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Abstract.	 [Purpose] We describe a new method of functional electrical stimulation therapy for severe hemipare-
sis. Conventional functional electrical stimulation of the lower legs has limited applications. It is only suitable for 
patients who can monitor their muscle contractions, and it has complicated equipment installation procedures. [Par-
ticipant and Methods] The participant was a male in his 40s with severe motor paralysis following brain surgery. We 
monitored the participant’s healthy side using the external assist mode of an Integrated Volitional Control Electrical 
Stimulation (IVES® OG Giken, Okayama, Japan) system while forcibly contracting the paralyzed side. The partici-
pant received this new functional electrical stimulation therapy five times per week. [Results] Two weeks after ini-
tiation of therapy, paralysis was noticeably improved, and motor function was maintained for approximately 1 year. 
[Conclusion] The outcomes of this case suggest that the addition of forced contraction therapy, mirror therapy, and 
repetitive exercise therapy to regular physical therapy may be beneficial. This treatment method may also be useful 
in postoperative patients with central motor palsy and no muscle contraction ability.
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INTRODUCTION

Functional electrical stimulation (FES) is a technique that uses electricity to activate the nerves that supply paralyzed 
muscles. FES therapy, through this nervous system-mediated activation is thought to forcibly promote muscle contraction, 
which disinhibits the cortical motor area via local inhibitory interneuron inhibition, thereby increasing cortical motor area 
excitability and changing synaptic plasticity1). Integrated Volitional Control Electrical Stimulation (IVES® OG Giken, 
Okayama, Japan) is an FES device that elicits voluntary movements and outputs amplified electrical stimulation to different 
muscles by monitoring electromyograms2). This device is used in clinical practice as a physical therapy technique to promote 
muscle contraction. IVES® has an external assist-mode setting that monitors the unaffected side and is effective even in 
cases where muscle contraction is not observed. In patients without upper extremity muscle contraction, the unaffected side 
was monitored, and stimulation was applied to the affected side3–5). There have only been a few reports of this technique in 
the lower extremities. In our patient with prolonged motor paralysis after tumor resection, we monitored the unaffected side 
in the external assist mode of the IVES® and aimed to improve motor paralysis by forcibly contracting the muscle on the 
affected side (Fig. 1).
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PARTICIPANT AND METHODS

We designed this open-label feasibility clinical study to test this new method in patients with severe motor paralysis with-
out muscle contraction. The main inclusion criteria were age ≥20 years and severe paralysis due to stroke or neuromuscular 
disease, and the main exclusion criteria were dementia or implanted internal metals, such as cardiac pacemakers or deep brain 
stimulation electrodes. A male in his 40s was diagnosed with a brain tumor in his right frontal lobe 6 years prior and was as-
ymptomatic and under observation. One year ago, his left upper and lower extremities developed dyskinesia, which gradually 
worsened. Craniotomy was planned because the tumor interfered with his daily activities and driving. At his pre-operative 
evaluation, his Brunnstrom recovery stage (BRS) levels were: upper-left extremity III, finger III, and lower extremity IV. 
The total gross muscle strength test (GMT) revealed score of 5, for the upper-right extremity; 3, for the upper-left extremity; 
5, for the lower-right flexor extremity; and 0, for the lower-left flexor extremity. The modified Ashworth scale was 1+ in the 
left upper extremity and 1+ in the left lower extremity, and his superficial sensation was normal. The pathological diagnosis 
was undifferentiated oligodendroglioma. After the craniotomy, the motor function of the left upper and lower extremities 
worsened, and rehabilitation treatment with physical and occupational therapy was initiated 2 days after the operation. At 
the start of treatment, BRS levels were: upper-left extremity III, finger II, and lower extremity I. GMT levels were: upper 
extremity 2, and lower-left extremity 0. Fugl-Meyer Assessment (FMA) lower-extremity item was 10, and severe superficial 
sensory paralysis was noted. His lower-left deep tendon reflexes improved, and Babinski’s and Chaddoh’s signs on the left 
side were positive. Ankle dorsiflexion limitation was pronounced at 0° during active movement, and no muscle contraction 
was observed. At 40 days post-operation, he received regular physical and occupational therapy, including neuromuscular 
re-education, strength training, and Activities of Daily Living training. There were still 10 FMA lower-extremity items, and 
muscle strength measurement with a handheld dynamometer (HHD) was not possible due to difficulty in voluntary movement 
of ankle dorsiflexion. We attempted FES of the tibialis anterior muscle; however, muscle contraction was difficult to monitor. 
This case report was approved by the Clinical Research Ethics Board of Nara Medical University (approval No. 3260).

Written and verbal consent was obtained from the patient for publication of the report and any accompanying images.

Fig. 1.	 Difference between conventional functional electrical stimulation application and the new application of Integrated Volitional 
Control Electrical Stimulation®.

(A) The conventional application of this device for motor paralysis is only direct stimulation, in which the lead-out and stimulation elec-
trodes are placed on the same muscle. (B, C) In this new functional electrical stimulation, a lead-out electrode is placed on the unaffected 
side where the muscle is still capable of voluntary contraction, and this contraction is monitored. Subsequently, a stimulation electrode 
is placed on the affected side’s muscle to induce muscle contraction.
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RESULTS

The tibialis anterior muscle was the target muscle for FES. The minimum stimulus intensity of the IVES device was set 
to 15%, maximum stimulus intensity to 50%, and sensitivity to 3.0. On postoperative day 65, the FMA lower extremity item 
improved to 24 points, and the BRS improved to lower extremity IV, GMT lower extremity 4, and MAS1. Muscle strength 
evaluation by HHD showed ankle dorsiflexion of 3.6 kg. In addition, automatic ankle dorsiflexion exercise to +6°was pos-
sible, improvement in motor paralysis and muscle strength was observed without increasing muscle tone, and the patient was 
discharged. At 149 days after surgery, the FMA lower limb item 30 points, BRS lower limb V, GMT lower limb 4+, MAS1, 
ankle dorsiflexion muscle strength 5.0 kg, and active ankle dorsiflexion motion recovered to +20° (Fig. 2). The patient was 
able to walk independently with a plastic ankle-foot brace even after discharge. Motor function was maintained one year after 
the operation, and no adverse events related to the FES were observed.

DISCUSSION

Earlier studies using electrical stimulation have reported that the combination of direct electrical stimulation monitoring 
of muscle contraction from the affected leg and voluntary movement improved motor paralysis. There are few reports on 
treatment methods that monitor the unaffected side of the affected lower limb without dysplasia6). This technology can also be 
applied to patients without muscle contraction in the acute phase and monitor the unaffected muscles and forcibly contracts 
the affected muscles, is expected to have effects similar to those of mirror therapy. The integrated function of a perceptual-
motor loop is necessary when executing a movement, and the perceptual input of sight plays a significant role. Mirror therapy 
is thought to activate areas related to the corticospinal tract by evoking images of movement7). Exercise using the unaffected 
side of this technology not only activates the visual cortex and somatosensory cortex by visual feedback but also activates the 
motor cortex and related association cortex by projecting it to those areas. Repetitive exercise is also important for improving 
paralysis, and further strengthening of synaptic functional connections can be induced by repeating exercise as much as pos-
sible during the period when neural pathways are being rearranged. This technology increases exercise opportunities and the 
total amount of exercise that patients can perform. On the other hand, passive movement alone has negligible effect on central 
motor performance function and does not change the activity of cerebral cortical movement8). An increase in voluntary motor 
commands increases the efficiency of excitatory synaptic transmission and promotes synaptic integration9). It is hypothesized 
that the movement of the affected side can also lead to an improvement in synaptic efficiency owing to the repetition of the 
intended movement.

It is undeniable that the natural course of post-operative cerebral edema was also observed as part of the improvement 
process of motor paralysis especially when considering the effect on the pyramidal tract. No improvement in motor paralysis 
was observed until 40 days after surgery in this case. If motor paralysis is only due to post-operative edema, improvement in 
motor paralysis is expected approximately 2 weeks after surgery10). This should be accepted, and it is difficult to explain by 
the reduction in edema only. There is a high possibility that the tumor or pyramidal tract disorder associated with the surgical 
operation was present, and it is thought that FES therapy promoted the improvement of motor paralysis. This case showed 
the possibility of this FES being an effective treatment strategy.

This present case study has some limitations inherent to its design. The FES therapy used in this study was combined with 
‘regular’ physical and occupational therapy and has not been shown to be effective alone. However, it may be effective when 
used in combination with conventional treatment. As there was no comparison with the natural course, a case-control study 
with a large number of cases is necessary to investigate this possibility. In addition, it is not yet known whether continued 

Fig. 2.	 The course of lower extremity function
FMA: Fugl-Meyer Assessment; BRS: Brunnstrom Recovery Stage.
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use of this technique improves muscle function following paralysis. The main purpose of this method was to induce the 
initial muscle contraction, and it was therefore intended for short-term use. This study did not include objective evaluation 
of pyramidal tract symptoms such as motor-evoked potential monitoring before and after surgery, and could have brought us 
closer to elucidating their pathology.

We trialed FES therapy for a patient with decreased muscle output due to motor paralysis after brain tumor removal, with 
favorable one-year outcomes and no adverse events. Therefore, our new FES therapy may be safe and effective in postopera-
tive patients with central motor palsy without muscle contraction.

Funding and Conflict of interest
T.M. has previously received funding from OG Giken Co., Ltd. for another study. However, in this study, OG Giken Co., 

Ltd. was not involved in the design, collection, analysis, data interpretation, writing of this article, or decision to submit for 
publication. The co-authors and their families have no financial relationships to disclose in this study.

REFERENCES

1)	 Fujiwara T: Hybrid Assistive Neuromuscular Dynamic Stimulation (HANDS) Therapy. Jpn J Rehabil Med, 2017, 54: 574–578.  [CrossRef]
2)	 Muraoka Y, Tomita Y, Honda S, et al.: EMG-controlled hand opening system for hemiplegia. Proceedings of the 6th Vienna International Workshop on Func-

tional Electrostimulation Basics Technology Application, 1988, 255–258.
3)	 Cauraugh J, Light K, Kim S, et al.: Chronic motor dysfunction after stroke: recovering wrist and finger extension by electromyography-triggered neuromus-

cular stimulation. Stroke, 2000, 31: 1360–1364. [Medline]  [CrossRef]
4)	 Osu R, Otaka Y, Ushiba J, et al.: A pilot study of contralateral homonymous muscle activity simulated electrical stimulation in chronic hemiplegia. Brain Inj, 

2012, 26: 1105–1112. [Medline]  [CrossRef]
5)	 Knutson JS, Harley MY, Hisel TZ, et al.: Contralaterally controlled functional electrical stimulation for recovery of elbow extension and hand opening after 

stroke: a pilot case series study. Am J Phys Med Rehabil, 2014, 93: 528–539. [Medline]  [CrossRef]
6)	 Hara Y, Obayashi S, Tsujiuchi K, et al.: The effects of electromyography-controlled functional electrical stimulation on upper extremity function and cortical 

perfusion in stroke patients. Clin Neurophysiol, 2013, 124: 2008–2015. [Medline]  [CrossRef]
7)	 Jeannerod M: The mechanism of self-recognition in humans. Behav Brain Res, 2003, 142: 1–15. [Medline]  [CrossRef]
8)	 Kawahira K, Shimodozono M, Ogata A, et al.: Addition of intensive repetition of facilitation exercise to multidisciplinary rehabilitation promotes motor func-

tional recovery of the hemiplegic lower limb. J Rehabil Med, 2004, 36: 159–164. [Medline]  [CrossRef]
9)	 Matsumoto S, Shimodozono M, Noma T, et al.: Outcomes of repetitive facilitation exercises in convalescent patients after stroke with impaired health status. 

Brain Inj, 2016, 30: 1722–1730. [Medline]  [CrossRef]
10)	 Tajiri H, Mitsuya K, Nishimura T: Employment support for brain tumor patients and survivors. Jpn J Rehabil Med, 2019, 56: 637–644.  [CrossRef]

http://dx.doi.org/10.2490/jjrmc.54.574
http://www.ncbi.nlm.nih.gov/pubmed/10835457?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.31.6.1360
http://www.ncbi.nlm.nih.gov/pubmed/22571491?dopt=Abstract
http://dx.doi.org/10.3109/02699052.2012.666368
http://www.ncbi.nlm.nih.gov/pubmed/24508938?dopt=Abstract
http://dx.doi.org/10.1097/PHM.0000000000000066
http://www.ncbi.nlm.nih.gov/pubmed/23706813?dopt=Abstract
http://dx.doi.org/10.1016/j.clinph.2013.03.030
http://www.ncbi.nlm.nih.gov/pubmed/12798261?dopt=Abstract
http://dx.doi.org/10.1016/S0166-4328(02)00384-4
http://www.ncbi.nlm.nih.gov/pubmed/15370731?dopt=Abstract
http://dx.doi.org/10.1080/16501970410029753
http://www.ncbi.nlm.nih.gov/pubmed/27996326?dopt=Abstract
http://dx.doi.org/10.1080/02699052.2016.1205754
http://dx.doi.org/10.2490/jjrmc.56.637

