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Introduction
We previously reported that a kinesthetic illusion, induced by a visual 

stimulus using a movie video (KiNVIS), produces vivid kinesthetic 
feeling in a healthy subject and in a patient with stroke, even though the 
body is actually in a resting condition [1-3]. The subjective kinesthesia 
felt in the first person during KiNVIS is generally vivid and, in our 
experience, stronger than that experienced during mirror therapy. We 
reported that, during KiNVIS, corticospinal tract excitability increases, 
as determined by transcranial magnetic stimulation (TMS) [1,2]. 
Furthermore, we showed, by functional magnetic resonance imaging, 
that a neural network is activated in the same brain regions during 
KiNVIS as is activated during actual movement execution [3]. Thus, 
the findings of our previous studies indicated that KiNVIS may induce 
a cerebral state similar to that induced by motor imagery, even though 
the kinesthetic perception during KiNVIS is “passively” induced. On 
the other hand, motor imagery describes the conscious and active 
psychological representation of movement. Motor imagery thus results 
in the activation of movement execution-related neural networks in 
healthy subjects [4-7].

A recently published consensus paper includes an approach to 
rehabilitation of stroke patients, i.e., adjustment of the abnormal inter-
hemispheric inhibition [8] (for example, by repetitive transcranial 
magnetic stimulation, transcranial direct current stimulation, electrical 
neuromuscular stimulation, constraint-induced movement therapy 
involving intensive use of the affected hand), combined with motor 
relearning therapeutic exercises. Since KiNVIS increases corticospinal 
tract excitability and induces similar cerebral network activation as 
movement execution [3], we speculated that applying KiNVIS to a 
patient with stroke could induce a positive effect on sensory-motor 
function. 

Additionally, mirror therapy and motor imagery are new tools that 
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are currently favoured as therapeutic interventions for sensory-motor 
function recovery in patients with stroke. Several studies have indicated 
that mirror therapy has a positive effect on motor function in patients 
with stroke [9-12]. The neural substrate during mirror therapy and 
KiNVIS may overlap somewhat, since these two approaches include the 
psychological feeling of body ownership in the artificial body, in the 
mirror or the movie, and kinesthetic perception. However, there is a 
clear difference between these approaches in terms of the absence of 
actual movement of the patient’s own body during KiNVIS, which may 
be reflected in some difference in brain activity. Moreover, although 
the efficacy of motor imagery on patients with stroke is limited by the 
patient’s underlying pathophysiology [13] and is poorly reported [14], 
there is evidence that suggests that motor imagery provides additional 
benefits to conventional physiotherapy or occupational therapy [15].

Given this background, we speculated that KiNVIS may benefit 
patients with stroke. We had already confirmed that watching this 
type of movie could create an illusory perception of kinesthesia in a 
subject who had experienced a stroke more than 10 years previously; 
this patient also expressed a subjective feeling of desiring to move while 
watching the movie, as he perceived it as movement of his own hand. 
The aim of the present study was to assess the acute effect of KiNVIS on 
motor function in patients with stroke, as a preliminary study.
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Materials and Method
Five Japanese patients with stroke, who had been otherwise healthy, 

participated in the present trial. They had sensory and motor deficits 
after stroke. All of the patients were right-handed, and two patients 
had a stroke that affected their right-side (dominant), while the other 
two patients experienced a stroke that affected their left side. Their 
diagnoses were based on clinical evaluation and imaging (Table 1). The 
present study was approved by the local ethics committees (Sapporo 
Medical University and Asahikawa Rehabilitation Hospital). 

Patient 1

The patient was a 51 year old man with damage to a wide area of 
the left putamen caused by a haemorrhagic stroke that had occurred 11 
years previously. He had not had therapy for the involved right upper 
extremity (UE) since being discharged from the hospital 10 years earlier. 
This patient was independent in terms of activities of daily living and 
reported that he had not used his involved UE for functional activities. 
Voluntary movement was absent, with slight muscular contraction in 
the forearm and upper arm, and hand movement that was characterized 
by a flexor synergy pattern. The modified Ashworth scale score in the 
UE was 1. Tactile sensation was severely impaired throughout the UE.

Patient 2

The patient, a 23 year old man, was in the recovery phase. He 
had experienced infarction in the right posterior limb of the internal 
capsule, radiate crown, sensory area, and temporal lobe 27 weeks earlier. 
Movement of the left UE exhibited a flexor synergy pattern and hand 
movement was characterized by co-contraction of flexor and extensor 
muscles. Tactile sensation and sense of position were moderately 
impaired throughout the UE. 

Patient 3

The patient, a 76 year old woman, was an in-patient in the 
recovery phase rehabilitation ward. She had experienced a left 
thalamus haemorrhage 17 weeks previously, but was medically stable. 
She participated in rehabilitative therapy for impairments in her 
right lower extremity, UE, and verbal ability, for 16 h per week. She 
needed assistance with most of the activities of daily living and her 
UE had not been in regular use since the stroke. Hand movement was 
characterized by a slight contraction of the flexor and extensor muscles. 
Tactile sensation was slightly impaired, and the sense of motion was 
moderately impaired throughout the UE.

Patient 4

The patient was an 85 year old man in the chronic phase after stroke. 
He had experienced infarction in the pons 30 weeks earlier. The left UE 
on the involved side was often used for functional activities. He could 
voluntarily flex the UE, but could not reach a computer mouse that was 
placed in front of him. Flexion and extension of the patient’s fingers was 

partially possible. Tactile sensation was slightly impaired, and muscular 
tone was enhanced.

Patient 5

Patient 5, a 65 year old man, was an in-patient with a putamen 
infarction, and was unable to use his involved left UE voluntarily at all. 
Tactile sensation was slightly impaired, and muscular tone was slightly 
enhanced.

KiNVIS was applied for 15 min to test the acute effect on the 
participants’ motor function. Patients were seated at a table with their 
forearm on the involved side supported on a soft cushion, and with 
their arm raised off the table to avoid any somatosensory input. During 
KiNVIS therapy, the patients remained fully relaxed and they were 
instructed not to move their hand. A liquid crystal display was set over 
the forearm and the position of the display was modulated precisely so 
that the forearm in the movie of the hand movement, which was pre-
recorded prior to the therapeutic intervention, was adjusted to mirror 
the location of the patients’ forearms from their individual viewpoint 
(Figure 1) [1,2]. The body size in the movie was adjusted to a size 
appropriate for the patient, so that body ownership could be induced by 
the movie, by making the patient feel as if their actual body was being 
displayed in real-time. The hand movement of the uninvolved side 
was recorded before the intervention. The movement task was chosen 
from among two kinds of movement (hand opening and closing, or 
wrist joint flexion and extension), based on the type of movement a 
physical therapist wanted the patient to learn. In a hand movement 
movie executed in the uninvolved side, the appointed movement was 
cyclically repeated for 30 s. After the movie length was edited, it was 

 

Figure 1: Schematic representation of kinesthetic illusion by visual stimulation. While the subject 
remained relaxed, kinesthetic illusion was induced by a visual stimulus using a movie of the hand 
movement.

Figure 1: Schematic representation of kinesthetic illusion by visual stimulation. 
While the subject remained relaxed, kinesthetic illusion was induced by a 
visual stimulus using a movie of the hand movement.

Age 
(years) Sex Diagnosis Time after 

stroke Lesion site Paretic 
side Handedness Br. Stage 

(UE/Hand/LE) MMSE
FMA (UE)

 Pre Post
Patient 1 51 Male Hemorrhage 11 years Putamen Right Right (corrected) Ⅱ/Ⅱ/Ⅲ 30/30 2/66 5/66

Patient 2 23 Male Infarction 27 weeks
Posterior limb of internal capsule, 

Radiate crown, Sensory area, 
Temporal lobe

Left Right Ⅴ/Ⅳ/Ⅳ 30/30 46/66 46/66

Patient 3 76 Female Hemorrhage 17 weeks Thalamus Right Right Ⅳ/Ⅳ/Ⅳ 23/30 42/66 42/66
Patient 4 85 Male Infarction 30 weeks Pons Left Right Ⅳ/Ⅳ/Ⅳ 29/30 35/66 35/66
Patient 5 65 Male Hemorrhage 9 weeks Putamen Left Right Ⅱ/Ⅱ/Ⅳ 29/30 8/66 9/66

Table 1: Case descriptions of the five patients.
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flipped to mirror movement on the involved side, and was repeatedly 
projected for 15 min. In patient 1, KiNVIS was repeated once after 
motor examination for the same time period as the first intervention.

Before and immediately after the intervention, the motor functional 
state was evaluated using the upper extremity section of the Fugl-
Meyer Assessment (FMA-UE) as a primary outcome in the present 
study. Furthermore, we assessed the performance of an appropriate 
motor task for each patient to detect changes in motor function, even 
though small, as secondary outcome. The task to be performed for 
monitoring the secondary outcome was chosen by a physiotherapist in 
charge of the patient’s conventional physiotherapy in the hospital. The 
candidate tasks included simple movements of single joints (e.g. elbow 
flexion and extension), hand grasping and opening, and pinching for 
patients with severe motor paralysis. A peg-board task was used for 
patients with better motor function. Each patient repeated the set task 
three times and the average was calculated for each subject. Surface 
electromyography (sEMG), performed by means of a wireless system 
(TrignoTM wireless EMG, Delsys Inc., Natick, MA, USA), was recorded 
(sampling frequency; 4000 Hz, bandwidth 20 ± 5 Hz to 450 ± 50 Hz). 
Recordings were made in Patient 1 during elbow flexion and extension 
movement, from the biceps brachii and triceps brachii muscle, in Patient 
2 during repeated pinch and release, from the flexer carpi radialis and 
extensor digitorum muscle, and in Patient 3 during maximal voluntary 
muscular contraction of hand grasp, from the flexer carpi radialis and 
extensor digitorum muscle. Hand grasp force was also measured in 
Patient 3. In Patient 2, we measured the time to transfer 20 pegs from 
a saucer to a peg-board, one by one, as rapidly as possible, to evaluate 
skilled performance. The peg-board (Manual Function Test SOT-5000, 
SAKAI Medical Co., Ltd., Tokyo, JAPAN) had 20 holes, which are 3 
mm in diameter, and each peg was 2.5 mm in diameter. The range of 
motion of voluntary movement of the elbow joint (Patient 1), and hand 
movement (Patients 4 and 5) was measured using a video during each 
examination. In Patients 4 and 5, the angle of the starting position, 
maximum flexion, and extension angle of the metacarpophalangeal 

(MPj), proximal (PIPj), and distal (DIPj) interphalangeal joints of the 
paretic index finger were measured, both before and after the KiNVIS 
intervention. Flexion and extension angles of the movement arc (AMA) 
were obtained from those angles. 

Results
Nobody complaint any unpleasant feeling during KiNVIS. The 

FMA-UE score measured before and after the intervention is shown 
in Table 1. In three (Patients 2, 3 and 4) of five patients, there was no 
change in the FMA-UE score between before and after the intervention; 
however, the score slightly increased in two patients.

In Patient 1, a marked change in voluntary movement was observed 
and the primary outcome showed improvement. The elbow joint 
flexion angle expanded to 56.1 degrees after KiNVIS, from 3.1 degrees 
before KiNVIS therapy. The sEMG values of the elbow flexor, during 
elbow flexion movement (Figure 2A), and the wrist flexor, during wrist 
flexion (Figure 2B), were increased after KiNVIS therapy. Furthermore, 
reciprocal contraction and relaxation of the wrist flexor and extensor 
muscles were observed after the 2nd round of KiNVIS therapy. In 
Patient 2, the FMA-UE score did not change immediately after the 
intervention. The time taken to complete the peg-board task, which was 
used as an indicator of his motor function, was shortened after KiNVIS 
therapy (Before: 2 min 53s, after: 2 min 32s). Additionally, the sEMG 
from the flexor and extensor muscles decreased after KiNVIS therapy, 
and the sEMG value of the extensors increased while releasing a peg 
(Figure 3). In Patient 3, the FMA-UE score did not change immediately 
after the intervention. The hand grasp force increased from 8.3 N before 
KiNVIS to 24.7 N after KiNVIS therapy (Figure 4A). The sEMG values 
of the extensors decreased and those of the flexors increased during the 
hand grasping task after KiNVIS therapy (Figure 4B). In the first three 
patients, reciprocal control of muscular activation was observed and 
voluntary control of movement was also found to be acutely improved 
after KiNVIS therapy. In Patients 4 and 5, the range of motion, which 
was measured during voluntary execution of hand grasping and 

 

Figure 2: The range of motion and surface electromyography values in Patient 1. The elbow flexion angle and surface electromyography (sEMG) value of right biceps brachii during elbow flexion (A). sEMG value of right flexor carpi radialis and extensor carpi radialis 
during wrist flexion (B). 
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Figure 2: The range of motion and surface electromyography values in Patient 1. The elbow flexion angle and surface electromyography (sEMG) value of right biceps 
brachii during elbow flexion (A). sEMG value of right flexor carpi radialis and extensor carpi radialis during wrist flexion (B). 
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opening, were observed to increase (Table 2). The FMA-UE score did 
not change in Patient 4, but was slightly improved in Patient 5.

Discussion
As there has been no study to date in which KiNVIS has been 

applied as a therapeutic approach to patients with stroke, we considered 
it necessary to perform a preliminary study prior to performing a 
systematic prospective study to examine the therapeutic effect of this 
approach. We found that the effect of KiNVIS therapy on the five 
patients was not constant in terms of the primary outcome of the 
present study. This may suggest that KiNVIS did not have a clear acute 
effect that is measurable in terms of the FMA-UE score in the various 
patients who participated in the present study. However, importantly, 
we observed certain improvements in individual motor function, as 

determined by arbitrary functional examination, depending on the 
motor function of each patient. The sEMG data showed quantitative 
changes in muscular activation in Patient 1, and appearance of a form 
of reciprocal control of agonist-antagonist muscles in Patients 1, 2 
and 3. The active range of motion in of a particular, relevant joint in 
the individual patients improved in Patients 1, 4, and 5. Generally, 
the results of comparisons of the individual measurements that were 
examined as secondary outcome before and after KiNVIS were positive. 
This suggests the possibility of using KiNVIS as a therapeutic approach 
for improving motor function in patients with stroke. Although the 
primary outcome was certainly not affected by KiNVIS therapy, 
improvement of motor functions in the individual forms the basis for 
improving the score used as the primary outcome, if it were sustained. 
Therefore, our results indicate that KiNVIS is sufficiently promising to 
warrant a well-organized prospective study.

The use of KiNVIS is consistent with a recently published consensus 
report on the optimal strategy for repairing motor function after stroke, 
which included an approach for improving abnormal inter-hemispheric 
inhibition [8]. Since KiNVIS affects corticospinal tract excitability and 
induces motor control-associated cerebral network activation [1-3], 
we speculated that KiNVIS could induce a positive effect on sensory-
motor function in patients with stroke. In consideration based on the 
cerebral network activation during KiNVIS [3], the activation of the 

 

Figure 3: Surface electromyography value in Patient 2. sEMG value of left extensor digitorum and flexor carpi radialis during a peg-board task.
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Figure 3: Surface electromyography value in Patient 2. sEMG value of left extensor digitorum and flexor carpi radialis during a peg-board task.

 

Figure 4: Surface electromyography value in Patient 3. Maximum force (A) and sEMG value of right digitorum flexors and extensor carpi radialis (B) during hand grasping.
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Figure 4: Surface electromyography value in Patient 3. Maximum force (A) and sEMG value of right digitorum flexors and extensor carpi radialis (B) during hand grasping.

 Flexion Extension
  MP PIP DIP MP PIP DIP

Patient 4 Pre 31.7 54 33.9 31.4 68.7 39.5
Post 35 69.4 47.6 37 66.3 47.6

Patient 5 Pre 0 0 0
Post 10.6 16.3 0    

Table 2: The range of motion during voluntary execution of hand grasping and 
opening in patients 4 and 5.
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fronto-parietal neural network, which is associated with visuo-motor 
tasks [16-19] and the mirror neuron system [20], which is involved in 
activation of motor association areas (pre-motor cortex, supplementary 
motor cortex) during KiNVIS. This is plausible, as KiNVIS would 
induce activation of the motor association areas due to the input from 
the cerebral network through the superior longitudinal fasciculus [21]. 
This association network is different from that described in previous 
therapeutic interventions, for example, passive motion executed by 
means of robotic devices or neuromuscular electrical stimulation. 
Since the association neural networks in these previously described 
interventions mainly consist of projection fibers from the caudal 
organs, the frequent occurrence of stroke in the internal capsule, 
thalamus, and striatum would lead to functional disturbances of those 
neural networks. 

From this viewpoint, KiNVIS may present a new therapeutic 
intervention for patients with stroke, as KiNVIS activates different networks 
from those typically affected and induces increases in the excitability of 
the motor association areas. Furthermore, KiNVIS does not contradict 
the hypothesis of abnormal inter-hemispheric inhibition [8]. If the effect 
noticed in the present study could be induced over the long term, using 
other interventions, such as conventional therapeutic exercise, and physical 
modalities, such as paired associated stimulation [22,23], therapeutic 
efficacy similar to brain stimulation may be achieved [24,25].

In addition to its effects on the pathophysiology, KiNVIS holds a 
practical advantage in that it is easier for patients to pay attention to 
the display in KiNVIS than it is during mirror therapy [26], since they 
do not need to move their contralateral hand. Paying attention to the 
mirror and moving the body simultaneously constitutes a dual task, 
which may be more difficult for elderly people than a single task [27,28]. 

Moreover, KiNVIS induces a particularly vivid kinesthetic feeling. 
The vividness of kinesthetic perception may be considered a measure 
of the effectiveness of KiNVIS. For instance, a patient commented on 
his subjective feeling that it was as if he remembered how to move his 
own hand, and felt able to recall the movement. It is uncertain how 
KiNVIS would contribute psychologically to the recall of movement in 
such patients; however, we speculate that the kinesthetic feeling created 
during KiNVIS enhances the ability to produce voluntary motor output. 

The present study explored the acute effect of KiNVIS on motor 
function in five patients who had experienced stroke. KiNVIS therapy 
did not have a sufficient positive effect on the primary outcome of 
motor function; however, KiNVIS therapy acutely improved individual-
specific motor functions in all five patients with stroke. The evidence 
presented here is weak, it is due to the low number of participants, the 
study is neither blind nor controlled, and there is a wide heterogeneity 
in the stroke features (age at onset; ischemic/haemorrhagic; time after 
the acute event; lesion and paretic side); however, these results indicate 
the need for a large-scale detailed study in the future. We consider that 
further well-organized prospective studies are warranted to explore the 
possibility of using KiNVIS as therapeutic intervention for improving 
sensory-motor functional impairments in patients with stroke. 
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