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Abstract
Cerebral palsy is a syndrome caused by non-progressive brain injury and developmental defects from the start of conception
until infancy. The main manifestations are dyskinesia and postural abnormalities in children. This article is to summarize the
current application of core stability training in rehabilitation of children with cerebral palsy motor function, which aims to lay a
foundation for clinical work and further related theoretical research.
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Cerebral palsy is a syndrome caused by non-progressive
brain injury and developmental defects from the start of con-
ception until infancy. The main manifestations are dyskine-
sia and postural abnormalities in children.[1] How to effec-
tively improve the motor function of children with cerebral
palsy has been a hot issue in the field of cerebral palsy re-
habilitation. In recent years, the core of stability training
has been widely used in the field of rehabilitation medicine,
such as nervous system rehabilitation, musculoskeletal sys-
tem rehabilitation, sports injury rehabilitation and medical
rehabilitation.[2] This article is to summarize the current ap-
plication of core stability training in rehabilitation of chil-
dren with cerebral palsy motor function, which aims to lay
a foundation for clinical work and further related theoretical
research.

1 The theoretical basis of the core stability
From the anatomy of human body, the core parts of the
human body mainly refer to the spine, the hip and the

lower extremities. Muscles mainly refer to the trunk and
pelvis-related muscles, including 29 muscles attachment of
lumbar-pelvic-hip (LPH), such as rectus abdominal mus-
cle, obliquus externus abdominis, obliquus internus abdo-
minis, musculus transversus abdominis, thoracolumbar fas-
cia, quadratus lumborum, iliopsoas, gluteus maximus, glu-
teus medius, and erector spinae.[3] Core stability refers to
the control of the pelvis and the body during exercise to
stabilize the posture, to create a fulcrum for the upper and
lower extremity movements, and coordination of upper and
lower extremity force, so as to achieve the best results of
the power generation, transmission and control.[4] The the-
oretical basis of the core stability comes from the theory
of spine sub-system[5] proposed by Panjabi and the theory
of “neutral zone”.[6] Panjabi believes that the spinal stabi-
lization system consists of passive sub-families, active sub-
families and neuron-controlled sub-families. The passive
sub-families include vertebrae, intervertebral discs and lig-
aments. The active sub-families mainly refer to the muscles
and tendons surrounding the spine. The active sub-families
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maintain spine stability under the control of the neuron con-
trol sub-families, while the passive sub-families contribute
less to the core stability maintenance. When the body is
in an upright position, there is an area between the vertebral
spine that is free from passive spinal system activity. Neutral
region, as an important clinical indicator, reflects the stabil-
ity of the spine, and its scope changes with spinal injury or
muscle weakness, and changes in the scope of the neutral
zone are more sensitive than the changes of joint mobility in
the relevant area.

2 Clinical application of core stability
training in children with cerebral palsy

The motor ability of some children with cerebral palsy of-
ten shows a disproportion with limb muscle strength and
muscle tension, which is mostly related to poor core stabil-
ity. Therefore, it plays an important role in improving motor
function of children with cerebral palsy.

2.1 Indications and contraindications

Core stability training, like other rehabilitation therapies,
has its own strict indications and contraindications. Re-
lated studies have pointed out that children with cerebral
palsy are candidates for core stability training if they satisfy
the following conditions: (1) Diagnostic criteria for cere-
bral palsy developed by the 9th Chinese Children’s Cere-
bral Palsy Rehabilitation Academic Conference in 2006;[7]

(2) A certain cognitive ability to understand, follow the in-
structions and cooperate with the training.[8] (3) Children or
guardians have informed consent to the rehabilitation train-
ing method.[7] Some scholars also require the age of chil-
dren with cerebral palsy should be controlled between 9
months to 5 years.[9] The limitation may be related to the
cognitive ability of children, concentration of attention, en-
durance and so on, and the relationship needs further con-
firmation. Some patients are not suitable for the training if
they meet the following conditions: (1) patients with obvi-
ous joint deformation or deformity;[9] (2) suffering from se-
vere epilepsy and mental illness, etc.;[8] (3) heart, lung, liver,
kidney and other important organs dysfunction.[10] During
the rehabilitation treatment of cerebral palsy, clinicians and
therapists should strictly adhere to the above indications and
contraindications so as to achieve satisfactory results on the
premise of ensuring the safety of cerebral palsy children and
not wasting medical resources.

2.2 Training methods

Common core stability training types include stable ground
resistance training, unstable suspension training and on-ball

training. Instability training is to provide patients with an
unstable support surface. The stable muscle of the layer
is actively involved in balanced and coordinated move-
ments, thus effectively improving the strength and stability
of the core muscle group;[4] such as suspension training, pi-
lates training and Swiss ball training, are all unstable train-
ing methods based on the principle of core stability train-
ing.[11–14] In the stability training of children, the type of
core stability training must be compatible with the devel-
opmental stages of children and follow the principle from
static to dynamic, from simple to complex.[8] Specifically,
it is the gradual transition from posture maintenance, bal-
ance maintenance and other static training to dynamic train-
ing using a balance board, balance disk, Swiss ball or roller
and so on, and finally to dynamic lower body exercise train-
ing.[15] When children with cerebral palsy can not complete
the training tasks independently, the therapist assists them
in maintaining the trigger posture, and helps the children to
complete the training with the maximum effort through in-
struction, then gradually reduces the auxiliary until the chil-
dren can complete the training action independently.

2.3 Training intensity

There is currently no uniform standard of core stability
training intensity. Most scholars advocate the core stabil-
ity training as a parallel training program with other exer-
cise therapy timed separately, and the training time is 30-
50 min/time, 1 time/day, 3-5 times/week.[9, 16] While some
scholars advocate taking part of the time from the exercise
therapy training for core stability training, the training du-
ration is generally shorter. It is recommended that 15 min
is appropriate.[17] The whole course of core stability train-
ing is generally consistent with other sports therapy train-
ing courses, which usually takes 3 months. According to
the analysis of the current research results, the core stability
training of the above two kinds of intensities has an effect on
improving the core stability of children with cerebral palsy.
However, it is still to be further explored whether the two
are better or not.

2.4 Efficacy evaluation method

The core stability is closely related to the core muscle
strength of the body. The core muscle strength is a con-
crete manifestation of core stability. Therefore, measuring
the core muscle strength indirectly reflects the core stability
of the body. At present, the measurement methods for the
muscular strength of the core muscle mainly include the sur-
face electromyography[18, 19] and various exercise tests, the
exercise tests include the flat support[20] and torso activities
in all directions,[21] etc.
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As a means of rehabilitation intervention, the result of the
core stability training can be obtained by evaluating the im-
provement of the function of the patient’s motor function.
At present, the research tools used to assess the effect of core
stability training in children with cerebral palsy are gener-
ally the same, mainly using gross motor function measure
(GMFM),[22] which probably due to the direct and close re-
lationship between the gross motor function and the body’s
core stability. In the application of GMFM scale assessment
process, the researchers mainly select the different func-
tional areas to evaluate the different purpose of the study.
If a study is conducted to observe the effect of core stabil-
ity training on sitting position ability, we should focus on
selecting the A area related to sitting ability and represent-
ing the turning ability and evaluating the B area which rep-
resents the sitting ability.[23] Other scholars especially use
special balance ability test tools when evaluating the effect
of core stability training, such as the Biodex Blance Sys-
tem of USA and Berg Balance Scale.[24] There are also
some studies which include other relevant measures besides
GMFM. For example, Jin BX et al. introduce the level of
sitting scale (LSS) for assessing the impact of core stability
training on sitting ability of children with cerebral palsy.[25]

When observing the effect of core stability training on fine
motor function and activities of daily living in children with
spastic cerebral palsy, some researchers use Peabody fine
motor development test and functional independence test to
evaluate the curative effect.[26] Generally speaking, the tools
for evaluating core stability training efficacy are united and
diverse. To a certain extent, it reflects the relative matu-
rity of core stability training in rehabilitation intervention
for children with cerebral palsy, and ensures the objective
unity and comprehensiveness of evaluation results.

2.5 Efficacy evaluation

Relevant studies have confirmed that rehabilitation effect of
the core stability training for children with cerebral palsy
is positive. It was found that after 12 weeks of training,
the centroid envelope area of the children in the core stabil-
ity training group was significantly smaller than that in the
control group without the core stability training in Chen TC
et al.’s report[10] by observing the influence of core stabil-
ity training on the balance function of children with cerebral
palsy. The trajectory length of the center of gravity along the
x-axis and y-axis in the eyes with or without eyes closed was
significantly smaller than that of the control without core
stability training, indicating that core stability training can
promote the improvement of balance function in children
with cerebral palsy. Another study found that the GMFM-
88 scale of children with cerebral palsy in the core stability
training group was significantly better than that in the con-
trol group.[26, 27]

3 Mechanism of core stability training in
children with cerebral palsy

The active sub-family in the human spinal subfractions
plays a crucial role in the maintenance of core stability.
It mainly maintains the core stability through the follow-
ing mechanisms: Firstly, intra-abdominal pressure resulted
from the internal oblique, external oblique, transverse ab-
dominal muscles, diaphragm, pelvic floor muscles and tho-
racolumbar fascia make the abdominal cavity full of pres-
sure to fight the vertebral physiological lumbar vertebra,
limit lumbar vertebral segmental movement in order to
achieve the purpose of maintaining spinal stability. In-
creased intra-abdominal pressure may also reduce the pres-
sure load between the spines, thereby reducing the risk of
injury at the same time. Secondly, when the trunk is ro-
tated, the antagonist muscles of the obliquus externus abdo-
minis and obliquus internus abdominis contract simultane-
ously, which has a stable effect on the lumbar spine. When
the human torso is not affected by the external load, the hip
and trunk muscles are inactivated, at which point the pas-
sive subline contributes more to the maintenance of core
stability.[28] However, when the diaphragm strength is in-
sufficient, the extensor movement of the spine will be com-
pensated, which will destroy the intra-abdominal pressure
regulating system and the spinal stabilization system, result-
ing in an increase of the compressive load of the spine and
a decrease of the core stability.[29–31]

The dyskinesia and postural abnormalities in children with
cerebral palsy mainly reflect in the movement of extremi-
ties, but this abnormality is not simply corrected by func-
tional training of the extremities. In children with cere-
bral palsy, the control ability of trunk and pelvis is weak-
ened, which directly restricts the coordination ability of
children’s movement and balance.[2] The abnormal respi-
ratory muscle tension makes the intra-abdominal pressure
severely affected, and further destroys the core stability.
Core stability training provides a near-end stability for dis-
tal limb movements, achieves a proximal-to-distal force pat-
tern, and creates a torque that moves and protects the distal
joint.[31] The core stability training enables the nervous sys-
tem to continue to receive the proprioception signals from
the vestibule, the visual center, the muscles, the tendons and
the ligaments. The body balance can be regulated by acti-
vating and controlling muscles that maintain body stability.
This training method can enhance the deep muscle recruit-
ment and excitability of the body, and improve the coordi-
nation, sensitivity and balance ability of muscles.[32] In the
course of improving head control ability, core stability train-
ing can improve the neck and back muscles of children with
cerebral palsy, enhance muscle strength, improve the sym-
metry of spine and body axis maneuvering ability, so as to
achieve the ability. In the process of improving sitting abil-
ity, core stability training can improve strength and muscle
tone of lumbar abs, hip muscles and lower limb muscles,
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eliminate abnormal posture of lower extremities, and obtain
seats dynamic balance, thereby improving sitting ability. In
short, the core of stability training is to enhance the ability
of physical center to control limbs and make up for the lack
of stability in individual body training, thus speeding up the
rehabilitation process and improving the rehabilitation ef-
fect.

4 Conclusions
At present, the core stability training has been gradually ap-
plied to the rehabilitation of children with cerebral palsy. It
has been basically reached agreement in indications, con-
traindications, training principles, methods and curative ef-
fect evaluation, and the effect is affirmative. However, there
are also some problems at the same time. The first is the
aspect of training intensity. Time is counted separately or
partly from exercise training without affecting the original
exercise training time, and the use of former is more than
that of the latter. Although they both have a positive cura-

tive effect, the difference between them is not yet clear. The
second is the aspect of the efficacy evaluation. The majority
of studies are using the GMFM scale, by observing changes
in gross motor function to indirectly assess the improvement
of the core stability of children. If there is a special core sta-
bility evaluation, we can directly determine whether motor
dysfunction and degree of impairment are related to core
stability so as to provide a clear guidance for rehabilitation
of children with cerebral palsy.

In summary, the core stability training is an effective treat-
ment for the rehabilitation of children with cerebral palsy. It
is worth to promote and apply in the rehabilitation of cere-
bral palsy, but cooperation from more departments is needed
to standardize treatment programs, improve the relevant the-
ory, lay the foundation for the guidance of clinical treatment
and related research work.
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