Modified Ashworth Scale (MAS) 28 was used 
to assess spasticity. Each tested movement is given a 0 
to 5 score (0 no spasticity, 1 slight increase in muscle 
tone at end movement, 2 slight increase in muscle tone 
up to half of the ROM, 3 more marked increase in mus-
cle tone through most of the ROM, 4 considerable in-
crease in muscle tone, 5 affected part rigid in flexion or 
extension; see footnote i). The tested movement were: 
wrist extension, elbow extension and shoulder abduc-
tion, for a total of 15 (negative) points.

The FMA was chosen as the primary outcome measure.

Statistical analysis

The statistical analysis was performed using the Win-
STAT® for Microsoft® ver.2012.1.0.94.

Considering the small size of the sample, the authors 
wanted to be prudent and preferred to use a nonparamet-
ric method to test for the significance of pre- and post-
treatment differences. In fact, small samples simply do 
not contain enough information to let you make reliable 
inferences about the shape of the distribution in the entire 
population and, consequently, normality tests have little 
power to detect whether or not a sample comes from 
a Gaussian population. In these cases the use of non-
parametric methods seems more appropriate because, 
if a nonparametric test is used when the parametric as-
sumptions are actually met, you are just likely to get a 
P value that is too large. This is because nonparametric 
tests have less power than the parametric ones (around 
95%) in the analysis of normally distributed data.29

For the reasons above the Wilcoxon’s Signed Rank 
Test was used to compare pre- and post-treatment data. 
Alpha was set at 5%. No mathematical transform was 
applied to data before analysis.

Results

The group of patients included 10 subjects, 6 men 
and 4 women, 6 suffering from right hemiparesis and 

i For the sake of simplicity in the calculation, the authors substituted the original 
score calculation of Bohannon (0,1,1+,2,3, and 4) with a 5 points score (0,1,2,3,4 
and 5).

In rehabilitation, this kind of intervention is commonly 
defined as continuous passive mobilization (CPM) be-
cause the patient does not have to actively participate. In 
order to avoid this, the patient was explicitly asked to par-
ticipate by trying to follow (slightly anticipate) the mov-
ing handle. The operator, a specialized physiotherapist, 
could monitor on video the forces of interaction between 
the patient and the robot and EMG pattern activation pat-
tern and, if necessary, could encourage the patient to try 
to participate more. In order not to make the exercise too 
fatiguing (it is worth recalling that both movements were 
against gravity), the patient was asked to change the level 
of engagement every 5 movements by alternately relax-
ing during movement and actively participating. Further-
more, in the case of the HtMM, the patient had to actively 
orientate the robot handle, which was provided by a turn-
ing point, toward the mouth (Figure 3).

To better stimulate proprioception and, to maintain 
patient’s engagement and attention, every minute the 
velocity profile was scaled with peak velocities com-
prised between 0.30 and 0.80 m/s. Slow movements 
were alternated to physiological ones, customizing the 
movement parameters (velocity and range of move-
ment) on the patient’s capability and the EMG activa-
tion pattern. In Figure 6, the graphical interface used to 
administer the treatment is reported. Each progress bar 
represents 1 minute of exercise; velocity is expressed as 
percentage of the velocity needed to perform the move-
ment in 2 seconds (1 second each for the forward and 
backward phases). The EMG was monitored during the 
creation of the exercises to set up the movement pa-
rameters, the maximum velocities above all. They were 
set up in such a way that no stretch-reflex activity was 
present at any of the investigated muscles (the upper 
trapezius, the deltoid anterior, the deltoid medium, the 
deltoid posterior, the triceps brachii lateral head, the bi-
ceps long head, and the brachioradialis).

Outcome measure

The following tests were carried out at baseline (T0) 
and at the end of treatment (T1).

1.  The Fugl-Meyer Assessment (FMA) 26 assessment 
(sections A-D) was used to assess the upper-limb global 
functional impairment. The A-D sections test the func-
tionality of: shoulder and elbow (A), wrist (B), hand (C) 
and coordination of the upper limb (D).
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found (R2=0.795, P<0.002). Interestingly, note that pa-
tient 8, showed no FMA improvement but, by contrast, 
showed increased strength (1 MRC point at shoulder 
and 1 at elbow) and decreased spasticity (1 MAS point 
at the elbow).

As regards the MRC, although seven patients showed 
an improvement of 1 point at least (4 patients showed 1 
point in shoulder abduction, 6 patients showed 1 point 
improvement in elbow extension and 3 patients showed 
1 point improvement in finger extension; Table IV), the 
patients’ group average improvement was not statisti-
cally significant.

Four patients showed a reduction of at least 1 MAS 
point (2 patients showed at least 1 point reduction at the 
shoulder adductors and 3 patients showed 1 point reduc-
tion at the elbow flexors). The group MAS reduction 
was not statistically significant.

4 from left hemiparesis. The patients’ average age was 
60±15 years and the average time from the stroke event 
was 27±20 months. Data are shown in Table I.

All patients were fully compliant with the treatment 
and were able to complete all the 12 robotic rehabilita-
tion sessions.

The pre- and post-treatment FMA total score (primary 
outcome) and sub-scores along with level of statistical 
significance p are reported in Table II. Secondary out-
come measures and total FMA score are shown in Table 
III. Furthermore, patients’ specific items results regarding 
MRC and MAS are reported in Tables IV, V, respectively.

The improvement in the Fugl-Meyer Assessment 
was statistically significant (FMA section A-D, mean 
increment 7.2±3.9 points, P<0.008) and seven patients 
even overtook the minimal detectable change (MCD), 
which for this scale is set at 5.2 points.30 Statistically 
significant improvements were found for all 4 sub-
scores, hand and wrist included. Responsiveness to the 
intervention according to Cohen’s definition was large 
for coordination/velocity, moderate for shoulder and el-
bow, hand and total FMA score, small for wrist scores. 
No correlation was found between the FMA improve-
ments and patients’ age (R2=8E-05, P=0.49) (Figure 7, 
right panel). At a first glance, no correlation between 
FMA and time from stroke seemed to exist (R2=0.031, 
P=0.31). Actually, two patients, number 2 and 8, 
showed a weird behavior (Figure 7, left panel). Specifi-
cally, patient 2 showed 12 FMA points improvement at 
72 months from the stroke, which is a huge improve-
ment while patient 8 showed totally no improvement 
(FMA=0) although he was 6 months from the stroke 
only. Therefore, the linear regression curve was recal-
culated and a statistically significant correlation was 

Table I.—�Patients’ data.

Patients Age
(years) Sex Affected side Months from 

stroke

Pt 1 65 F Left 6
Pt 2 62 M Right 76
Pt 3 24 F Right 32
Pt 4 65 M Left 11
Pt 5 76 F Right 27
Pt 6 68 F Right 51
Pt 7 55 M Left 32
Pt 8 65 M Right 6
Pt 9 73 M Left 8
Pt 10 49 M Right 19

60±15 6 men 4 left 27±20

Table II.—�Fugl Meyer Assessment results.
FMA T0 T1 Δ P

Section A (max 36) 
(shoulder and elbow)

22.0±5.4 25.5±5.2 3.5±2.2 <0.02

Section B (max 10) 
(wrist) 4.1±3.3 5.0±3.1 0.9±1.0 <0.05

Section C (max 14) 
(hand) 5.6±3.9 8.5±4.1 2.9±3.0 <0.02

Section D (max 6)  
(coordination/velocity) 3.4±1.3 4.3±1.1 0.9±0.5 <0.02

Total score (max 66) 36.1±12.0 43.3±11.6 7.2±3.9 <0.008
Sub-sections Fugl Meyer Assessment scores at T0 (before intervention), at T1 
(after intervention).
Δ: score difference (T1-T0); P: level of statistical significance at the Wicoxon Test.

Table III.—�Clinical results.
FMA MRC MAS

T0 T1 T0 T1 T0 T1

Pt 1 29 39 9 9 3 0
Pt 2 50 62 12 15 0 0
Pt 3 41 48 9 12 5 5
Pt 4 22 32 5 6 4 2
Pt 5 18 25 4 5 2 2
Pt 6 45 47 12 12 4 4
Pt 7 24 28 5 5 3 2
Pt 8 56 56 11 13 3 2
Pt 9 40 52 10 12 3 3
Pt 10 36 44 8 9 2 2
Mean 36.1 43.3 8.5 9.8 2.9 2.2
Std ±12.0 ±11.6 ±3.0 ±3.6 ±1.3 ±1.5
Patient’s clinical evaluation before intervention (T0) and after intervention (T1).
FMA: Fugl-Meyer Assessment; MRC: Medical Research Council; MAS: Modi-
fied Ashwoth Scale.
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improvement. A more detailed analysis should be done 
to explain the reason of this result. Maybe he should 
have been trained on tasks requiring more hand dexter-
ity. In fact, an analysis of the FMA Scale (here not pre-
sented) showed that this patient’s impairments regarded 
more the wrist and the hand fine movements. However, 
this hypothesis should be further investigated. The prob-
lem seems to be more complex as motor recovery at the 
hand occurred in 8 patients out of 10. In fact, although 
the improvement was moderate (2.9±3.0, d’=0.71) the 
group’s average FMA improvement at the hand was sta-
tistically significant (P<0.02). This is not entirely sur-
prising because the hand control is strongly affected by 
the proximal joints position as demonstrated by Domi-
nici et al. Their findings suggest that there are differenc-

Discussion

In the present study, patients were submitted to a short 
rehabilitation intervention based on robot fully assisted 
goal oriented functional movements (against gravity). 
First results demonstrate the short term efficacy of the 
intervention in stimulating motor recovery. In fact, the 
group’s improvements, assessed through the Fugl-Mey-
er Scale, were statistically significant (P<0.008); all pa-
tients, but one, showed functional improvement. Seven 
patients, gaining more than 5 FMA points, even reached 
the MDC for this scale. Interestingly, patient 8, a high 
functioning one (FMA=56 at T0), increased his strength 
at elbow and shoulder and presented reduced spasticity 
at the elbow joint, but did not presented any functional 

Table IV.—�Medical Research Council.
T0 T1 ∆

Shoulder
(abd)

Elbow
(ext)

Fingers
(ext)

Shoulder
(abd)

Elbow
(ext)

Fingers
(ext)

Shoulder
(abd)

Elbow
(ext)

Fingers
(ext)

Pt 1 4 4 1 4 4 1 0 0 0
Pt 2 4 4 4 5 5 5 1 1 1
Pt 3 4 4 1 5 5 2 1 1 1
Pt 4 1 4 0 2 4 0 1 0 0
Pt 5 2 2 0 2 3 0 0 1 0
Pt 6 4 4 4 4 4 4 0 0 0
Pt 7 2 2 1 2 2 1 0 0 0
Pt 8 4 4 3 5 5 3 1 1 0
Pt 9 3 4 3 3 5 4 0 1 1
Pt 10 4 4 0 4 5 0 0 1 0
Mean 3.2 3.6 1.7 3.6 4.2 2.0 0.4 0.6 0.3
Std ±1.1 ±0.8 ±1.6 ±1.3 ±1.0 ±1.9 ±0.5 ±0.5 ±0.5
Medical Research Council items of each patient before intervention (T0), after intervention (T1) and difference.
∆: MRC (T1)-MRC (T0); abd: abduction; ext: extension.

Table V.—�Modified Ashworth Scale.
T0 T1 ∆

Shoulder
adductors

Shoulder
adductors

Shoulder
adductors

Shoulder
adductors

Elbow
flexors

Wrist
flexors

Shoulder
adductors

Elbow
flexors

Wrist
flexors

Pt 1 3 0 0 0 0 0 -3 0 0
Pt 2 0 0 0 0 0 0 0 0 0
Pt 3 2 2 1 2 2 1 0 0 0
Pt 4 2 2 0 1 1 0 -1 -1 0
Pt 5 0 0 2 0 0 2 0 0 0
Pt 6 1 3 0 1 3 0 0 0 0
Pt 7 1 2 0 1 1 0 0 -1 0
Pt 8 1 2 0 1 1 0 0 -1 0
Pt 9 1 2 0 1 2 0 0 0 0
Pt 10 0 1 1 0 1 1 0 0 0
Mean 1.1 1.4 0.4 0.7 1.1 0.4 -0.4 -0.3 0.0
Std ±1.0 ±1.1 ±0.7 ±0.7 ±1.0 ±0.7 ±1.0 ±0.5 ±0.0
Modified Ashworth Scale items of each patient before intervention (T0) and after intervention (T1) and difference.
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party and could not be consulted by physical therapist, 
thus trying to avoid possible involuntary comparison 
during the post-treatment evaluation. Furthermore, the 
clinical evaluations performed by the physical therapist 
were double checked by the patients’ referent physicians.

Another limitation of this study is that no clinical 
assessment regarding the ICF activities and participa-
tion domains were performed. Therefore, results dem-
onstrate impairment reduction but do not provide evi-
dences about the effects of gained motor function on 
the patients’ daily life. However, impairment reduction 
is surely a first step towards activity and participation 
improvement. Furthermore, activity and participation 
assessment are needed for a longer period of evaluation, 
which was not compatible with this preliminary study. 
Further assessments are ongoing.

Conclusions
In conclusion, results, in terms of impairment reduc-

tion, were extremely positive considering that the peri-
od of treatment was short (1 month), the number of ses-
sions low (only 12) and, finally, the average time from 
the stroke event large (27±20 months). Interestingly, 
patients significantly improved even some years after 
stroke. This is promising considering that 6‑month af-
ter stroke the recovery of body functions is poor.4 Fur-
ther studies are needed to confirm these results. Future 
assessments at 6- and 12-month follow-up will confirm 
whether the functional gains will be maintained or not. 
A new study is ongoing to verify whether the motor 

es in the corticospinal innervation to fingers muscles, 
possibly due to the different role of the muscles in hand 
function.31 This could explain why patients recovered 
some hand function following the intervention; being 
the movements functional and goal oriented, even the 
hand motor area was stimulated as part of the task.

Finally, the improvement at shoulder and elbow was 
moderate (3.5±2.2, d’=0.66) and statistically significant 
(P<0.02). Even more importantly, the coordination/
velocity items responsiveness to the intervention was 
large (d’=0.82) according to the Cohen’s definition.

It is worth noting that the motor function improve-
ment is not correlated to the patients’ age. Furthermore, 
although a negative correlation seems to exist between 
motor function improvement and time from stroke, re-
covery is possible even some years from the stroke.

Limitations of the study

One limitation of this work is that no control group 
was tested for comparison. However, this is a prelimi-
nary study aiming at verifying the short term effect of 
the treatment on patients’ impairments. Considering that 
patients were in the chronic phase of the disease (27±20 
months from the stroke) and had already undergone a 
“standard” rehabilitation process at Villa Beretta Cen-
tre, the motor function gained is most likely due to the 
proposed intervention. Being the clinical evaluation not 
blinded, there is the risk that results may be affected by 
bias errors due to the subjectivity of the evaluation. To re-
duce this risk, the pretreatment data were kept by a third 

Figure 7.—FMA score plotted against number of months from stroke (left panel) and patient’s age (right panel). The linear regression curve for 
“FMA” vs. “Months from stroke” was calculated twice: 1) considering all subjects, 2) excluding pt2 and pt8, who, in the authors’ opinion, may be 
considered as outliers.

FMA vs. months from stroke FMA vs. patients’ age

                  COPYRIGHT
© 

2017 EDIZIONI MINERVA MEDICA 

T
hi

s 
do

cu
m

en
t 

is
 p

ro
te

ct
ed

 b
y 

in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
.I

t 
is

 p
er

m
itt

ed
 fo

r 
pe

rs
on

al
 u

se
 t

o 
do

w
nl

oa
d 

an
d 

sa
ve

 o
nl

y 
on

e 
fil

e 
an

d 
pr

in
t 

on
ly

 o
ne

 c
op

y 
of

 t
hi

s 
A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
m

ak
e 

ad
di

tio
na

l c
op

ie
s

(e
ith

er
 s

po
ra

di
ca

lly
 o

r 
sy

st
em

at
ic

al
ly

, 
ei

th
er

 p
rin

te
d 

or
 e

le
ct

ro
ni

c)
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
pu

rp
os

e.
It 

is
 n

ot
 p

er
m

itt
ed

 t
o 

di
st

rib
ut

e 
th

e 
el

ec
tr

on
ic

 c
op

y 
of

 t
he

 a
rt

ic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tr

an
et

 f
ile

 s
ha

rin
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 t
he

 A
rt

ic
le

.T
he

 u
se

 o
f 

al
l o

r 
an

y 
pa

rt
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
C

om
m

er
ci

al
 U

se
 is

 n
ot

 p
er

m
itt

ed
.T

he
 c

re
at

io
n 

of
 d

er
iv

at
iv

e 
w

or
ks

 f
ro

m
 t

he
 A

rt
ic

le
 is

 n
ot

 p
er

m
itt

ed
.T

he
 p

ro
du

ct
io

n 
of

 r
ep

rin
ts

 fo
r 

pe
rs

on
al

 o
r 

co
m

m
er

ci
al

 u
se

 is
no

t 
pe

rm
itt

ed
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
re

m
ov

e,
 c

ov
er

, 
ov

er
la

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fr

am
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tr

ad
em

ar
k,

 lo
go

,
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



ROBOT FULLY ASSISTED FUNCTIONAL MOVEMENTS IN UPPER-LIMB REHABILITATION	CAI MMI

Vol. 53 - No. 3	 European Journal of Physical and Rehabilitation Medicine	 399

13.	 Kahn LE, Lum PS, Rymer WZ, Reinkensmeyer DJ. Robot-assisted 
movement training for the stroke-impaired arm: does it matter what 
the robot does? J Rehabil Res Dev 2006;43:619-30.

14.	P ehlivan AU, Sergi F, O’Malley MK. Adaptive control of a serial-
in-parallel robotic rehabilitation device 2013; 2013 Proceedings of 
the IEEE International Conference on Rehabilitation Robotics. 24-26 
June 2013, Seattle, Washington, WA, USA.

15.	P érez-Rodríguez R, Rodríguez C, Costa Ú, Cáceres C, Tormos JM, 
Medina J, et al. Anticipatory assistance-as-needed control algorithm 
for a multijoint upper limb robotic orthosis in physical neurorehabili-
tation. Expert Syst Appl 2014;41:3922-34.

16.	B ower C, Taheri H, Wolbrecht E. Adaptive control with state-depend-
ent modeling of patient impairment for robotic movement therapy. 
IEEE Int Conf Rehabil Robot Jun; 2013. 24-26 June 2013, Seattle, 
Washington, WA, USA.

17.	 Masia L, Krebs HI, Cappa P, Hogan N. Design and characterization 
of hand module for whole-arm rehabilitation following stroke. IEEE/
ASME Trans Mechatron 2007;12:399-407.

18.	 Kahn L, Rymer W, Reinkensmeyer D. Adaptive assistance for guided 
force training in chronic stroke; Proceedings of International Confer-
ence of the IEEE on Engineering in Medicine and Biology Society; 
2004. p. 2722-5.

19.	 Krebs HI, Palazzolo JJ, Dipietro L, Ferraro M, Krol J, Rannekleiv 
K, et al. Rehabilitation robotics: performance-based progressive 
robot-assisted therapy. Auton Robots 2003;15:7-20.

20.	S ong R, Tong KY, Hu X, Zhou W. Myoelectrically controlled wrist 
robot for stroke rehabilitation. J Neuroeng Rehabil 2013;10:52.

21.	 Venkatakrishnan A, Francisco GE, Contreras-Vidal JL. Applications 
of brain-machine interface systems in stroke recovery and rehabilita-
tion. Curr Phys Med Rehabil Rep 2014;2:93-105.

22.	 Bayona NA, Bitensky J, Salter K, Teasell R. The role of task specific 
training in rehabilitation therapies. Top Stroke Rehabil 2005;12:58-65.

23.	S chweighofer N, Choi Y, Winstein C, Gordon J. Task-oriented rehabil-
itation robotics. Am J Phys Med Rehabil 2012;91(11 Suppl 3):S270-9.

24.	C aimmi M, Visani E, Digiacomo F, Scano A, Chiavenna A, Gramigna 
C, et al. Predicting functional recovery in chronic stroke rehabilita-
tion using event-related desynchronization-synchronization during 
robot-assisted movement. BioMed Res Int 2016;2016:7051340.

25.	C aimmi M, Guanziroli E, Malosio M, Pedrocchi N, Vicentini F, Mo-
linari Tosatti L, et al. Normative Data for an Instrumental Assessment 
of the Upper-Limb Functionality. BioMed Res Int 2015;2015:484131.

26.	F ugl-Meyer AR, Jääskö L, Leyman I, Olsson S, Steglind S. The post-
stroke hemiplegic patient. A method for evaluation of physical perfor-
mance. Scand J Rehabil Med 1975;7:13-31.

27.	 Medical Research Council, Aids to the Examination of the Peripheral 
Nervous System, vol. 45 of Memorandum, Her Majesty’s Stationery 
Office, London, UK; 1981.

28.	 Bohannon RW, Smith MB. Interrater reliability of a modified Ash-
worth scale of muscle spasticity. Phys Ther 1987;67:206-7.

29.	 Kitchen CM. Nonparametric vs. parametric tests of location in bio-
medical research. Am J Ophthalmol 2009;147:571-2.

30.	 Wagner JM, Rhodes JA, Patten C. Reproducibility and minimal detect-
able change of three-dimensional kinematic analysis of reaching tasks 
in people with hemiparesis after stroke. Phys Ther 2008;88:652-63.

31.	D ominici F, Popa T, Ginanneschi F, Mazzocchio R, Rossi A. Cor-
tico-motoneuronal output to intrinsic hand muscles is differentially 
influenced by static changes in shoulder positions. Exp Brain Res 
2005;164:500-4.

function gains after treatment do result in improved ac-
tivity. To support the clinical results and to understand 
the mechanisms leading to improvement, instrumental 
measures regarding kinematics, EMG and patient-robot 
interaction forces will be used. Finally, further studies 
in combination with neuro-imaging techniques will be 
performed on patients for verifying and trying to dem-
onstrate the presence of neuroplasticity effects.24 The 
use of neuroimaging techniques could also help under-
standing for how long each patient should be treated.
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