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AbstrACt
Introduction As a combination of visual stimulation and 
motor imagery, mirror visual feedback (MVF) is an effective 
treatment for motor impairment after stroke; however, 
few studies have investigated its effects on relevant 
cognitive processes such as visual perception and motor 
imagery. Camera-based MVF (camMVF) overcomes the 
intrinsic limitations of real mirrors and is recognised as an 
optimal setup. This study aims to investigate the effects 
of camMVF as an adjunct treatment for stroke patients, 
compare camMVF outcomes with those of conventional 
therapy and elucidate neural mechanisms through which 
MVF influences cognition and brain networks.
Methods and analysis This will be a multicentre, single-
blinded, randomised controlled trial including 90 patients 
randomised into three groups: camera-based mirror 
visual feedback intervention group (30), shielded mirror 
visual feedback intervention group (30) and conventional 
group (30). Patients in each group will receive a 60 min 
intervention 5 days per week over 4 weeks. The primary 
outcome will be the Fugl-Meyer Assessment Upper Limb 
subscale measurement. Secondary outcomes include the 
modified Ashworth Scale, Grip Strength test, Modified 
Barthel Index, Functional Independence Measure, Berg 
Balance Scale, 10-metre walking test, hand-laterality task 
and electroencephalography .
Ethics and dissemination Ethics approval was granted 
by the Huashan Hospital Institutional Review Board on 15 
March (KY2017-230). We plan to submit the results to a 
peer-reviewed journal and present them at conferences, 
rehabilitation forums and to the general public.
trial registration number ChiCTR-INR-17013644; Pre-
results. 

IntroduCtIon 
Upper extremity motor impairment is a 
specific consequence of stroke.1 Approx-
imately 65% of patients with hemisphere 
stroke live with paretic upper extremities,2 
particularly the hands, which seriously affects 
motor performance and decreases the quality 
of life. Some evidence-based treatments such 

as constraint-induced movement therapy, 
robot-assisted therapy and mirror therapy 
(MT), among others, promote the recovery of 
the upper extremities and hands.3–5 MT, which 
is widely used in the rehabilitation of the upper 
extremities and hands, is less labour intensive 
and more convenient than other methods.6–8 
In MT, a plane mirror is employed to provide a 
reflection of the movements of the unaffected 
hand. The reflection (referred to as mirror 
visual feedback or MVF) can generate a misper-
ception of ownership which is recognised as a 
mirror illusion; however, the real mirror used 
in MT has some disadvantages including lack 
of balance control, postural pressure and 
weight shifting and it provides an undiversi-
fied training programme, all of which limit its 
clinical application.9 10 Numerous studies have 
proposed various technological approaches to 
create a new MVF interface to overcome these 
disadvantages.10–14 The feasibility of one such 
strategy for rehabilitation, camMVF, has been 
investigated in previous studies.9 13 15 16 Our 
prior research demonstrated that camMVF 
can improve upper limb motor function and 
mental rotation ability in stroke patients.16 

strengths and limitations of this study

 ► This is the first randomised controlled trial investi-
gating the effect of camera-based motor imagery, 
mirror visual feedback (camMVF) on stroke patients 
and the underlying neural mechanisms.

 ► Our findings could help improve camMVF techniques 
and facilitate development of a novel MVF interface 
based on electroencephalography results.

 ► This study presents a method for developing a sys-
tematic procedure for mirror therapy.

 ► Future studies, including comparisons of camera 
and real-mirror-based MVF are required.
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To optimise MT, a camMVF setup was employed in the 
present study to improve training posture, provide a more 
systematic training procedure and manipulable visual feed-
back. A previous report suggested that stroke patients with 
superior upper limb motor function have better balance 
control.17 Moreover, improved upper limb motor func-
tion may reduce the assistance required during transfer 
and ambulation, and elicit an interlimb reflex response, 
which can indirectly contribute to improvements in lower 
limb function.17 18 Therefore, we hypothesise that camMVF 
can improve upper limb motor function in away similar to 
that of conventional MT and has the potential to improve 
the ability of patients to carry out daily activities, balance 
control and ambulation.

As a plasticity-based approach, the reversion of learnt 
non-use and activation of the central nervous system 
are the theoretical basis of MT.19–22 Compared with real 
mirrors, camMVF is, in theory, therapeutically identical. 
Electroencephalogram (EEG), functional MRI and func-
tional near-infrared spectroscopy studies of amputees 
and healthy controls have suggested that camMVF can 
increase cortical activation of the sensorimotor cortex 
and the parietal and middle temporal cortices.10 11 15 23 
However, the effects of MVF on brain reorganisation in 
stroke patients remain unexplored. MVF is recognised 
as one component of graded motor imagery combined 
with visual stimulation.24–26 It is possible that MVF could 
promote the recovery of motor imagery ability, enhance 
visual perception of the affected limb and reorganise the 
corresponding brain network. Brain networks involved in 
motor imagery, particularly the extended motor network, 
are important for the motor processes that precede 
execution, such as motor preparation and planning.27–29 
An abnormal extended motor network has even been 
found in stroke patients with good functional recovery 
and such abnormalities correlate with residual functional 
impairment.27 In our study, EEG recording, combined 
with a hand-laterality task which involves visual processing 
and mental rotation of hands,30 provides a good para-
digm by which to study motor imagery and visual percep-
tion of the hands. Based on the results of our previous 
study,16 we hypothesised that improved brain network 
communication efficiency can contribute to performance 
in the hand-laterality task (reaction time and accuracy) 
following camMVF training intervention. Moreover, 
relying on network reorganisation, camMVF training 
can also lead to different manifestations of event-related 
potentials (ERPs).

MEthods And AnAlysIs
design
This is a multicentre, single-blinded, randomised 
controlled trial (RCT)-(part of the camMVF study). A 
study flow diagram is presented in figure 1.

Patient population
Each centre is expected to randomise 30 stroke inpatients 
who meet the clinical criteria (table 1).

randomisation
Patients will be stratified based on motor deficit severity 
according to the Fugl-Meyer Upper Limb (FMA-UL) 
score, where patients with scores ≤35 are classified as more 
impaired and those with scores ≥36 as less impaired,31 32 
and days from onset (early <6 months and late ≥6 months). 
Eligible patients who are informed about and consent to 
participate in the study will receive a baseline assessment, 
and then be randomly allocated to one of the groups. 
Patients in each group will be treated separately, without 

Figure 1 Trial flow chart. CG, conventional intervention 
group; MG, camera-based mirror visual feedback intervention 
group; Sham-MG, shielded mirror visual feedback 
intervention group.

Table 1 Inclusion and exclusion criteria

Inclusion cr iteria Exclusion criteria

Age 25–75 years Deteriorating medical 
condition

Diagnosed with unilateral 
stroke by CT or MRI between 
2 weeks and 1 year following 
stroke onset

A history of epilepsy or 
serious heart, lung, liver or 
kidney function failure

Ability to follow the instructions 
(MMSE ≥25)

Other problems that hinder 
study implementation

Muscle tension (mAS ≤2)

Ability to identify hand-laterality

mAS, modified Ashworth Scale; MMSE, mini-mental state 
examination.
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knowing their allocation during the entire study. Rando-
misation assignment will be generated using MATLAB 
(The MathWorks) by an independent researcher.

Intervention
Patients will be randomly assigned to one of three groups: 
camera-based mirror visual feedback intervention group 
(camMVF or MG), shielded mirror visual feedback inter-
vention group (sham-MVF or sham-MG) or conventional 
intervention group (CG). The allocation sequence will be 
based on a computer-generated random number table. 
The randomisation programme and all assignments will 
be conducted by an independent researcher. During 
their hospitalisation, all inpatients will receive 60 min of 
treatment per day, for 5 days a week, lasting for 4 weeks 
(20 sessions). Hand-function rehabilitation (30 min) will 
be conducted for all patients following each treatment. 
Muscle stretch and massage will also be administered 
to patients before and after treatments for relaxation 
purposes, and all of these interventions will be in addition 
to their routine hospital treatments (2 hours per day).

CamMVF intervention
In this trial, we will use a camMVF box (1200 × 940 
× 702 mm) to present manipulable visual feedback 
(mirrored, shielded, delayed and amplified) in place of 
a real plane mirror. Two mounted cameras will be used 
to capture hand motions and visual feedback will be 
presented using a 23.8-inch LED screen (1920 × 1080 
pixels). During treatment, patients will be seated in front 
of the LED screen at a comfortable height and place their 
hands in the box, which will block real visual feedback 
from both hands. The reflection and mirrored reflection 
of the unaffected hand will be presented on the screen, 
at a size similar size to that of real hands, during the MG 
intervention (figure 2). CamMVF provides a systematic 
procedure for MT, which contains basic and functional 
movement training items and verbal instructions with 
standard motion guide videos.

The basic part comprises 25 items that focus on the 
hand, wrist and forearm; these include grasp, finger-to-
finger, wrist extension/flexion and forearm supination/
pronation. The functional part will include tool-based 

items such as bottle grasping and wooden cube picking. 
Therapists can choose any item to design a training plan 
according to the patient’s motor impairments. Moreover, 
to make the training more self-guided and less labour 
intensive, there are verbal instructions/orders along 
with motion guiding videos during the initial training for 
whole treatment.

During the camMVF intervention, patients will be asked 
to carry out the training motions as symmetrically and 
synchronously as possible and to persuade themselves to 
imagine the moving hands on the screen are their own. 
An experienced therapist will design the training plan 
and adjust item difficulty to avoid global synkinesis of the 
affected limb and provide appropriate assistance. In this 
trial, every patient will receive a 60-min training session, 
including 4–5 items (with 3–4 basic items and 1–2 func-
tional items), and each item will be repeated 60 times per 
session.

Sham-MVF intervention
The camMVF box will also be used for the sham-MVF 
intervention; however, the reflection of the affected side 
will be shielded (figure 2).33 In the sham-MG group, 
patients will be required to perform the same exercises as 
those in the MG group, including the training protocol, 
intensity and duration. During training, patients will be 
required to attempt symmetrical movement and imagine 
that both hands are moving. We will compare the differ-
ences in clinical measurements and alterations in EEG 
signals before and after interventions between the two 
groups to explore the effects of MVF.34

Conventional intervention
Conventional intervention will comprise dosage-equiv-
alent treatments of physiotherapy and/or occupational 
therapy focused on the hands, wrists and forearms (ie, the 
same exercise programmes without MVF). The training 
principle and items will be similar to those applied for the 
MG and sham-MG groups.

study outcomes
The primary outcome and clinical assessments will be 
measured by an independent researcher at baseline and 
after 2 and 4 weeks of treatment. The hand-laterality task 
and EEG recording will be administered before and after 
the intervention by another researcher.

Primary
The FMA-UL subscale will be used to assess motor impair-
ment as the primary outcome.

Secondary
Clinical assessment
Clinical measurements will include the modified 
Ashworth Scale, Grip Strength test,(hydraulic hand 
dynamometer, ExactaTM), modified Barthel Index, Func-
tional Independence Measure, Berg Balance Scale, and 
10-metre walking test. These measurements focus on the 
evaluation of motor impairment, motor function, muscle 

Figure 2 The camera-based mirror visual feedback 
(camMVF) system used in the present study. (A) Normal MVF 
of bar grasping for patients in the camMVF or MG group. (B) 
Shielded mirror visual feedback intervention group for making 
a fist for patients in the sham-MVF or sham-MG group.
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tone and strength, hand dexterity (mild to moderately 
impaired patients), mobility and daily function.

Hand-laterality task and EEG recording protocol
The hand-laterality task is used to assess visual perception 
and motor imagery of the hands, and the reaction time 
and accuracy of the task will be measured.30 The patients 
will be seated in front of a laptop and asked to judge 
the laterality of hand images presented on the 13-inch 
display. The whole experiment consists of four blocks, 
following a single training block. There will be 3 min 
inter-block breaks. In each block, there will be 96 trials. In 
each trial, a black cross is displayed for 800 ms followed by 
stimulus images (9 × 9 cm) of the back-view of the left or 
right hand at six different angles (0°, 60°, 120°, 180°, 240° 
and 300°), giving a total of 2 × 6 types of stimulus images 
presented randomly with equal probability. Patients will 
be instructed to make hand-laterality judgements as 
quickly and accurately as possible by pressing a corre-
sponding button using their unaffected hand. Images will 
be presented until the patient responds. Stimuli will be 
controlled using E-prime 2.0 (Psychology Software Tools, 
Pittsburgh, Pennsylvania, USA).

EEG signals will be collected from a 64-channel Ag/
AgCl EasyCap (Brain Products, Munich, Germany) and 
recorded during the hand-laterality task. All electrodes 
will be referenced to FCz and have impedance <20 kΩ. 
EEG signals will be amplified using a BrainAmp MR Plus 
amplifier (Brain Products GmbH, Munich, Germany) and 
recorded continuously using Vision Recorder (V.1.03) at 
a sampling rate of 1000 Hz. ERPs and network properties 
(including clustering coefficient and characteristic path 
length) will be analysed and compared among groups to 
investigate the mechanism underlying camMVF.

statistical methods
Sample size
We estimated the sample size required to detect differ-
ences in the effects of group × time interactions on clin-
ical outcome (FMA-UL). An effect size (f) of 0.27 to 0.3 
is expected based on previous MVF studies.11 16 35 Given 
the expected effect size, a total sample size of 75 to 90 will 
be required for repeated analysis of variance (ANOVA) 
with a power of 0.8 and a two-sided type-I error of 0.01. 
Therefore, we plan to recruit 90 patients (30 per group).

Statistical analyses
Primary analysis will be performed using the intention-
to-treat principle. Treatment effects will be compared 
using a two-way repeated ANOVA for clinical measure-
ments, taking TIME (three levels: before intervention 
and 2 and 4 weeks after intervention) as a within-subject 
factor and GROUP (three levels: MG, sham-MG and CG) 
as a between-subject factor. A three-way repeated ANOVA 
will be used to test behaviour during the hand-laterality 
task (response time and accuracy), taking TIME (two 
levels: before and after intervention) and HAND (two 
levels: affected and unaffected) as within-subject factors 

and GROUP (three levels: MG, sham-MG and CG) as a 
between-subject factor. A p value <0.05 will indicate statis-
tical significance for all analyses.

Patient and public involvement
Development of the research question and intervention 
content was based on data from stroke patients in our 
previous pilot study who received MT via camMVF and 
achieved motor improvements. Training protocols were 
iteratively improved based on feedback from participants 
from July 2014. We assessed the participant burden of the 
intervention and research measures using group inter-
views and informal feedback in our previous pilot study. 
Patients will not be involved in participant recruitment 
or study conduct. We will send a summary of the study 
results to all participants.

EthICs And dIssEMInAtIon
 This trial was registered on 2 December 2017 Patient 
recruitment began on 10 December 2017 and will 
continue until 31 December 2018. Primary data anal-
ysis began in October 2018. The institutional review 
board of Huashan Hospital will receive study reports at 
the middle and end of the study and monitor the study 
implementation and data collection. Any modifications 
to the protocol will also be agreed to by the review board. 
All study data will be preserved as case report forms. 
Huashan Hospital is the sponsor for the study. Patients 
will be recruited from Huashan Hospital Fudan Univer-
sity Jing’an Branch, the first Rehabilitation Hospital of 
Shanghai and Shanghai Changning Tianshan Traditional 
Medicine Hospital and receive interventions at these 
hospitals. This study protocol was written according to 
the Standard Protocol Items: Recommendations for 
Interventional Trials (SPIRIT) checklist.36 The study will 
eventually be published in a peer-reviewed journal, and 
the findings will be presented at conferences, rehabilita-
tion forums and to the general public.

dIsCussIon
MT is a plasticity-based approach shown to have signifi-
cant effects on motor impairment in RCTs3 6 7; however, 
real mirrors have some technological limitations and 
disadvantages, including weight shifting and postural 
pressure,9 10 which may be overcome using camMVF. 
The present study is aimed at testing the effectiveness 
of camMVF therapy, compare it with conventional treat-
ment for stroke rehabilitation, and investigate the under-
lying neural mechanisms for involved aspects of cognition 
and brain networks. Our study will identify methods and 
systematic procedures for future implementation of the 
novel, manipulable camMVF method and facilitate better 
understanding of the central mechanisms involved in 
motor control which will improve MT effectiveness.

MVF is a visual stimulation combined with motor 
imagery.24–26 This special type of reflection can enhance 
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the perception of affected limbs and increase the patient’s 
sense of ownership. In addition, by activating the cogni-
tive cortex, MVF can eventually activate the primary 
motor cortex and improve motor execution.37 38 Stroke 
disrupts both corticospinal output (eg, upstream motor 
execution) and motor processes (eg, attention, motor 
preparation and planning).29Recognised as contributing 
to graded motor imagery,24 26 camMVF may have the 
potential to improve motor imagery and visual perception 
of the affected hand, mediate motor cognitive processes, 
and eventually reorganise the motor network. According 
to the results of clinical measurements and EEG analysis 
of the MG, sham-MG and CG groups, the study aims to 
explore the neural mechanisms underlying camMVF and 
provide supplementary evidence of how this therapy can 
promote cortical reorganisation and plasticity.
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