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| ABSTRACT |

The purpose of this study was to determine the effectiveness of electrical stimulation over the trunk in
improving sitting balance in children with spastic athetoid cerebral palsy who displayed poor trunk control.
Twenty-six subjects, ranged in age from 5 to 12 years, were randomly assigned to two equal groups. Both
groups received physical therapy for 6 weeks. The study group had additional electrical stimulation over the
abdomen and posterior back muscles. Radiographic studies were carried out on the whole spine while the
children were sitting before and after treatment. Kyphotic, Cobb's and lumbosacral angles were measured.
Additionally, sitting score-Gross Motor Function Measure (GMFM) was also evaluated. There was no
significant difference of these values at initial evaluation between the two groups. Following 6 weeks of
intensive therapy, the kyphotic angle was significantly lower and the sitting score-GMFM was significantly
higher in the study group when compared with those of the control group. The Cobb's angle flowing
treatment was improved in the study group, but not statistically compared with that of the control group.
This study suggests that electrical stimulation over the trunk become a beneficial therapeutic technique in
improving sitting posture and trunk control in children with spastic athetoid cerebral palsy.
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\ INTRODUCTION \ characterized by slow powerful contractions of
agonist and antagonist of movement
simultaneous, locally or with total body
movement. The development of head and

trunk balance is delayed in both types.

erebral palsy is an umbrella term
covering a group of non-progressive,
but  often  changing, = motor

impairment syndromes secondary to
lesions or anomalies of the brain arising in
early stages of its development. Three main
kinds of motor disorders are seen in CP
children: spastic paresis, ataxic paresis and
dyskinetic paresis. In addition, a mixed CP
(about one-fourth of all people with CP),
which includes combination of the previously
mentioned types, might be present. Spastic
athetoid CP is the most common type of mixed
CP. Dyskinetic paresis can be divided into the
hyperkinetic (athetoid) type, characterized by
involuntary movements, most pronounced in
the face and extremities, and the dystonic type,

Children with athetoid CP have trouble
holding themselves in an upright, steady
position for sitting or walking. About one-
fourth of all people with CP have athetoid CP.
The main classic presentation of dyskinetic CP
include hypotonia and movement problems,
some spasticity, oral-motor dysfunction, gait
disorders, unstable trunk and possible
deafness™’.

Interest in the area of cerebral palsy (CP)
and electrical stimulation (ES) continues to
grow because it has potential as a passive,
non-invasive, home-based therapy, which is
claimed to result in gains in strength and motor
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function™®?, If proved effective it might

provide an alternative to resistive exercises
techniques for children with poor selective
muscle control, or indeed it might improve
treatment compliance in those children who
find exercise programs difficult.

Essentially, two variations of ES are
used in muscle strengthening in children with
CP: neuromuscular electrical stimulation
(NMES) and threshold electrical stimulation
(TES). Neuromuscular ES is the application of
an electrical current of sufficient intensity to
elicit muscle contraction. To elicit a
contraction, two electrodes are placed on the
skin overlaying the target musculature.
Contraction occurs through the stimulation of
the intramuscular branches of the nerve
supplying the muscle. Two strengthening
mechanisms are proposed: first, the overload
principle, resulting in greater muscle strength
by increasing the cross-sectional area of the
muscle, and second, selective recruitment of
type Il fibers (fast twitch, large diameter
fibers), causing improved synaptic efficiency
of the muscle. Stimulation can be applied
regardless the nature of the activity that the
patient is participating in. However, when
applies in a task-specific manner in which a
muscle is stimulated when it should be
contracting during a functional activity, the
stimulation is referred to as functional
electrical stimulation (FES)*.

Alternatively, TES has been described as
a low-level, subcontraction electrical stimulus
applied at home during sleep™. The author
proposed that increased blood flow during a
time of heightened trophic hormone secretion
could result in increased muscle bulk.

Dubowitz et al. (1988)" applied ES to the
tibialis anterior of two children with
hemiplegia while they were active. They
reported an increase in the maximum
voluntary contraction during ankle

dorsiflexion and a subjective improvement in
motor performance and gait.

Wright and Granat (2000)%® applied ES
to the wrist extensor muscles of 8 children
with CP for 30 minutes daily for 6 weeks.
Their study design included a baseline,
treatment and follow-up period. A significant
improvement in hand function and active wrist
extension was found after the treatment period
and these improvements were maintained until
the end of the 6-week follow-up period.

Sitting is an important step for child to
achieve the upright posture against gravity and
an essential activity to provide the postural
background tone required for the functional
movement of the upper extremity. However,
the children with CP often show the difficulty
to achieve well-balanced sitting posture and
display the poor sitting posture such as flexed
trunk with kyphotic curvature of the spine and
asymmetry of the trunk'’. Coordinated
activation of extensors and flexors of trunk as
well as hip is required for well-balanced sitting
posture?’. In the spastic CP, weakness has
been recognized as clinical characteristics®.
From the perspective of this point, it is
assumed that the sitting balance or posture in
these children might be improved with the
strengthening of trunk muscles.

Based on these previously mentioned
reports, it can assumed that if ES over
abdomen and posterior back muscles is given
to a child with spastic athetoid CP who had
poor trunk control, it may result in
improvement of the trunk control. Therefore,
this study was designed to investigate the
effectiveness of ES over abdomen and
posterior back muscles in improving trunk
control in children with spastic athetoid CP
who had poor sitting posture.
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SUBJECTS, MATERIALS AND
PROCEDURES

Subjects

Twenty-six  children  with  spastic
athetoid CP were enrolled as subjects. They
displayed abnormal brain MRI as well as
abnormal  neurological signs such as
hypertonia in the upper and lower extremities,
involuntary movements of the distal
extremities, ankle clonus and delayed motor
development. The subjects were randomly
divided into two equal groups (control and
study). The age was ranged fro 5 to 12 years.

Table (1): General characteristics of the subjects.
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There was no significant difference of mean
age between the two groups. All children were
selected from the Outpatient Pediatric Clinic in
King Khaled Hospital, King Saud University,
Saudi Arabia. The children with fixed skeletal
or hip deformities or seizure were excluded.
This study was given ethical approval from
Research Center in King Khaled Hospital.
Parents of the children were informed of all
aspects of the study and were gave their
consents. The general characteristics of the
participants are shown in Table (1).

. Age (Year) Sex
Group Number of Children Mean D Boy Girl
Control 13 7.95 +2.49 8 5
Study 13 8.03 +2.29 9 4

SD: Standard deviation.

Materials

Microstim electrical stimulator was used
for the electrical stimulation (Medizinsche
Electronik, Handelsgeselleschaft ~ Medel
GmbH, Germany). Plain anterior-posterior and
lateral radiographs were used to measure the
Cobb's angle, kyphotic as well as lumbosacral
angles. Gross Motor Function Measure
(GMFMQ was used to evaluate sitting
posture™®.

Procedures

All children in both groups had basically
the same selected physical therapy program
that was based on Neuro-Developmental
Techniqgue (NDT) for one hour/day, 5
days/week for 6 continuous weeks. The study
group had additional electrical therapeutic
session. Electrical stimulation was delivered
over the abdomen and posterior back muscles
for 30 minutes/day all over the time of the
study. The characteristics of the ES were 25-

30 mA intensity, 250usec pulse width, 35 Hz
frequency, 10 sec on/12 sec off interval. The
intensity of ES was adjusted to the tolerance of
the child, which was kept at the intensity of
muscle contraction felt. Electrical stimulation
on abdomen and posterior back muscles was
delivered simultaneously. Sitting score of
GMFM was assessed in all children before and
after 6 weeks of treatment. Plain anterior-
posterior and lateral radiographs of whole
spine were evaluated before treatment as
baseline and were reevaluated after 6 weeks of
treatment. Radiographs were taken while the
child was sitting on a chair without arm rest
with 90 degrees of knees flexion and neutral
ankle position. The upper extremities of the
child were positioned at their sides. To make
same emotional condition of child during a
radiologic study, it was performed in calm
down state. The Cobb's angle from the
anterior-posterior film as well as kyphotic and
lumbosacral angles from lateral film were
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measured. In this study, the Cobb's angle
might represent the magnitude of functional
trunk asymmetry of the spine and the kyphotic
angle might represent the magnitude of round
back. Kyphotic angle was measured as
follows; first, both ends of vertebrae of
kyphotic curve were identified on the lateral
whole spine film and then a line along the
upper end plate of the upper end vertebrae and
the other line along the lower end plate of
lower end vertebrae were drawn. At last, the
angle formed by these two lines was measured.
Cobb's angle was measured through the same
procedure from the anterior-posterior film®,
Lumbosacral angle was defined as an angle
formed by the two lines of upper margin of
first sacral vertebrae and horizontal line.

Table (2): Baseline evaluation in two groups.

Data Analysis

In comparing the improvement after the
intervention in each group, paired t-test was
used and for the difference between the two
groups, independent t-test was used. A value
of p<0.05 was considered as significant.

| RESULTS |

Data of baseline before the treatment are
shown in Table (2). The Cobb's, Kyphotic and
lumbosacral angles and gross motor function
measure (GMFM)-sitting scores at initial
evaluation were not significantly different
between the two groups.

Measurements Study Group Control Group
Cobb's angle (°) 11.83+5.97 8.34+3.89
Kyphotic angle (°) 45.19+16.43 42.84+13.79
Lumbosacral angle (°) 1.92+11.67 5.51+11.11
GMFM-sitting (%) 29.86+18.51 31.69+38.26

In control group, Kyphotic angle was
significantly decreased and GMFM-sitting

treatment, but Cobb's angle was not
significantly affected (Table 3).

score was significantly increased after
Table (3): Changes of measurements before and after treatment in control group.
Measurements Before After
Cobb's angle (°) 8.34+3.89 6.01+3.47
Kyphotic angle (°) 42.84+13.79 34.18+9.55
Lumbosacral angle (°) 551+11.11 4.84+5.96
GMFM -sitting (%) 31.69+38.26 42.49+35.22"

" p<0.05

After 6 weeks of treatment in the study
group, the Cobb's angle and Kyphotic angle
were significantly decreased while the

GMFM-sitting  score  was  significantly
increased when compared with those at initial
evaluation (Table 4).

Table (4): Changes of measurements before and after treatment in study group.

Measurements Before After
Cobb's angle (°) 11.8345.97 7.8345.39
Kyphotic angle (°) 45.19+16.43 27.03+8.03"
Lumbosacral angle (°) 1.92+11.67 2.28+8.63
GMFM-sitting (%) 29.86+18.51 48.81+21.01"

" p<0.05
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Comparing the changes of measurements
after treatment between both groups, there was
a significant decrease in the kyphotic angle as
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well as a significant increase in the GMFM-
sitting score in the study group (Table 5 and
Figure 1).

Table (5): Comparison of changes of measurements after 6 weeks of treatment.

Measurements Study Group Control Group
Cobb's angle (°) 7.8315.39* 6.01+£3.47
Kyphotic angle (°) 27.03+8.03 34.18+9.55
Lumbosacral angle (°) 2.28+8.63 4.84+5.96
GMFM-sitting (%) 48.81+21.01 42.49+35.22
"p<0.05
O Study Group
50 - | Control Group
v 40
g 30
g 201
=
10 1
O 4

Cobb's angle Kyphotic angle

Lumbosacral angle  GMFM-sitting

Types of Measurements

Fig. (1): Measurements in both groups after 6 weeks of treatment.

| DISCUSSION |

To verify the effect of ES on the trunk
control, sitting posture and sitting balance
were evaluated. The spastic athetoid CP
children with poor trunk control show rounded
back and trunk asymmetry while they are
sitting. From the perspective of this point, |
postulated that the kyphotic and Cobb's angles
in sitting posture be able to represent the
functional kyphosis and trunk asymmetry,
respectively. Therefore, the radiographic study
was chosen for quantitative evaluation of
sitting posture. To standardize the evaluation
method of sitting posture, the child was seated
on a chair, the height of which was adjusted to
maintain the knees in 90 degree flexed
position and the ankles in neutral position.
However, the change of pelvic position might

influence the superincumbent spinal curve?. To
control this effect, the lumbosacral angle was
measured while the children were sitting. The
sitting score part of the GMFM was used for
assessing clinical changes of sitting balance.

Bly (1994)? reported that coordinated
activation of extensors and flexors of trunk
should be achieved for child to have a well-
balanced sitting position. The child who
cannot extend the trunk against gravity
demonstrates a rounded back in sitting. If the
child does not have sufficient abdominal
muscle strength, the child tends to lean
forward to eliminate the need for the action by
that muscle group.

Electrical stimulation therapy for limb
musculatures has been studies in patients with
upper motor neuron lesions as well as in
patients with Cp*>©7891012141620 ‘Tha regyts
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of these studies indicated that ES might be an
effective tool for improving muscle strength,
range of motion, sensory awareness and
assisting motor learning and coordination as
well. Park et al. (2001)"" described the effect
of ES applied to the trunk muscles in very
young children with spastic diplegic CP (aged
8 to 16 months) on improving trunk control.
They revealed a significant improvement in
sitting balance. On the other hand, Linden et
al. (2003)"® investigated the effect of ES of
gluteus maximum on improving hip extensor
strength, decreasing excessive passive and
dynamic internal hip rotation and on
improving gross motor function in children
with spastic CP (aged 5 to 14 years). They
found no statistically or clinically significant
improvement in the stimulation group when
compared with the control group after 8 weeks
of treatment. However, the effect of ES over
the trunk for enhancing trunk control has not
clearly evaluated in older children with upper
motor neuron lesion yet.

The effect of ES on improving the
strength of trunk muscles was first
documented by Kahanovitz et al. (1987)™°. The
study indicated that low frequency ES
significantly increased isokinetic stren%th and
endurance. Steinbok et al. (1997)% tried
therapeutic ES over the muscles of the
abdominal as well as proximal lower limb in
patients with CP who had undergone selective
posterior rhizotomy procedure. They used very
low intensity ES, which did not cause muscle
contraction. The study revealed the greater
improvement in overall GMFM score in ES
group without significant difference of muscle
strength in limb muscles or of the sitting
postural control between the ES and control
groups. The present study was focused on
revealing the effect of ES on enhancing trunk
control. There was an increase in the sitting
score of GMFG as well as a decrease in the

kyphotic angle after the treatment in both
groups. The improvement in the study group
was significantly greater than in the control
group. The Cobb's angle showed a significant
change after treatment in the study group only.
It might be considered as a consequence of
reduced trunk asymmetry due to improved
trunk control in the study group. On the other
hand, no significant change in the lumbosacral
angles before and after treatment was
observed. This indicates that the changes in the
kyphotic angle might be resulted from the
improvement of trunk control rather than from
the secondary changes induced by pelvic
positional changes.

After 6 weeks of treatment, the children
showed significant improvement in sitting
control and posture despite relatively short
duration of treatment. This improvement in
both groups might be due to the intensive
physical therapy for 6 weeks. Therefore, this
study showed that the ES over the trunk might
be a useful therapeutic tool for children with
spastic athetoid CP who have poor trunk
control, if combined with traditional physical
therapy program.

| REFERENCES |

1- Beck, S.: Use of sensory level electrical
stimulation in  the physical therapy
management of a child with cerebral palsy.
Pediatr. Phys. Ther., (9): 137-138, 1997.

2- Bly, L.: Motor Skills Acquisition in the First
Year: An lllustration Guide to Normal
Development. SanAntonio, Therapy Skill
Builder, 98-100, 1994.

3- Bradford, D.S., More, J.H. and Winter, R.B.:
Scoliosis and Kyphosis. In Rothman RH and
Simeone FA (Eds): Spine. Philadelphia, WB
Sounders Co., 1982.

4- Carmick, J.: Clinical use of neuromuscular
electrical stimulation for children with cerebral

Bull. Fac. Ph. Th. Cairo Univ.,:
Vol. 11, No. (1) Jan. 2006



10

11

12-

13

14-

palsy. Part I: Lower extremity. Phys. Ther.,
(73): 505-513, 1993A.

Carmick, J.: Clinical use of neuromuscular
electrical stimulation for children with cerebral
palsy. Part Il: Upper extremity. Phys. Ther.,
(73): 514-522, 1993B.

Damiano, D.L. and Abel, M.F.: Functional
outcomes of strength training in spastic
cerebral palsy. Arch Phys Med Rehabil., (79):
119-125, 1998.

Dubowitz, L., Finnie, N., Hyde, S.A., Scott,
O.M. and Vrbova, G.: Improvement of muscle
performance by chronic electrical stimulation
in children with cerebral palsy. Lancet (1):
587-588, 1988.

Franek, A., Turczynski, B. and Opara, J.:
Treatment of spinal spasticity by electrical
stimulation. J Biochem Eng., (10): 266-270,
1988.

Hazlewood, M.E., Brown, J.K., Rowe, P. and
Salter, P.M.: The use of therapeutic electrical
stimulation in the treatment of hemiplegic
cerebral palsy. Dev Med Child Neurol (36):
661-673, 1994,

Kahanovitz, N., Nordin, M., Verdermane, R.,
Yabut, S., Parnianpour, M., Viola, K. and
Mulvihill, M.: Normal trunk muscle strength
and endurance in women and the effect of
exercises and electrical stimulation. Spine (12):
112-118, 1987.

Ketellar, M., Vermeer, A., Hart, H., Beek, E.
and Helders, P.: Effect of a functional therapy
program on motor abilities of children with
cerebral palsy. Phy. Ther., (81): 1534-1553,
2001.

Kraft, H.G., Fitts, S.S. and Hammond, M.C.:
Techniques to improve function of the arm and
hand in chronic hemiplegia. Arch Phys Med
Rehabil (73): 220-227, 1992.

Linden, M.V., Hazlewood, M.E., Aitchison,
A.M., Hillman, S.J. and Robb, J.E.: Electrical
stimulation of gluteus maximus in children
with  cerebral palsy: effect on gait
characteristics and muscle strength. Dev Med
Child Neurol., (45): 385-390, 2003.

Merletti, R., Zelaschi, F., Latella, D., Galli, M.,
Angeli, S. and Sessa, M.D.: A control study of

51

muscle force recovery in hemiparetic patients
during treatment with functional electrical
stimulation. Scand J Rehabil Med., (10):147-
154, 1978.

15- Pape KE: Therapeutic electrical stimulation

(TES) for the treatment of disuse muscle
atrophy in cerebral palsy. Pediatr Phys Ther.,
(9): 110-112, 1997.

16- Pape, K.E., Kirsch, S.E., Galil, A., Boulton,

JE., White, M.A. and Chipman, M.:
Neuromuscular approach to the motor deficit
of cerebral palsy: a pilot study. J Pediatr
Orthop (13): 628-633, 1993.

17- Park, E.S., Park, C.1., Lee, H.J. and Cho, Y.S.:

The effect of electrical stimulation on trunk
control in young children with spastic diplegic
cerebral palsy. J Korean Med Sci., (16): 347-
350, 2001.

18- Reed, B.: The physiology of neuromuscular

electrical stimulation. Pediatr Phys Ther., (9):
96-102, 1997.

19- Russell, D.J., Rosenbaum, P.L., Cadman, D.T.,

Gowland, C., Hardy, S. and Jarvis, S.: The
gross motor function measure: a mean to
evaluate the effects of physical therapy. Dev
Med Child Neurol., (31): 341-352, 19809.

20- Scheker, L.R., Chesher, S.P. and Ramirez, S.:

Neuromuscular electrical stimulation and
dynamic bracing as a treatment for upper-
extremity spasticity in children with cerebral
palsy. J Hand Surg., (24): 226-232, 1999.

21- Scherzer, A.L. and Tscharnuter, I.: Normal and

Abnormal  Sensorimotor Development. In
Scherzer AL (Ed): Early Diagnosis and
Therapy in Cerebral Palsy. New York, Marcel
Dekker Inc., 87-139, 1990.

22- Steinbok, P., Reiner, A. and Kestle, J.R.W.:

Therapeutic electrical stimulation following
selective posterior rhizotomy in children with
spastic diplegic cerebral palsy: a randomized
clinical trial. Dev Med Child Neurol., (39):
515-520, 1997.

23- Wright, P.A. and Granat, M.H.: Therapeutic

effects of functional electrical stimulation on
the upper limb of eight children with cerebral
palsy. Dev Med Child Neurol., (42): 724-727,
2000.

Bull. Fac. Ph. Th. Cairo Univ.,:
Vol. 11, No. (1) Jan. 2006



52

| ol pedld) |

Al QUL Cpbaal) JULY) s Guglal) O3 Ao Algsh At 8

@l aslall iy ) Gund (B Jedall 5 Gl cllme e A seSl 4l m0lall S s ) Al o2 g
JLEL Cpbadl) (e Mila o5 phie 5 3w ol 13 o) ja) a3 Dl Y Gl e aliad)l aniill A JLall culbadl JulY)
Ao ganall Gl aaall (b oyl slasia e sene () Ll sde oum pall el o5 s 12 N 5 (0 b sleel 7 5) ST (e il A
o) clada ) ALY A Dlad) iy paill el 5 i AN Ao ganal) CllS @IS 5 ApaDlall il el (g WS Lol )
A 3 sandl S D) aiY) Caandind | tie sanall puld 6 3aal 23 pai) | ekl 5 phadl @liae e Al S Al
Cailda gl Gulie aladiuly el g (aslall s i o3 LS eall Jind Ayl 5 5 S Ayl 5 alaD gdall slind) 4yl 5 (bl lld
B .zl J8 a5 ysie sar all (s Clull) s3g] dilian) AVS 3 5558 3 ga 5 p2e dul Al Cnia L (GMFM) 48 )
vie 4l de ganall  JUikl 8 Guslad)l aiag 5 aleDU jedall el dy5) ) e IS (A (5 sie Grend ) @ yedal (el (e gl
Coslall mms et (N (g5 Jelall 5 paill S me el oSl apiil) o i) o3 e gy L (Y1 de ganal) Jlikl agii jlie
ALY Gl ey aaliadl anill Al JLall cpbad) JkY) sl
el 3l gl g - L 5eS zBlall - Al (LA jAdAl clalsl)

Bull. Fac. Ph. Th. Cairo Univ.,:
Vol. 11, No. (1) Jan. 2006




