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Abstract

Background: Mirror therapy (MT) is an effective method to promote functional recovery after stroke.

Robot-assisted gloves (Yisheng SY-HR06), as a new treatment method, has been widely used in hospitals at
all levels. The purpose of this study is to investigate the effect of the combination of robot gloves and MT as
adjuvant therapy for stroke patients by using the "central-peripheral-central” closedloop rehabilitation theory,
and to compare the results of the combination with the results of conventional treatment, and to clarify the neural
mechanism of the effect of combination therapy on the brain network.

Methods: This will be a multicenter, double-blind, randomized controlled trial in which 60 patients will be
randomly divided into three groups of 20 in each group:the control group will receive conventional mirror
therapy, the glove group will receive the self-contained mirror mode, and the combination group will receive
the robot glove combined with mirror therapy. Patients in each group will receive a 30 min intervention 5 days
per week over 4 weeks. The primary outcome will be the Fugl-Meyer Upper Limb Motor Function Score (FMA-
UE), Functional independence Rating (FIM), Brunnstrom grade seven assessment scale of upper limb and hand,
secondary outcomes include MMSE, hand grip strength, FTHUE -HK.

Discussion: The results of this experiment will prove the synergistic effect of Robot-assisted gloves combined
with mirror therapy on the recovery of upper limb dysfunction after stroke. In addition, whether Robot-assisted
gloves and MT (combined or alone) are more effective than conventional treatment will also be determined.

Ethics And Dissemination: Ethics approval was granted by the Ethics Review Committee of Wuhan Wuchang
Hospital on March 2, 2022 (2022003). We plan to submit the results to various journals and present them at

conferences, rehabilitation forums and the public.

Trial registration: ChiCTR2200057613; Pre-registration.
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Background

Stroke is the second leading cause of premature death and sec-
ondary disability. There are approximately 62 million stroke pa-
tients worldwide, one third of whom are severely disabled [1].
Evidence shows that about 83% of stroke patients are able to
walk again; 65% of stroke patients have paralysis of the upper
limbs, especially the hands, which seriously affects the ability to
exercise and reduces the quality of life [2]. However, only 5%
to 20% of patients can achieve complete functional recovery of
the upper limb, and the function of the upper limb tends to be
fine, and the degree of recovery is affected by various factors,
and there will be serious follow-up. Disorders such as shoulder
pain, dislocation, etc [3-6]. Various studies have shown that the

recovery of upper limb function after stroke has always been the
focus and difficulty of rehabilitation [7].

Mirror therapy was first proposed by Ramachandran et al. and
applied to the treatment of limb hallucination pain [8]. Studies
have found that the input of mirror optical illusion can activate
the brain plasticity of the affected limb, and subsequently, MT
has been widely used in the field of neurorehabilitation [9]. The
Thieme et al. (2018) meta-analysis found moderate-quality ev-
idence that MT helps improve motor dysfunction and activities
of daily living [10]. So far, the related mechanistic hypotheses of
MT mainly include the following three aspects: MT can activate
the mirror neuron system, thereby inducing or enhancing motor
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imagery; MT may also help recruit the ipsilateral corticospinal
tract, and can be activated by mirroring the illusion enhances
the attention of the affected side, thereby activating the motor
network of the affected brain region [11-15]. However, due to
the small sample size of patients and the large heterogeneity (In-
cluding the location and side of brain injury, the level of motor
and cognitive impairment, sensory function, and even age, etc.),
the clinical efficacy and related mechanisms of MT still need
further research Analyze [16]. In recent years, the "central-pe-
ripheral-central" closed-loop regulation model formed by com-
bining MT as a central intervention method with other peripheral
intervention methods has become a research hotspot to further
improve this technology. Some MT studies have combined it
with EMG biofeedback, functional electrical stimulation, repet-
itive transcranial magnetic stimulation, robotic-assisted therapy
and other interventions [17-20]. These results suggest that com-
bination therapy has the potential to improve moderate to severe
upper extremity dysfunction after stroke. In the past, some stud-
ies just stacked MT and other interventions sequentially such
as MT with acupuncture, transcranial direct current, and failed
to form MVF synchronized with other peripheral interventions
to achieve central-peripheral closed-loop measures [21, 22].
Therefore, it is necessary to explore better MT synchronization
intervention modes and combined treatment modes to further
improve the effect of closed-loop regulation.

In our study, the upper limb rehabilitation robot glove (Yisheng
SY-HRO 6) was used, and the flexible pneumatic bionic mus-
cle was used as the power source to drive the bionic muscle on
the glove to expand and contract through repeated inflation and
pumping, thereby driving the glove to pull. The fingers complete
the flexion and extension movements of the finger joints, based
on bilateral hand movement intervention in patients with hand
dysfunction after stroke. There are four modes, passive train-
ing, boost training, resistance training and contralateral mirror
training. In the contralateral mirror training, the unaffected hand
is equipped with a sensor glove for normal grasping, while the
affected hand is equipped with an exoskeleton robotic glove,
which controls the passive grasping of the affected hand through
the movement of the healthy hand, imitating the unaffected
hand. The principle is to let the sensing glove record the nor-
mal movement of the healthy hand, and input the data into the
exoskeleton robot glove to guide the simulated movement of the
affected hand [23].

What we use is to add a mirror to the contralateral mirror train-
ing, and the patient can observe the movement of the healthy
hand from the mirror. This intervention approach may be related
to four underlying principles of neural remodeling. First, based
on the principle of mirror therapy, the patient looks at the mirror
under the influence of vision and illusion, and imagines that the
affected hand produces the same movement as the healthy hand,
which can activate the primary motor cortex and mirror neuron
system on the affected side [24]. Second, based on the theory
of motor control and motor learning, training the affected hand
through the healthy hand can speed up the blood flow of the
hand, deepen the memory of the limbs, prevent muscle contrac-
ture, and also enhance the proprioceptive input by moving the

affected hand, thereby activating the corresponding primary sen-
sory cortex and establish effective "peripheral" stimulus feed-
back to the "central" [25, 26]. Third, based on the principle of
bilateral training, the soft robotic glove realizes a bilateral move-
ment training mode through the joint action of the affected hand,
which is beneficial to the normalization of cortical inhibition be-
tween the cerebral hemispheres. Several studies have shown that
bilateral training is superior to neurodevelopmental therapy and
unilateral robotic-assisted training in improving upper extremity
motor function after stroke [27-31]. Fourth, the linkage device
of the robotic glove can easily realize the repetitive motion of
the affected hand, continuously provide positive feedback to the
central nervous system through peripheral motion (each 30 min-
utes, can complete 150-200 grasps), strengthen the neuronal cir-
cuit, thereby promoting neural remodeling of the affected brain.
The beneficial effects of high-repetition task practice are consid-
ered to be an effective intervention [32, 33]. Overall, the rehabil-
itation robotic glove can provide active and effective "peripher-
al" stimulation, while MT is based on the mechanism of motor
imagery and mirror neuron generation of central regulation. If
they are combined with synchronous intervention, a complete
and powerful "central-peripheral-central” closed-loop regulation
can theoretically be formed. However, whether it leads to better
clinical outcomes and its mechanism remain unclear. Therefore,
on the basis of previous research, we put forward the topic of
research on the efficacy of rehabilitation robot gloves combined
with mirror therapy on the functional recovery of hemiplegic
upper limbs, hoping to explore the most suitable treatment mode
through scientific and rational design and implementation.

Objectives And Methods

Participant

Patients with subacute stroke who were admitted to the Depart-
ment of Rehabilitation Medicine, Wuchang Hospital Affiliated
to Wuhan University of Science and Technology from April
2022 to April 2023 were selected as the research subjects. A to-
tal of 60 stroke patients were selected and randomly divided into
three groups by SPSS, with 20 people in each group, (1) control
group, (2) glove group, (3) combined group, double-blind. This
study was approved by the Ethics Committee of Wuchang Hos-
pital (document batch number: 2022003), and all patients signed
informed consent. It was approved by the Chinese Clinical Reg-
istry (No.: ChiCTR2200057613).

Inclusion criteria: (1) The first onset was unilateral stroke, and
the imaging diagnosis was subcortical injury; (2) The disease
was stable without serious complications; (3) The age was 30-80
years old, and the disease course was 7 days to 6 days after the
onset of the disease. moon. (4) There is hand movement dys-
function.

Exclusion criteria: (1) craniocerebral injury; (2) severe cogni-
tive impairment unable to cooperate with the researcher; (3) se-
vere heart, lung, liver, kidney and other important organ failure;
(4) pregnant patients; ( 5 ) The modified Ashworth scale of the
extensor and flexor muscles of the hand is divided into muscle
tension > 1+ grade.
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Withdrawal Criteria and Management: Patients were allowed to withdraw if:
(1) Serious breach of the agreement;

(2) Disease progression or other mental disorders

(3) The occurrence of adverse events related to MT
(4) The patient requests to withdraw from the experiment

Items

Before enrollment

Intervention period

Outcome assessment

Outcome assessment

2-1(week) 1-4(week ) 2(week) 4(week)
Inclusion criteria X
Exclusion criteria X
Informed consent X
Baseline X
Randomization and X
allocation
intervention X
Fugl-Meyer assessment | x X x
upper extremity
Function independent X X X
Measure
Brunnstrom X X X
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Mini-Mental State X
Examination Scale

Seven-level evaluation | %
scale of upper limb
function for hemiplegia

Hand grip strength x

Adverse events X

Reasons of drop-out X
and withdrawals

Procedures And Experimental Tasks

All the recruited subjects were asked to perform three differ-
ent visual feedback tasks, the treatment parameters were 30min
each time, 1 time/day, 5 times/week, continuous treatment for
4 weeks, a total of 20 treatments. All three groups of patients
received Stroke clinical routine drug treatment, while receiving
comprehensive rehabilitation limb training, including good limb
positioning, exercise therapy, occupational therapy, physical
factor therapy and traditional rehabilitation therapy, etc. [34-
37]. All treatments are completed by therapists and doctors with
more than three years of work experience.

The mirror surface adopts a reversible plane with an area of 60
cm x 70 cm. Upper limb rehabilitation robot gloves (SY-HRO06,
Shanghai Siyi Intelligent Technology Co., Ltd., China), before
the test, the robot gloves should be calibrated to ensure the accu-
racy of the experiment.

The Control Group

The control group received conventional mirror therapy on this
basis, as shown in Figure 1. The specific method is as follows:
in a relatively quiet room, the patient sits upright in front of the
mirror, with both hands on the treatment table, and the therapist
is between the patient's upper limbs. Place a flat mirror perpen-
dicular to the table, let the patient's unaffected hand on the front
of the mirror and the affected hand on the back of the mirror.
According to the therapist's demonstration, the patient looks at
the moving image of the unaffected upper limb in the mirror, and
conducts task guidance. Training, such as wiping the table, flex-
ion and extension of the wrist joint, hand grasping and placing
the ball, finger to palm, etc. At the same time, the affected limb is
required to do the same movements as the unaffected upper limb
as much as possible. Imagine that the affected limb is also mov-

Figure 1: The control group

ing smoothly and in a full range of joints at the same time. speed.

The Glove Group

On this basis, the glove group adopts the mode of the healthy
hand that comes with the rehabilitation robot glove equipment
to drive the affected hand, as shown in Figure 2. The specific
method is as follows: the patient sits and remains relaxed; se-
lects the "mirror therapy" mode and wears the unaffected hand
on the unaffected hand. Sensing gloves, the affected hand wears
gas-driven soft gloves, and the rehabilitation robot screen will
reflect the movement of the patient's hand in real time. The pa-
tient watches the screen to perform "clenching fist-relaxation”
training, and the affected hand will perform mirror motion syn-
chronously with the unaffected hand.

The Combined Group

The combined group underwent rehabilitation robot glove ther-
apy combined with mirror therapy, as shown in Figure 3. The
specific method is as follows: wear rehabilitation robot gloves
on the affected hand, place it behind the mirror, place the healthy
hand in front of the mirror, and place the healthy hand in front
of the mirror as prompted by the machine. "Tighten-release" ac-
tivities, the patient stares at the mirror, and can be equipped with
balls, wooden blocks, wooden sticks, and cups for training.

All patients received a rehabilitation assessment before treatment
and after 4 weeks of treatment. The assessors were rehabilitation
therapists who received standardized training in rehabilitation
assessment. The basic information of patients was evaluated
once before treatment, and the content of the evaluation included
gender, age, stroke type, disease course, hemiplegia side, educa-
tional background, etc.
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Table 2: Groups and intervention allocation

Groups

Interventions

The control group

Conventional treatment+MT

The glove group

Conventional treatment+rehabilitation robot glove

The combined group

Conventional treatment+MT+rehabilitation
robot gloves

Primary Outcomes

(1) Fugl - Meyer assessment upper extremity (FMA-UE) is wide-
ly used in motor function assessment and can reflect the func-
tional level of stroke patients. It can differentiate motor function
levels even in the early stages of functional recovery. The upper
body has a maximum score of 66 points and is divided into three
parts, namely shoulder-arm (36 points), wrist-hand (24 points),
and coordination (6 points). The FMA-UE is a universal scale
for evaluating upper extremity motor function after stroke. It is
often used as the gold standard for testing, has good reliability
and validity, and is sufficiently sensitive [38-40]. (2) Functional
independence measure (FIM): to evaluate the activities of daily
living of patients, 18 sub-items, with a total score of 126 (motor
function score 91 points, cognitive function score 35 points), the
higher the score, the stronger the activities of daily living; (3)
Brunnstrom classification of upper limbs and hands: it is divid-
ed into grades 1 to 6, with grade 1 being completely immobile
and grade 6 being normal motor function [41]. (4) Hand grip
strength: It reflects the muscle strength level of the affected side
of the fist. The higher the value, the greater the muscle strength
of the patient's related muscles [43].

Secondary Outcomes

(1) Mini-Mental State Examination Scale (MMSE): the total
score is 30 points, which reflects the cognitive level of patients.
The higher the score, the better the cognitive function [44]. (2)
Seven-level evaluation scale of upper limb function for hemiple-
gia: it is the mainland version of the seven-level classification of
hemiplegia in Hong Kong, which is more suitable for Chinese
people. Divided into 1 to 7 levels, 1 level is no response, 7 level
is to use the key to unlock the head, control chopsticks (strong
hands), clips (non-strong hands), the higher the level, the better
the function.

Safety Assessments

All studies reported no adverse effects from MT. During the
course of the study, any accidental injuries and sudden illnesses
were recorded. The extent of symptoms, time of onset, duration,
and treatment were recorded on the observation sheet. Serious
adverse events will be reported immediately to the Ethics Com-
mittee.

Data Collection and Management

Data is entered into a well-designed spreadsheet and uploaded to
the ResMan Data Management Center, while a paper version is
printed. Project evaluators will be responsible for quality control
during data collection, and project leaders will be responsible for
initial data cleaning, identification, coding, and conversion to ap-
propriate data analysis formats. In addition, an independent data
and safety monitoring committee will be established to monitor
the safety of the trial. All forms must be noted. Project leaders

will have access to the data, which will be treated with a high
degree of confidentiality and provided anonymously to anyone
other than those involved in the management of the experiment.
To facilitate dissemination of our findings, our research will be
published in relevant journals.

Quality Control of Statistical Analysis

Missing reports are not allowed, especially the main indicators
must be clearly recorded. If the missing data is missing after
checking the original data, we need to complete the missing part.
If there is a serious deviation in the data, the experimental object
will be removed, and all statistical analysis should be completed
by professional statistical analysis experts, and the whole pro-
cess will be transparent and open.

Statistical Analysis

Statistical analysis was performed using SPSS 25.0 software.
Measured data conformed to a normal distribution and were ex-
pressed as mean + standard deviation; count data were expressed
as ratios or composition ratios. One-way analysis of variance
was used to compare the measurement data of multiple groups,
which was in line with normal distribution and homogeneity of
variance, and the least significant difference method was used
for comparison between groups.

Discussion

The incidence of upper limb dysfunction caused by stroke is as
high as 66% [45] . Every year, about 70-80% of stroke victims
lose their ability to work to varying degrees and are unable to
take care of themselves, placing a heavy burden on patients,
families and society. Upper limb motor dysfunction is a major
challenge and problem in stroke rehabilitation [46]. We earnest-
ly study and study the experience of our predecessors, and hope
to produce more, better and higher-quality treatment methods to
help patients restore upper limb motor and sensory functions to
the greatest extent, so that patients' lives will be more dignified
and meaningful. Minimize disability and disability as much as
possible.

A meta-analysis of mirror therapy suggests that mirror therapy
can at least be used as an adjunct to routine rehabilitation in pa-
tients with upper extremity motor dysfunction and activities of
daily living after stroke [10]. Relatively few studies are lacking
related mechanisms Lee et al [47, 48]. (2017) studied 30 stroke
patients and found that bilateral upper extremity exercise train-
ing was more effective than traditional occupational therapy in
improving upper extremity function in stroke patients [49]. The
contralateral repetitive training drives the remodeling of the cra-
nial nerves on the affected side. MT can be viewed as a special
kind of bilateral movement in which MT uses an optical illusion
to replace the actual movement of the affected side compared to
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traditional bilateral movement. The combination of MT and Re-
hab Robotic Gloves just makes up for this shortcoming. Synchro-
nized movements of the bilateral upper extremities generated by
the rehabilitation robot can reduce the inhibition between the
cerebral hemispheres, and proprioceptive feedback on the affect-
ed side also facilitates the connection between motor control and
the primary motor cortex due to the synchronous movements of
the bilateral upper extremities. Promotes sensorimotor integra-
tion. Activation of sensory and motor areas showed a synergistic
gain effect. The upper limb rehabilitation robot glove and the
bilateral motion caused by the MT optical illusion are perfectly
combined to realize the "central-peripheral-central" closed-loop
central control correlation. This mechanism is critical for post-
stroke patients, especially those with moderate to severe upper
extremity motor dysfunction [29]. This is the theoretical support
for our research. In clinical practice, there are few types of upper
limb rehabilitation treatment methods. Proposing new and rich
types of treatments can improve patients' desire and enthusiasm
for rehabilitation and improve patient satisfaction. This is the
actual clinical demand for our research.

However, this study lacks long-term follow-up observations and
evaluations. The 4-week intervention cycle reflects its applica-
tion in actual clinical practice and is sufficient to test whether
rehabilitation programs are effective in the short term. However,
the longer the intervention, the better the effect, which is worth
our further exploration. This experiment has no follow-up, fol-
low-up, and investigation of the continuation of the curative ef-
fect, and the follow-up will continue to improve. In addition,
the evaluation methods we use are subject to a certain degree
of subjectivity. If conditions permit, we can use magnetic reso-
nance imaging, EEG, motor evoked potentials, and near-infrared
spectroscopy to make more accurate indicators.

In conclusion, the results of this study are expected to elucidate
the synergistic effect of the upper extremity rehabilitation robot-
ic glove and MT on post-stroke upper extremity dysfunction. In
addition, the findings are expected to confirm whether the up-
per limb rehabilitation robotic glove and MT combined or alone
are more effective than conventional therapy in the treatment of
post-stroke upper limb dysfunction.

Trial status
Ongoing recruitment.
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MT: Mirror Therapy; MT: Mirror Therapy; MMSE: Mini-Men-
tal State Examination Scale; FMAUE: Fugl-Meyer Assessment
for Upper Extremity; MBI: Modified Barthel index;FIM:Func-
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