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ABSTRACT

Aim of the study. To evaluate the effectiveness of virtual reality therapy (VRT) Armeo Spring® upper limb exoskeleton (Armeo), 
in early post-stroke rehabilitation with a focus on the elderly.

Clinical rationale for the study. Convalescence from a stroke is a complex process driven by a spontaneous recovery supported 
by multifactorial activation. Novel technology-based rehabilitation methods are being introduced to support brain plasticity.

Materials and methods. Using a randomised controlled study design, participants within 30 days after stroke with arm paresis 
were, in addition to a daily rehabilitation programme, assigned to an intervention group (45 minutes Armeo IG n = 25; mean 
age 66.5 years) performing VRT, or to a conventional physiotherapy (45 minutes) control group (Armeo CG, n = 25, mean age 
68.1 years). Montreal Cognitive Assessment (MoCA), Functional Independence Measure (FIM) and Fugl Mayer Assessment Up-
per Extremity Scale (FMA-UE) were performed before and after the three-week therapy with 12 therapeutic sessions. Results of 
participants < 65 and ≥ 65 years old were compared.

Results. Paretic upper arm function improved significantly in both the IG and CG groups, the improvement in FMA-UE was 
significantly higher in the IG compared to the CG (p = 0.02), and patients ≥ 65 years old presented an equal magnitude of im-
provement in paretic arm function compared to younger patients.   

Conclusions and clinical implications. Early post-stroke rehabilitation strategies using, in addition to the daily rehabilitation 
programme, VRT with visual biofeedback is more effective on upper extremity motor performance than conventional physiothe-
rapy, and the effectiveness does not diminish with patient age. This may be a promising addition to conventional physiotherapy 
in older stroke patients as well as in younger.
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Introduction 

Due to demographic ageing, the number of older stroke 
survivors is steadily increasing. Mortality and functional out-
come depend primarily on rapid recognition of the stroke signs 

by the individual or his or her community, an organised system 
of care from ambulance to stroke unit, prompt evaluation by 
the stroke team, and the fast administration of reperfusion 
including intravenous thrombolysis (IVT) and endovascular 
thrombectomy (EVT) [1, 2]. After this acute intervention, 
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early rehabilitation based on neurorehabilitation principles 
contributes significantly to the optimisation of functional 
outcomes and overall well-being/quality of life of elderly stroke 
patients. Novel technology-based rehabilitation methods are 
being introduced to support brain plasticity. However, little 
is known about how these new technologies are accepted by 
older patients, or whether their effectiveness is comparable 
to that seen in younger individuals. Convalescence from 
a stroke is a complex process driven by a spontaneous recovery 
supported by multifactorial activation [3, 4]. From studies 
on neuroplasticity, we know that rehabilitation should start 
early, be intensive enough (in time or contain a high number 
of repetitions), and be focused on function, to achieve the 
best results [5–7]. 

These are the principles that therapies with different 
biofeedback, robot-assisted therapies (RT) or therapies using 
virtual reality (VR) are based upon. They motivate patients 
to do a higher number of repetitions, prolong the thera-
peutic time, and bring stimulation through their engaging 
design. In VR, virtual environments and objects provide the 
user with visual feedback, which can be presented through 
a head-mounted device, projection system, or flat screen. 
Biofeedback enables control on the timing of the task and 
supports motor learning [8].

Clinical rationale for the study

There have been numerous studies on the effectiveness 
of the use of RT or VRT by patients after stroke in subacute 
and chronic state, but only a few studies concerning the acute 
phase [9–11]. Acute phase studies usually explore RT as an 
add-on therapy to conventional therapy, not providing direct 
comparison of effectiveness of these innovative therapies 
themselves with conventional treatment [12]. 

Therefore, the aim of our study was to evaluate the effec-
tiveness of additional therapy using the Armeo Spring robotic 
arm device compared to additional conventional physiother-
apy for upper limb function in the early phase of post-stroke 
rehabilitation. 

The incidence of stroke rapidly increases with age, dou-
bling for each decade after the age of 55 [13, 14]. Crude mortal-
ity and crude incidence of stroke are both positively correlated 
with the proportion of the population aged over 65 years [15]. 

Therapies with visual biofeedback use modern technolo-
gies that older patients are often not familiar or comfortable 
with. For this reason, we decided to compare the effectiveness 
of virtual reality therapy in stroke patients aged over 65 to that 
of younger patients. 

Materials and methods

The study was carried out in the Stroke Rehabilitation 
Unit of the General University Hospital in Prague between 
January 2015 and June 2019. Patients were admitted from the 

Department of Neurology early after acute stroke (days after 
stroke to baseline: mean 14.79 ± 6.88 SD). The study was 
approved by the Ethics Committee of the General University 
Hospital and the patients signed informed consent before 
their entry into the study. Consecutively admitted patients 
to the rehabilitation department, fulfilling the inclusion 
criteria, were randomly assigned to either the virtual reality 
intervention group (IG) or to the control group (CG) with 
conventional physiotherapy, both in supplement to the daily 
rehabilitation programme. This programme consists of at 
least 3–4 hours of activity which includes one hour of phys-
iotherapy twice a day, occupational therapy, therapies using 
passive or motor splints and motor operated/motor assisted/
active movement training for lower extremities. According to 
an individual patient´s needs there is also group therapy for 
functional hand training and individual or group therapy for 
speech and cognitive impairment. Enrollment of the patients 
was complete when 25 patients had successfully finished the 
study in each group [IG (n = 25), CG (n = 25)]. Patients who 
didn’t complete the full three-week programme for health 
reasons (unconnected to the rehabilitation programme) were 
excluded from the study.

Inclusion criteria were: first acute stroke with onset less 
than 30 days before the start of the therapy, ability to cooperate 
(as rated by the treating physician) and a post-stroke upper 
limb function deficit (FMA-UE 6–60 points). Patients unable 
to cooperate due to a severe hemispatial neglect syndrome 
(HSNS), usually connected with a low FMA-UE score, were 
excluded. Patients with mild HSNS (according to Catherine 
Bergego Scale (CBS) [16]) who could cooperate and use an 
Armeo device participated in the study. 

Exclusion criteria were a severe cognitive impairment or 
severe sensoric aphasia, severe vision impairment diagnosed 
by an ophthalmologist, and the presence of any other neurolog-
ical condition. MoCA scores were not used as an exclusion cri-
terion. We used a neuropsychological assessment and a speech 
therapist assessment to assess the cognitive impairment and/or 
sensoric aphasia, as standardised cognitive tests didn´t reflect 
the ability to understand and perform the therapy. 

The primary outcome was measured by the Fugl Mayer 
Assessment Upper Extremity Scale (FMA-UE) [17–19]. The 
Functional Independence Measure (FIM) [20, 21] was cho-
sen to assess secondary outcomes in the form of daily living 
activities. The Montreal Cognitive Assessment (MoCA) [22, 
23] was performed to follow changes in cognitive functions. 
All assessments were performed at the beginning and end 
of a three-week therapy with 12 therapeutic sessions, when 
four conventional therapies were replaced by VRT in the IG 
group every week. 

A total of 50 adults, mean age 67.34 ± 12.21 years, complet-
ed the study, of whom 29 were aged over 65. Forty-four patients 
suffered from ischaemic stroke and six from haemorrhagic 
stroke (Tab. 1). Patients were initially treated by IVT/EVT or 
with no intervention (according to the time of stroke onset 
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Table 1. Baseline characteristics of participants 

Baseline N i-CVA /  
h-CVA,  

n 

Age,  
years,  

mean ± SD

Age  
≥ 65, 

n

Gender 
m/f, n

DTB, days, 
mean ± SD

Paresis of do-
minant /right/

left hand, n

HSNS FMA-UE 
mean ± SD

FIM 
mean ± SD

Armeo IG 25 20/5 66.56 ± 12.26 14 14/11 14.88 ± 6.45 16/18/7 1 39.0 ± 14.54 89.04 ± 14.35

Armeo CG 25 24/1 68.12 ± 11.97 15 15/10 16.4 ± 7.25 13/14/11 4 45.2 ± 15.52 82.8 ± 19.92

i-CVA/h-CVA — ischaemic/haemorrhagic cerebrovascular accident; DTB — days after stroke to baseline; HSNS — hemispatial neglect syndrome; FMA-UE — Fugl Mayer Assessment Upper Extremity Scale; FIM 
— Functional Independence Measure

Figure 1. Armeo spring device

Table 2. Assessment results

Armeo IG n = 25 CG n = 25

T0, mean 
± SD

T1, mean 
± SD 

ΔΔ% T0, mean 
± SD

T1, mean ± SD ΔΔ% p value

MoCA (0–30) 21.8 ± 4.88 25.6 ± 3.54 3.8 
17.43

20.3 ± 6.14 22.9 ± 5.53 2.6 
12.8

0.302 

FIM (0–126) 89.0 ± 14.35 110.8 ± 8.17 21.8 
24.49

82.8 ± 19.92 104.9 ± 15.49 22.1 
26.69

0.808

FMA-UE (0–66) 39.0 ± 14.54 54.5 ± 10.06 15.5* 
39.74*

45.2 ± 15.52 54.2 ± 13.93 9 
19.91

0.0209*

LOS, days, mean 35.76 ± 10.79 33.08 ± 8.53 0.741

IG — intervention group; CG — control group; MoCA — Montreal Cognitive Assessment; FIM — Functional Independence Measure; FMA-UE — Fugl Mayer Assessment Upper Extremity Scale; LOS — length of 
stay; T0 = baseline; T1 = end of treatment intervention; Δ = change between T0 and T1; Δ% = percentage of change between T0 and T1 compared to baseline level T0; *level of significance 95%

and other indications). Two participants (one each in IG and 
CG) dropped out of the study during the intervention period 
due to health problems not related to the exercise programme; 
they were replaced by further enrolled patients. Altogether, 
29 men and 21 women completed the programme. There was 
no significant difference between the Intervention Group and 
the Control Group on the baseline of the study in terms of 
FMA-UE, FIM, age or days after stroke. There were four pa-
tients with mild HSNS in the control group compared to one 
patient in the intervention group. We used the Armeo Spring 
device [24, 25] (Fig. 1). This upper extremity exoskeleton 
gives weight support for the arm and hand, which allows the 

use of remaining motor functions. Movement is self-initiated. 
Reach and grasp are trained based on the patient´s simulta-
neous movement of arm and hand. The therapist or patient 
can choose specific treatment goals using visual biofeedback 
on the screen in the form of games, completing different 
functional tasks [26].  

Data for all age groups was analysed using MS Excel and 
R statistical software. Following the calculation of descriptive 
statistics, the hypothesis that the results in the IG and the 
results in the CG were selected from populations having the 
same distribution were tested by non-parametric Mann-Whit-
ney U test. To compare results for patients under 65 and over 
65, Fisher´s exact test was used (due to small sample sizes). 

Results

There was no difference in the magnitude of improvement 
in MoCA and FIM between the IG and CG groups. There was 
a significantly bigger improvement in FMA-UE for IG than 
for CG (p-value = 0.0209) (Tab. 2). 

Comparing results for patients < 65 and ≥ 65 years old 
(Fisher´s exact test), there was no significant difference 
between younger and older patients (Tab. 3) in terms of the 
distributions in MoCA and FMA-UE both in the IG and the 
CG (p-value between 0.14 and 0.68). As concerns FIM values, 
the hypothesis of equal distribution cannot be rejected for IG 
(p-value = 0.377), while it is rejected for CG at a 95% level 
of significance (p-value = 0.040), which was caused by poor 
results of patients below 65 years (all eight patients reached 
FIM values below or equal to 30). 
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 Table 3. Results for patients over 65 compared to younger

Armeo 
n = 14

 
n = 11

 
n = 17

 
n = 8

Test (range) IG ≥ 65  
Δ mean 

Δ%

IG < 65 
Δ mean 

Δ%

CG ≥ 65 
Δ mean 

Δ%

CG < 65  
Δ mean  

Δ%

MoCA (0–30) 4.43 
20.88

2.8 
12.33

3.13 
16.20

1.75 
7.90

FIM (0–126) 20.86 
23.10

23.00 
26.24

23.70 
29.54

18.87 
21.38

FMA-UE (0–66) 13.5 
32.25

17.81 
50.36

9.11 
20.93

8.62 
17.69

IG — intervention group; CG — control group; MoCA — Montreal Cognitive Assessment; FIM — Functional Independence Measure; FMA-UE — Fugl Mayer Assessment Upper Extremity Scale; T0 = baseline; T1 
= end of treatment intervention; Δ = change between T0 and T1; Δ% = percentage of change between T0 and T1 compared to baseline level T0

Discussion

The aim of this randomised study was to evaluate the 
effectiveness of the VR therapy  Armeo Spring upper limb 
exoskeleton in early post-stroke rehabilitation, as well as to 
investigate whether there were differences between younger 
(below 65 years) and older (over 65) patients. We analysed the 
influence of rehabilitation on reduction of final disability level. 
We did not take into consideration the initial impairment caused 
by stroke (NIHSS) nor the type of primary intervention (IVT/
EVT/no intervention). In the study by Angerova et al. [27], the 
cost-effectiveness of early inpatient rehabilitation after stroke is 
positively associated with the degree of initial motor disability. 

The main finding of our study is that additional Armeo 
therapy had significantly better results than additional con-
ventional therapy, particularly for upper extremity motor 
performance as assessed by the FMA-UE. The Armeo study 
secondary outcomes (MoCA and FIM) did not show any 
difference between the IG and CG. 

There was a higher number of patients with mild HSNS 
in the control group, which could slightly influence the re-
sults [28, 29], but the numbers of HSNS were too small in 
both groups to form statistical evidence (p-value = 0.349 for 
Fisher´s exact test).  

In the literature, most studies of robot-assisted upper limb 
rehabilitation (RT-UL) when added to conventional therapy 
have proved an effect on upper limb motor performance. For 
example, in the systematic review and meta-analysis of RT-UL 
in stroke rehabilitation by Norouzi-Gheidari [11],  additional 
RT-UL is more beneficial, but when the duration time or 
intensity of the conventional therapy is matched to that with 
RT-UL, no difference was found between therapies in terms of 
motor recovery, ADL or motor control. The same results were 
found from the Cochrane Database of Systematic Reviews 
by Laver et al. [26]. Greater reductions in motor impairment 
and improvements in functional abilities were found in acute 
post-stroke patients who received RT-UL in addition to con-
ventional therapy in the study of Masiero et al. [12]. In RCTs 
of Taveggia et al. [30], Colomer et al. [31] and Bartoldo et 

al. [32], the RT-UL time-matched to conventional therapy 
was found to be similarly effective (but not more effective) 
as conventional therapies. Also, Rodgers et al. [33] found 
in a multicentre randomised controlled trial with matched 
therapy time duration that results in RT-UL did not differ 
from control groups. 

Only Veerbeek et al. [10] in their meta-analysis of rel-
evant RCTs for RT-UL compared to non-robotic treatment 
found significant, but small, improvements in motor control 
and muscle strength of the paretic arm and a negative effect 
on muscle tone, while no effects were found for basic ADL. 

These results correspond with those of our study, where 
we could see an impact of RT-UL on upper limb motor 
performance, but not transferred to ADL. The influence of 
spasticity which contributes much to upper extremity motor 
performance in the post-acute and chronic phases after stroke 
was not investigated in our study. 

Our patients finished the study less than two months after 
stroke and only a small proportion of them developed mild 
spasticity MAS ≤ 2 during this time that did not interfere 
with the function. This corresponds with our 2017 study 
[34].  None of the patients needed treatment of botulinum 
toxin on the upper hand in the time of the study. There is 
still not enough evidence on spasticity management at such an 
early stage, with most studies starting to treat spasticity three 
months after stroke onset. In the study by Schinwelski et al. 
[35] focused on 121 stroke patients with hemiparesis, 45% of 
patients developed spasticity (MAS ≥ 1) in the three months 
after stroke. According to Wissel et al. [36], the treatment of 
focal or regional spasticity with intramuscular injections of 
botulinum toxin should start early in the ‘golden time’ when 
spasticity occurs and before soft tissues begin to shrink. Gracies 
[37, 38, 39] recommends (besides botulinum toxin) to apply 
early prolonged stretching on hyperactive muscles and active 
repetitive movements on paretic ones. In our department, we 
use those principles immediately when spasticity occurs.  

However, results in RCTs differ. It’s important to continue 
studies that seek to identify appropriate stroke patients with 
a potential for recovery at the early post-stroke baseline. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Norouzi-Gheidari%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22773253


95www.journals.viamedica.pl/neurologia_neurochirurgia_polska

Tereza Gueye et al., Early post-stroke rehabilitation for upper limb motor function using virtual reality and exoskeleton

Calabro et al. [40] offered an evaluation of the cortical excita-
bility and plasticity potential of the bilateral primary motor ar-
eas using transcranial magnetic stimulation to predict Armeo 
potential to improve upper limb motor function recovery. 

To the best of our knowledge, there is a high number of 
studies on the effectiveness of VR in stroke patients in sub-
acute and chronic states. In our study, we followed patients 
in the very early phase, recruited not later than one month 
from stroke onset. Such an early start of the therapies with 
VR or RT-UL is exceptional. In the meta-analysis of Veerbeek 
[10], the impact of RT-UL, if started in the first post-stroke 
weeks, remains unclear. Laver et al. [26] compared studies 
with patients recruited within six months after stroke to those 
recruited after six months or more. They found significantly 
better outcomes in IG (with VR) in the chronic phase, but 
not in the subacute one. According to the authors, the rea-
son could be higher spontaneous recovery in both groups 
in subacute patients. Our results show moderate evidence 
of the effectiveness of VR in acute post-stroke patients for 
upper limb motor performance. We also assessed the effec-
tiveness of therapy with VR in patients over 65. There was 
no significant difference found between younger and older 
patients in all performed tests in IG or CG. Older adults using 
the Armeo device improved significantly more in FMA-UE 
compared to the CG, in the same way as younger participants. 

There have been some papers investigating the use of 
virtual reality in the elderly, however we know of few studies 
comparing younger participants to the elderly. VR includes 
applications to promote physical activities, interactive video 
games, balance platforms and/or assist robots. A systematic 
review of active video games on rehabilitative outcomes among 
older patients by Zeng et al. [41] reported positive effects 
on balance, physical functioning and level of motivation. 
However, the existing evidence is insufficient to support the 
advantages of VR over the standard therapy. It is also unclear 
whether VR applications constitute a viable rehabilitative tool 
to improve cognitive outcomes. 

Clinical implications/future directions

Therapies using virtual reality with visual biofeedback 
have similarly good results as those of conventional therapy in 
post-stroke patients when starting not later than 30 days after 
stroke onset. The Armeo Spring device has a good influence 
on upper extremity motor performance. Patients over 65 years 
do not have worse outcomes. Further studies with novel re-
habilitation therapy techniques in larger patient samples are 
needed to confirm our preliminary data, as well as the timing 
and optimal length of treatment. 

Disclosure: This project was supported by Specific Academic 
Research Projects Competition of Charles University in Prague 
No. 260 500.
Conflicts of interest: None.

Abbreviations:
VRT — virtual reality therapies; IG — intervention group; 

CG — control group; MoCA —  Montreal Cognitive Assess-
ment; FIM — Functional Independence Measure; FMA-UE 
— Fugl Mayer Assessment Upper Extremity Scale; m-RIM 
— Modified Rivermead Mobility Index; RT — robot-assisted 
therapy; RT-UL — robot-assisted therapy for upper limb; VR 
— virtual reality; HSNS — hemispatial neglect syndrome; CBS 
— Catherine Bergego Scale; RCTs — randomised controlled 
trials; MAS — Modified Ashworth Scale
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