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Introduction

This article defines the core stability (CS) as the anatomical
structures, which provide the stability, and it discusses the adverse effects of the impaired muscle tone distribution, from
the physiotherapy point of view.
For this purpose, the CS must also be defined as the state characterized by the simultaneous, balanced satisfying of the needs for stability and mobility. The structures of the upper
quadrant of the body, to which the concept of CS refers, include shoulder joint and scapulothoracic joint, while in the lower quadrant there should be included the hip joint and the
lower part of the trunk.
Individual speed is supposedly an inborn trait and cannot be
changed through training. It appears, however, that the impaired muscle tone, restricted joint mobility and pain, can become barriers which prevent a child from achieving the
individual maximum range of the trait. The task of the physiotherapist in charge of rehabilitation is to diagnose the irregularities affecting the CS and to design the exercise program,
which shall lead to the increased strength, power and endurance of the particular, dysfunctional joints or muscles. The
specifics of the rehabilitation program shall help to cope with
the shortcomings in the musculoskeletal system and to exploit
to maximum the child’s potential within the range of the particular motor skills. To achieve this, it is necessary to properly
develop the strength, power and endurance of the muscles
providing the CS [1].
The lower parts of the system ensuring the CS consist of the
muscles, ligaments and fascia responsible for the simultaneous movement and stability of the trunk, hip joints and the lower extremities. On the one hand, the movement of a lower
extremity begins with the activation of muscles directly adjacent to the bone - stabilizing muscles (deep), and on the other
hand - the muscles which launch movement in the joint - motion muscles (surface). Preserving the CS depends on the balanced tension of the both above mentioned muscle systems.
If the postural muscles insufficiently stabilize a joint, the surface muscles performance will be impaired. These disorders,
due to the close interaction between the postural and surface
muscles, may lead to injuries and imbalances in the muscle
tone distribution [2].
There are 35 muscles directly attached to the sacrum and the
hip bone. The purpose of this chapter is not to accurately describe the anatomy of each of the muscles, but rather to draw
attention to the particular groups of muscles and their specific
importance for both, mobility and stability. The chapter
shows, why the muscle groups providing the CS for trunk and
hips, to such a significant extent help to prevent injuries. The
lower trunk CS system include abdomen muscles, muscles
supporting the thoracic-lumbar and lumbar spine sections and
the muscles located on the side of the thoracic-lumbar section.
The hip joints core stability system includes: flexors, extensors, adductors, abductors and external rotators of this joint
[1].

Materials and methods

In the scientific literature on the subject, there can be found
arguments in favor of the different, particular types of the
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physical exercises for the core stability. What draws special attention, is the variable activity of the individual muscles during
the exercises. An assessment of the muscle work in comparison
to the research on patients with the chronic disorders suggests,
that many of the proposed exercises increase the endurance but
do not improve the performance ofthe spine muscles.
In the process of search for the topic related materials, we have used the article databases of MedLine, PubMed and PBL.
To perform the search, we have applied the following keywords: core stability, lumbar stability, dynamic stability, motor
control, neuromuscular training, trunk stability, core strengthening.
Moreover, some of the cited articles, which had been published in previous years, constitute the basis for the core stability research development and have been cited numerous
times by different authors, still we have made the attempt to
choose the original works.

Results

In recent years the concept of core stability has undergone significant changes, which have affected the way of the physiotherapy treatment of patients. We have decided to use the term
of “core stability”, although in the subject literature there are
also being used other terms describing this phenomenon, such
as: lumbar/lumbar-hip complex stability, dynamic stability,
motor (movement) control, neuromuscular training, spine
control (stabilization) in the natural position, spine stabilization (immobilization) through the natural muscle tension,
trunk stabilization, core strengthening.
The authors of all the above formulas have had in mind the
muscle control, which is necessary to maintain the functional
stability of the hip-lumbosacral area. Considerable attention is
being paid to the concept of the “core of stabilization”, since
it functions as the muscular corset, which is essential to stabilize the body and spine, both during the movement of the
extremities, and when the extremities remain motionless. In
short, the “core of stabilization” constitutes something like the
basic component, a kind of driving element, power plant or
engine, necessary for the movement of extremities. All movements begin from the core and then they are being transferred
to the extremities.

Core stability of trunk and hip joint

The lower torso CS system includes muscles supporting the
thoracic-lumbar spine section (thoracic part of the longissimus thoracis muscle, iliocostalis cervicis), the lumbar spinal
section (multifidus muscle, lumbar part of the iliocostalis
cervicis and the longissimus thoracis muscle, transversal,
spinalis capitis muscles and rotators), the muscles located on
the side of the thoracic-lumbar section, quadratus lumborum
and the abdomen muscles (transversus abdominis, rectus abdominis, and internal and external obliques). Although the
thoracic-lumbar fascia is not a contractile structure, it does
contribute to the CS of the lower trunk. This is possible, because it is the place where several important muscles are attached.
The CS system of the hip joint includes muscles: psoas, iliacus, gluteus maximus, gluteus medius (its anterior and poste-
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rior fibers), rectus femoris and ischio-tibial muscles. External
and internal rotators of the hip joint are a large group of muscles. The group is important for mobility and stability of the
hip joints and the trunk, and its strength limitations may be
a cause of injuries..
Among the external rotators of the hip joint, there are: piriformis muscle, gemellus muscles inferior and superior, obturator
internus and externus, quadriceps femoris, gluteus maximus
(2/3 of which is attached to the tensor of fascia lata), iliopsoas,
sartorius and biceps femoris [2].
The internal rotators include the paracentral part of the ischiotibial muscles, front section of the gluteus medius muscle,
tensor of the thigh fascia lata, iliotibial tract, gluteus minimus,
pectineus and gracilis.

Global and local muscles

As already mentioned, the above listed muscles may be classified either as stabilizing or mobilizing. Richardson et al. have formulated the most accurate definition and description of
the hip-lumbar trunk complex stability [3, 4]. The stabilizing
function of muscles is a dynamic process, based on the control
of static positions and functional movements. In practice, this
means that the transition of the spine from the bent position to
the upright position should be a controlled sequence of the intervertebral rotations and the translation movements [4].
Bergmark describes the local stabilizing system as a group of
muscles attached directly to the vertebrae of the lumbar spine
section. These muscles have the ability to modulate the degree
of rigidity of this part of the spine. An example of the local
muscle, responsible for the rigidity of the lumbar spine section, is characterized by the segmented system of muscle attachments - the multifidus muscle [5].
Another part of the local system constitute the attached to the
thoracic-lumbar fascia, the rear fibers of the internal oblique
muscles and the transversus abdominis muscle, as well as the
paracentral fibers of the quadratus lumborum muscle, the
lumbar part of the iliocostalis lumborum and longissimus thoracis muscles.
The global muscular system includes large, surface muscle
groups of the trunk, which are not directly attached to the
vertebrae. These muscles are used as the torque generators
during the spine movements and perform the function similar to the ropes of a tent, which means, that they are “controlling the position of the whole spine, balance and
compensate the external trunk loads and transfer the loads
from the chest to the pelvis” [6]. The global muscles include:
internal and external oblique muscles, lateral fibers of the
quadratus lumborum muscle, thoracic part of the longissimus
thoracis muscle and thoracic part of the iliocostalis lumborum muscle.

Core stability of hip joint

Gluteus maximus and gluteus medius are generally regarded
as the most important stabilizers of the lumbar spine section
and the pelvis. The initial attachment of the gluteus maximus
muscle is located on the thoracic-lumbar fascia, while 80% of
its fibers are attached distally to the iliotibial tract. The gluteus
maximus belongs to a group of surface muscles and is responsible for the straightening and external rotation in the hip
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joints. In addition, the upper part of the muscle performs abduction, and the bottom part - adduction [7].
Too low strength of the gluteus maximus muscle causes lower
efficiency of other muscle groups in the rear part of the hip
joint, such as the rear fibers of the gluteus medius, gluteus
minimus and external rotators, and impairs the control of movement of the femur in its acetabulum. Front fibers of the gluteus medius muscle abduct, rotate to the inside and support
flexion of the hip joint.
Many studies have confirmed the ability of the lumbar spine
muscles to increase the rigidity of its segments. Kaigle et al.
have demonstrated that the simultaneous activation of the paraspinal muscles (multifidus muscle, lumbar part of the erector spinae, quadratus lumborum, psoas) restricts the segmental
movement the damaged part of the spine [8]. Goel et al. have
assessed the effects of work of the interspinal and the intertransverse muscles, the multifidus and the quadratus lumborum muscles. Activation of these muscles supported the
ligament stabilization and resulted in the increase of the loads
operating on the surfaces of the facet joints [9]. Panjabi et al.
have found, that the segmented layout of the multifidus muscle deep fibers attachments significantly improves the stability
of the individual intervertebral connections of the lumbar section [10, 11]. Wilke et al. have in turn demonstrated, that the
multifidus muscle is responsible for the limiting ranges of all
movements of the lumbar spine section, except the rotation
[12].
To sum it up, it can be stated that the efficient CS of the trunk
and the hips constitutes the basis, on which any motor activity
is being built. The joint work of the abdominal muscles, erector spinae and the side part of the quadratus lumborum muscle, provides the trunk stability, which allows the hip joints
muscles to develop their explosive power. Through the action
of agonists and antagonists, isometric, concentric and eccentric contractions, the CS system muscles control both, the
movement and the stability of the body [2].

Disorders of the core stability

The lower kinematic chain is the system of connections,
which includes a number of joints, such as the ankle, knee, hip
and the trunk joints. This allows the transfer of forces in the
direction of the hips and the trunk when jogging, jumping,
kicking and throwing. Dysfunction of one of the joints belonging to the lower kinematic chain may cause a disorder in
another spot. Kinematic chain damages tend to be the result of
an unbalanced muscle tension, movement restrictions in the
joints or improperly applied rehabilitation. Beckman and Buchanan, studying the patients with the chronic ankle joint
sprains, have observed the delayed activation of the gluteus
medius muscle, when compared to the healthy persons [13].
Devita et al. have demonstrated the change of the stimulation
speed of the proximal muscles in the hips area, in patients
with the anterior cruciate ligament insufficiency [14]. Jaramillo et al. have identified significant loss of strength in the
gluteus medius muscle on the side of the knee, which had undergone a surgery [15]. In turn, Yamamoto has noted the increased frequency of injuries in persons, who had shown
weakness of the ischio-tibial muscle group and the lowered
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strength ratio of the rear thigh muscles in relation to the
strength of the quadriceps femoris muscle [16].
Treatment of the injuries associated with the muscle overload
must encompass the assessment of the CS disorders and the
adequate rehabilitation. Mascal et al. have written, that the
strengthening of the hip joints, pelvis and the trunk muscles,
contributes to the reduction of pain in the patellofemoral joint,
improvement the lower extremities kinematics, and also increases the chances of the patient’s recovery to the initial level
of efficiency. The muscles strengthened first have been the
abductors, extensors and the internal/external rotators of the
hip joint [17].

The concept of exercises: from the core stability to the distal parts of extremities

The exercises within the closed kinetic chain encompass the
body weight with the shear forces, which occur due to the eccentric muscular activity [18]. The functional training exercises merge a series of the body reactions, including the
stabilization, synergistic, neutralizing and antagonistic structures, all harmoniously collaborating, so that the body can
speed up, slow down and maintain its stability in the three
planes [19]. Strength, in the functional terms, means the ability of the neuromuscular system to take on the concentric, eccentric or the isokinetic body stabilization, in response to the
force of gravity, momentum or to the the ground reaction force [20].
Stabilization of the pelvis is crucial for the whole of the body.
During any activity, the closer the center of gravity is to the
support plane, the greater the stability is [21]. Low located
center of gravity allows an athlete to efficiently perform the
appropriate action, whenever required. The lower extremities
generate the strength, and thanks to the stability of the pelvis
and the trunk, it is being transferred towards the upper extremities. It is possible to quadruple the strength in the pushing
movement with the use of the legs and the whole of the body,
in comparison to the situation when only the upper extremities
are being used [22].
Lunge exercises performed in many planes, activating the different muscle motor patterns, allow the development of dynamic, functional stability. For example, when your foot hits the
ground the ischio-tibial muscles activity, which works eccentrically, inhibits the internal tibia rotation, the internal thigh
rotation and the hip flexion. These muscles stabilize the knee
joint, work in synergy with the gluteus maximus and the piriformis muscles [23]. While performing the lunge exercises, it
is possible to recreate the functional motor patterns of these
muscle groups.
The balance exercises, with swings of the load free extremity
in different planes, thus with the extended pelvis, is associated
with the extensive gluteus medius muscle activity. The group
of muscles located in the area known as groin, includes the
hip muscles and flexors. When performing the test of balance
with the legs’ swings and their rotation in the posterior-paracentral direction and to the sides, the individual muscles - i.e.
gluteus medius, gluteus maximus, piriformis, abdominal muscles and the erector spinae - collaborate in harmony with the
muscles of the front part of the body, that is with the adductors
and the abductors of the hip joint [24].
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The squats, on both or on one leg, allow for the isolated activity of the gluteal muscles, quadriceps femoris and the ischiotibial muscles, depending on how deep the squats are and in
what plane they are being performed. These exercises require
very good stability of the pelvis, due to the eccentric action of
the double joint knee flexors, with the simultaneous contraction of the quadriceps, abdominal and spinal muscles, in order
to control the upright trunk posture [25] . The isolated action
of the quadriceps occurs when squats are being performed in
the upright position, as opposed to the squats performed with
the trunk positioned more horizontally, in the case of which
more engaged become the gluteal muscles.
Stabilizing exercises and the effectiveness of the strengthening exercises for the core stability
Stability exercises for the lower back may be of different difficulty levels. To date, in the subject literature, there have been
published many stabilization exercises, but the main principles for their application remain the same.. At the first stage,
the exercising person needs to master the ability to activate
the transversus abdominis and the multifidus muscles, with
the understanding, that with time the contraction of these muscles must become an automatic function, without the necessity to engage the consciousness while performing the
functional activities. Rehabilitation of these muscles may be
divided into three distinct stages [26]:
• learning and developing a motor skill,
• application of the acquired skills in performing the functional activities,
• the use of the acquired skills.
Most therapists agree, that teaching of movements, especially
the techniques to activate the deep muscles, which are responsible for the stability (transversus abdominis and multifidus), constitutes the first stage of the program of stabilization
exercises. Richardson et al. have recommend, that during the
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exercises it should be attempted to achieve the simultaneous
contraction of the transversus abdominis and the multifidus
muscles, and they have emphasized the need to get the cocontraction of the pelvic floor muscles and the transversus
abdominis. The exercise, during which these muscles work
most effectively, is the exercise of “abdominal retraction” [4].
The objective, which the patient should reach, is the use (activation) of the appropriate muscles in response to a therapist
command of: “Retract your abdomen, but do not move neither
your spine nor pelvis, and maintain this position for 10 seconds, while breathing in a normal and calm way”. Kneeling
supported on hands is the starting position, which most effectively helps to learn this exercise. Ask the patient to inhale and
exhale in a calm manner, then command him to retract his abdomen (upwards), in the direction of the spine, suspending
breath for a moment. Contraction of the muscles should be
done slowly and in a controlled manner. At the same time the
patient tightens the pelvic floor muscles and slightly rotates
the pelvis forward, in order to cause the contraction in the
multifidus muscles. Evaluation of the quality of this exercise
is made by palpation or one of the feedback methods can be
used, such as ultrasound. Upon achieving the contraction, the
patient should begin to breathe slowly and in a controlled
manner, while maintaining the muscle contraction for 10 seconds.
The ability to perform this exercise should then be confirmed
by a test, with the patient lying on the belly and using a pressure instrument to verify the feedback. The patient lies on his
belly, his arms on the sides, and under his belly a pressure cushion is placed (belly button is located in the middle of the
further edge of the cushion, on par with the line connecting
the right and the left anterior superior iliac spine). The cushion
is filled with the pressure of 70 mmHg, after which - allowing
the time needed to stabilize the pressure in the cushion - the
patient receives a command to inhale and exhale, and then to
hold his breath (after exhaling) and slowly retract his abdomen, so that it comes up from the cushion, without changing
the position of the spine. After tightening the muscles, the patient again begins to breathe in a normal and calm manner.
The muscles contraction is being maintained for 10 seconds,
and the whole exercise should be repeated 10 times.
Having mastered the skill to stabilize the lumbar-pelvic area
with the use of the above described isometric exercises, which
will make it possible to get the functional muscle corset, the
patient may begin the dynamic stability exercises. McGill has
recommended an early inclusion, to the rehabilitation program, the below described, very important exercises [27]:
• Lifting the head, neck and shoulders causing tightening of
the rectus abdominis muscle. The rectus abdominis muscle
works most significantly during the first stage of lifting the
head, neck and shoulders. The lumbar spine section should
remain in the neutral position. The level of the exercise difficulty can be raised, by commanding the patient to raise his elbows by a few centimeters.
• Raising of the trunk on the elbows, in the position of lying on
the side, the tightening of the abdominal oblique muscles, quadratus lumborum and the transversus abdominis. Tightening of
all the muscles around the lower section of the spine is also recommended. The level of the exercise difficulty can be raised,
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by commanding the patient to place the opposite arm along her
trunk, and then asking her to straighten the lower extremities.
Many therapists applying the stabilization exercises, take as the
basis the research published by Saal and Saal, who have studied
the issues ofthe dynamic stabilization programs efficiency [28].
Also Sahrmann has described the entire series of the strengthening exercises, for the lower abdominal muscles, with the
increasing difficulty levels [29].
The first research program assessing the core stability exercise
program, has been the prospective study “dynamic stabilization
of the lumbar spine section” with the participation of the of patients with the lumbar spine intervertebral hernia accompanied by
radioculopathy [2]. The actual impact of the therapeutic exercises
alone has proven difficult to assess in this research, since the patients during the therapy have undergone other non invasive methods of treatment, such as pharmacotherapy, epidural injections
of steroids and have participated in the “back school” program.
The exercise program suggested to the patients has been clearly
defined and included the exercises to improve the joints mobility,
mobilization ofthe hip joints and the joints ofthe thoracic-lumbar
section of the spine, stabilization and strengthening exercises
program for the abdominal muscles, also the gym exercises program and the aerobic fitness type exercises. The program has ended with the successful results in 50 out of52 (96%) participating
patients. The described dynamic stabilization exercises program
for the lumbar spine section resembles the currently recommended exercise programs for the core stability, with the exception of
the specialist core stability exercises. Since the above mentioned
research has been performed, numerous other authors have presented their stabilization exercise programs [17, 24].

Discussion

Strengthening exercises for the core stability improvement in
children have not been so far the subject of many scientific
studies. This state of affairs can be ascribed to the absence of
a clear definition of the strengthening exercises, carried out
for the purpose of the core stability training. For example, in
some publications this type of exercises is being presented as
the medical treatment procedure leading to the neuromuscular
reeducation, in others they are closely related to training process for a particular sport discipline, and still in others they
may be a kind of education for some functional activities.
Insofar, there have not been any randomized clinical trials
performed, regarding the effectiveness of the strengthening
exercises applied in the core stability training. Majority of the
published research results concerns the prospective observations and individual cases.

Conclusions

The concept of the core stability has its theoretical background in the treatment and prevention of various disorders and
dysfunctions of the musculoskeletal system. It should be noted, however, that the studies carried out so far concerned only
the application of this concept in the lower spine pain therapy.
Taking into account progress which has taken place in the recent years, in the areas of anatomy and in development of
theories dealing with the teaching of movement, it can be as-
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sumed, that the core stability exercises programs may become
the topic of new, innovative research programs.
The upper parties include rotators of shoulder joints and shoulder blade muscles, the lower parties - trunk and hip joints
muscles. In both cases the CS is a process. in which simultaneously occur movement and stability. Electromyographic
analysis and strengthening programs focusing on the CS of the
upper and the lower body parts indicate, that the result depends on the condition of the providing it muscles, which
move and stabilize the shoulder and hip joints, and the trunk.
The CS impairment may be causing injuries of shoulder and
elbow joints, lower back and lower extremities.
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