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Objective To investigate the effects of combination functional electrical stimulation (FES) and standing frame
training on standing balance in stroke patients.

Methods Patients who had hemiparesis and postural instability after stroke were randomly assigned to one of
the two groups; study group underwent FES on the quadriceps and tibialis anterior muscle simultaneously with
standing balance training. The control group received standing frame training and FES separately. Both the groups
received their respective therapies for 3 weeks. Stability index in Biodex Balance master system, Berg Balance
Scale (BBS), manual muscle test, the Korean version of Modified Barthel Index, and Korean version of Mini-
Mental State Examination were used to evaluate the effects of the treatment.

Results In total, 30 patients were recruited to the study group and 30 to the control group. Three weeks after
treatment, both the groups showed improvement in postural stability scores and physical and cognitive functions.
When changes in postural stability were compared between the groups, the study group showed more significant
improvement than the control group with regards to the scores of BBS and the stability indices.

Conclusion In this study, we found the therapeutic effectiveness of combined therapy of FES and standing frame
in subacute stroke patients. The presented protocol is proposed as time-saving and can be applied easily in the
clinical setting. Thus, the proposed combined therapy could be a useful method for improving standing balance
in subacute stroke patients.
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Combination Therapy With FES and Standing Frame

INTRODUCTION

Hemiplegia occurs in several patients after a stroke [1,2]
and results in a decline in the patient’s standing ability
[3,4]. Patients with poor standing ability are prone to gait
disturbances that lead to falling and impairment in activ-
ities of daily living, ultimately resulting in a deteriorated
quality of life [5,6]. Thus, improvement in standing ability
is an important part of rehabilitation therapy for stroke
patients [7,8].

In order to improve standing ability, various treatments,
such as exercise therapy, drug therapy, and electric
stimulation therapy have been employed [9-11]. One of
the various exercise therapy methods used for improving
standing ability is the standing frame therapy. Previous
studies have reported the effectiveness of standing frame
training in improving the standing ability of stroke pa-
tients [12,13].

However, in the actual practice of standing frame train-
ing, patients tend to stand with the weight more on the
healthy side without weight bearing on the hemiplegic
side [14,15], resulting in dissatisfactory exercise effect
on the hemiplegic side [16,17]. Therefore, to achieve ef-
fective improvement in the standing ability through re-
habilitation therapy, patients should be encouraged to
perform weight bearing on the hemiplegic side and not
on the healthy side [18,19]. Various methods have been
investigated to resolve this problem.

In the present study, functional electrical stimulation
(FES) of the leg on the hemiplegic side was investigated.
FES is a widely used treatment method with proven ef-
fective rehabilitation therapy for improving the standing
ability of stroke patients by improving muscle strength-
ening on their hemiplegic leg [20,21]. Furthermore, it was
found to help sensory recovery and body perception on
the hemiplegic side through a sensory feedback mecha-
nism [22,23].

We hypothesized that if patients used the standing
frame simultaneously with FES, FES would increase the
strength of the hemiparesis and sensory feedback to in-
duce weight bearing on the hemiplegic side during the
standing frame training.

The purpose of this study was to investigate the effect of
combination therapy involving standing frame training
and FES in stroke patients, thereby proving the above hy-
pothesis.

MATERIALS AND METHODS

Subjects

This study was conducted on subacute stroke patients
referred to the Regional Cardiocerebrovascular Center of
our hospital from January 2015 to December 2016. The
patients were selected based on the physical examination
and the inclusion criterion was: the ability to maintain
the sitting balance with the ability to control their neck
and trunk, but unable to stand independently for more
than a minute, thus requiring standing balance training.
In addition, patients in whom the motor power grade of
the leg on the hemiplegic side was <3 as per the manual
muscle test (MMT) were enrolled in this study.

Patients who were unable to cooperate due to deterio-
rated cognitive function and those with a past history of
stroke, a musculoskeletal impairment that could affect
posture imbalance, or standing balance disturbance due
to ataxia were excluded.

All patients who met the eligibility criteria were ran-
domly assigned to the study group (treated with combi-
nation therapy of FES and standing frame training simul-
taneously) or to the control group (treated with FES and
standing frame training separately) using a computer-
generated randomization table according to the random
permuted blocks of two.

Intervention protocol

In the study group, FES therapy was applied to the
quadriceps femoris muscle and the anterior tibialis on
the hemiplegic side while the standing frame training
was performed. In the control group, standing frame
training and FES on the hemiplegic side were performed
separately (Fig. 1). The intensity and frequency of FES
therapy were set within the ranges of 20-30 mA and 30-40
Hz, respectively, according to the personal character-
istics of each patient, at which, the contractions of the
quadriceps femoris muscle and anterior tibialis muscle
could be sensed. The pads for FES therapy were attached
on the motor point of the quadriceps femoris muscle that
was located at a region 5 cm above the patella along the
median vertical line of the iliac crest and on the motor
point of the anterior tibialis muscle that was located at an
intersection of the 1/3 point between the knee and ankle
and the outer boundary of the tibia. In the study group,
standing frame training and FES were applied simultane-
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Fig. 1. (A) The study group received combination treatment (standing frame training and FES simultaneously) and
(B) the control group received conventional treatment (standing frame training without FES and FES separately). FES,
functional electrical stimulation.

ously for 20 minutes per session, twice a day, making a
total of 40 minutes (40 minutes per day). In the control
group, standing frame training and FES were applied
separately for 20 minutes per session, twice a day, mak-
ing a total of 80 minutes (80 minutes per day). A total of
30 treatment sessions were conducted for each patient 5
days a week for 3 weeks.

During the standing frame exercise, the therapist was
asked to lift the patient’s leg on the non-hemiplegia side
or to give a verbal cue to induce weight bearing on the
hemiplegia-side.

The groups received conventional rehabilitation treat-
ment for standing balance training by physical therapists
and the conventional therapy for 30 minutes per session
twice a day, 5 days a week for 3 weeks, for 30 times in to-
tal.

Evaluation

Standing stability determined using posturography and
Berg Balance Scale (BBS) were used to assess standing
stability and balance. To evaluate the patient’s physical
and cognitive abilities, the MMT, the Korean version of
the Modified Barthel Index (K-MBI), and the Korean ver-
sion of the Mini-Mental State Examination (K-MMSE)
were performed. In addition, the MMT was used to eval-
uate the leg muscle strength. For basic information about
stroke patients, their age, sex, and stroke lesion were in-
vestigated.

The BBS was used for the comprehensive evaluation of
the patients’ sitting balance, standing balance, and walk-
ing ability. BBS is a clinical measure of balance consisting
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of 14 progressively challenging tasks. Each task is graded
on a 5-point ordinal scale, and the score obtained is
summed to obtain a possible total score ranging from 0 to
56. Scoring is based on the ability to meet a certain time
or distance requirements and the ability to perform the
tasks independently [24,25].

In addition, posturography-based evaluation was per-
formed using Balance master system (Biodex Medical
System, New York, NY, USA). The posturography test
was conducted as follows: the patient ascended on a test
instrument and maintained the standing balance for 10
seconds; thereafter, the balance master machine mea-
sured the degree of balance during the weight load for
those 10 seconds, measured as the stability index value.
The stability index consists of the anterior-posterior sta-
bility index that measures the degree of the anterior and
posterior weight load of the patient, the medial-lateral
stability index that measures the bilateral weight load of
the patient, and the overall stability index that indicates
the patient’s overall sense of balance. Each value ranged
from a minimum of 0 to a maximum of 14 points; higher
the score, the more scattered the patient’s weight load,
indicating poor standing ability [26]. Posturography
could not be measured for all patients because of their
inability to stand independently before the initiation of
therapy; therefore, patients who could not be examined
were given the initial stability index as their maximum
score.

All the evaluations were measured before and after 3
weeks of the rehabilitation program. All the tests were
performed under the same conditions by two rehabilita-
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tion specialists.

During the entire rehabilitation training period, no
changes in the medication were made, and no other
treatments that could affect the standing ability were fol-
lowed.

Approval for the study was obtained from the Institu-
tional Review Board of Dong-A University Medical Center
(No. 18-068), and written consent was received from all
the enrolled patients.

Statistical analysis

The SPSS version 21.0 for Windows (IBM, Armonk,
NY, USA) was used for statistical analysis. Comparisons
between the study group and the control group were sta-
tistically processed through Mann-Whitney U-test. Also,
an evaluation of all the indicators, including various in-
dicators to determine the degree of standing balance was
conducted using the Wilcoxon signed-rank test. Statisti-
cal significance was defined for cases where the p-value
was below 0.05.

RESULTS

During the study period, 190 stroke patients were ad-
mitted to our department. In total, 116 patients were
excluded from the study and 74 patients who could not

stand due to stroke were recruited. From these, 35 were
randomly assigned to the study group and 39 were as-
signed to the control group. Fourteen patients dropped
out due to early discharge from the hospital or decline
in their medical condition. Finally, 60 patients (30 in the
study group and 30 in the control group) who completed
all the treatment sessions were investigated (Fig. 2). The
study group consisted of 17 males and 13 females, and
the mean age of the patients was 67.2 years. In the study
group, 17 patients had an ischemic stroke, while 13 had
a hemorrhagic stroke. The control group consisted of 16
males and 14 females, and the mean age of the patients
was 68.5 years. Eighteen patients had an ischemic stroke,
while 12 had a hemorrhagic stroke. At the time of initial
evaluation, 6 patients in the study group and 8 patients in
the control group could not be examined. There was no
significant difference between the groups regarding the
initial values of the baseline characteristics (Table 1). In
addition, there was no significant difference in the initial
postural stability index between the groups (Table 2).

After 3 weeks of standing balance treatment, significant
improvements in the values of the BBS, the stability in-
dices, the MMT of the hip muscle, K-MBI, and K-MMSE
were observed in both the groups compared to the values
measured before the treatment (Table 3).

A statistically significant difference in the BBS score

Stroke
(n=190)

116 excluded:

9 had a poor medical condition

12 had ataxia

17 had cognitive impairment (MMSE<18)
22 had a previous stroke history

25 had musculoskeletal disability

31 did not have standing difficulty

A
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Unable to stand
(n=74)
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Combine therapy with
FES and standing frame
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and the stability indices was noted when the therapeutic
effect was compared between the two groups. However,
no statistically significant difference was observed in the
results of the MMT, K-MBI, and K-MMSE (Table 4).

DISCUSSION

In stroke patients, the standing ability is an essential
skill fundamental to gait and plays an important role in

Table 1. Baseline demographic characteristics of patients

enabling patients to conduct their daily activities inde-
pendently. In many stroke patients, standing ability de-
clines due to hemiplegia, resulting in a reduced ability to
perform activities of daily living. Therefore, rehabilitation
therapy that helps stroke patients to improve their stand-
ing ability has become an essential part of rehabilitation.
Consequently, various rehabilitation therapies are be-
ing conducted for effective improvement in the standing
ability of stroke patients [27].

Characteristic Study group (n=30) Control group (n=30) p-value®
Age (yr) 67.25+15.01 68.50+15.80 0.915
Sex 0.850

Male 17 (57) 16 (53)
Female 13 (43) 14 (47)
Stroke
Right 16 17
Left 14 13
Type of stroke
Ischemic 17 18
Hemorrhagic 13 12
Duration (day) 24.5+17.4 26.3+15.4 0.825
MMT
Hip 1.7510.50 1.85+0.85 0.765
Knee 1.33+0.50 1.35+0.50 0.855

Ankle 1.25+0.80 1.13+0.35 0.630
K-MBI 17.50+11.55 21.50+14.46 0.350
K-MMSE 10.75+11.53 12.55+12.55 0.451

Values are numbers or meantstandard deviation or number (%).
MMT, manual muscle test; K-MBI, Korean version of Modified Barthel Index; K-MMSE, Korean version of Mini-Men-

tal State Examination.
“Mann-Whitney U-test.

Table 2. Baseline postural stability of patients

Characteristic Study group (n=30) Control group (n=30) p-value®
BBS 5.58+1.11 5.75+2.50 0.770
Stability index

Overall 12.20+ 3.43% 11.25+2.55” 0.820

AP 9.65+4.45" 9.33+2.05” 0.866

ML 6.70+3.28% 6.85+3.51” 0.365

Values are numbers or meanztstandard deviation.

BBS, Berg Balance Scale; AP, anterior-posterior; ML, medial-lateral.
“Since there was a patient who could not be examined at the initial period, only 24 patients could be tested.
®Since there was a patient who could not be examined at the initial period, only 22 patients could be tested.

9Mann-Whitney U-test.
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Table 3. Changes in postural stability and functional status after treatment

Study group (n=30)

Control group (n=30)

Pre Post p-value Pre Post p-value

BBS 17.75%5.75 0.005* 5.75+2.50 12.85+5.35 0.012*
Stability index

Overall 12.20+3.43" 6.40+4.29 0.012* 11.25+2.55" 8.20+4.55 0.035*

AP 9.65+4.45" 4.20+3.55 0.018* 9.33+2.05" 6.35+4.22 0.043*

ML 6.70+3.28” 3.38+2.55 0.024* 6.85+3.51" 5.55+3.45 0.045*
MMT

Hip 1.75+0.50 2.25+0.55 0.012* 1.85+0.85 2.15+0.75 0.025*

Knee 1.330.50 1.90+0.75 0.051 1.35 +0.50 1.80+0.82 0.339

Ankle 1.25+0.80 1.35+0.72 0.150 1.13+0.35 1.25+0.55 0.540
K-MBI 17.50+11.55 35.25+17.45 0.025* 21.50+14.46 34.75+19.80 0.030*
K-MMSE 10.75+11.53 16.55+12.35 0.033* 12.55+12.55 17.50+10.95 0.035*

Values are numbers or mean+standard deviation.

BBS, Berg Balance Scale; AP, anterior-posterior; ML, medial-lateral; MMT, manual muscle test; K-MBI, Korean version
of Modified Barthel Index; K-MMSE, Korean version of Mini-Mental State Examination.

“Since there was a patient who could not be examined at the initial period, only 24 patients could be tested.

"’Since there was a patient who could not be examined at the initial period, only 22 patients could be tested.

*p<0.05 by Mann-Whitney U-test.

Table 4. Comparison of changes between the two groups

Study group Control group

(n=30) Geay) Dl

ABBS 12.17+£4.35 7.10£3.26 0.043*
AStability index

Overall -4.55+3.20 -2.35+£2.25 0.045*

AP -4.25+2.33 -1.70+£2.35 0.042*

ML -3.15%£1.53 -1.40£1.32 0.046*
AMMT

Hip 0.50+0.66 0.30+055 0.173

Knee 0.57+0.67 0.45%+0.68 0.225

Ankle 0.10£0.75 0.12+£0.43 0.525
AK-MBI 17.75+£5.30 13.25+£7.65 0.270
AK-MMSE 5.80%+2.25 4.95+2.44 0.775

Values are numbers or meanztstandard deviation.

BBS, Berg Balance Scale; AP, anterior-posterior; ML, me-
dial-lateral; MMT, manual muscle test; K-MBI, Korean
version of Modified Barthel Index; K-MMSE, Korean ver-
sion of Mini-Mental State Examination.

*p<0.05 by Mann-Whitney U-test.

Exercise therapy, the basis of rehabilitation therapy for
improving standing ability, is a conventional exercise-
based rehabilitation therapy administered under the
supervision of a physical therapist. This type of therapy is

usually applied as a primary measure because it is highly
effective in improving the patient’s standing ability [28].
However, it can only be performed by therapists and the
exercise needs to be performed for only 30 minutes twice
a day; therefore, additional exercise therapies that can be
performed independently and in rest of the time by the
patients are necessitated [29]. Exercise therapies that can
be performed independently by the patients are being
studied, and many rehabilitation devices for improving
standing ability are constantly being used [30]. Bagley
et al. [12] and Hendrie et al. [13] demonstrated that the
standing frame is effective for improving the standing
ability of stroke patients among other therapies. Matjacic
et al. [30] also showed that the modified standing frame
exercise is effective for improving the balance, mobil-
ity, independence, and functional ambulation in stroke
patients. Also, the study emphasized that the modified
standing frame exercise allows patients to exercise with-
out the supervision of therapists, thereby increasing the
patient’s exercise time [31].

However, Nadeau et al. [14] reported that in clinical
practice, most of the stroke patients tended to stand us-
ing only the healthy side without weight bearing on the
hemiplegic side, and De Nunzio et al. [18] reported that
the effectiveness of rehabilitation exercise for improving
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standing ability was enhanced in stroke patients when
the problem of using only the healthy side during reha-
bilitation exercise was resolved. Therefore, various strat-
egies for inducing weight bearing on the hemiplegic side
have been proposed and studied. In a study by Bishop et
al. [32], a tool to forcefully induce weight bearing on the
hemiplegic side was developed using a pelvic assist de-
vice, and effectiveness was proven based on the perfor-
mance of the device in an actual scenario. In the reported
study, the authors reported improvement in functions
when the patients performed exercise on their own with-
out any help from the therapist. However, it was pointed
out that it would be challenging to use this tool in clinical
practice because of the cost and size of the device [32].
Therefore, the present study aimed to identify a method
that would enable patients to exercise independently us-
ing only an instrument, thus solving the issue of induc-
ing weight bearing only on the hemiplegic side, and be
easily applicable in clinical practice. Among the various
available methods that can increase the weight load on
the hemiplegic side when patients perform the exercises
independently, FES has recently been used in several
studies. Bustamante et al. [22] reported that in addition
to the previously recognized effectiveness of FES therapy
in improving muscle strength of the leg on the hemiple-
gic side, it facilitated the perceptive development on
the hemiplegic side by enhancing both the feedback of
the sensory nerve and proprioceptive senses, ultimately
increasing the use of the hemiplegic side. In addition,
Chen et al. [33] demonstrated that performing standing
rehabilitation exercise and gait rehabilitation exercise
while wearing a device for FES therapy not only resulted
in better functional improvement but also induced more
activity than conventional rehabilitation therapy, as de-
tected on brain diffusion tensor image. Previous studies
[34,35] demonstrated that a single session of FES-assisted
treadmill exercise alone could induce an increase in the
corticomotor plasticity. Furthermore, van Bloemendaal
et al. [36] reported that the study group who underwent
gait training along with FES showed higher functional
improvement than the control group who underwent FES
alone. The authors also demonstrated that FES-mediated
brain stimulation in the study group subjects who re-
ceived the combination therapy induced a synergistic
effect with a resultant increase in brain plasticity. The re-
ported studies demonstrated that FES therapy enhanced
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brain plasticity by increasing brain stimulation through
sensory feedback, consequently increasing the percep-
tion and activity on the hemiplegic side and resulting in
weight bearing and functional improvement. Ferrante et
al. [37] showed that in addition to the reported effects,
FES with volitional muscle contractions induced a syn-
ergistic effect, thus demonstrating the effectiveness of
the combination therapy in improving the walking and
standing ability than individual therapy.

In the present study, we hypothesized that the thera-
peutic effects of FES and standing frame can be com-
bined to solve the problem of the existing rehabilitation
therapy and aimed to prove this hypothesis.

Consequently, in this study, FES was attached to the
anterior tibialis as it was contemplated that the peroneal
nerve was stimulated to achieve the weight bearing effect
on the hemiplegic side in response to sensory biofeed-
back, which was previously studied [34,38]. Similarly to
conventional FES treatment, FES was attached to quadri-
ceps femoris to treat knee collapse.

The results showed that standing balance training was
more effective in the study group than in the control
group, thus suggesting that the combination therapy has
a high therapeutic effect and can solve the existing prob-
lem faced in standing frame training.

We considered three possible reasons for combination
rehabilitation therapy being more effective than individ-
ual rehabilitation therapy. First, as noted in several stud-
ies, this study suggests that sensory biofeedback through
FES may have increased brain stimulation and that this
mechanism induced weight bearing on hemiplegia side
during standing frame exercise. Therefore, we thought
that this mechanism improved brain plasticity and im-
proved standing balance ability. Second, the application
of FES at the time of volitional muscle contractions dur-
ing standing frame exercise induced a synergistic effect
that is believed to contribute to enhanced improvement
in the standing ability in the combination therapy group
compared to the control group who received individual
therapies. Third, 40 minutes of rehabilitation therapy
time was given to the combination therapy group per ses-
sion, while 80 minutes were given to the control group
per session, thus imparting more time to the combina-
tion therapy group for other personal treatments.

To the best of our knowledge, this is the first study that
attempted to solve the problems associated with standing
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frame training in stroke patients by applying FES. This
study proved that combination rehabilitation therapy has
additional therapeutic effects.

This study has some limitations, which have to be
pointed out. First, as the therapeutic effect of combi-
nation therapy was evaluated only after a short-term
exercise therapy period of three weeks, the long-term
therapeutic effects should be evaluated in future stud-
ies. Second, given that the comparative analysis was
performed by involving a relatively smaller number of
patients, it will be necessary to conduct further research
by employing a larger sample size in future studies.

In conclusion, the results demonstrate the therapeutic
effectiveness of combined therapy of FES and standing
frame in subacute stroke patients. The protocol is pro-
posed to be time-saving and could be easily applied in
the clinical setting. Accordingly, combined therapy could
be a useful method to improve standing balance in sub-
acute stroke patients.
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