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Background:  Cerebral palsy has pathology in immature brain problem, i.e., ischemic brain, hypoxic brain.
The cause of pathology can be prenatal, perinatal and postnatal. Electromyography (EMG) biofeedback is
muscles training program using electrical stimulation modality to train specific weakness of the muscles or
pathologic side.  Feedback response to the patients by visual or evidence through supporting sound can enable
the patient to train themselves specifically.  However, few evidences support the efficacy of EMG biofeedback
to train muscles in cerebral palsy, especially in balance and coordination.
Objective: To evaluate the efficacy of EMG biofeedback compared with conventional physiotherapy on gait
and balance in children with cerebral palsy diplegia.
Methods: Thirty-four children with diplegic cerebral palsy were recruited into the study. EMG biofeedback group
included 17 children who received EMG biofeedback training in back and hip muscles plus conventional exercise.
Control group included 17 children who received only conventional exercise.  Gait analysis, pediatric balance
scale, range of motion of hip extension, abduction and 6-minute walk test were evaluated and compared.
Results:  Both the EMG biofeedback and control groups displayed statistically significant improvement in
pediatric balance scale (P <0.001 and P = 0.001, respectively). Only the EMG biofeedback group displayed
statistically significant improvement in gait speed, range of motion of hip extension, abduction and 6-minute
walk test (P = 0.04, 0.003, 0.03, 0.003, respectively).  No statistical significance of mean difference was found in
all outcomes between the two groups.
Conclusion: The EMG biofeedback group displayed statistically significant improvement in gait speed, pediatric
balance scale, range of motion of hip extension, abduction and 6-minute walk test.  The control group, however,
displayed statistically significant improvement only in pediatric balance scale.
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Original article

The pathology of cerebral palsy is generally caused
by immature brain problem, the pathology of which
includes prenatal, perinatal and postnatal causes.(1 - 3)

The incidence of cerebral palsy is 1 - 2.3/1,000; so
far it is the  most common of neurological problem in
children. Most patients suffer from movement
disorder and poor function, development, perception,
communication, behavior and also musculoskeletal
problems. (4)  Most common problems (> 50%) are

weakness and spasticity in both the upper and lower
extremities that can affect the soft tissues around the
joints, bone growth and development, leading to
impairment and disability.(5)   Cerebral palsy can be
caused by hypoxic brain, infection, toxin, metabolic
and also trauma problems.  Most common abnormal
clinical findings present by muscles weakness,
spasticity, movement disorder, limitation of range of
motion, joint stiffness, poor perception, abnormal
communication and also impaired or poor balance and
coordination.  Balance and coordination problems are
most important in cerebral palsy that can cause further
limitation, i.e., activities of daily living, eating, toileting,
transferring, grooming dressing and other activities,
e.g. walking, watching television, studying, playing
sport.  These problems can decrease the quality of
life of these children.
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As for the present study, there are many
techniques and treatment to improve function in
cerebral palsy children (6) such as conventional physical
therapy by training strength, endurance and balance
and coordination, gait training, serial casting, electrical
stimulation at defect muscles, neurodevelopmental
therapy (NDT), constraint-induced movement
therapy (CIMT) to improve pathological side and
limit function of normal side, Electromyography
(EMG) biofeedback, botulinum toxin A, phenol, alcohol
injection in spastic muscles, orthopedic surgery.
However, there are few evidences supporting efficacy
of EMG biofeedback in training of the muscles of the
lower extremities and also balance and coordination
in cerebral palsy.  So far, no definite study has been
proved to improve the function of cerebral palsy
patients.(7)

EMG biofeedback is muscles training by using
electrical stimulation modality to train specific weak
muscles or pathologic side.  Feedback response to
the patients by visual or evidence supporting sound
can enable the patient to train themselves specifically.
The patients can learn to adapt and practice by
themselves to achieve their goals in improving their
function, motor power and decrease spasticity. (8)  The
patients can learn to move specific muscles to improve
their function by decreasing  spasticity and increasing
muscles relaxation.(9)  There are many studies about
the effect of EMG biofeedback in the patients who
have weakness and spasticity in the upper (10 - 13) and
lower extremities(14 - 16)  in many groups of patients
such as stroke(17, 18), traumatic brain injury, spinal cord
injuries.(19)

Kassover M, et al. (20) studies showed that
auditory biofeedback significantly increased the degree
of ankle dorsiflexion in four spastic cerebral palsy
diplegic patients.  Flodmark A,  et al. (21) studies showed
that auditory biofeedback improved gait pattern
in cerebral palsy diplegia and hemiplegia but no
improvement in athetoid cerebral palsy and also
attention deficit children.  James R, et al. (22) studies
showed that EMG biofeedback muscle training
exercise improved head, neck, trunk, sitting balance,
spasticity, weight bearing walking, eye-hand and leg-
head co-ordinations, decreased drooling in cerebral
palsy, diplegia and quadriplegia. Bolek JE, et al. (23)

studies showed that two cases of cerebral palsy
spastic hemiplegia improved and could clear up, e.g.,
the swing phase in gait pattern.  In 1998, Moreland
JD, et al (24) studies concluded 12 meta-analysis EMG

biofeedback training studies and/or with or without
conventional therapy (randomized controlled trials) to
measure the lower extremities function, improvement
of motor power (strength and endurance, range of
motion).  The results showed that EMG biofeedback
significantly improved the strength of ankle,
dorsiflexion muscles strength when compared with
conventional group. (24)  In 1998, Toner LV, et al.(25).
studies EMG biofeedback treatment in five cerebral
palsy children and a case of tip-toe walking, there
was significantly improvement in muscles strength and
active range of motion of the joints. (25)

In 2003, Armagan O. et al.(26) studies EMG
biofeedback treatment of weakness of hand muscles
in 27 hemiparesis stroke patients.  EMG biofeedback
group had statistically significant improvement in range
of motion of the wrist joint and also the strength of
wrist extensor and finger extensor muscles when
compared with placebo EMG biofeedback.(26) In 2004,
Erbil D, et al (27) studied 36 cerebral palsy patients;
21 cases for gait training by using EMG biofeedback
and 15 cases with conventional physical therapy.  The
study showed more significant improvement regarding
muscle strength of plantar flexion muscles, range of
motion; and gait pattern in EMG biofeedback groups
was better than conventional group.(27)  In conclusion,
rehabilitation by EMG biofeedback statistically
significant improves effectiveness of musculoskeletal
system including range of motion and strength of
muscles.

EMG Biofeedback can improve the effectiveness
of outcome of treatment in cerebral palsy children
and also safe for the children.  The children have
limitation of intention to co-operate tasks    or activities
especially cerebral palsy children, therefore EMG
biofeedback stimulation is one quite interesting
technique to enable the children to complete more
activities.

Recently, there are few studies on EMG
biofeedback training in the trunk and muscles around
the hip which are very important factors of gait,
walking and also balance and co-ordination that
affects activities and quality of life in cerebral palsy
children.

From the above reasons, the researchers have
interest to study the effect of the back and hip muscles
with EMG biofeedback training in diplegic cerebral
palsy, whether or not it can improve the balance and
gait better than the conventional training.
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This study is aimed to evaluate the effectiveness
of EMG biofeedback training to the back and hip
muscles in diplegic cerebral palsy to improve balance
and gait compared with the conventional therapy.

Materials and methods
Participants

Cerebral palsy children aged 5 - 13 years old were
recruited in the present study.  The sample size was
calculated according to Erbil D. et al.(27) study by using
two independent group CI = 95 % ( = 0.05),  power
95% ( = 0.8) and drop out 10%.  Calculated number
is 17 cases per group. Total is 34 cases.  By using
two independent group 95 % CI ( = 0.05), 80%
power ( = 0.8)
N/group = 2(Z/2 + Z)22/(X1 – X2)2

= 2(1.96 + 0.84)2 (0.08) / (0.73 - 0.46)2           = 17.2

2 = (n1 – 1) SD12 + (n2 - 1) SD22 / n1 + n2 - 2

= (21-1) (0.283)2+(11-1) (0.278)2/21+ 11 –2  = 0.08

Inclusion criteria all children with cerebral palsy
with respect to gross motor function classification
system (GMFCS) classification in group I - IV. The
participants can understand well and also have good
perception in hearing and vision with or without
glasses.  They can follow at least one step command
good and have no severe joint injury or non-function
joint deformities of hip knee and ankle.

Exclusion criteria: all any not correlated healthy
problems with cerebral palsy at can involve the
participants functional ability such as cardiopulmonary
problems, uncontrolled seizure or epilepsy, severe
spasticity (modified Ashworth scale > = 3), previous
surgery in pathological back, hip and/or lower
extremities within  a year, botulinum toxin therapy in
pathological back, hip and/or lower extremities within
6 months, adjusted dose of any oral antispastic
medications during study period or deny to continue.

Study designs
Single-blind, controlled trial, block of 4

randomization was divided into 2 groups.

Group I EMG biofeedback
The patients are trained by EMG biofeedback

Rephagia Silverfit Netherland.  The surface electrode
is put at the movement muscles of back, hip and lower
extremities muscles by the same physical therapist.
Firstly, surface electrodes are applied at gluteus

maximus muscles and the patient cooperated to do
hip flexion and extension for 10 minutes; secondly,
surface electrodes are applied at gluteus medius
muscle and the patient cooperated to do hip abduction
and adduction for 10 minutes.

Thirdly, surface electrodes are applied at Erector
spinae muscle and the patient cooperated to do back
flexion and extension for 10 minutes.  The patients
have to do three kinds of exercise and follow visual
and EMG biofeedback.  The patients have to do every
kind of exercise: 10 minutes per exercise and do range
of motion for 15 minutes.  Total time was 45 minutes
per day for 3 days per week for 4 weeks.  Total session
received is 12 sessions per person.

Group II Conventional therapy
In this group the patients are trained in 3 steps of

exercise.  Range of motion exercise, strengthening,
balance coordination and walking exercise 15 minutes
per exercise, 45 minutes per day, 3 days per week for
4 weeks.  In total, each subject received 12 sessions.
Both groups are trained by expert physical therapists.

All subjects were examined by single blinded
evaluator, regarding: age, gender, back, hip and/or
lower extremities, history of healthy condition, epilepsy
or seizure treatment, vision problems, history of surgery
in one year and/or history of botulinum toxin A injection
at back, hip and/or lower extremities lesion side in
6 months.  They were evaluated pre-training and post
training at 4th and 8th weeks.

Outcome measurement
Gait and motion analysis (Neurocom Balance

master by Natusm, USA) at week 0 and week 4 for
recording gait speed, stride length and cadence and
examination by physician for pediatric balance scale
at week 0, 2nd, 4th and 8 th. (Balance score evaluated
from the child’s ability: score 0, score 4, minimum score
is 0 and maximum score is 54), 6-minute walk test,
10-meter walk test, modified time up-and-go test, hip
range of motion, spasticity, modified Ashworth scale
(MAS), GMFCS, level I - V, and satisfaction score
(score 1 - 10). Main principal outcomes were gait
parameter, gait speed, stride length, cadence at week
2nd, 4th, and 8th; and secondary outcome were: 6-
minute walk test, 10-meter walk test, modified time
up-and-go test, hip range of motion, spasticity, modified
Ashworth scale (MAS), GMFCS, level I - V,
satisfaction score (score 1 - 10).
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Statistical Analysis
Data were analyzed by SPSS (Cities version

22.0). Data analysis was blinded.  Basic data were
analyzed to compare between the two groups.  Age,
gait speed, stride length, cadence,  pediatric balance
scale analyzed by unpaired t - test, sex, classification
of cerebral palsy GMFCS analyzed by Chi-square
test.  Analyzed pre and post training in gait speed,
stride length and cadence by paired t - test.  Pediatric
balance scale, 6-minute walk test, 10-meter walk test,
modified time up-and-go test and hip range of motion
analyzed by repeated measured analysis of variance
(ANOVA) and modified Ashworth scale. GMFCS
analyzed by Wilcoxon signed rank test.

Having analyzed and compared between the two
groups, regarding, gait speed, stride length, cadence
and satisfaction score by unpaired t - test.  Pediatric
balance scale, 6-minute walk test, 10-meter walk test,
modified time up and go test and hip range of motion
by repeated measured ANOVA. Modified ashworth
scales (MAS) and GMFCS were analyzed by Mann-
Witney U-test.

Results
Basic data shows both biofeedback and

conventional groups: age, gender, GMFCS
classification, gait speed, stride length, cadence and
pediatric balance scales are compared. There was
no significant difference in basic data of both groups.
(Table 1)

From 61 cerebral palsy cases, there were 34 cases
that fit in with the inclusion criteria in this study. Thirty-
four cases were divided into two groups and all of
them succeeded and finished the research without any
drop out.

In aspect of gait speed, biofeedback group shows
statistically significant difference compared with
conventional group at week 4th (P = 0.004) but no
statistically significant difference in stride length and
cadence.

In aspect of gait, speed, stride length and cadence
conventional group did not shows statistically
significant difference at week 4 th. (Table 2)

Both EMG biofeedback and conventional group
have statistically significant increase in pediatric
balance scales at week 4th (P = 0.001) and week 8th

(P = 0.04) when compared pre- and post-training
(Table 3).

When compared pre training and post training
EMG Biofeedback group had statistically significant
improvement in 6-minute walk test at week 2nd and
week 4th (P = 0.002, P = 0.003) (Table 4) and also in
hip abduction and hip extension at week 4th (P = 0.03,
P = 0.003) (Table 5). However, there are no
statistically significant improvement in 10-meter walk
test, modified time up and go test, modified Ashworth
scale (MAS) and GMFCS at week 2nd, 4th and 8th

(Table 5, 6).

Table 1. Demographic data and baseline characteristics.

EMG biofeedback Conventional P - value
 (Mean  SE) (Mean  SE)  

Age (yr) 8.00  2.45 7.00  3.23 0.56*
Gender 0.08^

Male 5 6
Female 12 11

GMFCS 0.56^
III 3 3
IV 2 4

Gait parameter
Speed (m/sec) 0.21  0.17 0.23  0.29 0.63*
Stride (m) 0.47  0.35 0.63  0.91 0.15*
Cadence (step/min) 56.04  7.65 41.35  8.56 0.23*

PBS 10.83  2.26   5.33  2.09 0.10*

*unpaired t - test, ̂ Chi-square test. GMFCS: Gross motor function classification system; PBS: Pediatric balance score.
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Table 2. Gait speed, stride length, cadence pre and post training at week 4th and between group difference.

EMG biofeedback Conventional P - value of between
(Mean  SE)  (Mean  SE)  group mean difference* 

Speed (m/sec)  
Pretreatment (I) 0.21  0.17 0.23  0.29
4th week (II) 0.39  0.05 0.25  0.26
I - II difference 0.18  0.66 0.03  0.16 0.08
P - value I - II difference^ 0.04 0.53  

Stride length (m)  
Pretreatment (I) 0.47  0.35 0.63  0.91
4th week (II) 0.54  0.53 0.61  0.19
I - II difference 0.07  0.06 -0.02  0.10 0.48
P - value I - II difference^ 0.31 0.87  

Cadence (step/min)  
Pretreatment (I) 56.04  7.65 41.35  8.56
4th week (II) 78.48  11.80 49.92  7.30
I - II difference 22.44  18.88 8.57  .4.30 0.50
P - value I - II difference^ 0.29 0.10  

**unpaired t - test,  ^paired-T test

Table 3. Pediatric balance scale pre and post training at week 2nd, 4th, 8th and between groups difference.

EMG biofeedback Conventional P - value of between
(Mean  SE) (Mean  SE)  group mean difference* 

Pretreatment (I) 10.83  2.26 5.33  2.09  
2nd week (II) 11.17  2.24 5.50  2.03  
4th week (III) 11.83  2.25 6.00  2.24  
8th week (IV) 11.50  2.29 5.83  2.30  
I - II difference 0.33  0.21 0.17  0.17 0.55
I - III difference 1.00  0 0.67  0.21 0.15
I - IV difference 0.67  0.21 0.50  0.27 0.60
P - value I - II difference* 0.11 0.40  
P - value I - III difference* < 0.001 0.001  
P - value I - IV difference* 0.01 0.04  

*repeated measure ANOVA

Table 4. 6-minute walk test, 10-meter walk test, Modified time up and go test pre and post training at week  2nd, 4th,
8th and between groups difference.

EMG biofeedback Conventional P - value of between
(Mean  SE) (Mean  SE) group mean difference* 

6-minute walk test  
Pretreatment (I) 91.50  17.63 60.85  18.76  
2nd week (II) 112.83  19.95 67.70  20.76  
4th week (III) 116.00  23.88 72.78  20.31  
8th week (IV) 126.50  24.58 102.30  18.23  
I - II difference 21.33  5.54 6.86  4.53 0.07
I - III difference 24.50  7.59 11.93  4.30 0.18
I - IV difference 35.00  11.03 41.49  22.22 0.80
P - value I - II difference* 0.002 0.21  
P - value I - III difference* 0.003 0.08  
P - value I - IV difference* 0.07 0.07  
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Table 4.  (Con) 6-minute walk test, 10-meter walk test, Modified time up and go test pre and post training at week  2nd, 4th,
8th and between groups difference.

EMG biofeedback Conventional P - value of between
(Mean  SE) (Mean  SE) group mean difference* 

10-meter walk test    
Pretreatment (I) 38.81  4.85 30.88  16.51  
2nd week (II) 30.03  5.51 41.15  27.98  
4th week (III) 29.65  5.24 22.73  10.89  
8th week (IV) 24.12  3.48 12.90  3.30  
I - II difference 2.78  2.22 -10.28  11.00 0.31
I - III difference 3.16 3.48 8.15  5.80 0.48
I - IV difference 8.69  2.42 17.98  13.85 0.52
P - value I - II difference* 0.75 0.26  
P - value I - III difference* 0.52 0.12  
P - value I - IV difference* 0.40 0.10  

Modified time up and go test  
Pretreatment (I) 9.68  1.46 23.86  9.94  
2nd week (II) 8.44  1.38 18.85  6.38  
4th week (III) 8.61  1.53 13.34  3.47  
8th week (IV) 6.90  1.11 11.83  3.91  
I - II difference 1.24  0.21 5.02  3.39 0.29
I - III difference 1.07  0.93 10.53  6.96 0.21
I - IV difference 2.78  1.09 12.04  8.03 0.28
P - value I - II difference* 0.61 0.06  
P - value I - III difference* 0.83 0.06  
P - value I - IV difference* 0.69 0.06  

* repeated measure ANOVA

Table 5. Hip extension and abduction range of motion at pre and post training at week 2nd, 4th, 8th and between groups
difference.

EMG biofeedback Conventional P - value of between
(Mean  SE)  (Mean SE) group mean difference*  

ROM of hip extension  
Pretreatment (I) 17.50  0.89 13.33  5.67  
2nd week (II) 18.67  0.42 13.33  5.30  
4th week (III) 18.83  0.54 14.00  5.61  
8th week (IV) 18.50  0.56 13.83  5.39  
I - II difference 1.17  0.79 0  0.63 0.28
I - III difference 1.33  0.42 0.67  0.21 0.19
I - IV difference 1.00  0.51 0.50  0.43 0.47
P - value I - II difference* 0.14 1.00  
P - value I - III difference* 0.003 0.07  
P - value I - IV difference* 0.06 0.32  
ROM of hip abduction  
Pretreatment (I) 40.17  2.73 42.00  1.86  
2nd week (II) 40.50  2.33 42.00  1.86  
4th week (III) 41.67  2.74 42.17  2.06  
8th week (IV) 41.67  2.36 42.67  1.80  
I - II difference 0.33  0.88 0  0.63 0.77
I - III difference 1.50  0.56 0.17  0.65 0.15
I - IV difference 1.00  0.58 0.67  0.56 0.80
P - value I - II difference* 0.67 1.00  
P - value I - III difference* 0.03 0.79  
P - value I - IV difference* 0.11 0.27  

* repeated measure ANOVA. ROM : Range of motion.
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Between the EMG biofeedback and conventional
groups, there was no statistically significant change
in all primary and secondary outcomes except
statistically significant improvement in satisfaction
score; that of the EMG biofeedback group is 8.83 out
of 10 whereas 7.33 out of 10 in the conventional group
(P = 0.003).

Discussion
From other previous studies, in 1998 Toner LV,

et al.(25) who studied the effectiveness of EMG
biofeedback in cerebral palsy and concluded that
biofeedback machine statistically significant help
increase the degree of active range of motion of
joints and also increase ankle dorsiflexion muscles
group. (22)

In 2004, Erbil D, et al. studied the effectiveness
of EMG biofeedback statistically significant improved
strength of ankle plantar flexion group, degree of active
range of motion of ankle joint and develop gait pattern
better than convention group.  In 2010, Rosemary B,
et al.(28) studied that  biofeedback help improve the

upper extremities functions.(26) Our previous report
showed that EMG biofeedback male training could
significantly improve the upper extremities and hand
functions in cerebral palsy children. (29)

Between EMG biofeedback and conventional
groups, there are no statistically significant change in
all primary and secondary outcomes except statistically
significant improvement in satisfaction scores.

Biofeedback group success to increase
significantly in gait speed, pediatric balance scale, hip
abduction, hip extension and also 6-minute walk test
but conventional group has significant statistically
increase only in pediatric balance scale.

And also from this study, EMG Biofeedback group
has more statistically significant improvement within
the group pre and post training than conventional
group, but there is no statistically significant difference
between the groups.

We do not find any unsatisfied signs and symptoms
in both EMG biofeedback and also conventional
groups. EMG biofeedback machine is safe to use.

Table 6. MAS, GMFCS pre and post training at week 2nd, 4th, 8th and between groups difference.

EMG biofeedback Conventional P - value of between
(Mean  SE)  (Mean  SE) group mean difference*

MAS of hip adductor  
Pretreatment (I) 0.58  0.66 0.75  0.88  
2nd week (II) 0.58  0.66 0.67  0.82  
4th week (III) 0.50  0.55 0.67  0.82  
8th week (IV) 0.50  0.55 0.75  0.88  
I - II difference 0 0.08  0.20 0.7
I - III difference 0.83  0.20 0.08  0.20 1
I - IV difference 0.83  0.20 0 0.7
P - value I - II difference^ 1 0.31  
P - value I - III difference^ 0.31 0.31  
P - value I - IV difference^ 0.31 1  
GMFCS
Pretreatment (I) 3.50  0.55 3.67  0.52  
2nd week (II) 3.50  0.55 3.67  0.52  
4th week (III) 3.50  0.55 3.67  0.52  
8th week (IV) 3.50  0.55 3.67  0.52  
I - II difference 0 0 1
I - III difference 0 0 1
I - IV difference 0 0 1
P - value I - II difference^ 1 1  
P - value I - III difference^ 1 1  
P - value I - IV difference^ 1 1  

*Mann-Whitney U test, ^Wilcoxon signed-rank test. MAS : Modified ashworth scale; GMFCS: Gross motor function
classification system.
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Biofeedback group success to increase
significantly in gait speed, pediatric  balance scale,
hip abduction, hip extension and also 6-minute walk
test at week 4th but not significant statistically at week
8th. This can be concluded that EMG biofeedback may
be cannot effect in the long duration. So far long-time
biofeedback training for long-duration effect should
be considered in the future.

Conclusion
In aspect of gait speed, pediatric balance scale,

hip abduction, hip extension and also 6-minute walk
test EMG biofeedback group shows statistically
significant difference in cerebral palsy diplegia.  We
can conclude that biofeedback muscles training
technique is one of the most useful techniques to train
cerebral palsy children to improve their gait pattern
and balance to success their independent activities
with low-cost technology.

What is already known on this topic?
EMG biofeedback can increase strength and

decrease spasticity in stroke and cerebral palsy
patients.

What does this study add?
EMG Biofeedback rarely has side effect in

children and can increase strength, endurance, balance
and coordination and gait improvement and function
in cerebral palsy diplegic patients.  It, therefore, can
be further used in disability or gait training and lower
extremities muscles to increase their functions and
their activities.

Acknowledgements
This research is supported by the Ratchadaphisek-

somphot Endowment Fund.

Conflict of interest
None of the authors has any potential conflict of

interest to disclose.

References
1. Torfs CP, van den Berg B, Oechsli FW, Cummins S.

Prenatal and perinatal factors in the etiology of

cerebral palsy. J Pediatr 1990;116:615-9.

2. Perlman JM. Intrapartum hypoxic-ischemic cerebral

injury and subsequent cerebral palsy: medicolegal

issues. Pediatrics 1997;99:851-9.

3. Mutch L, Alberman E, Hagberg B, Kodama K, Perat

MV. Cerebral palsy epidemiology: where are we now

and where are we going? Dev Med Child Neurol 1992;

34:547-51.

4. Rosenbaum P, Paneth N, Leviton A, Goldstein M,

Bax M, Damiano D, et al. A report: the definition and

classification of cerebral palsy April 2006. Dev Med

Child Neurol Suppl 2007;109:8-14.

5. Pakula AT, Van Naarden BK, Yeargin-Allsopp M.

Cerebral palsy: classification and epidemiology. Phys

Med Rehabil Clin N Am 2009;20:425-52.

6. Koman LA, Smith BP, Shilt JS. Cerebral palsy. Lancet

2004;363:1619-31.

7. Sakzewski L, Ziviani J, Boyd R. Systematic review

and meta-analysis of therapeutic management of

upper-limb dysfunction in children with congenital

hemiplegia. Pediatrics 2009;123:e1111-e1122.

8. Franki I, Desloovere K, De Cat J, Feys H, Molenaers G,

Calders P, et al. The evidence-base for basic physical

therapy techniques targeting lower limb function in

children with cerebral palsy: a systematic review using

the International Classification of Functioning,

Disability and Health as a conceptual framework. J

Rehabil Med 2012;44:385-95.

9. Nash J, Neilson PD, O’Dwyer NJ. Reducing spasticity

to control muscle contracture of children with cerebral

palsy. Dev Med Child Neurol 1989;31:471-80.

10. Fernando CK, Basmajian JV. Biofeedback in physical

medicine and rehabilitation. Biofeedback Self Regul

1978;3:435-55.

11. Prevo AJ, Visser SL, Vogelaar TW. Effect of EMG

feedback on paretic muscles and abnormal co-

contraction in the hemiplegic arm, compared with

conventional physical therapy. Scand J Rehabil Med

1982;14:121-31.

12. Wolf SL, Binder-MacLeod SA. Electromyographic

biofeedback applications to the hemiplegic patient.

Changes in upper extremity neuromuscular and

functional status. Phys Ther 1983;63:1393-403.

13. Inglis J, Donald MW, Monga TN, Sproule M, Young

MJ. Electromyographic biofeedback and physical

therapy of the hemiplegic upper limb. Arch Phys Med

Rehabil 1984;65:755-9.

14. Crow JL, Lincoln NB, Nouri FM, De Weerdt W.

The effectiveness of EMG biofeedback in the treatment

of arm function after stroke. Int Disabil Stud 1989;11:

155-60.

15. Basmajian JV, Kukulka CG, Narayan MG, Takebe K.

Biofeedback treatment of foot-drop after stroke

compared with standard rehabilitation technique:

effects on voluntary control and strength. Arch Phys



39Vol. 63  No. 1
January - March 2019

Back and hip muscles with EMG biofeedback in diplegic cerebral palsy

Med Rehabil 1975;56:231-6.

16. Binder SA, Moll CB, Wolf SL. Evaluation of

electromyographic biofeedback as an adjunct to

therapeutic exercise in treating the lower extremities

of hemiplegic patients. Phys Ther 1981;61:886-93.

17. Bradley L, Hart BB, Mandana S, Flowers K, Riches M,

Sanderson P. Electromyographic biofeedback for gait

training after stroke. Clin Rehabil 1998;12:11-22.

18. Schleenbaker RE, Mainous AG, III. Electromyographic

biofeedback for neuromuscular reeducation in

the hemiplegic stroke patient: a meta-analysis. Arch

Phys Med Rehabil 1993;74:1301-4.

19. Glanz M, Klawansky S, Stason W, Berkey C, Shah N,

Phan H, et al. Biofeedback therapy in poststroke

rehabilitation: a meta-analysis of the randomized

controlled trials. Arch Phys Med Rehabil 1995;76:

508-15.

20. Kassover M, Tauber C, Au J, Pugh J. Auditory

biofeedback in spastic diplegia. J Orthop Res 1986;

4:246-9.

21. Flodmark A. Augmented auditory feedback as an aid

in gait training of the cerebral-palsied child. Dev Med

Child Neurol 1986;28:147-55.

22. James R. Biofeedback treatment for cerebral palsy in

children and adolescents: a review. Pediatr Exerc Sci

1992;4:198-212.

23. Bolek JE. A preliminary study of modification of gait

in real-time using surface electromyography. Appl

Psychophysiol Biofeedback 2003;28:129-38.

24. Moreland JD, Thomson MA, Fuoco AR.

Electromyographic biofeedback to improve lower

extremity function after stroke: a meta-analysis. Arch

Phys Med Rehabil 1998;79:134-40.

25. Toner LV, Cook K, Elder GC. Improved ankle function

in children with cerebral palsy after computer-assisted

motor learning. Dev Med Child Neurol 1998;40:829-35.

26. 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;82:856-61.

27. Dursun E,  Dursun N,  Alican D. Effects of biofeedback

treatment on gait in children with cerebral palsy.

Disabil Rehabil 2004,26:116-20.

28. Bloom R, Przekop A, Sanger TD. Prolonged

electromyogram biofeedback improves upper extremity

function in children with cerebral palsy. J Child Neurol

2010;25:1480-4.

29. Rattanatharn R. Effect of EMG biofeedback to improve

upper extremity in children with cerebral palsy: A

randomized controlled trail. Chula Med J 2017;61:

451-63.


