movement. This appears to impact the con-
nections and timing in the nervous system
and lead to improvement in stabilizer func-
tion.

OTHER MUSCLES INVOLVED
IN SPINAL STABILIZATION

Internal Obliques

The part of the internal obliques that inserts
into the thoracolumbar fascia will be in-
cluded as part of the stabilizer system. The
fiber direction runs parallel to that of trans-
versus abdominis and the attachments are
often indistinguishable (Figure 9).

Although technically the internal obliques
are a separate muscle, the brain will recruit
motor units that can accomplish the desired
movement without regard to the distinc-
tions made by anatomists. In this article, we
will use term “transversus system” to refer
to the combined action of all three muscles
in their stabilizing function.

THE ROLE OF THE PELVIC
FLOOR AND THE DIAPHRAGM
IN CORE STABILIZATION —
WHAT IS CORE?

Along with the transversus system, the dia-
phragm and the pelvic floor are often in-
cluded in the structures involved in core
stabilization. Together those muscles form
what Richardson refers to as the cylinder
of compression that influences intra-ab-
dominal pressure (IAP):

“Thus, conceptually, the transversus
abdominis forms the walls of a cylinder
while the muscles of the pelvic floor and
diaphragm form its base and lid, respec-
tively. ..There is some initial evidence that
these four muscles act in synergy to pro-
vide a spinal support mechanism. Never-
theless, further research is required to con-
firm the relationship between these
muscles.”?

Richardson’s model of the core is that of a
structure with top and bottom, the purpose
of which is to contain the visceral compart-
ment. The evidence for the contribution of
the pelvic floor and diaphragm is prelimi-
nary. In the following section, we will ex-
plore Richardson’s conception and then of-
fer an alternative.

The Pelvic Floor

Richardson reports that EMG recordings of
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the pubococcygeus muscle indicated simi-
lar onsets of activity for the diaphragm and
transversus abdominis.

“Preliminary studies have revealed that,
when a limb is moved, the contraction of
the pubococcygeus occurs concurrently
with that of the transversus abdominis. It
appears that a link may exist between these
two muscles.”?

The pelvic floor (Figure 10) is usually de-
scribed as consisting of two muscles: the
levator ani and the coccygeus muscle. The
levator ani consists of several parts:
puborectalis,  iliococcygeus  and
pubococcygeus. Interestingly, the coc-
cygeus muscle is said to be absent in some
cases. Gorman says, “It more often varies
in its proportion of muscular and tendinous
fibers. It corresponds almost exactly with
the sacrospinous ligament.” With the piri-
formis, it can close the posterior part of the
pelvic outlet.”

One way to simplify our lived experience
of the pelvic floor is to imagine it as a dia-
mond shape that can be separated into two
triangles: either a front half and a back half,
or a right side and a left side. It might be
considered that the coccygeus muscle oc-
cupies the back half and the levator ani the
front though the levator ani also partici-
pates in closure of the rectum.

In practice Godard finds it useful to teach
people to make a slight activation of only
the front triangle of the pelvic floor in con-
junction with the transversus system. When
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the distinction between front and back is
not made clear in experience, patients tend
to confuse a contraction of the back of the
pelvic floor with a contraction of muscles
like lateral rotators, gluteals and ham-
strings. This is associated with a contrac-
tion of the global muscle rectus abdominis
and actually interferes with the function-
ing of the stabilizer system of transversus.
Perhaps it is in part because the feeling of
activation of the stabilizer muscles is of a
different order than the usual voluntary
contraction; to the inexperienced it can feel
like doing nothing at all. In reaction, they
usually try harder and thereby involve glo-
bal muscles whose contraction will restrict
the extension of the leg at the hip, interfer-
ing with the basic mechanism and energy
transmission required for efficient walk-
ing.” Although technically the pelvic floor
may play a part in spinal stabilization, in
practice it is essential to help patients have
a felt experience of the difference between
activating global muscles and engaging lo-
cal ones, so that the work of stabilization
and the work of movement remain distinct.

The Diaphragm

Richardson also includes the diaphragm as
an influence on IAP and therefore on spi-
nal stabilization, though questions remain:

“When subjects performed shoulder flex-
ion, we found that both portions of the dia-
phragm contracted 30ms prior to the del-
toid, i.e. at exactly the same time as con-
traction of the transversus abdominis. It is
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easy to see how this system may function
with short duration postural tasks, but it is
unknown how the diaphragm may contrib-
ute when the postural demand is sustained
and the diaphragm must combine the roles
of respiration and stability control.”*

From Godard’s perspective as a profes-
sional dancer, the stabilizer muscles and the
respiratory diaphragm have very different
functions. This becomes particularly appar-
ent when movement as a whole is taken into
consideration: the diaphragm has to be free
to adapt to the needs of respiration. In prac-
tice, we don’t want to encourage holding
in the respiratory diaphragm because it gets
in the way of free movement and ultimately
of free expression. For a dancer, too much
respiratory diaphragm involvement in pos-
ture can seriously hamper his/her sponta-
neity.

The diaphragm and the stabilizer system
do interact: The quote from the Sutra
Pradapika, “uddiyana is so called because
the great bird, Prana, tied to it, flies with-
out being fatigued,” can be understood
from the biomechanical perspective. With
transversus engaged, the central tendon of
the diaphragm becomes a fixed point. The
action of the muscular part of the dia-
phragm in inspiration and expiration then
raises and lowers the ribs, giving the sen-
sation of wings in flight. Another example
is when lifting a heavy object: there is often
a vocalization that accompanies the mo-
ment of intense force. Godard suggests that
as well as helping to coordinate the action
of the laborers, the production of the sound
also activates the crura of the diaphragm.
This action pulls the disc forward, minimiz-
ing the compression on the discs that re-
sults from the heavy weight.

Although both the diaphragm and the pel-
vic floor may contribute at moments to the
phenomenon of stabilization, it seems im-
portant in theory and in practice to make a
distinction between the kind, quality and
duration of the muscles of the transversus
system and the horizontal structures of the
diaphragms. Stabilizers can work for long
duration, whereas the diaphragms’ func-
tion is to add a burst of energy.

In Godard’s model, in movement, all the
diaphragms of the body—respiratory and
pelvic as well as the palate, and even in a
sense the arches of the feet and hands—can
be seen as part of a single functional sys-
tem. Acting together, they energize a move-
ment, as in jumping. In contrast, the trans-
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versus system can be engaged for long pe-
riods of time in its work of stabilization. The
diaphragms act in an explosion of force: In
a sense they are more phasic than tonic. In
walking, one side of the pelvic floor is con-
tracting while one side is opening. The na-
ture of the diaphragms is dynamic. If they
are used to hold a position over a long time,
they will lose this dynamic ability; they will
not be free to respond to the demands of
action.

Understanding the diaphragms as an inter-
related, dynamic system opens up the im-
age of “core”—removing the lids, so to
speak. Functionally, the stabilizers them-
selves can be linked into a kind of inter-re-
lated system. In this paper, thus far, we have
focused on the activity around the lumbar
spine, but in most actual movement situa-
tions, stabilization is occurring in multiple
areas at once. For example, while the trans-
versus system is engaged to support the
lumbars, longus colli is doing a similar job
for the cervical vertebrae. Vastus medialis
stabilizes the patella, while serratus ante-
rior acts to stabilize the shoulder blade for
the arms.

For the body as a whole in motion, these
muscles are connected as a stabilizing sys-
tem via the nervous system:

“Functionally, the nervous system could be
expected continuously to modulate activ-
ity in these muscles in order to control joint
position, irrespective of the direction of
movement. In this way, such muscles could
provide concentrated joint support, while,
independently, the larger torque-producing
muscles control the acceleration and brak-
ing movements of the joint.”*

“Control of the continuous muscle recruit-
ment for joint stability depends not only on
the pre—programmed motor patterns from
the cortex, but also on the state of the feed-
back system emanating from kinesthetic
input. The feedback system is complex and
relates to the receptors within the muscle,
which provide continuous information to
the central nervous system (CNS) on the
length and tension being generated in the
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muscle.

Through the intercommunication of the
gamma motor neurons and the muscle
spindles, the stiffness (resistance to change
of length) of each muscle fiber is being con-
tinually monitored and adjusted. The sta-
bilization function is also taking place in
relation to the overall maintenance of equi-
librium in gravity—what Godard terms

www.rolf.org

tonic function—and in relation to our own
proprioceptive sense, how we locate our-
selves. Godard suggests that an effective
strategy for accessing the stabilizing system
is to work with tonic function, the relation-
ship of our sense of weight and our sense
of space, our sense of orientation.?

In Godard’s model, we use the stimulation
of sensations in the hands and feet in closed
chain exercises to help to trigger the activ-
ity of the stabilizer system. Even though
stabilization is functionally necessary in
both open chain (the distal end is free and
the proximal end is fixed) and closed chain
(the distal end is fixed and the proximal end
is in motion) movements, Richardson cites
evidence from studies on knee rehabilita-
tion that closed chain exercises are the more
effective approach for rehabilitation of sta-
bilizer muscles.”” The potential danger in
closed chain exercises is to provoke exces-
sive joint compression.

When we do the simple exercise of trans-
ferring weight from hands to feet, and from
feet to hands, whether in a modified dog
pose or in a movement from Push Hands,
or in one of the exercises on the Pilates Re-
former where hands and feet are weight-
bearing (e.g. the Elephant, the Long Stretch,
the Down Stretch), the focus is on the
awareness of sensation between the skin of
the hands or feet and whatever they are in
contact with. By engaging sensation in the
extremities—in relation to the world
around us—we help the movement to trig-
ger successively throughout the stabilizers:
from the ground through the feet to trans-
versus to the hands on the table, or from
the hands on the bar of the Reformer
through serratus anterior to transversus
and back to the ground. In this way, we
engage the stabilizers as a whole system in
relation to the world.

At the same time, we focus on maintaining
a sense of orientation to space and weight,
a sense of opposing directions. This action
helps create a feeling of “eccentric” move-
ment—in the sense of “away from the cen-
ter,” instead of “concentric,” —concen-
trated—tension. The focus on two oppos-
ing directions helps to minimize the pos-
sible compression in a closed chain move-
ment.

Although the distinctions may seem subtle,
the effects are far-reaching. In many ap-
proaches to core stabilization, the empha-
sis is on contracting the core muscles in rela-
tive isolation from the limbs’ contact with
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the world. When the limbs are mobilized,
they are primarily used as a means to chal-
lenge stabilization rather than as a way to
activate it. In Godard’s approach, it is the
interaction with the world that triggers core
stabilization. In movement as it is experi-
enced, phenomenologically, stabilization
always takes place in interaction with the
space around us, with objects and people,
through our various senses and the points
of contact of our bodies and the world. The
body itself becomes less important than the
meeting place of the body and the world.

CENTER OF ACCUMULATION,
CENTER OF CIRCULATION

In the introduction to this paper, it was
pointed out that throughout history in both
East and West, the movement of bringing
the navel towards the spine has been rec-
ognized as a key element in well-organized
action. We have explored the precision that
electromyography has to add to experience.
Today we have been able to quantify some
of what the ancients intuited. However, as
is often the case, it is all too easy to lose the
point of view of the whole while we pur-
sue the specifics.

Some of the traditional imagery conveys the
impression that the center, the core, is a kind
of box, a place of accumulation. It is there
in the image of the cylinder of compression,
in the “house” of “powerhouse.” Thereis a
focus on the shape of the body. In yoga there
is a similar image, in which the throat lock
and the root (pelvic floor) lock are described
as creating a vessel or a pot in the center of
the body, a container for the prana. The
bandhas are described as “seals,” which
seal the energy in the pot.

In contrast, in the oriental tradition, which
Godard sees as closer to the aesthetic of
dance, the center is an empty space. In Chi-
nese painting, the mountain is always par-
tially covered by clouds. This allows the
viewer to imagine, to fill in, to participate
in an active way. It allows constant adapta-
tion. If the center were already full, there
would be no movement. Instead of shape,
this viewpoint seeks flow; instead of a cen-
ter of accumulation, there is of a center of
circulation. Movement is a transfer of en-
ergy between two directions, up and down,
heaven and earth. The most effective cen-
ter is empty. From this perspective, the
work of the transversus system becomes to
help make possible the transfer of move-
ment—between hands and feet, between
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the world of manipulated objects and the
supporting ground. Hubert light-heartedly
admonishes us, in this context, not to “capi-
talize” our Ch’i. Q
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Image titles and captions and credits

Figure 1, Figure 2
Caption: The action of drawing the navel toward the spine is emphasized in the bandha “uddiyana”

Figure 3
Caption: We find the emphasis on the movement drawing the navel toward the spine again in
Mensendieck’s “Round Forward Trunk Bending Exercise”

Figure 4 Multifidus,Figure 5 Transversus Abdominis
Caption: Electromyography confirms that the co-contraction of the sub-umbilical fibers of transversus
abdominis and the lumbar fibers of multifidus is the basis of lumbar spinal stabilization.

Figure 6 The neutral zone

Figure 7 The deep fibers of lumbar multifidus are close to the center of rotation of the joints. Rather than
producing motion, their function is to stabilize the joints.

Figure 8 Engagement of rectus abdominis (white)or the external obliques (gray) is likely to pull the chest
and pelvis together: they are examples of “global” muscles. The direction of transversus fibers(black), in
contrast, is parallel to the vertebrae. It is considered a “local” muscle.

Figure 9 The part of the internal obliques (gray) that inserts into the thoracolumbar fascia will be included
as part of the stabilizer system. The fiber direction runs parallel to that of transversus abdominis and the
attachments are often indistinguishable.

Figure 10 The pelvic floor can be conceptualized as a diamond consisting of two triangles, one anterior
and one posterior.
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