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Electromyographic Biofeedback in
the Treatment of the Hemiplegic
Hand

A Placebo-Controlled Study

ABSTRACT

Armagan O, Tascioglu F, Oner C: Electromyographic biofeedback in
the treatment of the hemiplegic hand: A placebo-controlled study. Am J
Phys Med Rehabil 2003;82:856-861.

Objective: To evaluate the efficacy of electromyographic (EMG)
biofeedback treatment in the functional recovery of the hemiplegic
hand.

Design: A total of 27 patients were randomly assigned to EMG
biofeedback or placebo EMG biofeedback groups. Both treatments
were applied five times a week for a period of 20 days. In addition, the
patients in both groups received an exercise program according to the
Brunnstrom’s neurophysiologic approach. Goniometric measurements
for wrist extension, scale for judging the performance of drinking from
a glass, Brunnstrom's stages of recovery for hand, and surface EMG
potentials were used for the clinical assessments. All patients were
assessed before treatment and after 20 treatment sessions.

Results: The results showed that there were statistically significant
improvements in all variables in both groups, but the improvements in
active range of motion and surface EMG potentials were significantly
greater in the EMG biofeedback group at the end of the treatment.

Conclusion: Our study demonstrates the potential benefits of EMG
biofeedback in conjunction with neurophysiologic rehabilitation tech-
nique to maximize the hand function in hemiplegic patients.
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Stroke is the most common neu-
rologic disease that leads to death
and disability in the elderly popula-
tion.1? Every year, a significant num-
ber of stroke patients survive and are
left with significant disabilities.>*
Hemiparesis is the most common
cause of disability after stroke, affect-
ing 70-85% of all patients,! and it
has been estimated that 60% of all
surviving stroke patients may require
rehabilitation treatment.® It is impor-
tant to identify effective stroke reha-
bilitation strategies as the number of
stroke survivors and medical costs
increase.

Different treatment strategies for
the rehabilitation of hemiplegic pa-
tients are available today, such as
conventional exercise programs, pro-
prioceptive neuromuscular facilita-
tion techniques,®” muscle strength-
ening and physical conditioning
programs,®  neurophysiologic  ap-
proaches,’ and functional electrical
stimulation.'®  Electromyographic
(EMG) biofeedback has been used in
the treatment of hemiplegia since the
1960s,'11? and in several studies, the
effectiveness of this technique has
been investigated.’>'” Most of these
studies have reported that EMG
biofeedback can help to achieve im-
provements even in the chronic state,
in treating hemiparesis of upper or
lower limbs.'® In contrast to these
successful results, in some studies,
no superiority of this technique has
been found when compared with
placebo.t®

Rehabilitation techniques have
been more successful in restoring
function in the lower limbs than in
the upper limbs.?° Nakayama et al.?!
reported that further recovery of up-
per limb function should not be ex-
pected if functional recovery has not
occurred by the 11th week. Espe-
cially, conventional therapy has not
always been completely successful in
the restoration of upper limb func-
tion.?? Because of these reasons, it is
important to develop techniques or
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combination therapies for the treat-
ment of the hemiplegic upper limb.!!
Because there is not enough evidence
that EMG biofeedback can facilitate
recovery after stroke, we aimed to
evaluate the efficacy of EMG biofeed-
back treatment in the functional re-
covery of the hemiplegic hand.

PATIENTS AND METHODS

Patients

The study was carried out at Os-
mangazi University, Faculty of Medi-
cine Hospital, Eskisehir, Turkey. A
total of 27 patients with hemiparesis
of vascular origin, 11 women and 16
men with a mean age of 57.44 =+
10.69 yr (range, 39-77 yr), were ad-
mitted to our rehabilitation unit. The
length of time since onset of hemipa-
resis ranged from 3 to 6 mo, with an
average of 4.59 = 1.19 mo. All pa-
tients had a middle cerebral artery
vascular lesion. The subtype of stroke
experienced by patients included
computed tomographically con-
firmed infarct in 18 patients (67%)
and hemorrhage in nine patients
(33%). All patients were hospitalized
during the study period.

The inclusion criteria included:
(1) ability to communicate, (2) full
comprehension, (3) no visual or audi-
tory defect, (4) having significant mo-
tivation, (5) stable health status, and
(6) stage 2 or 3 hemiparesis according
to the modified Brunnstrom’s scale of
motor recovery for the hand. Exclusion
criteria were: (1) spasticity greater than
stage 3 according to the modified Ash-
worth scale,”® (2) previous hemipare-
sis, (3) flask hemiplegia (Brunnstrom’s
stage 1), (4) dementia, (5) deformities
of the upper limb (previous fractures,
contractures, or deformities caused by
inflammatory arthropathies such as
rheumatoid arthritis), and (6) previous
physical therapy or EMG biofeedback
training.

Passive range of motion was
within normal limits in all patients,
and none of the patients had senso-

rial deficit and pain. The patient’s
functional ability was assessed with
the Barthel index.?*

Study Design

We conducted a clinical, pro-
spective, randomized, placebo-con-
trolled study. The patients were as-
sessed by an independent physician
who was blind to the study protocol.
The ethics committee of the Osman-
gazi University Medical School ap-
proved this study, and all patients
gave their written consent.

Treatment

A total of 27 patients, who ful-
filled the entry criteria, were admit-
ted to this study, and they were ran-
domized into two groups using
numbered envelopes. Group 1 con-
sisted of 14 subjects who received an
exercise program according to
Brunnstrom’s approach and EMG
biofeedback. Group 2 consisted of 13
subjects who received placebo EMG
biofeedback therapy and the same ex-
ercise program. The rehabilitation
program was given to all patients by
the same physiotherapist as described
by physicians. The treatment proto-
col that we used in this study has
been used in previous studies.?®

EMG Biofeedback Application. For
the EMG biofeedback treatment, a
two-channel device was used (Elec-
tro-Medical ~ Supplies Medi-Link,
Model 79 EMG Biofeedback Module,
EMS, London, UK). Surface elec-
trodes were placed over the musculus
extensor carpi radialis and extensor
digitorum communis of the paretic
arm. In hemiplegic patients, the ex-
tension of wrist and fingers is usually
deteriorated, and this leads to limita-
tion of hand functions, especially
hand grasp. That is why, specifically,
we preferred these muscles for the
EMG biofeedback training. With the
wrist in the flexion position and the
forearm pronated, the patient was in-
structed to extend his or her wrist
until the myoelectric potentials were
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TABLE 1

Demographic and clinical features of patients

Group 1 (n = 14)

Group 2 (n = 13)

Age, yr 57.00 + 10.53 57.92 + 11.27
Sex, female/male 6/9 5/8
Duration after stroke, mo 4.43 +1.09 477 + 1.30
Stroke type, Inf/Hem 9/5 9/4

Side of hemiparesis, R/L /7 6/7
Barthel index 69.29 + 8.05 70.38 + 8.38

Inf, infarction; Hem, hemorrhage; R, right; L, left.

converted into a visual or auditory
signal.?® The sensitivity of the EMG
biofeedback ranged from 2 wV to 2
mV.

Placebo EMG Biofeedback Applica-
tion. The EMG electrodes were ap-
plied to the musculus extensor carpi
radialis and extensor digitorum com-
munis of the paretic arm. The EMG
biofeedback machine was switched
on but turned away from the patient
so that no visual or auditory feedback
was given.?

Both EMG biofeedback and pla-
cebo EMG biofeedback were applied
five times weekly, with a duration of
20 min for 20 treatment sessions. In
addition, the patients in both groups
received an exercise program accord-
ing to the Brunnstrom’s neurophysi-
ologic approach,?” with a duration of
45 min/day for a period of 20
treatments.

Evaluation

The clinical assessments were
performed according to the following

methods at baseline and at the end of
the treatment. All clinical assess-
ments were performed by a blinded
evaluator.

Active Range of Motion. Active range
of motion of the wrist extension mea-
surements were made with the sub-
ject in a sitting position. The same
investigator performed goniometric
measurements for each subject.

Brunnstrom’s Stages of Recovery for
Hand. Levels of recovery of muscle
function for hand were assessed in
terms of Brunnstrom’s six stages.

Scale for Judging the Performance of
the Movement Complex of Drinking
from a Glass. The following scale was
used to judge the ability to drink
from a glass:'®

0. No modulation of spastic tonus

1. Ability to reduce or increase spas-
tic tonus

2. One of the following movements is
possible: finger extension or finger
flexion, pronation, or supination

TABLE 2

after treatment

Brunnstrom’s stages of recovery assessments before and

Treatment
Before After p
2 3 2 3 4 Value
Group 1,n = 14 8 6 2 6 6 <0.001
Group 2, n = 13 7 6 3 7 3 <0.01
P value >0.05 >0.05
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3. Patient able to gasp and lift the
glass

4. Patient able to grasp and lift the
glass to the mouth and to release
the glass at the table at the end of
the movement sequence

5. Ability to do the movement com-
plex without a drink in the glass.

6. Ability to do the movement com-
plex of drinking from a glass with
a beverage in the glass

Surface EMG Potentials

The surface EMG potentials dur-
ing isometric contraction of the wrist
and finger extensors were also recorded
before and after the treatment.

Statistical Analysis

Baseline homogeneity was evalu-
ated by # test for parametric data (age,
duration of symptoms) and by x*
(sex) or Fisher’s exact (dominant
arm) tests where appropriate for
small samples for nonparametric
data. For changes in various symp-
toms after the treatment within each
group, the Wilcoxon’s and paired ¢
tests were used. The Mann-Whitney
and ¢ test were used to compare the
therapeutic results between the
groups. Differences were considered
significant if the P values were
=0.05, and all results are expressed
with a 95% confidence interval.

RESULTS

A total of 31 patients were en-
rolled in the study, and all of them
completed the study period. Table 1
shows the demographic and clinical
features of the patients. There were
no significant differences in age,
stroke onset, sex, lesion laterality dis-
tribution, type of stroke, and func-
tional status between the two groups.

Brunnstrom’s Stages of Hand Recov-
ery. A significant improvement was
observed in the Brunnstrom’s stages
of motor recovery in both groups at
the end of the treatment (group 1,
P < 0.001; group 2, P < 0.01).
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Although the patients in the biofeed-
back group showed greater improve-
ment, the difference between the
groups did not reach statistical sig-
nificance (Table 2).

Scale for Judging the Performance of
the Movement Complex of Drinking
from a Glass. There was also a signif-
icant improvement for this variable
in both groups (group 1, P < 0.01;
group 2, P < 0.01). Statistically sig-
nificant differences could not be
demonstrated between the groups
(Table 3).

Active Range of Motion. Both groups
showed improvement in range of ac-
tive wrist extension after treatment
(group 1, P < 0.001; group 2, P <
0.05). Comparison between the
groups showed significant improve-
ment in active range of motion in the
EMG biofeedback group over the pla-
cebo group (P < 0.05) (Table 4).

EMG Surface Potentials. The EMG
biofeedback group exhibited a signif-
icantly greater increase in EMG sur-
face potentials (P < 0.001) compared
with the placebo EMG biofeedback
group (P < 0.01), and the difference
between the groups was in favor of
the EMG biofeedback-treated groups
(P < 0.001) (Table 5).

DISCUSSION

Stroke leaves many of its survi-
vors with mental and physical disabil-
ities, which create a major economic
and social burden.?® Many survivors
of stroke receive expensive, time-con-
suming, and intensive rehabilitation
in an attempt to improve indepen-
dence.?3% Rehabilitation after stroke
to improve functional ability has
been suggested to decrease long-term
social and economic costs. Because of
these reasons, there is a need for
properly  designed rehabilitation
programs.?®

EMG biofeedback has been used
in the rehabilitation of hemiplegia
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TABLE 3

after treatment

Scale for judging the performance of the movement
complex of drinking from a glass assessment before and

Treatment
Before After P
2 3 4 5 6 2 3 4 5 6 Value
Group 1, n = 14 2 2 - — — 3 8 2 — 1 <0.01
Group 2, n = 13 9 4 — — — 4 7 2 — — <0.01
P value >(0.05 >(0.05
since the 1960s.'Y'23! Although  program including EMG biofeedback

many research studies have been per-
formed to investigate the complex
neurophysiologic mechanisms un-
derlying its motor effect, these mech-
anisms are still unclear and might
include the following: elimination of
active inhibitory influences, unmask-
ing of existing pathways to subserve
new movement strategies, transfer of
function to intact neural structures,
use of alternative pathways, or
sprouting of collateral axons to form
new synapsis.>233

In rehabilitation, EMG biofeed-
back has gained an important place
in the treatment of upper motor neu-
ron lesions, especially in education of
muscles and inducing relaxation of
spastic muscles. There are a few sys-
tematically controlled studies that
demonstrate the benefits of EMG
biofeedback in the rehabilitation of
hemiplegia. In a pilot study, compar-
ing the efficacy of an integrated be-
havioral-physical therapy treatment

or a standard exercise program, Bas-
majian et al.!' found that both
groups showed clinically significant
improvements that exceeded previ-
ously reported experience. In two
other controlled studies, Wolf and
Binder'® and Inglis et al.??> applied
EMG biofeedback plus physical ther-
apy against physical therapy alone.
Both studies found that in chronic
stroke patients, EMG biofeedback,
when used as an adjunct to physical
therapy, resulted in improvement in
upper limb range of motion and mus-
cle strength. Although positive, these
authors were more restrained in their
enthusiasm for biofeedback for the
upper limb than were authors of ear-
lier controlled clinical reports. Simi-
lar results were reported by Crow et
al.,>* who found that patients receiv-
ing EMG biofeedback for a hemiple-
gic arm made significant improve-
ment when compared with placebo
EMG biofeedback—treated patients.

TABLE 4

of wrist extension

Baseline values and changes in the active range of motion

Change from P
Baseline Baseline® Value
Group 1,n = 14 3.93 +5.25 —4.29 (0 to —10) <0.001
Group 2, n = 13 5.78 = 6.07 —1.54 (0 to —5) <0.05
P value >(0.05 <0.05

for the mean.

“Values are the mean changes from baseline and 95% confidence intervals
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TABLE 5

Baseline values and changes in the surface
electromyographic potentials during isometric contraction
of wrist extensors (in millivolts)

Before Treatment

Group 1,n = 14 12.58 = 4.52
Group 2, n = 13 11.13 = 2.79
P value >(0.05

Change from P
Baseline? Value
—16 (=5 to —43.40) <0.001
—0.79 (0 to —2.20) <0.01

<0.001

for the mean.

?Values are the mean changes from baseline and 95% confidence intervals

In the literature, we encountered
no study that compared the effective-
ness of EMG biofeedback with other
techniques such as functional electri-
cal stimulation in the treatment of
the hemiplegic upper limb, but in a
study by Cozean et al.,*® the efficacy
of functional electrical stimulation
and EMG biofeedback was investi-
gated in hemiplegic patients with gait
dysfunction. These two therapeutic
modalities were tested alone and in
combination in this prospective, con-
trolled, randomized trial. The results
of the study showed that combined
therapy with EMG biofeedback and
functional electrical stimulation re-
sulted in significant improvement.
Also, there are some studies report-
ing successful results in which elec-
tromyographically triggered neuro-
muscular stimulation technique is
used in the treatment of motor dys-
function after stroke.>%3”

In this study, most patients
achieved improvement. The main
finding of this randomized study is
that hemiplegic patients treated with
EMG biofeedback exhibit signifi-
cantly greater hand function recov-
ery, and this finding was consistent
with previous studies.?®>® Initiating
wrist extension is often difficult for
many patients because of the flexor
synergy in the upper limb. EMG
biofeedback training facilitates wrist
extensor activity and decreases the
flexor spasticity.!®2> By this way,
EMG biofeedback training improves
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the functional ability of the hand.
This method also offers considerable
help in orientation and sensory con-
trol and uses potential activity com-
petence that would otherwise remain
dormant. Because patients learn to
perform useful movements that are
helpful in daily living, they are moti-
vated to participate more intensely.'®

Our study has some limitations,
such as the small sample size and
lack of long-term observation. Be-
cause outcomes were assessed only at
discharge, it is not clear whether the
observed improvements were main-
tained in the long-term.

Our study demonstrates the po-
tential benefits of EMG biofeedback
in conjunction with neurophysio-
logic rehabilitation to maximize the
hand function in hemiplegic patients,
and our results are comparable with
most of previous studies. However, in
most of these studies, there were im-
portant variations in the stroke dura-
tion of the patients and localization
of the cerebral lesions, which would
limit the generalizability of the re-
sults. This is also the first placebo-
controlled study in which the efficacy
of EMG biofeedback has been exam-
ined in the treatment of the hemiple-
gic hand. For these reasons, we be-
lieve that the results obtained in this
study might suggest a new insight,
and we suggest that there is a need
for future studies investigating the
long-term therapeutic effects of EMG
biofeedback.
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