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Abstract—This work presents the preliminary results of a
randomized controlled trial aimed at evaluating the efficacy of
a novel hybrid robotic system for arm rehabilitation after
stroke. The system was developed within the European project
RETRAINER and consists of a passive exoskeleton for weight
relief combined with an arm EMG-triggered neuroprosthesis.
Up to now, 39 patients completed the 9-week intervention:
patients in the experimental group achieved a significantly
better effect in the motoric outcome measures with respect to
control subjects receiving only conventional therapy. These
promising results need to be confirmed on a larger sample.

I. INTRODUCTION

NNUALLY an estimated 5 million people worldwide

suffer from stroke [1]. Due to population growth, aging
and an increase in the prevalence of risk factors, this number
is on the rise [2]. Most stroke survivors are severely limited
in performing social and occupational activities, due to
impairment, disability and handicap [3]. This is especially
true when the upper extremities are affected, where the rate
of full recovery is as low as 20% [4].
It is generally accepted that goal-oriented repetitive
movement therapy has a positive effect on the recovery of
motor functions [5]. Recent studies suggest that the use of
Functional Electrical Stimulation (FES) within such a
training framework, further improves the therapy outcomes
[6].

Within the last years robotic systems [7], [8] and hybrid
robotic systems [9] have been tested successfully for the
recovery of arm functions.

The herein presented RETRAINER S1 system was designed
to train arm functionalities using EMG-triggered FES in
combination with a light-weight, passive exoskeleton
providing gravity compensation [10]. This work describes
the preliminary results of a randomized controlled study
(RCT) aimed at testing its efficacy on post-acute stroke
patients.
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II. MATERIAL AND METHODS

A. Design and participants

The evaluation of the system was designed as a multi-
center single blind RCT conducted at Asklepios
Neurologische Klinik Falkenstein (Germany) and at Villa
Beretta Rehabilitation Center (Italy). The protocol was
registered in ClinicalTrials.gov (NCT03171649).

Patients aged between 18-85 years were considered
eligible after experiencing their first stroke two weeks up to
nine months before study enrollment. A major unilateral
functional impairment, a residual muscular activity in arm
and shoulder muscles (MRC >1) and a Mini-Mental State
Examination >20 were defined as inclusion criteria.

A sample size of 68 patients was a-priori calculated to be
capable of detecting a clinically significant between-group
difference of 5.7 points in the primary endpoint Action
Research Arm Test (ARAT).

B. Interventions

Additionally to their standard therapy, subjects in both
groups were trained 30 minutes three times a week for a total
of 9 weeks. Whereas subjects of the control group received
conventional therapy, subjects of the experimental group
used the RETRAINER S1 system for 30 minutes each session.
During each session, up to two arm muscles, selected among
biceps brachii, triceps brachii and deltoids (anterior,
posterior, lateral), could receive FES. The rehabilitative
setting enabled the patients to perform 7 different exercises,
e.g. anterior reaching and moving objects on a plane or in
space, lateral elevation and hand to mouth movements.

C. Outcome Measures and statistical analysis

Patients were assessed before (TO0), at the end (T1), and
one month after the end of the intervention (T2). The
primary outcome measure was the ARAT. Other outcome
measures as the Motricity Index (MI), the Motor Activity
Log (MAL), the Box&Blocks Test (BBT), and the Stroke
Specific Quality of Life Scale (SSQOL) were collected.

A t-test for independent samples was applied to evaluate
between-group differences in terms of age and time since
stroke.

Linear mixed model analyses for repeated measures (p-
value<0.05) were made for each outcome measure, with
group and time entered as fixed effects, and the crossover
effect of time and group as an interaction term.



III. RESULTS AND DISCUSSION

Up to now, a total of 39 patients were recruited for the
study and randomized to the experimental (n=19) and the
control group (n=20). All patients performed the post-
treatment assessment and were included in the analysis.

TABLEI
PARTICIPANTS’ CHARACTERISTICS
Experimental Control P.
rou rou
(%1:15) (gszg) value}

Age*, years 59.0 (15.9) 67.7 (12.1) 0.06
Time since event*, day 64.3 (66.0) 79.6 (93.8) 0.56
Gender (male / female) 13/6 12/8

Etiology (ischemic / 6/6 10/4
hemorrhagic)

Affected side (left / right) 12/7 13/7

* Mean (standard deviation)
1 t-test for independent samples

Table I shows the participants’ characteristic at baseline:
no differences were found between group.

Table II reports the changes over time and between
groups: a more significant improvement was found for all
outcome measures but SSQOL in favor of the experimental
group, as highlighted by a p-value<0.05 for the interaction
effect. The missing significant improvements in the SSQOL
could be attributed to the fact that most surveys have been
performed during the inpatient stay of the recruited subjects.
Experiences in their familiar environment at home could not
be considered.

The significant improvements in the motoric outcome
measures in favor of the experimental group might be
ascribed to three different factors: the increased afferent
feedback provided by FES in close association with the
voluntary effort of the patient, the high number of
purposeful repetitions in a sufficient amount of time allowed
by the system, and the task-specific training which was
made by the weight compensation provided by the
exoskeleton.

IV. CONCLUSION

Up to now only half of the sample size has been
performed the post treatment assessment and therefore the
present results are not statistically powerful. Nevertheless,
the preliminary results about the efficacy of the RETRAINER
S1 system are promising and indicate a positive effect in the
motoric rehabilitation of acute stroke patients. A clinically
significant between-group difference in the primary outcome
was found at the end of the intervention and preserved after
one month, but these results need to be confirmed at the end
of the RCT.

REFERENCES

[1] G. A. Mackay, Judith, Mensah, “Types of Cardiovascular Diseases,”

Atlas Hear. Dis. Stroke, pp. 18-19, 2004.

V. L. Feigin et al., “Atlas of the global burden of stroke (1990-2013):

The GBD 2013 study,” Neuroepidemiology, vol. 45, no. 3, pp. 230—

236, 2015.

U. Sveen, E. Bautz-Holter, K. Sedring, T. Wyller, and K. Laake,

“Association between impairment, self-care ability and social activities

lyear after stroke,” Disabil. Rehabil., vol. 21, no. 8, pp. 372-377, 1999.

G. Kwakkel, B. J. Kollen, J. V. Van der Grond, and A. J. H. Prevo,

“Probability of regaining dexterity in the flaccid upper limb: Impact of

severity of paresis and time since onset in acute stroke,” Stroke, vol. 34,

no. 9, pp. 2181-2186, 2003.

B. French et al., “Repetitive task training for improving functional

ability after stroke,” Cochrane Database Syst. Rev., vol. 2016, no. 11,

pp. 102-104, 2016.

O. A. Howlett, N. A. Lannin, L. Ada, and C. Mckinstry, “Functional

electrical stimulation improves activity after stroke: A systematic

review with meta-analysis,” Arch. Phys. Med. Rehabil., vol. 96, no. 5,

pp. 934-943, 2015.

H. 1. Krebs et al., “Robot-Aided Neurorehabilitation: A Robot for Wrist

Rehabilitation,” JEEE Trans. Neural Syst. Rehabil. Eng., vol. 15, no. 3,

pp. 327-335, 2009.

R. Riener, T. Nef, and G. Colombo, “Robot- aided neurorehabilitation

of the upper extremities,” Med. Biol. Eng. Comput., vol. 43, pp. 2-10,

2005.

S. M. Hatem et al., “Rehabilitation of Motor Function after Stroke: A

Multiple Systematic Review Focused on Techniques to Stimulate

Upper Extremity Recovery.,” Front. Hum. Neurosci., vol. 10, no.

September, p. 442, 2016.

[10]E. Ambrosini et al., “The combined action of a passive exoskeleton and
an EMG-controlled neuroprosthesis for upper limb stroke
rehabilitation: First results of the RETRAINER project,” IEEE Int.
Conf. Rehabil. Robot., pp. 56-61, 2017.

(2]

(3]

TABLEII
CHANGES OVER TIME AND BETWEEN GROUPS (N:39)

Group TO* T1* T2* " r‘(’) J;tlfefic ) p(\;?rlrlll: ' (grr)(-)\Llli)l’tlteifne

effect) effect)

ARATOSD Bwermenal 62029 313003  2ma(sg 026 0001 0003

asTomnoee 09 ol 350400 HEY o am o

s 100 ol 3100 SHED B9 o am o

s S dodio 00 Gl B0 U0 R0 n am o

ol 208 009 0109w om

ML quniy 09 Coml 1200 00n WD oy o

oet g)(:lr:)l:zrr(i)rlnental 52((140)) 199((11?) 291 ((1138)) 0.106 <0.001 0-003

ssc0L o249 -

*Mean (standard deviation); i Linear mixed model analysis for repeated measures



