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Gracovetsky on Walking

by Aline Newton, Certified Advanced Rolfer

The author would like to acknowledge the ex-
traordinary movement teacher Fiubert Godard,

INTRODUCTION

Without it necessarily coming to conscious-
ness, each of us carries an idea of biome-
chanics, a model, that reveals itself in our
manner of moving. As practitioners, these
assumptions will inevitably shape our in-
terventions, The structural perspective is
one of the most common of models. Tt im-
plies that, like a building, the body is built
from the ground up. In a movement such
as walking, this will mean an emphasis on
the ground, feet and legs, and a tendency
to see problems as moving from the bot-
tom up,

Serge Gracovetsky’s work presents an al-
ternative model of human locomotion that
he calls the “spinat engine.”" I would like
to describe this model in the following
pages and show how it can be useful for
practitioners engaged in working with hu-
man structure and movement.

Gracovetsky takes an evolutionary ap-
proach.” He takes the human being in the
context/environment in which we find our-
selves - upright, bipedal, in gravity, using
locomotion as a fundamental action. From
there, certain questions follow: if this is how
we ended up, what evolutionary advan-
tages might that give us? Locomotion is
basic to survival. As with uprightness, we
can assume that the most adaptive situa-
tion will be one in which locomotion
doesn’t expend a lot of the organism’s en-
ergy. In the course of evolution the spine
has not become a rigid column. Instead it
has kept the capacity to compress and twist
even though it makes the spine vulnerable
to injury. What evolutionary advantage
might this provide?

THE SPINAL ENGINE

A lordotic spine is one of evelution’s com-
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tributions to bipedalism.®* Gracovetsky’s
thesis is that

...the evolutionary pressures for effi-
cient locomotion on land forced the
spine of our fish ancestors to evolve into
our curved spine. The lordotic spine
converts the primitive piscine lateral
bend into an axial torque driving the
pelvis. This theory neatly explains the
need for spinal compression and torsion
in locomotion. It alse clarifies the cen-
tral role played by the earth’s gravita-
tional field in walking and running, and
suggests that the human species ex-
ploits the constancy of that field to
move anywhere on the planet with a
minimum expenditure of energy. A pre-
diction of the theory was that the legs
were simptly following petvic motion.*

In most models of gait, pelvic rotation is
basic to walking; but instead of the pelvic
motion being driven from the leg, in the
“spinal engine” model, it is the spine’s lor-
dosis, which by converting a side-bend into
an axial torgue drives the pelvic rotation.

GAIT: STEP BY STEP

Taken as a whole, human locomotion in-
volves a careful orchestration of the whole
body. From the toes on the ground to the
cervicals, each part plays its role in the ro-
tational movement. At the same time, ail
this is organized in such a way as to leave
the head free from the torquing forces be-
low.

Tounderstand the process step by step, let's
start with the left leg (see diagrams):

-As the toes push off the ground, the hip
extensors fire, and with the help of the fas-
dial connections, extend and raise the trunk,
decompressing the spine as it bends to the
left. The spincus processes rotate to the
right (clockwise looking from above). The
rotating pelvis brings the acetabulum for-
ward.
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~Then, as the trunk falls back to the ground,
the heel contacts the ground. The pelvis tilts
and the right ilium is lowered. The com-
pressive pulse generated at heel strike trav-
els back up the spine. The pulse stiffens the
fascial lines and increases the spine’s torque
strength. In this way, the power from the
ieg muscles and fascial connections at-
tached to the transverse and spinous pro-
cesses will be effective in derotating the
spine.

-The compressive pulse generated by the
heel strike continues upwards. The inter-
vertebral joints extend and derotate. At the
thoracic spine the pulse helps counter-ro-
tate the pelvis and shoulders, which is the
basis of the contralateral movement of gait
that we see in the arms and legs.® Latissi-
mus dorsi and the inertia of the arms play
an important role here: the good develop-
ment of the upper extremities is a key ele-
ment in the chain of rotation.

-Atthe leve] of the cervicals, again the pulse
generates an axial torque which is reversed
due to the organization of the facets. The
effect of this is to cancel the motion of the
shoulders so that the head can remain
stable. While the body is involved from toe
to pelvis through the whole interlocking
mechanism of spinal facets and interverte-
bral discs in ¢creating rotation, it stops at the
head, preserving the need for stabilization
of the eyes in a creature that interacts visu-
atly with its environment.

-As the pelvis returns to horizontal, and the
spine to vertical, the facets get aligned and
the torque continues to be transmitted
through the annulus fibrosus. The spinal
facets and intervertebral disks are a comple-
mentary system; they work together, spell-
ing each other to transmit the torque with
maximum efficiency:

...the annulus fibresus, made of visco-
elastic collagen fibers, responds particu-
larly well to changes in angular rota-
tion velocity, Hence, the torque trans-
mitted by the annulus is maximum
when the velacity is maximum {double-
stance), which corresponds precisely to
the instant when the facets’ transmis-
sion is minimum.®

Just as the facets cease to be effective, the
discs take over.

Unlike the image of the trunk sitting pas-
sively on legs that carry it along in walk-
ing, or of legs pushing the pelvis into rota-
tion, Gracovetsky's model shows that the
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power goes from the leg to the spine di-
rectly. Gluteus maximus and the hamstrings
are hip extensors, and also capable of di-
rectly or indirectly derotating the spine.

Transformin:; the variable {raw) heel
strike tmpulse into a well-conditioned
pulse to feed the spinal engine is the
basic role of the leg-pelvis system.”

The legs have the required muscle mass
to release enough chemical energy for
running or walking. The legs also pro-
vide contact with the ground and
modulate the timing, duration, and
amplitude of the energy pulses gener-
ated at heel strike before transmitting
them to the spine. The spine capitalizes
on this energy to fuel its axial rotation,
which in turn rotates the pelvis. Thus
the legs perform these functions to as-
sure gait modulation and velocity fora
wide range of ground condition.®

The legs play an important role, but it is in
providing fuel for the dynamic spine which
is the true engine of locomotion.

VISCO-ELASTIC TISSUES

Gracovetsky describes the crucial role of
what he calls “visco-elastic” tissues in the
orchestration of walking. We are used to
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thinking of connective tissue as the organ
of support, which suggests a structural scaf-
folding. Gracovetsky is looking from a
movement point of view - in walking, he
suggests, the connective tissues play a dy-
ramic role:

The visco-elastic nature of biological
material prevents it from sustaining
constant loads for extended periods of
time. A constant blood pressure would
deform and damage the arteries, and
prevent the heart from resting. Simi-
larly, the regular sagittal oscillating
motion of the spine of the hiker carry-
ing a backpack coupled with the ante-
rior posterior motion of the pelvis pre-
vents the lumbodorsal fascia form con-
tinuously transmitting forces. During
the double stance, the lordotic spine
switches on the erector spinae muscles
and slackens the posterior ligamentous
system. Conversely, at heel strike, the
posterior ligamentous system being
tightened can transmit forces, thereby
permitting the erectors to relax and rest.
Hence, muscles and ligaments alterna-
tively time share the forces transmitted
across the SI joint, delaying onset of fa-
tigue of the back.’

When subjected to an energy pulse, the
visco-elastic tissues can stiffen very quickly.
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After heel strike, the pulse stiffens the fas-
cia that will be used to support the spine as
it twists. Because of this organization, the
spine is able to be strong and stable at some
moments and delicate and responsive, free
to make subtle adjustments, at others.""

ENERGY

From the point of view of evolution, the
most effective walk is the most efficient one,
one that leaves the organism most free to
perform the functions necessary for sur-
vival. In Gracovetsky's model, walking isa
transformation of energy rather than an en-
ergy expenditure:

The spine-pelvis-leg system is opti-
mized to permit locomotion at minimal
energy expenditure. This entails a deli-
cate exchange between the three basic
forms of energy existing at any given
moment: that is, kinetic, potential and
elastic. The term elastic is used to de-
scribe the ability of ligaments to store
energy by being deformed and then to
restore {most) of that energy at the ap-
propriate time."

From the arch of the toes to the sub-occipi-
tal joint, legs, pelvis, spine and arms work
as one system in a great work of energy
transformation that lets us walk with mini-
mal energy expenditure. The bones and soft
tissues are involved in an elegant interplay
that has the potential to transmit the forces
with optimurn ease. Far from the image of
a passive trunk carried by strong legs, in
this model walking transforms into a kinetic
symphony:

At each step, energy flows freely as the
spine deforms in space, a view incon-
sistent with the concept of the disk op-
erating as a “shock absorber” [or the
spine as a column].?

As Gracovetsky describes it in the conclu-
sion of his presentation:

Gait is the result of a sequential trans-
formation of energy intended to redi-
rect the quasi-vertical pul! of the hip
extensors to a horizontal pull capable
of rotating the pelvis. Beginning with
the legs, muscular chemical energy is
first used to lift the body into the earth's
gravitational field, where the chemical
energy is stored in potential form. When
the body falls downwards, this poten-
tial energy is converted into kinetic en-
ergy that is in turn stored into a com-
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pressive pulse at heel strike. The pulse
properly filtered by the knees and the
massive ligamentous structures across
the ST joint travels upwards and reaches
the spine with the proper shape and
timing. The energy is then distributed
to each spinal joint to counter-rotate
pelvis and shoulder, while derotating
the shoulders stabilizes the head.”

IMPLICATIONS FOR PRACTICE

Contralateral

In traditional gait analysis, one of the hall-
marks of normal human gait is “arm oppo-
'sitfon”, i.e., opposite arm and leg moving
at the same time. The spinal engine model
proposes that the contralateral motion is
generated in the spine. If we look only at
the arm and leg, we may miss the more
subtle and important level.

COMPENSATORY
CONSEQUENCES

Compensations for problems in the whole
gait mechanism may show up where the
contralateral spinal movement is missing
or inhibited:

For instance, a damaged knee will ob-
viously [have] impacts on the efficacy
of the leg forcing the muscles to com-
pensate for the corresponding energy
losses. What is perhaps less obvious is
the mechanism by which the damaged
knee ends up reducing the overall en-
ergy efficiency. Indeed, the chemical
energy liberated by the powerful hip
extensors is contained in the pulse gen-
erated at heel strike. That energy must
be recovered and returned to the oscil-
lating structure. If not, then the energy
cost of gait increases significantly, as can
be demonstrated by running on soft
sand. As the foot sinks into the soft
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sand, energy is lost at the foot/ ground
interface. The obliques must fire to in-
duce proper spinal motion and control °
of the pelvis, and the runner exhausts
himself rapidly.®

Too much development of superficial ab-
dominal muscles {rectus and external ob-
liques) may limit the spine’s freedom of
movement in rotation. In its stead, there will
be a visible homologous (head to tail} or
homolateral (fateral flexion) spinal motion.

Therefore in practice, to promote a con-
tralateral gait pattern, we will work directly
with the spine and we will see the conse-
quences also in the pattern of movement of
arm and leg. Evoking two directions in the
spine through both tissue work and percep-
tual cues leads to a better contralateral
movement of the spine.

ARMS

The arms have several important roles to
play in this mode! of locomotion. Their in-
ertia provides a key element in the counter-
rotation of the shoulders and pelvis.
Through the latissimus dorsi muscle, they
also help to stabilize the spinous processes,
and to derotate the spine after heel strike.
Problems in the freedom of movement of
the arms and shoutder girdle will eventu-
ally show up in gait.8 Among other things,
this gives meaning to Ida Rolf's idea of
rhomboids/ psoas balance: if the thomboids
hold a chronic contraction {as in shoulders
braced back), it will interfere with the abil-
ity of the hip to extend, thus preventing the
psoas from being stretched and lessening
the effectiveness of its function {see below:
“hip extension”). Again, this provides a dif-
ferent perspective from the structural, one
in which lesions can be descendant as well
as ascendant.

LOADING AND UNLOADING

For the spinal engine model as described
by Gracovetsky to be effective requires
lpading and unloading of the spine in well-
orchestrated alternation. Both are key.
Loading occurs in compression, as in heel
strike, and loading alseo occurs in tension/
extension, as in push off. Here again we are
encountering a difference between the
structural model, in which manipulation
takes place with the patient passive, in
which we look at joint function but outside
of a functional context. The latest terminol-
ogy to describe this issue, quoted by Diane
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Lee, is the contrast between form closure,
how a joint operates in a passive state, and
force closure:

This functional requirement has been
called effective load sharing, effective
force closure or effective load transfer.
In short, how well can the individual
stabilize their bones and joints during
both static and dynamic activities. Op-
timal stabilization requires accommo-
dation to each specific load demand,
through adequate, tailored joint com-
pression, by muscles, fascia and liga-
ments (Vleeming, Lee, Ostgaard,
Sturesson, Mens). '

Force closure, how all the elements in-
volved create a coordinated movement, can
only be observed in a dynamic context. It
can’t be seen in a dissection or addressed
in a passive manipulation. It may be that
some chronic back problems are not struc-
tural per se. Instead, the problem may be in
the pattern of coordination that occurs in
each moment of the actual process of walk-
ing, in the relationship of upper and lower
girdles, in the moment of push off and the

moment of landing.

HIP EXTENSION
AND THE PSOAS

For the spinal engine to be charged with
energy, the hip extensors have to be free to
extend. The action of the hip extensors car-
ries beyond the part into relationship with
the movement as a whole. The hip exten-
sors power the system by helping the spine
extend and also by stretching the psoas (i.e.,
increasing the stored elastic energy) before
it contracts to flex the hip:

..eccentric muscle contractions oceur
when the length of a muscle increases
despite the contractile machinery being
stimulated to shorten. In these types of
contractions, the elastic tissues in the
muscle and tendon are stretched. If the
external load is then reduced so that a
concentric contraction ensues, the po-
tential strain energy stored in these elas-
tic structures is available to do work.
To what extent this potential energy is
transformed into kinetic energy, and

increases in efficiency consequently
gained, depends on the type of activity
and the skill of the performer.

In running it has been reported that as
high as 50% of the total energy require-
ment of running is available through
elastic energy sources.

The storage of elastic energy is short
lasting. If a substantial delay occurs
between the concentric and eccentric
phases of a movement, the energy
stored in the elastic structures is dissi-
pated as heat."”

ENERGY TRANSFORMATION:
DIFFERENT MODEL,
DIFFERENT IMAGE

Even within the functional perspective, our
€onscious Or unconscious assumptions
about biomechanics are shaping what we
look for, how we see, what we do. Seeing /
experiencing locomotion as a coordinated
sequence of rotations in relation to the
ground and the arms can, in and of itself,

TAKING A STEP
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Energy is not absorbed by disk: it is
converted/used by the coupled
motion of the spine to rotate the
intervertebral joint

o o)
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Energy delivered o each intervertebral
joint in ascending order so that no
energy is left at upper cervical and head
interface
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change your experience in practice.

This perspective helps us to understand
walking as a set of unfolding functional re-
lationships, and the body in terms of inter-
connections instead of as parts.

The different premises lead to different con-
clusions: in the model legs-carry-trunk, the
legs have to be picked up at each step, re-
quiring the energy to hoist them against
gravity: i.e., strong quadriceps. In the spi-
nal engine model, rather than weight [ift-
ing, the image is of walking as a flowing
transformation of energy, with minimal ef-
fort. In this model, the arms and legs need
to be evenly developed, smoothly inter-re-
lated.

The spinal engine model emphasizes the
complex coordination involved in locomo-
tion. The next section of this paper will pur-
sue this topic,
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