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affects spasticity and balance in stroke patients
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Stroke patients have limited motor function due to ankle spasticity, and
various interventions are applied to solve this problem. The purpose of
this study was to investigate the effects of functional electrical stimula-
tion (FES) with ankle exercise on spinal cord motor neuron excitability
and balance in stroke patients. Twenty-five stroke patients were divided
into the three groups. For the intervention, the control group applied
general physiotherapy, the experimental group | applied a sham FES
with ankle exercise, and the experimental group Il applied a FES with
ankle exercise. All groups applied the intervention for 30 min per ses-
sion, 5 times a week, for a total of 8 weeks. The functional reaching test

INTRODUCTION

Stroke is a central nervous system disorder associated with mo-
tor impairment, perception, and cognitive impairment due to
ischemic or hemorrhagic damage to the brain (Dijkerman et al.,
2004). Stroke patients are accompanied by problems such as mus-
cle weakness, abnormal muscle tone and movement patterns, poor
balance, and fine motor function (Chen and Patten, 2006; Eng
and Tang, 2007). This leads to a dectease in joint movement, joint
contracture, and foot drop which makes walking difficult due to
reduced action of the ankle dorsiflexor muscle (Chung et al.,
2004; Park et al., 2020).

Most stroke patients have a spasticity in at least one joint. In
particular, the spasticity of the lower extremities causes abnormal
muscle tone due to cocontraction of the agonist and antagonist
muscles during walking (Lamontagne et al., 2000; Lamontagne et
al., 2001). Approximately 76% of stroke patients are accompa-

(FRT), Timed Up and Go test was used to measure balance ability, and
H-reflex was used to measure spinal motor neuron excitability. All tests
were measured before and after the intervention. In the ankle exercise
with FES group, spinal motor neuron excitability significantly decreased
(P<0.05), and FRT was significantly increased (P<0.05). Therefore, FES
with ankle exercise for stroke patients could be suggested as an effec-
tive intervention for improving motor function.
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nied by spasticity of the ankle joint (Inghilleri et al., 2003). Plan-
tarflexion spasticity of the ankle joint is a major cause of post-
stroke disability, and acts as a factor that decreases the walking
ability of stroke patients (Lamontagne et al., 2000; Lamontagne
et al., 2001). Ankle joint spasticity is caused by disinhibition of
alpha-motor neurons and gamma motor neurons in the anterior
horn of the spinal cord due to damage to the upper motor neuron.
Due to this, the spinal motor neuron excitability is increased (In-
ghilleri et al., 2003). Budini et al. (2018) reported that passive
lengthening movements of the ankle plantar flexor muscles de-
creased H-reflex, which was indicated by presynaptic inhibition.
The ankle joint is the first posture control used to maintain bal-
ance, and plays an important role in restoring balance (Menz et
al., 2005). The movement of ankle joint is mainly used when
there is little sway on a firm surface, and it can maintain a stand-
ing balance through contraction of the muscles around the ankle
(Almeida et al., 2006; Park et al., 2016). Stroke patients show ab-
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normal balance ability due to reduced weight transfer to paretic
side and spasticity of the ankle joint, which reduces walking abili-
ty (Geiger et al., 2001). A consideration of ankle joint spasticity
during intervention is an important factor for functional recovery
of stroke patients. Many studies have shown that ankle exercise
and functional electrical stimulation (FES) are effective in improv-
ing balance in stroke patients (Kim et al., 2015; Park et al., 2016;
Sabut et al., 2011).

FES is widely used in clinical practice to solve ankle joint prob-
lems in stroke patients. This induces muscle contraction to the
paralyzed muscle, creating a functionally useful motion. It is ef-
fective in preventing muscular atrophy and improving dysfunc-
tion (Kapadia et al., 2014). In particular, applying FES with spe-
cific tasks in stroke patients can promote the overall condition of
the muscles and maximize the therapeutic effect (Castro et al.,
2000). Many researchers reported that FES with exercise or only
FES is effective for gait, balance, and muscles activity of the lower
limb in stroke patients (Aaron et al., 2018; Hwang et al., 2015;
Zheng et al., 2018). However, studies on the effect of these inter-
vention on spasticity, a major problem in stroke patients, are in-
sufficient. Therefore, we determined the effects of ankle exercise
with FES on the spasticity and balance in stroke patients.

MATERIALS AND METHODS

Participants

This study was conducted for stroke patients admitted to Tae-
bong hospital (Chanwon, Korea). Inclusion criteria were (a)
those who were diagnosed with cerebral infarction by computed
tomography or magnetic resonance imaging, (b) those who had a
disease period of 6 months or more after the onset of stroke, (c)
those who had a score of 24 or more in Korean version of Mini-
Mental State Examination, (d) those who can maintain an inde-
pendent standing position for more than 1 minute without assis-
tive devices or help, () A person whose passive range of motion of
ankle joint becomes neutral position. Exclusion criteria were (a)
those with congenital anomalies and orthopedic diseases in the
lower extremities, (b) those who have unilateral neglect, or have
difficulty concentrating or remembering, (c) those who are ineli-
gible for FES treatment (ex, artificial pacemaker). Those who sat-
isfy the above conditions were selected, all participants were those
who signed the consent form after listening the purpose and pro-
cedure of the study. It was conducted after approval of the institu-
tional review board of Kyungnam University (1040460-A-2015-
017).
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Fig. 1. Intervention. (A) Ankle exercise on aero-step. (B) Ankle exercise with
functional electrical stimulation on aero-step.

The participants were randomly assigned to the control group,
experimental group I, and experimental group II. In the control
group applied general physical therapy, and experimental group I
applied a sham FES with ankle exercise, and experimental group
IT applied a FES with ankle exercise (Fig. 1). All groups applied
the intervention for 30 min per session, 5 times a week, for a total
of 8 weeks, and the H-reflex, balance was examined equally before
and after the intervention (Fig. 2).

Ankle exercise
The ankle exercise was performed in hard form and in aero-step,
respectively, and the contents are shown in Table 1.

Functional electrical stimulation

FES (Microstim Model GmbH, Stanberg, Germany) was simul-
taneously applied agonist and antagonist (i.e., tibialis anterior mus-
cle and gastrocnemius muscle) of paraplegic ankle joint (Sabut et
al., 2011). The waveform of the FES was applied as a symmetrical
abnormal wave, an amplitude of 250 p sec, a frequency of 40 Hz,
and an intensity of 20 to 40 mA.

Spinal cord motor neuron excitatory

Hoffman reflex (H-reflex) is a monosynaptic segmental reflex
used to evaluate the functional state of the reflex arch at the spinal
cord level (Christie et al., 2004). Surface electromyography (MP150,
BIOPAC Systems, Gelato, CA, USA) was used to measure spinal
motor neuron excitatory. The sampling rate of the electromyogra-
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Fig. 2. Flow chart.
Table 1. Ankle exercise
Exercise Frequency Exercise program (1 set)

Exercise on hard floor 1, 2 Sets with eyes open
3 Sets of eyes closed

20 Times for each item

1,2, 3 Sets with eyes open (Apply exercise by holding the
arm support with one hand) 20 times for each item

Exercise on aero-step

- Lifting and lowering the heels of both feet

- Lifting and lowering the front of both feet

- Tilt your body forward, backward, left, right and diagonally

- Rotate your torso left and right in a standing position with your feet at shoulder width
- Moving weight from left to right in kneeling position

phy (EMG) signal was set to 1,000 Hz, and the amplified wave-
form was set to a band pass filter of 30 to 500 Hz, and a notch fil-
ter of 60 Hz was used to remove noise from the EMG signal. Data
were analyzed with commercially-available software (AcqgKnowl-
edge, BIOPAC Systems, Goleta, CA, USA). The test-retest reli-
ability is #=0.97 (Handcock et al., 2001).

The patient placed his ankle out of the bed to relax the calf mus-
cles in a prone position, and the ankle was placed in the neutral
position. The recording electrode was attached to the belly of me-
dial soleus muscle, and the reference electrode was attached to the
distal 15 cm along the Achilles tendon. The stimulating electrode
stimulated the tibial nerve in the popliteal region by placing the
negative electrode in the proximal part, and the ground electrode
was attached between the stimulating electrode and the recording
electrode (Palmieri et al., 2004). In order to reduce muscle resis-
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tance, the hair was removed using a disposable razor on the area to
be attached to the electrode, and then the skin was cleaned with a
rubbing alcohol cotton, and the electrode was attached. When
electrical stimulation is applied to the peripheral nerves, M-wave
appears to the muscles directly through the efferent motor neuron
from the stimulated point. H-reflex appears through the spinal
cord and alpha-motor neuron through the afferent fibers from the
stimulated point (Kohan et al., 2010). The amplitude ratio (H/M
ratio) of H-reflex to the maximum M-wave is used as an index to
objectively evaluate spasticity by reflecting the excitability of mo-
tor neurons (Kramer et al., 2013).

Functional reaching test
Functional reaching test (FRT) was taped to a shoulder-high
wall, and participant placed 5 cm away from the wall and stood
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side by side. With both elbows stretched and the shoulder joint at
a 90° position, the arm should be extended forward as much as
possible without bending the knee or hip joint. At this time, the
moving length of the tip of the third finger was recorded, and the
average value was used by measuring 3 times. The interrater reli-
ability is =0.98, and the interrater reliability is »=0.98 (Merchédn-
Baeza et al., 2014).

Timed Up and Go test

Timed Up and Go (TUG) test is a method to measure the
time from sitting in a chair with armrests to walking up to 3 m
and then returning to a chair. The average value was used by mea-
suring 3 times using a stopwatch. The interrater reliability is
r=0.98, and the intra-rater reliability is 7=0.99 (Ng and Hui-
Chan, 2005).

Statistical analysis

For statistical analysis, IBM SPSS Statistics ver. 20.0 (IBM Co.,
Armonk, NY, USA) was used. Shapiro-Wilk test was performed
for normal distribution, and one-way analysis of variance was used
to compare the differences (pre-post) between groups. Duncan test
was used for post hoc analysis. All statistical significance levels a

Table 2. Medical characteristics of participants (N=25)

Control  Experimental | Experimental |l

Characteristic (n=8) (n=8) (n=9) Pvalue
Paralysis, left:right 53 26 6:3

Onset period (mo) 4434288  269+25.1 270+£284 0391

MMSE-K (score) 271423 254415 26.3+28 0.333

Brunnstrom stage (stage)  5.4+05 49+06 50+09 0.356

Values are presented as mean + standard deviation.
MMSE-K, Korean version of Mini-Mental State Examination.

Table 3. Comparison of spinal motor neuron excitability

were below 0.05.

RESULTS

Medical characteristics of participants
The medical characteristics of the participants are shown in Ta-

ble 2, and there was no statistically significant difference between
the three groups (P >0.05) (Table 2).

Comparison of spinal motor neuron excitability

In the difference of the H-reflex, the experimental group II was
significant difference from the experimental group I and control
(P <0.05), but there was no significant difference between the ex-
perimental group I and control (P >0.05). There was significant
difference between the experimental group IT and control (P < 0.05).
In the difference of the M-wave, there was no significant difference
between the three groups (P >0.05). In the difference of the H/M
ratio, the experimental group I was significant difference from
the control group and the experimental group I (P <0.05), but
there was no significant difference between the experimental group
T and control (P >0.05) (Table 3).

Comparison of balance

In the difference of the FRT, there was significant difference be-
tween the experimental group II and the control group (P <0.05).
In the difference of the TUG, the experimental group I and the
experimental group II were significant difference from the control
group (P <0.05), but there was not significant difference between
experimental group I and the experimental group II (P >0.05)
(Table 4).

Variable Group Pre Post Pre-Post Pvalue Duncan
H-reflex (mV) Control? 1.22+1.26 3.08+1.05 -1.85+0.45 0.001* a=b<c
Experimental ” 1.36+1.06 4224159 -2.86+151
Experimental |1 2.99+1.67 347137 -0.48+0.99*
M-wave (mV) Control? 5.07+1.07 10.35+2.87 5.28+3.11 0.721 a=b=c
Experimental ” 4.37+261 1054+3.16 6.17+3.45
Experimental |1 5.29+2.90 3474137 0.48+0.99
H/M ratio (%) Control? 24.62+19.45 33.01+17.16 -8.39+15.22 0.013* a=bh<c
Experimental I 29.60+15.30 39.20+13.22 -959+13.92
Experimental I 63.08+38.02 41.18+22.16 21.90+34.09%

Values are presented as mean + standard deviation.
H/M ratio, amplitude ratio.
*P<0.05 compared to the control group.
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Table 4. Comparison of FRT and TUG

Variable Group Pre Post Pre-Post Pvalue Duncan
FRT (cm) Control? 5.95+2.80 6.53+2.61 -058+090 0.024* a=b<c
Experimental ” 796+4.44 887+4.73 091035
Experimental |1 13.35+9.34 1494+937 -158+0.74*
TUG (sec) Control? 2302+894 2218+9.12 0.84+1.07 0.023* a<b=c
Experimental ” 38.10+£24.88 35.17+23.30 293+£1.72*
Experimental |I? 24.48+11.67 21.95+10.80 252+ 1.55%

Values are presented as mean + standard deviation.
FRT, functional reach test; TUG, Timed Up and Go test.
*P<0.05 compared to the control group.

DISCUSSION

The clinical significance of Hoffmann’s reflex is an objective
evaluation of spasticity using the amplitude ratio (H/M ratio) of
H-reflex to the maximum M-wave. Patients with spasticity have
poor neuromodulation ability compared to healthy people, result-
ing in an increased H/M ratio (Pizzi et al., 2005). Therefore, de-
cline of excitability in the spinal motor neuron can be considered
as a decrease in spasticity. In addition, H/M ratio can be used as an
objective indicator to evaluate the effect on diagnosis or treatment
for spasticity. Chan et al. (2012) showed that the H/M ratio was
significantly decreased after applying whole-body vibration in
stroke patients. Barzi and Zehr (2008) found that applying arm
cycling to stroke patients suppressed H-reflex and was effective in
improving motor function. Lo et al. (2009) reported that when
applying short-term propulsion of a FES-assisted leg-cycling wheel-
chair to stroke patients, the H/M ratio decreased, indicating a de-
crease in spasticity. In this study, the H/M ratio was significantly
decreased after ankle exercise with FES. The reduction of H/M ra-
tio is consistent with the reduction of spasticity. Through these
results, it is thought that ankle exercise with FES will decrease
spinal motor neuron excitability and have a positive effect on re-
duction of spasticity.

The ankle movements are related to maintaining balance during
walking. In addition, the ankle is essential for balance, as it regu-
lates the interaction between the foot and the ground (Vlutters et
al., 2019). Jeon and Choi (2015) stated that the ankle exercise was
effective in improving balance in hemiplegic patients. Ruiz and
Richardson (2005) mentioned that ankle exercise was effective in
improving balance ability in elderly women. In addition, apply-
ing FES with specific tasks can promote the overall condition of
the muscles and maximize the therapeutic effect (Castro et al.,
2000). FES applied to the damaged lower limb provides afferent
stimulation through repetitive exercise. In addition, it can have a
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positive effect on the recovery of motor function and stimulate the
reorganization of neuromuscular activity by strengthening the
connection network between sensory cortex, parietal lobe, and
motor cortex (Classen et al., 1998; Lo et al., 2009). Hwang et al.
(2015) reported that treadmill training with tilt sensor FES was
more effective in improving balance ability than treadmill training
with placebo tilt sensor FES in stroke patients. Zheng et al. (2018)
reported that the FES in the lower extremities improved the bal-
ance ability more than the sham FES in stroke patients. The re-
sults of this study also showed that the FRT was improved in the
ankle exercise with FES group than the ankle exercise with sham
FES group. Thetefore, it would be more effective to improve the
balance ability of stroke patients if applying ankle exercise with
FES. However, in the TUG, there was not significant difference in
the ankle exercise with FES group and the ankle exercise with sham
FES group. TUG is a tool for evaluating balance ability and pre-
dicting the risk of falls, testing functional mobility (Whitney et al.,
2004). Therefore, the results of this study are suggested that TUG
was difficult to improve the function of the participants during
the 8-week intervention period because it included not only the
balance but also the walking factor.

In conclusion, ankle exercise with FES was effective for the spi-
nal motor neuron excitability, balance, and in stroke patients. There-
fore, ankle exercise with FES could be suggested as an intervention
for improving the function of stroke patients. The limitation of
this study is that it is difficult to generalize the results of the study
with a small number of participants. Therefore, in the future stud-
ies, studies that supplement these limitations should be conducted.
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