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Recumbent cycling with integrated volitional control
electrical stimulation improves gait speed during the
recovery stage in stroke patients
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The purpose of this study was to investigate the effect of recumbent
cycling with integrated volitional control electrical stimulation (IVES) on
gait ability in stroke patients. Six stroke patients (all male; average age,
55.7+8.3 years) participated. Recumbent cycling (R-cycling) was per-
formed with and without IVES in the power assist (IVES-P) mode. The
targeted muscle for electrostimulation was the tibialis anterior. Patients
performed 10 min of IVES-P mode plus R-cycling (program A) or R-cy-
cling alone (program B), once per day, 5 times per week. Patients com-
pleted two sets of each program, alternating between programs each
week. Gait speed and the number of steps numbers on a 10-m walking
test was assessed before and after each interventional session. Pro-

INTRODUCTION

Stroke patients have various symptoms, including spasticity,
hemiplegia, imbalance, sensory disturbance, higher brain dysfunc-
tion, and so on (Cantagallo et al., 2012; Klingner et al., 2012;
Punt and Riddoch, 2006; Wissel et al., 2015). Among these
symptoms, hemiplegia especially affects the activities of daily liv-
ing (ADL) (Fugl-Meyer and Jiisko, 1980). Gait is fundamental in
the ADL, and gait ability is a critical factor of the ADL (Mikota-
jewska, 2013). Thus, for hemiplegia and gait disturbances, various
rehabilitative training methods for the affected side have been per-
formed, such as proprioceptive neuromuscular facilitation
(Guiu-Tula et al., 2017), electrostimulation (Pomeroy et al., 2006),

gram A improved gait speed, but not the number of steps, to a greater
extent than that in program B. Specifically, the combined intervention
significantly improved gait speed in the first set, but not the second set
of the intervention. R-cycling with IVES-P mode improved gait speed
during the recovery stage in stroke patients to a greater extent than that
achieved with R-cycling alone. Thus, this combined therapy has poten-
tial as a standardized treatment in the field of rehabilitation medicine.

Keywords: Recumbent cycling, Electrical stimulation, Gait speed,
Stroke patients

transcranial magnetic stimulation (Peters et al., 2017), cycling
(Van de Port et al., 2007), repetitive standing exercise (Pollock et
al., 2014), and gait training with a treadmill (Brauer et al., 2018).
Cycling is often used as a therapeutic exercise for stroke patients
(Van de Port et al., 2007). Although the joint movement of the
bilateral lower extremities during cycling is different from that
during walking, cycling as a rhythmic movement is reciprocally
performed; this reciprocal movement is thought to be similar to
that in walking. A previous study reported that active cycling ex-
ercise reduces the excitability of the paretic vastus medialis H-re-
flex (Fuchs et al., 2011), while passive cycling activated the unaf-
fected premotor cortex (Peri et al., 2016). Thus, for stroke pa-
tients, cycling itself appears to act upon the components of the
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central nervous system relevant to gait. However, standard fixed
cycling presents a risk of falling for stroke patients with trunk im-
balance and motor and sensory hemiplegia. On the other hand,
recumbent cycling (R-cycling), which is relatively new, is per-
formed in a semi-supine position. Thus, it is a safer cycling meth-
od for patients with imbalance (De Marchis et al., 2015). A pro-
gram of 30 min of semirecumbent aerobic cycling appears to help
stroke patients regain gait speed (Tang et al., 2009).

Additionally, electrostimulation has been used to recover from
muscle weakness and atrophy (Mayr et al., 1999). An advantage of
electrostimulation is that it can be utilized in, not only athletes, but
also elderly people with disabilities, as the stimulation can be per-
formed in any position, such as supine, side-lying, sitting, and
standing (Heidland et al., 2013). A weakness of electrostimulation
is that it results in passive muscle contractions, rather than active
contractions. However, passive muscle contractions may affect ac-
tive muscle contractions and contribute to an improvement in the
ADL. Recently, a clinical study on integrated volitional control
electrical stimulation (IVES), an applied electromyography
(EMG)-controlled stimulation system, was published (Yamaguchi
et al., 2011). The IVES system, which can potentially stimulate
targeted muscle, includes a IVES power assist mode (IVES-P mode)
(Yamaguchi et al., 2011). In the IVES-P mode, activation depends
on the contraction of the targeted muscle. Namely, if a contraction
of the targeted muscle is detected, the system stimulates the muscle
at an intensity level proportional to the detected volitional EMG
signal. On the other hand, if a targeted muscle contraction is not
detected, the system stimulates the muscle at a sub-motor-thresh-
old level (Yamaguchi et al., 2011). Research using the IVES system
has mainly focused on the upper extremities (Muraoka et al., 2013;
Yamaguchi et al., 2011). However, cycling is often utilized as a
therapeutic exercise in stroke patients. Furthermore, research on the
combination of cycling and electrostimulation is lacking, especially

Table 1. Characteristics of each subject

for IVES and gait training. Therefore, the purpose of this study was
to investigate the effect of the combination of IVES and gait train-
ing on gait ability in stroke patients.

MATERIALS AND METHODS

Participants

Stroke patients admitted to Fukuoka Seisyukai Hospital from
2014 July to 2015 March were invited to participate in this study
(Table 1). All six patients were male (average age, 55.7+ 8.3 years)
and satisfied the following three conditions: (a) first-onset stroke;
(b) able to perform a 10-m independent walking test with or
without a cane and short brace; and (c) had a score of over 21
points on the Mini-Mental State Examination. One participant
(case 2) quit prior to the end of the experiment because of the dis-
charge from our hospital (at the end of A2, as described below)
(Supplementary Figs. 1, 2). All participants provided written in-
formed consent prior to the start of the experiments, in accordance
with the Declaration of Helsinki, and the study was approved by
the Life Science Committee of Fukuoka Seisyukai Hospital (ap-
proval number: 2016-02).

Intervention programs

The cycling exercise comprised R-cycling (OG Cateye ergociser
EC-3500, OG-giken, Tokyo, Japan). The seat was positioned such
that there was 10 degrees of knee extension when the patients
were fully extended. Patients cycled in the active cycling mode
(Fig. 1A). IVES was conducted in the IVES-P mode, and the tar-
geted muscle for electrostimulation was the tibialis anterior (TA)
of the affected side. A pair of surface electrodes was used for both
recording EMG data (at the TA motor point) and electrical stim-
ulation of the peroneal nerve, which is located under the fibula
microcephaly (Fig. 1A, B) (Muraoka, 2002). Patients performed

Case No Age Gender Diagnosis Side Weeks Brace e da':';:; (L) MMSE S(ESTZgr)y
1 64 M Infarction L 8 Use 7 27 2-2
2 59 M Infarction R 4 No use " 30 NP
3 50 M Infarction L 4 No use 12 26 NP
4 30 M Hemorrhage L 1 No use 8 30 NP
5 55 M Infarction L 13 Use 6 30 NP
6 59 M Infarction L 2 No use 8 26 NP

Side, paralyzed side (L: left, R: right); Weeks, weeks after stroke onset; Brace, use of the brace for walking test; Initial Ueda-scale (LE), before the programs were started, we
evaluated the paralysis of the lower extremities (L/E) on the affected side using the Ueda-scale, which reflects the modified Brunnstrom stage using 12 grades instead of the
original 6 grades; MMSE, Mini-Mental State Examination score; Sensory (SIAS), the sensory items in the Stroke Impairment Assessment Set (SIAS); NP, no problem.
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Fig. 1. Rcycling, IVES, and intervention protocol. (A) Upper panel: the R-cycle is shown; Middle panel: a participant is R-cycling; Lower panel: the electrodes of the
IVES are shown. (B) The IVES system is shown. (C) The intervention protocol is depicted. IVES, integrated volitional control electrical stimulation; R-cycling, recumbent
cycling; A1 and A2, the first and second sets of IVES in the power assist (IVES-P) mode with R-cycling, respectively; B1 and B2, the first and second sets of R-cycling
alone, respectively.
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Fig. 2. The gait speed and number of steps on a 10-m walking test before and after the interventions. (A) The gait speed before the intervention. (B) The gait speed
after the intervention. (C) The number of steps before the intervention. (D) The number of steps after the intervention. AT and A2, the first and second sets of IVES-P
mode with R-cycling, respectively; B1 and B2, the first and second sets of R-cycling alone, respectively; IVES-P. integrated volitional control electrical stimulation in
the power assist.
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10 min of either program A (IVES-P mode plus R-cycling) or
program B (only R-cycling) once per day, 5 times per week (Fig.
1C). Patients performed two sets of program A and B (Al and
A2, and B1 and B2, respectively), alternating between the A and
B programs each week (Fig. 1C).

Outcome measures

Gait speed and the number of steps on a 10-m walking test
were assessed before and after each interventional session. For each
session, the 10-m test was performed twice and the obtained val-
ues were averaged.

Statistical analysis

Data are expressed as means*standard deviation. Gait speed
and the number of steps were compared between Al and B1, and
between A2 and B2, using two approaches. One analysis focused
on the weekly change in gait speed/number of steps for each case
(final data minus initial data within each set). The other analysis
focused on the average immediate effect (after training minus be-
fore the training within each set) for each case. The Wilcoxon
signed-rank test was utilized in both analyses. Furthermore, the

Change of gait speed during
one week ([FI-[I]) (sec)

g | e
) 61 (A B2 @

Change of gait speed during 1 week

@ 33% @

100% 67%

I Improvement (+)
I Deterioration (+) e

number of cases showing improvement, deterioration, and no
change were compared between programs and sets using the chi-
square test. P-values of <0.05 were considered statistically signif-
icant. All statistical analyses were petformed using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan), which
is a graphical user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria). More precisely, EZR is a modified
version of the R commander, designed to add statistical functions
frequently used in biostatistics (Kanda, 2013).

RESULTS

Opverall, the patients showed positive improvements in gait
speed and the number of steps for both therapeutic programs (Fig.
3). To better elucidate the changes in these two gait parameters
for each case, we have provided the data in multiple arrangements
(Supplementary Figs. 1 and 2; Table 2).

R-cycling with IVES-P mode improved gait speed

The change in gait speed during A1 IVES-P mode plus R-cy-
cling) was significantly reduced compared to that during B1 (Al:
06 |;| s
04 |

]

Average of the immediate effect (sec)
S
~
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The immediate effect for gait speed
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Fig. 3. Changes in gait speed before and after each weekly set. (A) The average weekly change in gait speed is shown (*P<0.05; not significant [ns]). (B) The weekly
changes in gait speed are shown as pie graphs, in terms of improvement and deterioration. (C) The immediate effects of the intervention on gait speed are shown
(*P<0.05, ns). The immediate effects of the intervention on gait speed are shown in terms of improvement and deterioration. (D) The immediate effects of the inter-
vention on the gait speed are shown in terms of improvement, and deterioration. A1 and A2, the first and second sets of IVES-P mode with R-cycling, respectively; B1
and B2, the first and second sets of R-cycling alone, respectively; IVES-P. integrated volitional control electrical stimulation in the power assist.
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Table 2. The gait assessments for each subject

Gait speed (sec/10 m)
Al B1 A2 B2

Case No y ; ” : ” ; ” ,

Initial (1)~ Final (F)  (FHI) Initial (1)~ Final (F)  (FHI) Initial (1)~ Final (F)  (FHI) Initial (1)~ Final (F)  (FHI)
1 952 8.77 0.75 891 8.39 052 8.18 8.55 0.37 177 8.02 0.25
2 10.58 6.66 -3.92 6.65 6.84 0.19 6.81 5.75 -1.06 - - -
3 197 6.41 -1.56 745 6.23 -1.22 6.48 6.09 0.39 5.85 5.97 0.12
4 15.75 8.37 -7.38 8.68 9.76 1.08 8.48 7.36 -1.12 7.88 756 032
5 1313 9.64 -349 10.64 8.8 -1.84 8.89 8.49 04 9.16 95 -0.66
6 8.01 7.09 092 7.36 713 013 7.08 6.69 0.39 6.94 6.46 048
Avg. -3.00+2.52 042+1.03 -050+054 0.22+0.39
No. of steps (10 m)

Al B1 A2 B2

Case No - ; ” : ” : y ;

Initial (1)~ Final (F)  (FHI) Initial (1)~ Final (F)  (FHI) Initial (1)~ Final (F)  (FH) Initial (1)~ Final (F)  (FHI)
1 18 17 -1 18 18 0 17 17 0 16 17 1
2 18 14 -4 14 14 0 14 13 -1 - - -
3 15 135 -15 14 13 -1 145 14 05 13 135 05
4 235 175 6 18 17 -1 17 15 2 155 16 05
5 18 17 1 18 155 25 16 15.5 05 17 16.5 05
6 15 15 0 145 145 0 14 14 0 14 14 0
Avg. 2254227 -0.75+099 -0.67+0.75 0.30+£057

Al and A2, the first and second sets of IVES-P mode with R-cycling, respectively; B1 and B2, the first and second sets of R-cycling alone, respectively; Initial (), at the beginning
of the set; Final (F), at the end of the set; (F}-(I), the final value minus the initial value; Avg., the average across subjects.
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Fig. 4. Change in the number of steps on the 10-m walking test before and after each weekly set. (A) The average weekly change in the number of steps numbers is
shown (not significant [ns]). (B) The weekly changes in the number of steps numbers are shown as pie graphs, in terms of improvement, no change, and deterioration.
(C) The immediate effects of the intervention on the number of steps are shown (ns). (D) The immediate effects of the intervention on the number of steps are shown
in terms of improvement, no change, and deterioration. AT and A2, the first and second sets of IVES-P mode with R-cycling, respectively; B1 and B2, the first and sec-
ond sets of R-cycling alone, respectively; IVES-P. integrated volitional control electrical stimulation in the power assist.
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-3.00+2.52 sec, B1: -0.42+1.03 sec, P<0.05) (Fig. 3A). In con-
trast, the change in gait speed did not significantly differ between
A2 and B2 (A2: -0.50+1.03 sec, B2: -0.22£0.39 sec; P =not sig-
nificant [ns]) (Fig. 3A). The improvement rate in Al, B1, A2, and
B2 was 100% (6 of 6), 67% (4 of 6), 83% (5 of 6), and 60% (3 of
5), respectively (Al vs. Bl and A2 vs. B2, P=ns) (Fig. 3B). The
immediate effect of therapy on gait speed during Al was signifi-
cantly reduced compared to that during B1 (A1: -0.68+0.42 sec,
B1: 0.01£0.31 sec, P<0.05) (Fig. 3C). However, the immediate
effect of therapy on gait speed did not significantly differ between
A2 and B2 (A2: -0.13+0.26 sec, B2: 0.05+0.28 sec, P =ns) (Fig.
3C). The rate of a positive effect was much higher for program A
(Al and A2) than for program B (B1 and B2) (improvement and
deterioration, program A: 87% and 13%, respectively; program B:
45% and 55%, respectively; P <0.05) (Fig. 3D).

No effect of R-cycling with IVES-P mode on the number of
steps

The change in the number of steps on the 10-m walking test
during Al was not significantly different from that during B1
(Al: -2.25+2.27, B1: -0.75£0.99, P <0.05) (Fig. 4A). Further-
more, change in the number of steps did not significantly differ
between A2 and B2 (A2: -0.67+0.75, B2: 0.30+0.57, P=ns)
(Fig. 4A). The improvement rate in A1, B1, A2, and B2 was 83%
(5 0f 6),50% (3 of 6), 67% (4 of 6), and 20% (1 of 5), respectively
(Al vs. Bl and A2 vs. B2, P =ns) (Fig. 4B). The immediate effect
of therapy on the number of steps during A1 was not significantly
different from that during B1 (A1: -0.55+0.55, B1: -0.31£0.49,
P =ns) (Fig. 4C). Furthermore, immediate effect of therapy on the
number of steps did not significantly differ between A2 and B2
(A2: -0.13£0.49, B2: -0.00£0.32, P =ns) (Fig. 4C). The rate
distribution among improvement, no change, and deterioration
was similar for the A and B programs (program A: 52%, 37%,
and 11%, respectively; program B: 40%, 38%, and 22%, respec-
tively; P = ns) (Fig. 4D).

DISCUSSION

In the present study, IVES-P mode with R-cycling improved
the gait speed in stroke patients to a greater extent than that for
R-cycling alone. Specifically, the combined intervention signifi-
cantly improved gait speed during the first set (Al vs. B1), but
not the second set, of the intervention (A2 vs. B2). Furthermore,
the combination therapy did not show an effect on the number of
steps in the 10-m walking test (over that for R-cycling alone).

100 http://www.e-jer.org

The effects of R-cycling on the gait speed and number of
steps

In the first set of R-cycling alone (B1), four out of six patients
improved in gait speed (Fig. 3B), and half of the six patients de-
creased in the number of steps on the 10-m test (Fig. 4B), sug-
gesting that R-cycling by itself contributes to an improvement in
gait ability. If R-cycling (B1) was continued for a longer time (i.e.,
for more than 1 week) and/or with greater frequency, the effects of
R-cycling might be more apparent.

The effects of IVES-P mode with R-cycling on the gait
speed and number of steps

It has been reported functional electrical stimulation combined
with R-cycling improves aerobic capacity (Aaron et al., 2018),
performance on the time up and go test (Alon et al., 2011), mo-
tricity index (Ambrosini et al., 2012), and cycling imbalance
during exercise (Ambrosini et al., 2012), but not gait speed (Am-
brosini et al., 2012), or knee muscle power (Ambrosini et al.,
2012). Thus, although adding electrical stimulation with cycling
has great effects on “motor activity,” this combined therapy does
not always have a positive effect on “motor functions,” such as gait
speed (Ambrosini et al., 2012). To our knowledge, a significant
effect of electrical stimulation with cycling on gait speed in such a
short intervention period (two 1-week sets) has not been previous-
ly reported.

We suggest the following two reasons for the difference in the
effect of the combination therapy on gait speed between the first
(A1 vs. B1) and second sets (A2 vs. B2). First, the change in gait
parameters may reach “zero,” suggesting that a plateau phase
might occur during the intervention process. Secondly, as the
combination therapy was performed first (A1), it may have had an
advantage over other trials.

Differences between the results for gait speed and the
number of steps, and IVES improvement mechanisms

We suggest that the observed improvement in gait speed may re-
sult from changes in motor function, such as the range of motion
(ROM) and muscle activity. For example, an expansion in the hip
ROM may affect the step cadence, and muscle activity may influ-
ence gait speed. In the present study, we did not measure the step
cadence, hip ROM, or muscle activity. However, the number of
steps did not differ between intervention programs (programs A and
B), suggesting that the improvement in gait speed caused by the
combined intervention may result from muscle activity, not from an
increase in the step cadence by an expansion of the hip ROM.

https://doi.org/10.12965/jer.1836500.250
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Generally, both the iliopsoas and quadriceps are thought to pro-
vide a driving force to advance the lower extremity during the
swing phase (Alexander and Schwameder, 2016). In the present
study, however, we electrically stimulated the TA (see MATERI-
ALS AND METHODS section); we did not stimulate the ilio-
psoas or quadriceps. We speculate that TA contraction induced an
improvement in gait speed by facilitating quadriceps activity,
which is often clinically used as a way to enhance the “quadriceps
muscle setting” (Tepperman et al., 1986). We also speculate that
TA contraction contributes to the clearance of the swing phase of
the leg and accelerates the movement of the leg (Kim et al.,
2012). These two factors may efficiently affect gait speed.

The activation of the TA muscle in IVES-P mode, using a bio-
feedback system, depends on the contraction of the targeted mus-
cle (Yamaguchi et al., 2011), suggesting that active TA contrac-
tion and dorsiflexion of the ankle joint is facilitated. This may be
the main difference between IVES therapy in the IVES-P mode
and traditional functional electrical stimulation, which is simply
synchronized to the gait phase and induces a passive muscle con-
traction (Yamaguchi et al., 2011). Although we did not measure
cortical activity, repetitive active TA contractions caused by the
IVES-P mode may stimulate, not only the peripheral nervous sys-
tem (muscle and neuromuscular junction), but also the central
nervous system (motoneurons in the spinal ventral horn and the
primary motor COrtex).

A clinical limitation of the present study is that refined evalua-
tion equipment were lacking. Therefore, we measured gait speed
and the numbers of step manually. Recently, several software pro-
grams have been developed for video analysis, including the open
source software, Kinovea, and so on (Dalal et al., 2018; Damsted
et al., 2015). Although it may not always be true that clinical re-
search with advanced equipment is best, we plan to further our
research using a video analyzing system to confirm and expand
upon the present results.

The advantage of R-cycling as a therapy is that it is easy and
safe (De Marchis et al., 2015). Therefore, we strongly believe that
for stroke patients, R-cycling is more clinically appropriate than
the classical type of cycling, which is usually used in the rehabili-
tation gym. Currently, some hospitals may not be able to utilize
the IVES system, as it is a comparatively new system. However, if
the use of the IVES system is expanded worldwide, the combina-
tion of safe recumbent cycling with IVES may become a standard-
ized treatment in the field of rehabilitation medicine.

In conclusion, during the recovery stage in stroke patients,
R-cycling with IVES improves gait speed, but not the number of

https://doi.org/10.12965/jer.1836500.250

steps, to a greater extent than that achieved with R-cycling alone.
This combination therapy shows promise in the field of rehabili-
tation medicine.
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SUPPLEMENTARY MATERIALS

Supplementary Figs. 1, 2 can be found via https://doi.org/10.
5213/jer.1836500.250.

REFERENCES

Aaron SE, Vanderwerker CJ, Embry AE, Newton JH, Lee SCK, Gregory
CM. FES-assisted cycling improves aerobic capacity and locomotor
function postcerebrovascular accident. Med Sci Sports Exerc 2018;50:
400-406.

Alexander N, Schwameder H. Effect of sloped walking on lower limb
muscle forces. Gait Posture 2016;47:62-67.

Alon G, Conroy VM, Donner TW. Intensive training of subjects with
chronic hemiparesis on a motorized cycle combined with functional
electrical stimulation (FES): a feasibility and safety study. Physiother
Res Int 2011;16:81-91.

Ambrosini E, Ferrante S, Ferrigno G, Molteni F, Pedrocchi A. Cycling in-
duced by electrical stimulation improves muscle activation and sym-
metry during pedaling in hemiparetic patients. IEEE Trans Neural
Syst Rehabil Eng 2012;20:320-330.

Brauer SG, Kuys SS, Paratz JD, Ada L. Improving physical activity after
stroke via treadmill training and self management (IMPACT): a pro-
tocol for a randomised controlled trial. BMC Neurol 2018;18:13.

Cantagallo A, Maini M, Rumiati RI. The cognitive rehabilitation of limb
apraxia in patients with stroke. Neuropsychol Rehabil 2012;22:473-
488.

Dalal KK, Joshua AM, Nayak A, Mithra P, Misri Z, Unnikrishnan B. Ef-
fectiveness of prowling with proprioceptive training on knee hyper-
extension among stroke subjects using videographic observation- a
randomised controlled trial. Gait Posture 2018;61:232-237.

Damsted C, Nielsen RO, Larsen LH. Reliability of video-based quantifica-
tion of the knee- and hip angle at foot strike during running. Int J
Sports Phys Ther 2015;10:147-154.

De Marchis C, Ambrosini E, Schmid M, Monticone M, Pedrocchi A, Ferri-

gno G, D’Alessio T, Conforto S, Ferrante S. Neuro-mechanics of mus-

http://www.e-jerorg 101


https://doi.org/10.5213/jer.1836500.250
https://doi.org/10.5213/jer.1836500.250

lyanaga T, etal. ® Recumbent cycling with IVES improves gait speed

J

cle coordination during recumbent pedaling in post-acute stroke pa-
tients. Conf Proc IEEE Eng Med Biol Soc 2015;2015:246-249.

Fuchs DP, Sanghvi N, Wieser ], Schindler-Ivens S. Pedaling alters the ex-
citability and modulation of vastus medialis H-reflexes after stroke.
Clin Neurophysiol 2011;122:2036-2043.

Fugl-Meyer AR, Jadsko L. Post-stroke hemiplegia and ADL-performance.
Scand ] Rehabil Med Suppl 1980;7:140-152.

Guiu-Tula FX, Cabanas-Valdés R, Sitja-Rabert M, Urratia G, Gémara-Tol-
dra N. The Efficacy of the proprioceptive neuromuscular facilitation
(PNF) approach in stroke rehabilitation to improve basic activities of
daily living and quality of life: a systematic review and meta-analysis
protocol. BMJ Open 2017;7:¢016739.

Heidland A, Fazeli G, Klassen A, Sebekova K, Hennemann H, Bahner U,
Di Jorio B. Neuromuscular electrostimulation techniques: historical
aspects and current possibilities in treatment of pain and muscle wais-
ting. Clin Nephrol 2013;79 Suppl 1:512-23.

Kanda Y. Investigation of the freely available easy-to-use software ‘EZR’
for medical statistics. Bone Marrow Transplant 2013;48:452-458.

Kim JH, Chung Y, Kim Y, Hwang S. Functional electrical stimulation ap-
plied to gluteus medius and tibialis anterior corresponding gait cycle
for stroke. Gait Posture 2012;36:65-67.

Klingner CM, Witte OW, Giinther A. Sensory syndromes. Front Neurol
Neurosci 2012;30:4-8.

Mayr W, Bijak M, Girsch W, Hofer C, Lanmidiller H, Rafolt D, Rakos M,
Sauermann S, Schmutterer C, Schnetz G, Unger E, Freilinger G.
MYOSTIM-FES to prevent muscle atrophy in microgravity and bed
rest: preliminary report. Artif Organs 1999,23:428-431.

Mikotajewska E. Associations between results of post-stroke NDT-Bobath
rehabilitation in gait parameters, ADL and hand functions. Adv Clin
Exp Med 2013;22:731-738.

Muraoka Y. Development of an EMG recording device from stimulation
electrodes for functional electrical stimulation. Front Med Biol Eng
2002,11:323-333.

Muraoka Y, Tanabe S, Yamaguchi T, Takeda K. Specifications of an elec-

tromyogram-driven neuromuscular stimulator for upper limb func-

102 http://www.e-jer.org

tional recovery. Conf Proc IEEE Eng Med Biol Soc 2013;2013:277-280.

Peri E, Ambrosini E, Pedrocchi A, Ferrigno G, Nava C, Longoni V, Monti-
cone M, Ferrante S. Can FES-augmented active cycling training im-
prove locomotion in post-acute elderly stroke patients? Eur J Transl
Myol 2016,26:6063.

Peters HT, Dunning K, Belagaje S, Kissela BM, Ying ], Laine ], Page SJ.
Navigated transcranial magnetic stimulation: a biologically based as-
say of lower extremity impairment and gait velocity. Neural Plast
2017;2017:6971206.

Pollock A, Gray C, Cutham E, Durward BR, Langhorne P. Interventions
for improving sit-to-stand ability following stroke. Cochrane Database
Syst Rev 2014;(5):CD007232.

Pomeroy VM, King L, Pollock A, Baily-Hallam A, Langhorne P. Electro-
stimulation for promoting recovery of movement or functional ability
after stroke. Cochrane Database Syst Rev 2006;(2):CD003241.

Punt TD, Riddoch MJ. Motor neglect: implications for movement and re-
habilitation following stroke. Disabil Rehabil 2006;28:857-864.

Tang A, Sibley KM, Thomas SG, Bayley MT, Richardson D, Mcllroy WE,
Brooks D. Effects of an aerobic exercise program on aerobic capacity,
spatiotemporal gait parameters, and functional capacity in subacute
stroke. Neurorehabil Neural Repair 2009;23:398-406.

Tepperman PS, Mazliah ], Naumann S, Delmore T. Effect of ankle posi-
tion on isometric quadriceps strengthening. Am ] Phys Med 1986;65:
69-74.

van de Port IG, Wood-Dauphinee S, Lindeman E, Kwakkel G. Effects of
exercise training programs on walking competency after stroke: a sys-
tematic review. Am ] Phys Med Rehabil 2007,86:935-951.

Wissel ], Verrier M, Simpson DM, Charles D, Guinto P, Papapetropoulos
S, Sunnerhagen KS. Post-stroke spasticity: predictors of early develop-
ment and considerations for therapeutic intervention. PM R 2015;7:60-
67.

Yamaguchi T, Tanabe S, Muraoka Y, Imai S, Masakado Y, Hase K, Kimura
A, Liu M. Effects of integrated volitional control electrical stimulation
(IVES) on upper extremity function in chronic stroke. Keio ] Med
2011;60:90-95.

https://doi.org/10.12965/jer.1836500.250



