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Abstract.
Background: Standard mirror therapy (MT) is a well-established therapy regime for severe arm paresis after acquired brain
injury. Bilateral robot-assisted mirror therapy (RMT) could be a solution to provide visual and somatosensory feedback
simultaneously.
Objective: The study compares the treatment effects of MT with a version of robot-assisted MT where the affected arm
movement was delivered through a robotic glove (RMT).
Methods: This is a parallel, randomized trial, including patients with severe arm paresis after stroke or traumatic brain injury
with a Fugl-Meyer subscore hand/finger < 4. Participants received either RMT or MT in individual 30 minute sessions (15
sessions within 5 weeks). Main outcome parameter was the improvement in the Fugl-Meyer Assessment upper extremity
(FMA-UE) motor score. Additionally, the Motricity Index (MI) and the FMA-UE sensation test as well as a pain scale were
recorded. Furthermore, patients’ and therapists’ experiences with RMT were captured through qualitative tools.
Results: 24 patients completed the study. Comparison of the FMA-UE motor score difference values between the two groups
revealed a significantly greater therapy effect in the RMT group than the MT group (p = 0.006). There were no significant
differences for the MI (p = 0.108), the FMA-UE surface sensibility subscore (p = 0.403) as well as the FMA-UE position
sense subscore (p = 0.192). In both groups the levels of pain remained stable throughout the intervention. No other adverse
effects were observed. The RMT training was well accepted by patients and therapists.
Conclusions: The study provides evidence that bilateral RMT achieves greater treatment benefit on motor function than
conventional MT. The use of robotics seems to be a good method to implement passive co-movement in clinical practice.
Our study further demonstrates that this form of training can feasibly and effectively be delivered in an inpatient setting.
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1. Introduction

Hemiparesis is a frequent consequence of stroke or
traumatic brain injury, and one of the most relevant
predictors of long-term disability (Hendricks et al.,
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2002; Platz & Roschka, 2009). According to Wade
et al. (1983) about 50% of stroke patients present-
ing with an initially flaccid arm in the subacute phase
maintain the motor deficits six months post stroke.
Kwakkel et al. (2003) further showed that only 12% of
stroke patients manage to regain pre-stroke levels of
arm functionality in the long term. Improving upper
limb rehabilitation outcomes therefore remains a key
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challenge. This is especially so for those patients with
severe arm paresis, not in the least because activities
of daily living, such as washing or dressing are more
difficult, which presents a barrier to independent liv-
ing (Mayo et al., 2002).

Several therapeutic strategies for the rehabilita-
tion of arm function have been proposed (Deutsche
Gesellschaft für Neurorehabilitation, 2020). One of
them, mirror therapy (MT), is a successful approach
that is particularly useful for patients with severe
arm paresis (Dohle et al., 2009; Pérez-Cruzado et al.,
2017; Thieme et al., 2018). During MT patients move
their unaffected limb next to a mirror so that the mir-
ror image appears as if it were the affected limb. A
range of studies has shown that the visual illusion
of the affected hand moving drives the activation of
the cortical, mainly contralateral, regions controlling
the affected arm (Dohle et al., 2004; Dohle et al.,
2011; Matthys et al., 2009; Michielsen et al., 2011).
This neural activation supports the functional reor-
ganization of the sensorimotor circuity damaged by
the stroke, which in turn promotes improvements in
affected arm motor control.

Mirror therapy can be performed in two different
ways, the unilateral and the bilateral version respec-
tively which differ in their clinical effect (Morkisch
et al., 2019; Selles et al., 2014). In the unilateral
version movements are only performed with the unaf-
fected arm while the affected arm lies on the other
side of the mirror passively. In the bilateral version
the affected arm is actively involved in the movement
exercises either through patients trying to move the
affected arm themselves or the affected arm is moved
passively with the aid of a therapist (Bae et al., 2012;
Dohle et al., 2009; Michielsen et al., 2011; Miltner
et al., 1999). We propose that the simultaneous acti-
vation of the affected arm representation, induced by
the visual illusion and the actual attempt to move pas-
sively the affected arm, maximises the neuroplasticity
mechanisms proposed to drive the treatment bene-
fits. Through an additional sensory input it could be
shown that especially the sensorimotor area and the
superior temporal gyrus of the right hemisphere were
activated (Gu et al., 2021). More effective ways of
delivering bilateral MT therefore harbour the poten-
tial of greater treatment efficacy.

Theoretically a bilateral approach in MT has a good
potential for better outcome. However, in practice it
is not easily applied. Most patients with severe hemi-
paresis lack the degree of affected arm motor control
necessary to engage in bilateral MT (Selles et al.,
2014). The alternative, passive movement through

a therapist, showed positive effects on affected arm
motor skills (Miltner et al., 1999), but faces other
challenges. Thus, the passive movement by the thera-
pist must be performed as synchronously as possible
(Dohle, 2012), because sizable deviations between
the visual and the proprioceptive feedback can lead
to irritations or pain (Fink et al., 1999; McCabe
et al., 2005). Moreover, the desynchronization of
visual and sensorimotor feedback results in desyn-
chronised neural inputs which is likely to reduce
adaptive neuroplastic changes, and hence treatment
efficacy (Hummel & Cohen, 2005).

Robot-assisted mirror therapy (RMT) could be a
solution to the challenges listed above because it
provides visual and somatosensory feedback simul-
taneously and reliably. Robot-assisted therapies are
increasingly finding their way into the treatment
of neurological patients. They have the potential to
improve the quality and intensity of rehabilitation
treatments (Morone et al., 2020). Only few studies
have investigated RMT so far (Beom et al., 2016; Kim
et al., 2022). However, they have included mainly
healthy people or patients with moderate upper limb
impairment. Critically, the application had not been
studied in a clinical setting. The present study was
therefore designed to compare the treatment effects
of unilateral MT with a version of bilateral MT where
the unaffected arm movement was delivered through
a robotic glove (RMT). Furthermore, patient and ther-
apist experiences with RMT were captured through
qualitative tools.

2. Methods

2.1. Trial design and Setting

The present study is a randomised controlled
trial conducted at two inpatient neurorehabilita-
tion facilities in Germany (Zentrum für Post-Akute
Neurorehabilitation in Berlin; Aatalklinik, Bad
Wünnenberg). The study protocol was approved by
the local ethics committee (Ärztekammer Berlin)
and registered with the German Register for Clinical
Studies (DRKS00015893). Written informed consent
of all participants was obtained prior to participation.

2.2. Inclusion criteria and randomisation

Patients with acquired brain injury (stroke or trau-
matic brain injury) were screened for eligibility by
the study team using the following inclusion criteria:
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(a) severe arm paresis with a Fugl-Meyer subscore
hand/finger < 4, (b) Ashworth Spasticity Index < 3 in
hand and finger joints, and (c) ability to follow ther-
apist instructions. Exclusion criteria comprised (d)
contractures in shoulder, elbow, hand or finger joints,
(e) acute rheumatism, (f) advanced osteoarthritis in
shoulder, elbow, hand or finger joints, (g) botulinum
toxin injection in the affected arm less than three
months prior to study enrolment.

The study procedure is shown in Fig. 1. Partici-
pants were randomly allocated to one of two groups,
the robot-assisted mirror therapy group (RMT) or
the mirror therapy group (MT). Randomisation took
place in blocks of 4; group allocation was blinded
via a predefined list available only to a person not
involved in the study (secretary’s office).

2.3. Intervention

Patients received either RMT or MT in individ-
ual 30 minute sessions. 3–5 sessions were provided
per week with the aim of completing 15 training ses-
sions within 5 weeks. The therapists who carried out
the intervention were properly trained and followed
the standard operating procedures specified in the
therapy manual.

In both therapy groups a mirror (40 × 60 cm) was
placed in the patients’ midsagittal plane (Fig. 2).
Patients were asked to move the unaffected arm so
that its reflection in the mirror created the illusion of
the affected arm moving. In both intervention groups
participants performed three hand exercises for five
minutes respectively: (a) open and close fist (b) sin-

gle finger sequence where each finger is stretched
and flexed individually and (c) finger-count from 1–5
then close to fist. The order of these exercises was
varied across participants and sessions. Before every
exercise, the task was practiced without a mirror for
about one minute (approx. eight repetitions).

Fig. 1. Study flow chart.

Fig. 2. (A) Setting of robotic assisted mirror therapy (RMT); (B) Setting of mirror therapy (MT).
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In the MT Group patients were asked to rest the
affected arm comfortably behind the mirror (Fig. 2B).
In the RMT group, the affected hand was also placed
behind the mirror but moved passively by the robotic
glove via a Bowden cable from the back of the hand to
the finger caps (Gloreha, IDROGENET SRL, Lumez-
zane Italy; Fig. 2A). Patients were instructed by the
therapist to synchronise the active unaffected hand
movement with the passive movement of the affected
arm delivered through the robotic glove. The robotic
glove exerted a mechanical noise during its move-
ment, this auditory feedback helped patients to keep
movements of both arms synchronized.

During the intervention phase, patients contin-
ued to receive the standard neurorehabilitation care
provided by the respective clinic. This included indi-
vidual and group sessions in physiotherapy, sports
therapy, occupational therapy, speech therapy and
neuropsychology for about 12.5 hours per week. In
the P.A.N. Zentrum, activities of daily living were
instructed by neuropedagogic staff in the residential
groups throughout the day. In the Aatal Clinic, acti-
vating care was provided by specially trained nursing
staff.

2.4. Outcome parameters

Outcome variables were measured before (T1) and
after the 5-week intervention (T2). The Fugl-Meyer
Assessment of the upper extremity (FMA-UE) motor
score was used as the primary outcome parameter
(Fugl-Meyer et al., 1975). Due to the assessments
characteristics, reflex activity was not included in the
survey (Woytowicz et al., 2017). The FMA-UE motor
score without reflex items consists of 30 items, rated
from 0–2 (0 = cannot be performed, 1 = can be par-
tially performed, 2 = can be fully performed). Thus,
the maximum FMA-UE motor score was 60 points
(compared to 66 points in the original version).

Secondary variables included the FMA-UE sen-
sation subtest (section H). Based on previous
observations by Dohle et al. (2009) the values for
FMA-UE surface sensibility and FMA-UE position
sense were analysed separately. The FMA-UE sur-
face sensibility included 2 items with a score of
0–2 (0 = anaesthesia 1 = hypaesthesia/dysaesthesia,
2 = normaesthesia) and FMA-UE position sense 4
items (0 = absence of sensation, 1 = considerable dif-
ference but at least 3/4 correct, 2 = all correct or little
difference). We further acquired the Motricity Index
(MI) (Demeurisse et al., 1980). The MI assesses the
extent of paralysis (precision grip, elbow flexion,

shoulder abduction) for the affected and the unaf-
fected arm respectively. The maximum score is 100,
which corresponds to full gross strength in the arm.
Patients further rated their perceived pain on a 10-
point rating scale (NRS; 0 = no pain, 10 = the worst
pain imaginable) at T1 and T2, and after each session.

In the RMT group only, a feasibility questionnaire
for patients and therapists was administered at T2.
The questionnaire contained questions on the top-
ics of set-up time, patients’ ability to synchronise,
motivational aspects and intervention acceptance in
the therapy setting. The questions were rated using a
Likert scale.

2.5. Statistical analysis

The outcome parameters were evaluated using
SPSS Statistics 28.0 in a “per protocol” analysis
for the time point after the 5-week intervention
period. In order to examine statistical group dif-
ferences of demographical variables and outcome
parameters at T1, a T-Test, a Chi2-Test or Mann-
Whitney-U (MWU) Test was performed depending
on the presence of normal distribution (as assessed
by the Kolmogorov-Smirnov test). Due to the small
sample size, outcome parameters were analysed
by non-parametric tests only. Post-pre differences
were calculated for all FMA-UE subscores and the
MI. Within-group changes were compared by the
Wilcoxon Rank-Sum Test (WRST; paired samples)
and between-groups by the MWU Test (unpaired
samples). Furthermore, in order to determine if the
time since incidence correlated with the change score,
a Spearman correlation was calculated. For all statis-
tical analysis, a significance level of 5% was set. The
results of the pain scale and the questionnaire were
analysed descriptively.

3. Results

3.1. Characteristics of patients

Between November 2018 and March 2020, 29
stroke patients were enrolled in the study. During the
study, five drop-outs occurred (Fig. 1). As a result, 24
participants completed the study in accordance with
the protocol and were included in the final “per pro-
tocol” analyses. Apart from gender distribution, the
groups did not differ in demographic or health-related
data at T1 (Table 1). Two extreme outliers were iden-
tified in the data (>3 times of the interquartile range
of the differential value motor scores). However,



M. Schrader et al. / The effect of mirror therapy can be improved by simultaneous robotic assistance 189

Table 1

Characteristics of patients to T1

RMT Group (n = 14) MT Group (n = 10) p-value

Age (M ± SD) 53,50 ± 13,40 56,30 ± 15,76 0.644 (T-Test)
Gender (%) ♀2 (14,3%); ♂12 (85,7%) ♀7 (70,0%); ♂3 (30,0%) 0.005∗∗ (Chi2)
Latency to brain damage month (Md/Q1;Q3) 13,13 [0,84; 17,00] 13,64 [5,65;22,01] 0.285 (MWU)
Diagnosis 0.105 (Chi2)

Ichemic infarkt (%) 10 (71,4%) 9 (90,0%)
Intracerebral haemorrhage (%) 4 (28,6%) –
Subarachnoid haemorrhage (%) – 1 (10,0%)

FMA-UE motor function (Md/Q1;Q3) 4,00 [0,75;8,25] 3,00 [0,00;4,50] 0.358 (MWU)
FMA-UE surface sensibility (Md/Q1;Q3) 2,00 [0,75; 3,25] 2,00 [2,00;2,50] 0.546 (MWU)
FMA-UE position sense (Md/Q1;Q3) 4,00 [0,75;7,00] 5,00 [2,5;8,00] 0.472 (MWU)
Motricity Index (Md/Q1;Q3) 19,50 [1,00;30,25] 5,50 [1,00;23,00] 0.403 (MWU)
Pain Scale NRS-value (Md/Q1;Q3) 0,00 [0,00;0,00] 0,00 [0,00;4,25] 0.109 (MWU)

Abbreviations: RMT: Robotic-assisted mirror therapy; MT: mirror therapy; M: mean; SD: standard deviation; Md: median; Q: quartile;
FMA-UE: Fugl-Meyer Assessment upper extremity; MWU: Mann-Whitney-U Test; ∗∗P < 0.01.

Fig. 3. Median change scores and interquartile range between groups for FMA-UE Motor Function (p = 0.006∗∗) and Motricity Index
(p = 0.108), p < 0.05.

these patients were not excluded from the analy-
ses because time since injury was not significantly
correlated to the primary outcome (FMA-UE motor
function; Spearman’s rs = –0.361, p = 0.083). Further-
more a rank-based nonparametric procedure robust
against outliers was used.

3.2. Effects on motor function

Results are summarised in Tab. 2 and illustrated
in Fig. 3. The pairwise comparison values showed a
significant improvement of FMA-UE motor score for
the RMT group (WRST: Z = –2,818, p = 0.005) but
not for the MT group (WRST: Z = –0.647, p = 0.518).
Analysis of the FMA-UE motor score difference val-
ues between the two groups revealed a significantly
greater therapy effect in the RMT group than the
MT group (MWU: U = 24.500, Z = –2.738, p = 0.006,
r = –0.559). Spearman correlation between time since
incidence and score chance showed no significant
correlation (Spearman’s rs = –0.361, p = 0.083).

Pairwise comparison within groups of the MI
revealed a statistically significant difference for
the RMT group (WRST: Z = –2.675, p = 0.007),
but not for the MT group (WRST: Z = 0.135,
p = 0.892). Comparison of difference values for
the MI between both groups revealed no signif-
icance (MWU: U = 42.500, Z = –1.673, p = 0.108,
r = –0.341).

3.3. Effects on sensory function

Regarding FMA-UE surface sensibility subscores,
there were no significance differences within both
groups (RMT WRST: Z = –1.518, p = 0.129; MT
WRST: Z = –0.447, p = 0.655). There was also no sig-
nificant difference between the two groups (MWU:
U = 55.000, Z = –1.095, p = 0.403, r = –0.224).

For the FMA-UE position sense, the pairwise
comparison showed a significant improvement for
the RMT group (WRST: Z = –2.111, p = 0.035) but
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Table 2

Median change scores and interquartile range within groups for FMA-UE subscores and MI

RMT Group (n = 14) MT Group (n = 10)

Initial (Tl) Final (T2) p-value Initial (Tl) Final (T2) p-value
(WRST) (WRST)

FMA-UE motor function
(Md/Q1;Q3)

4,00 [0,75;8,25] 7,00 [3,00;1I,25] 0.005∗∗ 3,00 [0,00,4,50] 1,50 [0,00;4,25] 0.518

FMA-UE surface sensibility
(Md/Q1;Q3)

2,00 [0,75;3,25] 2,00 [1,75;4,00] 0.129 2,00 [2,00; 2,50] 2,00 [2,00;2,25] 0.655

FMA-UE position sense
(Md/Q1;Q3)

4,00 [0,75;7,00] 5,50 [1,00;8,00] 0.035∗ 5,00 [2,50;8,00] 4,00 [3,00;8,00] 1.000

Motricity Index (Md/Q1;Q3) 19,50 [1,00;30,25] 32,00 [I3,75;40,25] 0.007∗∗ 5,50 [1,00; 23,00] 12,5 [1,00;23,00] 0.892

Abbreviations: RMT: Robotic-assisted mirror therapy; MT: mirror therapy; FMA-UE: Fugl-Meyer Assessment upper extremity; Md: median;
Q: quartile; WRST: Wilcoxon Rank-Sum Test; ∗p < 0.05; ∗∗p < 0.01.

not for the MT group (WRST: Z = 0.000, p = 1.00.).
Comparison between the two groups showed no sta-
tistical significance (MWU: U = 47.000, Z = –1.430,
p = 0.192, r = –0,292).

3.4. Effect on pain

With respect to pain, there were no major changes
in either group observed. There were no statistical dif-
ferences within the groups (RMT WRST: Z = –1.095,
p = 0.273; MT WRST: Z = –1.633, p = 0.102). The
difference values were also not significant between
the two groups (MWU: U = 37.000, Z = –2.011,
p = 0.109).

3.5. RMT feasibility

10 participants of the RMT group and their asso-
ciated therapists completed the questionnaires. The
therapists rated the time needed to set up the therapy
setting as “low (<7 min)” to “moderate (7–10 min)”.
According to the therapists, more than half of the
patients had no difficulties with synchronisation and
were able to concentrate “well” to “very well” on the
task. Only in two cases the therapists indicated that
RMT was less suitable for the patient.

80% of all patients would like to integrate RMT
into their therapy. Six patients from the RMT group
were also familiar with standard MT from earlier
stages in their recovery process. They reported that
the additional use of robotics increased their moti-
vation compared to the conventional MT. Five out
of nine patients stated that their hand function had
subjectively improved as a result of the therapy.

4. Discussion

The present study was able to provide preliminary
evidence that robot-assisted mirror therapy (RMT)

can improve the effect of MT on hand motor func-
tion in severely affected patients. The combination
of visual feedback through MT and the simultane-
ous somatosensory input on the affected side through
robotics probably lead to a positive feedback loop.
RMT uses two well-established hand rehabilitation
procedures, the mirror illusion and the sensory input.
The mirror illusion has already been proven to acti-
vate the contralateral hemisphere (Dohle et al., 2004;
Dohle, Stephan et al., 2011; Matthys et al., 2009;
Michielsen et al., 2011). It is generally assumed
that this activation has an effect on functional motor
recovery as many reviews have shown in stroke
patients (Morkisch et al., 2019; Thieme et al., 2018;
Yang et al., 2018; Zeng et al., 2018). Apart from the
mirror illusion, RMT uses additional sensory input
provided by robotics. This sensory input included
proprioception triggered by the movement of the
affected hand. Furthermore, surface sensitivity could
be addressed through the wearing of the glove. Both
stimuli could have a positive effect on motor func-
tion. Various somatosensory interventions are already
in use to improve proprioception and motor func-
tion in stroke patients. These include passive and
repeated cutaneous stimulation (Kattenstroth et al.,
2018; Timm & Kuehn, 2020). Dechaumont-Palacin
et al. (2008) were able to show that purely passive
proprioceptive training for 4 weeks triggered fMRI
changes in the ventral premotor and parietal cortex of
the contralesional hemisphere in stroke patients. They
hypothesise that through simple passive propriocep-
tion, increased contralesional activity in secondary
sensorimotor areas positively influences motor func-
tion recovery (Dechaumont-Palacin et al., 2008). But
even shorter robotic proprioceptive training can mod-
ulate plasticity in stroke patients (Vahdat et al., 2019).
Kim et al. (2022) also demonstrated greater neural
stimulation on the contralateral side of the motor
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cortex through bilateral robot-assisted training. Over-
all, both methods, mirror illusion and sensory input,
show positive characteristics that are successfully
combined in RMT.

Focusing of attention might be another mechanism
contributing to this effect. Due to the design of the
study, patients in the RMT group had to focus on the
movements of the affected limb in order to synchro-
nize their movements of the non-affected limb. This
might have led to greater engagement with the task
and hence enhanced processing of the sensorimotor
stimulation. This idea is supported by animal studies
on stimulation-induced neuroplasticity. Thus changes
in S1 are strong when monkeys are rewarded for a
tactile discrimination task associated with the tac-
tile stimulation. However no S1 changes are observed
when exactly the same tactile stimulation is given but
the monkeys obtain their rewards in an auditory dis-
crimination task, i.e. attention is diverted away from
the sensory domain and the sensory stimulation is
not behaviourally relevant (Recanzone et al., 1992).
In our study, a few patients were overwhelmed tem-
porarily with the complexity of the task and needed
corrective instructions from the therapist. However,
the results of these patients were not worse in com-
parison to those of the patients who had no difficulties
with synchronisation. Patients with acquired brain
damage often show deficits in attentional perfor-
mance (Hyndman & Ashburn, 2003), so patients with
a certain level of attention are more likely to bene-
fit from this training. Therefore, only patients who
were able to follow the instructions were included in
the study. Whether the intervention is also suitable
for patients with greater deficits in attentional perfor-
mance remains open for now. Since MT is an active
practice method, the patient’s motivation is another
decisive factor. Without motivation and a willingness
to concentrate on the mirror image, no MT can be
performed meaningfully (Dohle et al., 2011).

However, not all motor outcomes showed clear
trends. While the FMA-UE motor score showed sig-
nificant results, these could not be confirmed in the
MI. The MI for the upper extremity is a simple test
consisting of 3 items. The authors assumed that the
change sensitivity of this test is probably too low
for patients with very severe arm paresis. Sunderland
et al. (1989) already pointed out that particularly for
patients in the chronic stage the sensitivity of MI to
small improvements is very limited.

Furthermore, the effect of the combination of
MT and robotic glove on FMA-UE sensation was
investigated. It is hypothesised that patients with sen-

sory deficits benefit from MT alone (Sathian et al.,
2000). Thus, MT with the additional sensory input
delivered by robotics was expected to map improve-
ments in the two sensory domains. However, this
assumption could not be confirmed since no signif-
icant improvements for FMA-UE surface sensibility
were found for RMT. It is generally assumed that
the perception of touch occurs at the point where it
is performed. However, there are first indications in
healthy people that a touch is perceived on the con-
tralateral side when seen as a mirror image (Doyle
et al., 2010), possibly based on immediate activation
of the contralateral hemisphere (Fritzsch et al., 2014).
This means that the use of the mirror alone could have
triggered a change. An earlier study confirms that
MT can increase surface sensibility in stroke patients
(Dohle et al., 2009). In our study this could not be con-
firmed although there was an additional stimulus of
the skin surface. For a more differentiated statement
on the change in surface sensibility, a more sensitive
method than the 2 items from the FMA-UE surface
sensibility should be used in the future. Regarding
the FMA-UE position sense there was also no sig-
nificant difference between the two groups observed.
There are differentiated statements on the trainability
of position sense in stroke patients. Yeh et al. (2021)
point to a good trainability of proprioception through
robotics. In contrast, Doyle et al. (2010) could not
identify any intervention in their review that had a
positive influence on proprioception, not even the
MT. RMT would have to be studied on a larger sample
in order to be able to make more precise statements
about the modification of proprioception.

In addition to the functional outcomes, the occur-
rence of pain was examined in both groups before and
after the intervention block, and after every training
session. These data suggest that pain levels remained
unchanged throughout the MT and RMT training
respectively. As a positive side effect according to
therapists informal observations spasticity seems to
be reduced immediately after the sessions. This is
also noted by patients themselves.

In the present study, six patients in the RMT group
had previous experience with MT. This made it pos-
sible to shed light on the motivational aspect of both
therapy methods. Five of these patients stated that
robotics had additionally motivated them. The thera-
pists also rated the patients’ motivation as increased
compared to conventional MT. Lack of motivation
is often a barrier to physical activity after stroke
(Nicholson et al., 2013). To what extend RMT helps
patients to train their hand function in a motivated and
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committed manner is therefore an important future
question.

A limitation of the study is the heterogeneity of
the study participants. Due to the small number of
subjects, no differentiated statements can be made
about the effects in acute and chronic patients. In
addition, some patients were not able to participate
in the study due to cognitive limitations. Thus, a cer-
tain level of attentiveness is needed to meaningfully
engage in the intervention and perform the unaf-
fected arm movement in synchronisation with passive
movement delivered by the robotic glove. An addi-
tional system in the form of a second glove, which
is worn on the unaffected hand and transmits the
movements directly to the affected hand via sensors,
could provide a solution for patients with more lim-
ited cognitive abilities. Technical solutions are also
being developed in other directions but they do not
appear to be very practical at the moment (Ruggiu
& Rea, 2022). Another limitation of the study is
the measurement of purely motor functions within
the treatment setting. The observation of functional
changes in everyday life should be considered in fur-
ther studies, as well as potential long-term effects.

Overall it has been shown that passive movement
in combination with MT leads to additional clinical
improvement, this is reflected on clinical scales. In
this context, the use of robotics seems to be a good
method to implement passive co-movement in clini-
cal practice.

5. Conclusion

The results of our study provide initial evidence
that RMT with a bilateral approach achieves higher
treatment effects on motor function than conventional
MT. The combination of MT and the simultaneous
somatosensory input, which can be enabled by a tech-
nical solution, seems to be the decisive factor for the
enhanced treatment benefit seen in the RMT group.
Furthermore, this form of training is well accepted by
patients and therapists and is feasible to implement
in an inpatient setting. Larger studies are needed to
further confirm these conclusions.
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