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Abstract: Core stability is a term frequently used in many fields including health and medical areas. The
definitions of core stability in different scientific documents are not the same. Through the analysis of the
position of core, the definition of stability in core stability and the composition of core stability, the article
tries to define the position of core in human body, discuss the connotion of stability in core stability and
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analyze the biomechanical principles of core stability.
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Introduction

Core stability is a common term used within several industries
including the health and medical professions. Whether it is used to
predict the risk of low back injury among workers (Luoto, et al.,
1995) or to determine how to improve one’s golf game (Tsali, et al.,
2004), the definition of core stability has been known to vary
throughout the scientific literature. The objectives of this review
is to provide a clear understanding of the core’s location on the
body, define stability as it relates to core stability, and to discuss
the biomechanical components related to core stability. The mea-
surements of core stability and its relations to both performance
and injury are beyond the scope of this paper.

Location of the core

In the 1960 and 1970s, researchers began studying stability of the
middle region of the human body, or trunk. Morris et al. (1961)
were one of the first researchers who identified the trunk, thorax
and abdomen, as important elements in the stability of the lumbar
spine. Later, Aspden (1989) illustrated the importance of posture
to spinal stability by introducing a new mathematical model in
which the spine resembled an arch. Using the model, Aspden ob-
served calculations from earlier measurements of compressive
stresses on the spine were over-estimated. Today, individuals con-
tinue to study the stability of the trunk, but the stability of several
anatomical structures are now included, it is not simply limited to
the lumbar spine only. The so-called core may include any struc-
tures that link the upper extremities to the lower extremities. We
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will discuss studies that attempt to elaborate on the anatomical
makeup of the core first and then the functions later in the paper.

Bliss and Teeple (2005) introduced a simple description of the
anatomical structures which form the core. They stated the core
included the musculature that surrounded the lumbopelvic region.
These muscles included the abdominals, the gluteals, the paraspinals,
the hip abductors and external rotators, and the diaphragm. Kibler
et al. (2006) later proposed a more detailed definition of the core’s
anatomy. Their definition included all the musculoskeletal struc-
tures of the spine, hips, pelvis, proximal lower limb, and abdomen.
Like Bliss and Teeple Kibler and colleagues included the abdominal
muscles: transverse abdominus, internal and external obliques, and
rectus abdominus, as well as the diaphragm, and the muscles of the
hips (glutei, hip rotators) and pelvis. Unlike Bliss and Teeple,
Kibler and coworkers included the quadratus lumborum, the
multifidi, and the thoracolumbar fascia as part of the posterior
segment of the core. Furthermore, they stated the pelvic floor
muscles should be included in the anatomy of the core since they
helped to provide a base of support for the spine and trunk muscles.
Kibler and company also included the prime movers of the
extremities, latissimus dorsi, upper and lower trapezium, pectora-
lis major, hamstrings, quadriceps, and the iliopsaos, since they
attached to the core. In addition to most of the structures men-
tioned above, Willson et al. (2005) included the intrinsic muscles of
the spine (erector spinae) to their description of the core. They
stated that the intrinsic muscles helped enhance the motor control
components of the core stability, which would not be possible if
one was only to include the large global muscles.

We propose the following summary of the location of the core
based on Bliss and Teeple (2005), Kibler and coworkers (2006),
and Willson and associates (2005). The core is the mid-section of
the body that links the lower extremities to head, neck, and upper
extremities through the thorax and lumbar-pelvic regions. It con-
sists of all the muscular and neurological structures that make this
linkage anatomically possible, while functionally effective and
efficient.

Definition of Stability as Applied to the Core
The term stability has many definitions in scientific literature. This
is certainly the case when studying human movement and
physiology. For instance, there are several studies on the stability
of the human gait pattern (Buzzi and Ulrich, 2004; Cromwell and
Newton, 2004; Bhatt, et al., 2006) and cardiac rhythm stability
(Stein, et al., 1995; Leger and Thivierge, 1998; Malik, 1998).
Furthermore, there are different classifications of stability includ-
ing dynamic stability and static stability. As Reeves et al. (2007) so
well stated, “stability depends on the system and the task being
performed.” We will first discuss how stability has been defined
and used in different anatomical structures and joints, then onto its
applications in core stability.

The terms stability, stable, or instability have been used to de-
scribe several different body parts such as the ankle, knee, shoulder,
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and the lumbar spine. Wikstrom, et al. (2006) defined the dynamic
stability of the knee and ankle as “the ability to maintain normal
movement patterns while performing high level activities without
unwanted episodes of giving way.” Looking at the upper extremity,
Borsa, et al. (2008) described both a static and dynamic stability
of the shoulder complex. At the glenohumeral joint, they defined
passive stability as the ability of the passive structures to resist
the displacement of the humeral head from the glenoid, while dy-
namic stability is the ability of the rotator cuff and scapular stabi-
lizing muscles to maintain the humeral head centered on the gle-
noid fossa. Borsa and company used the end result of a sublux-
ation or dislocation to define both passive and dynamic stability
of the shoulder. A subluxation or dislocation may be a common
injury of the glenohumeral joint, but it is highly unlikely in the
knee (not including a patellar dislocation) or ankle. This helps
illustrate that the definition of stability may differ from joint to
joint, or a different description of stability may be required when
referring to different locations on the body. The term stability, in
addition to its use in joints of the extremities, it has also been
applied to the spine and pelvis.

In studying the stability of the spine one must determine if they
are studying static or dynamic stability and then observe the be-
havior of the vertebrae. Much like the shoulder, when studying
the stability of the spine, one must determine if a perturbation
results in the displacement of the vertebrae past its physiological
range (Reeves, et al., 2007). Lucus and Bresler (1961) might have
been the first to test the concept of static spinal stability when
they observed that the isolated thoracolumbar spine would buckle
under a compress load of 20 N. Crisco, et al. (1992) later isolated
the lumbar spine and calculated an average compress load of 88 N,
before the spine would become unstable. These experiments helped
to demonstrate the concept of static stability of the spine, which
is defined as the ability of a loaded structure to maintain static
equilibrium (Bergmark, 1989). If stability were not upheld, then
any small changes in equilibrium would cause the structure to
“collapse” (Bergmark, 1989). This definition of stability may not
be accurate to describe core stability, since the spine has been
observed to accept loads up to18000 N during power lifting
(Cholewicki and McGill, 1996).

Since the spine is a mobile system with the ability to change
position in three axes, a different definition of stability is needed
at times. White and Panjabi (1978) used the term “clinical stability
of the spine” to explain how the spine accepted loads. They define
“clinical stability”as the “ability of the spine under physiological
loads to limit patterns of displacement so as not to damage or
irritate the spinal cord or nerve roots and, in addition, to prevent
incapacitating deformity or pain due to structural change”. Fur-
ther contributing to the notion of dynamic stability of the spine,
Cholewicki and McGill (1996) observed the stability of the lum-
bar spine, using a lumbar spine model, increased during high de-
manding tasks and decreased during low demanding tasks. Their
observations did not support the hypothesis that the spine main-
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tains a constant level of stability. Furthermore, their observations
lead to the term of significant stability, which states individuals
must maintain a significant amount of stability during activities by
low, yet continuous muscle activation (McGill, et al., 2003).

Hodges (2004) may have been first to study the concept of core
stability in his composite model of lumbopelvic stability. Hodges
defined the term lumbopelvic stability as the “dynamic process of
controlling static position in the functional context, but allowing
the trunk to move with control in other situations”. Hodges also
described three interdependent hierarchy levels of lumbopelvic
stability: the control of whole-body equilibrium, control of
lumbopelvic orientation, and intervertebral control. The control of
whole-body equilibrium is important when the trunk is reposi-
tioned in order to move the center of mass (COM). Hodges warned
that if whole-body equilibrium was not maintained, control of the
lumbopelvic orientation and intervertebral control could not be
maintained. Lumbopelvic orientation controled the curvature and
posture of the spine and pelvis during activities. Lumbopelvic ori-
entation was extremely important, as it was the level in which
buckling could occur if not controlled. The last level in the hierar-
chy was intervertebral control, which controled both translation
and rotation of each individual vertebra. This level was not inde-
pendent of the lumbopelvic orientation and could also be exposed
to segmental buckling.

Later, definitions of core stability took a simpler, but similar
approach to defining stability as compared to Hodges (2004). Bliss
and Teeple (2005) defined dynamic stabilization of the spine, as
the ability to use muscular strength and endurance to maintain a
neutral spine posture and then to control the spine beyond the
neutral zone when performing activities. Willson et al. (2005) de-
fined core stability as the ability of the lumbopelvic-hip complex
to return to equilibrium following a perturbation without buckling
of the vertebral column. Last, Kibler, et al. (2006) stated the ability
to control the position and motion of the trunk over the pelvis and
leg to produce, transfer, and control force and motion to the termi-
nal segment during Kinetic chain activities is core stability.

Stability has been defined differently, and different definitions
reflect the system or movement being studied. Furthermore, when
studying core stability a pinpoint definition should be developed
since the concept of core stability is important in both injury pre-
vention and physical performance. Therefore, we propose core
stability is the ability to resist external mechanical perturbations in
order to maintain the anatomical integrity of the core and to sup-
port the functionality of the core and the entire body.

Components of Core Stability

Panjabi (1992) was first introduced three interdependent
subsystems, all capable of compensating for one another, if there is
an injury or impairment, which creates the spinal stabilizing system.
The three subsystems included the passive musculoskeletal
subsystem, the active musculoskeletal subsystem, and the neural
and feed-back subsystem, also referred to as the neural control
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subsystem.

Passive Component

The passive component consists of the vertebrae, intervertebral
discs, zygapophyseal joints, and ligaments of the spine (O’Sullivan
et al., 1997). As mentioned earlier, the passive structures of the
spine alone are highly unstable, with the thoracolumbar spine
buckling under 20 N (Lucas and Bresler, 1961) and the isolated
lumbar spine buckling under 88 N (Crisco, et al., 1992). Panjabi
(1992) agreed, as he stated the passive component provides the
least amount of stability of the three components. In fact, in the
neutral position the passive component does not provide signifi-
cant stability, it is only at the end-ranges of motion where the
ligaments become stretched and limit spinal movement.
Furthermore, these same ligaments can be classified under the
neural control component, which will be discussed later, due to
the fact they provide information on vertebral position and move-
ments (Panjabi, 1992). In agreement with Panjabi, Willson et al.
(2005) claimed the contribution of the passive component was
small, and was the product of the interaction of a load placed on
the bony architecture and the compliance of the soft tissue. Al-
though some claimed the role of the passive structures were small
in comparison to the other components, the intervertebral discs
play a significant role in the stability of the spine since the discs
aid in movement and transmit forces along the vertebrae (Walsh
and Lotz, 2004). In addition, it has been noted that injury to the
intervertebral discs can occur and cause the spine to be less stable.
Saal (1992) stated repetitive movements and torsional stress to
the lumbar intervertebral discs and facet joints could lead to
degeneration, which might develop into spinal joint failure since
the intervertebral discs were responsible for load transmission
within the intervertebral segments.

The passive component of the core includes ligaments, vertebrae,
intervertebral discs and joints of the spine. The primary role of
this component is to limit spinal motion at the end-ranges and
transmit forces between the vertebrae. Although, the role of the
passive component is small, injury to the passive structures can
cause joint failure and instability.

Active Component

The active component consists of muscles surround the core
(Panjabi, 1992). Hodges (2004) stated the active system contrib-
utes to core stability by the force generating capacity of the muscles.
Both Panjabi and Hodges suggested that although the active sys-
tem was of significant importance to spinal stability it could not
act alone and therefore must be included in the neural control
component.

Willson, et al. (2005) included a detailed description of the role of
the active component in their description of core stability. They
introduced three mechanisms in which the active component con-
tributed to core stability: intra-abdominal pressure, spinal com-
pressive forces, and hip and trunk muscle stiffness. The first
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mechanism, intra-abdominal pressure, which is the amount of pres-
sure within the abdominal cavity, is achieved by activation of the
abdominal muscles, namely the transversus abdominis (Hodges,
2004), the diaphragm, the pelvic floor muscles (Willson et al., 2005),
and tension of the thoracolumbar fascia (Tesh, et al., 1987). Intra-
abdominal pressure functions in spinal stability by creating a pres-
sured filled cavity anterior to the spine causing a force against the
apex of the lordosis of the lumbar vertebrae, limiting the segmental
movement when performing activities (Hodges, and Richardson,
1996). Furthermore, increases in intra-abdominal pressure may
decrease the compressive loads on the spine and may reduce the
risk for injury (Daggfeldt and Thorstensson, 2003). Gardner-Morse
and Stokes (1998) illustrated the second mechanism of stability, as
they conclude that antagonistic co-activation of the abdominal
muscles will increase spinal stability by increasing the compres-
sive forces placed on the spine. They estimated antagonistic co-
activation of the trunk flexor and extensor muscle increased com-
pressive loading by a maximum of 21% during a 40% effort task
with the external obliques providing the greatest gains. The last
mechanism in which the active component contributes to core
stability, according to Willson et al. (2005), is to produce stiffness
in the hip and trunk muscles. They stated that unless the trunk was
loaded, the muscles in the hips and trunk were virtually inactive
and the passive structures would be required to be the main stabi-
lizers of the core.

The active component of the core plays a vital role in core stability,
but different muscles assist in different ways. The muscles of the
trunk can be divided into two muscle systems: local and global
muscles (Bergmark, 1989). Bergmark described the local muscles
as deep muscles that have their origin or insertion at the vertebrae.
Their roles are to control the curvature of the spine and provide
sagittal and lateral stiffness. The major local muscles included the
transverse abdominis, the lumbar multifidus, and the posterior fi-
bers of the interal obliques (O’Sullivan, et al., 1997). These muscles,
specifically the lumbar multifidi, have large percentages of type |
fibers (58-69%) and larger type | fiber size, which help their sup-
portive capabilities (Richardson, 1999). The global muscles were
large, superficial muscles which do not attach directly to the verte-
brae (Bergmark, 1989). These muscles generate movement in the
trunk, balance external loads, and transfer loads from the thorax to
the pelvis (Hodges, 2004). These muscles included the erector spinae
muscles, the internal (all but the posterior fibers) and external
obliques, the rectus abdominal muscles, and the lateral segments of
the quadratus lumborum. Although the local and global muscles are
located and function differently, it is of vital importance that they
work together in order create and uphold stability of the spine
(Hodges, 2004).

Neural Control Component

The final component involved in core stability is the neural control
component. Panjabi (1992) suggested for spinal stabilization to
occur the neural control component must receive information from
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a number of transducers, to determine specific requirements for
stability, and then to initiate contraction of the active component.
Hodges (2004) stated the central nervous system (CNS) continu-
ally interpreted information sent by afferent nerves from the pe-
ripheral mechanoreceptors, compared this information to what
was considered “appropriate stability or posture”, and stimu-
lates muscle activity in a precise manner to maintain control of the
spine. Although Panjabi and Hodges’s statements are well ac-
cepted in the literature, they described simply one of the mecha-
nisms which contribute to the neural control component. Aruin
and Latash (1995) proposed there were two subcomponents of
the neural control component. The first subcomponent (feed-
forward) is the anticipatory adjustment of the core to movement
or perturbations (Aruin and Latash, 1995). Since first
subcomponent’s efficacy is suboptimal, a second subcomponent
(feed-back) is required. The feed-back subcomponent is a correc-
tive response, which is initiated by the peripheral receptors (Aruin
and Latash, 1995). The neural control component acts collec-
tively using both feed-forward (anticipatory) and feed-back
(reaction) mechanisms, to retain and restore stability (Aruin and
Latash, 1995). Classifying an action as solely feed-forward or
feed-back control is difficult, since at times a combination of the
two would be used (Riemann and Laphart, 2002).

The feed-forward control of core stability results from advanced
preparation before a movement occurs or before a load is placed
on the trunk (Hodges, 2004). This advanced preparation is initi-
ated at the higher levels of motor control: cerebral cortex,
cerebellum, and / or basal ganglia (Riemann and Laphart, 2002).
The motor cortex allows for the initiating and managing of com-
plex voluntary movements (Riemann and Laphart, 2002). The
cerebellum is responsible for the planning and adjustment of coor-
dinated movement, while the basal ganglia are thought to be in-
volved in high-order aspects of motor control (Riemann and
Laphart, 2002).

The feed-forward control mechanism can best be demonstrated
by studies which show the activation of trunk muscles occurring
before movement of both the upper and lower extremities and
when an expected load is placed on the trunk. Friedli et al. (1984)
observed activation in trunk (rectus abdominis, erector spinae)
and leg muscles (quadriceps, biceps femoris) before voluntary
movement at the elbow occurred in conditions where the trunk
was supported and not supported and with or without a load
placed on the upper extremity. Activation of trunk muscles be-
fore voluntary movement of the lower extremity has also been
observed. Hodges et al. (1997) witnessed activity of the trans-
verses abdominis, the rectus abdominis, internal obliques, and
external obliques muscles before voluntary hip flexion, abduction,
and extension. The transverses abdominis muscles preceded all
other muscles for all three hip movements (Hodges et al., 1997).



B AR BB R X5 RK

Other studies have shown delayed activity of the transverses
abdominis muscles as a repertory mechanism in individuals with
pain in the low back (Hodges and Richardson, 1998) and groin
(Cowan et al., 2004). When an expected load is placed on the
trunk, the CNS can activate the trunk muscle in anticipation of the
load. Moseley et al. (2003) observed activation of the deep lumbar
mulifidus muscles in six of the seven participants as an expected
weight was dropped into a bucket they were holding. In order to
maintain stability in the core, the neural control component must
have the ability to prepare the active component for movement
and for an expected load.

The feed-back mechanism of the neural component provides prop-
rioceptive information on the whereabouts and movements of the
core and other joints (Ebenbichler et al., 2001). Same as for stability,
proprioception is a term with several different meanings in the
scientific literature. Therefore, we use Riemann and Lephart’s
(2002) definition which states proprioception describes afferent
information from internal peripheral areas that contribute to pos-
tural control, stability, and conscious sensations. The sensory struc-
tures which provide proprioceptive information are called mecha-
noreceptors and are located in the muscles, tendons, ligaments, and
joint capsules. Four common mechanoreceptors are the Ruffini
receptors, Pacini receptors, muscle spindles, and the Golgi tendon
organs. The Ruffini receptors and Pacini receptors are both located
in ligaments and joint capsules. The Ruffini receptors are thought
to be stretch receptors, while the Pacini receptors are activated by
compression (Hogervorst and Brand, 1998). The muscle spindles
are located in muscle fibers and provide information relating to
muscle length and change in muscle length (Riemann and Lephart,
2002). The Golgi tendon organs are located in the musculotendi-
nous junction and provide information muscle tension (Riemann
and Lephart, 2002). To test proprioception, a joint or postural
repositioning test are commonly used. Gill and Callaghan (1998)
studied the ability of individuals with and without low back pain
to reproduce a postural position in both standing and four-point
kneeing. The study observed individuals without low back pain
were more accurate in repositioning in both the standing and four
point kneeing positions. Therefore, pain may impair the proprio-
ceptive input, which is an important aspect of the neural compo-
nent of core stability.

To best demonstrate feed-back control of core stability, we exam-
ine the actions that occur when an unexpected load or perturbation
impacts the core. It has been observed that muscle activation dif-
fers in situations when an unexpected load is placed on the body
compared to an expected load (Moslely et al., 2003), with the
major difference being a lack of the pre-activation of postural
muscles (Cresswell, et al., 1994). When an unexpected load or
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perturbation is placed on the body, a response mechanism is acti-
vated to restore stability (Ebenbichler, et al., 2001). This reaction
can be initiate at the reflex level using the monosynaptic stretch
reflex (Hodges, 2004) or using more complex automatic postural
responses which are equal to the magnitude, type, and direction of
the perturbation (Ebenbichler et al., 2001). Small perturbations can
initiate the “ankle strategy” where muscles around the ankle are
recruited to restore equilibrium, while larger perturbations require
the “hip strategy”which imposes specific hip movements to rees-
tablish an upright posture (Ebenbichler et al., 2001).

In summary, the neural control component of core stability uses
both feed-forward and feed-back control, to initiate and maintain
core stability and equilibrium. Impairments, such as pain, can cause
disruption to both the feed-forward and feed-back systems, which
may lead to loss of stability.

Conclusion

The objectives of this paper are to identify the core’s location on
the body using anatomical structures, define stability as it relates
to the core stability, and explain the functional components that
make up stability. The location of the core can include any neural
and muscular-skeletal structure which connects the upper and lower
extremities. Stability may be defined in several different ways, and
may require a different definition depending of the system or move-
ment being studied. When studying core stability a pinpoint defini-
tion may not be available, but the main focus of a description
should include the ability to control both whole body and thoraco-
lumbopelvic equilibrium in both static and dynamic activities with-
out injury. There are three interdependent subsystems which cre-
ate the core stabilizing system: the passive musculoskeletal, the
active musculoskeletal, and the neural control subsystems. The
passive component include ligaments, vertebrae, intervertebral discs,
ribs, pelvis, and bones of the hips and shoulders. Their primary
role is to provide structure and limit motion at the end-ranges.
Although, the role of the passive component is small, injury to the
passive structures can cause joint failure. The active component
contributes to core stability in three ways: intra-abdominal pressure,
spinal compressive forces, and hip and trunk muscle stiffness. The
muscles of the active component can be classified as either local or
global muscles depending on their location and their function. Both
groups must work together in order to achieve a stable core. Finally,
in order to maintain stability the neural control component must
receive information, determines specific requirements for stability,
and then initiate contraction of the active component. In addition,
the neural control component uses both feed-forward and feed-
back mechanisms collectively, to maintain stability.
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