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KEYWORDS Summary  Building on Sutherland's aporoach te sutures {'form follows function
Sphencid; and function follows form™) applied to the thicknesses—and hence flexibility—af
Cranial motion; crantal bones, 2 new model of cranial motion has evolved. This places the
Craniosacral rhythm; sphenobasilar synchondrosis (5051 as & primarily compressive-decompressive joint,
C5R: SRS hinging fs seen as an illusory artefact created as tissue rotates around a stable
sutherland lesions; $85, This articls suggests that the apparent mation of the 585 instead takes place by
sphenaobasilar synch- a charge in shape of the anterlor body of the sphenoid, and that this maotion is
ondrosis arcommaodated by the superior orbital fissure. This new model can be used Lo derive

c-anial Done motion patterns directly from the assumption that the cranium changes
ite lateral diameter, and elegantly explains the well-known "four interlinked gears™
description of the occiput-sphencid-vomer/ethmaid train. The model does not
require sutures to be patent or membrancus, since it applies equally well to ossified
suture relics.

£ 7005 Flsevier Ltd, all rights reserved.,

Introduction gical or otherwise. It is also intended that no

assumptions snould be made regarding the driving
The afm of this paper is to explore osseous moticn  force behind the CRI—there is still nro medel
of the cranium from a biomechanical perspective. available for the CRI which agrees with bath
Far the sake of simplicity, this has been done with ~ modemn physiology and palpated phenomena. Con-
as Little reference as possible to driving mechan-  sequently, the descriptions presented are a de-
isms far the *cranial rhythmic impulse™ (CRI—also tailed clarification of Sutherland rather than a new
called the "craniosacral thythm or CSR)—physiolo- ~ medel of cranial motion, and mignt be considered

as a further round of "digging on” (Sutherland,

1998, p. 167). Cranial bone, pericsteum, dura and
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examining the bony structures. This fs simply an
extension of the study of sheletal detail to under-
stand the musculoskeletal system. Therefore, again
for reasons of simplicity, the following thesis
contains limited reference to the dura, falx and
tentorium,

Historical context

It is over 80 years since Sutherland (1998} discovered
the mation of cranial bones by inspection of a
disarticulated skull and application of the principle
af "form follows function and function follows
form™ to sutures, Sutherland's criginal brilliant
insight that sutures are lines of relative ease of
motion in the bory skull eventually evalved from a
concept centred on bones to a far more complex,
halistic and subtle understanding of the bony, fascial
and fluid nature of cranmial metion, eventually
encompassing the entire human body. The original
concepts of sphencbasilar synchondrosis (SB5) mo-
tion continge to be central to basic technigues in
Craniosacral Therapy and Cranial Osteopathy (C5T/
€0}, as does the concept of nan-bony sutures, to
accomrmodate this model of cranial motion.

Does the cranium move?

The a priori basis for this paper is the palpatory
experience shared by craniosacral therapists and
cranial ostecpaths that the cramium naturally
moves. Palpated crarial mation (the CRI) is usually
rhythmic, meving in a recurring "Flexion-Exten-
sicn' (F-E} cycle, with the "expansive” phase
having been historicalty (Sutherland, 1998) de-
scribed as “Flexion”, and the "contractive” phase
as "Extension” . Flexion is most simply perceived a3
a lateral widening and an anterior—posterior {A-P]
foreshortening of the skull. This motion is most
simply described as a change in shape, with the
cranium becoming more “round” (spherical) during
Flexion.”

Sutures as evidence of motion

The mere fact that sutures exist at all—even as
relics—could be considered evidence of cranial

s capitalized “Flexion” is used te refer to motion, as in F-E,
with “flexing” or “'flexes” descriting the bendability of cranial
bones, Only the Flexian phaze of motion i3 described in detail
haragse the sxtension phase is simply the reverss metion. All
doccristions of Flexion begin at the peak of Extension. All
doscristions are of adult anatamy) physiology, unkess othensisa
stated.

motion. In the neanate, the cramium is still soft,
and consists of thin membrancus material surround-
ing slightly harder assification centres. The anterior
fantanelle (bregma in adults) is so thin that the
cardiac pulse is visible, This soft structure of the
baby skull is a result of the need to negotiate the
birth canal. Bone growth fdeally matches the
volume requirements of the brain as the centres
of ossification gradually expand outwards and mest
at the sutures. Some sutures, such as those
between the segments of the temporals and
between the occipital squama, disappear entirely
in all adults during this ossificatior process. With
adulthood the bones harden, but still retain
flexibility by virtue of their thinness and from the
fact that they are alive, containing blood vessels
and nerves. The manual deformability of the ribs
can he used as an analogue Lo give some impression
of the magnitude of internal or extemal forces
necessary to create palpable cranial motien.

As bony plates expand towards each other, the
intervenirg sutures shrink back to relic lines of
complex shape, persisting for some time as
periosteal/cartilaginous tissue (Upledger and Vre-
devoogd, 1983, Appendix A). Hartman and Norton
{2002) cite fresh-tissue autopsy and MRI {living
tissue) evidence that the SBS fuses in most adults
before the age of 19. Similarly, most vault sutures
appear to ossify before the age of 30 in most adults.
However, the evidence remains contradictory.
Sutures retain more viscous mobility than surround-
ing bones (Steenvoorden et al., 19%0). Singer
(1953] found that hurnan suturas may remain open
even beyond the age of 60, but most histelogical
and laboratery evidence of retained sutural mobi-
lity comes from in vivo and dissected animal studies
rather tnan human studies. Byrcn et al. [2004)
studied tha effects of temporalis muscle strength
on the morphology of the sagittal suture, conclud-
ing that “cranial suture connective tissue locally
adapts to functional demands of the biomechanical
suture environment”. Ogle et al. (2004) showed
that mechanical motion delays the ossification of
sutures

The presence of Worm'an bones {small ossicles
within cranfal suture lines) is hard to explain unless
motion has to take place arcund a suture regardless
of the original locations of ossification sites or
necnatal sutural lines. Conversely, the fact that
mosk 2dult sutures are cssified relics indicates that
even if the presence of the suture is important to
accommodate motion, its morphology is less so.
Unlike armour, miast cranial bones do not overlap
but rather must be strongly abutted to provide
adequate protection for the brain whilst not
damaging the dura. Therefore, motion is enhanced
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along sutural lines but the sutures are nevertheless
quite tight, consisting of extensions to the perios-
teum (Upledger and Yredevoogd, 1983). They
cannot open s'gnificantly or slide ovar each other;
they can only provide some increased local bend-
ability and flexibility. The great majority of sutures
have interlinking projections and indentations that
mechanically prevent sliding or shearing and assist
the absorption of impact forces (Jaslow, 1990).

Important atypical sutures

There are two very important exceptions to the
above description of sutures. Firstly, the superior
orbital fissure lying between the greater and leszer
wings of the sphencid bone s specfal In that it
remains open, being an exposed dural surface 1 or
2mm wide and 15-30mm long. Secondly, the
sutures around the squama of the temporal bone
possess sume of the qualities of overlapping
armoJr. The way subdural arteries (visible as
impressions on the inner surface of the parietall
avoid the anterior section of the temporal squama
suggests there is a relatively large physical mation
along this Une. | have no idea how much this
potential sliding averlap is reflected histologically.

Recognition of cranial motion

The CRI is not recognized in English-language
medical texts, since there is no record of intracra-
nial pressure (ICP) changes in the bandwidth of
5-12 cycles/min (Davson and Segal, 1994); how-
ever, some nedrosurgeons have ncted a similar
dural motion whilst carrying out operations (Up-
ledger, 1995). Recent osteopathic studies have
related the CR| to Traube-Meyer-Hering waves
{Melson et al., 2001; Sergueef et al., 2002). C5T/
LU laboratory measurements (Upledaer, 1993) anc
commaon palpatory experiences suggest that part-
cularly mobile skulls change by wp to 2mm in
lateral diameter during the CRI (see, Adams et al |
1992, for a study of cranial motion in cats).
Moskalenko et al. (1999) have measured cyclic
changes ‘n cranial diameter up to 1mm with
frequencies between & and 14 cycles/min.

Deceptive simplifications

Cranial textbooks (e.9. Magoun, 1951) place a lot of
emphass on sutural motion, providing  highly
sophisticated and exhaustive descriptions. How-
evear, they do not fully include Bone flaxibility in
their modes of cranial motion. This i for good

reason. Cranfal bones are complex in shape, in
sutural morphology and in maobile relationship to
their neighoours. The whole cranium moves as a
complete and continuous unit/process along with
the membranes and fluids that surround it. The
total pattern of motien is complex, and is net easy
to visualize or describe without isolating each bore
or pair of bones. Regardiess of whether the text-
book authors intended this or not, one result af
izolating structures, emphasizing the sutures, ard
the use of jargon sugegestive of mechanical hinging
is that the impression subliminally conveyed is one
of a relatively rigid bone that only moves at ils
boundaries.

The concept of an "axis of rotation is also found
in cranfal textbook descriptions, again subtly
pushing towards an instinctive conceptual model
that assi:mes rgidity. This can be seen in the recent
paper by Oleski et al, {2002). This groundbreaking
study of cranial motion usirg X-rays employed the
lesser wings of the sphenold as a marker for the
sphensidal 5BS angle. In doing so, it missed the
paint that the anterior spheroidal body is com-
posed of flexible bones that may meve indepen-
dently of the 585. | do not believe that rigidity was
part of the authors’ conscious conceptual model,
but rather that the subliminal implications of the
commenly used "axis of rotation” jargon were not
fully recogrized.

Furthermore, the fact that a four-gear train (e.g.
Milne, 1995; Sills, 2002) is useful as a conceptual
madel for memorizing the relative motions of the
occiput, sphenoid, vomer and ethmoid also pro-
vides a mental smokescreen. The degree of
accuracy of the motion description has removed
attertion from the actual processes behing this
complex relative motion, and there are 50 far no
published descriptions of cranial bone mation thart
adequately describe how or why this pssudo-gear
motion comes about.

Palpatory paradoxes

There are two clearly palpable motions of the CRI
that can be experienced as a paradox if the cranial
bones are considered to be rigid, with most maotion
occurring along sutures:

[a) The fact that the cranium becomes more
spherical on Flexion. To a palpator with na
preconceptions as o what the cranial struc-
tures may be doing, this takes place by means
of a lateral expansicn of the parietals and
sdperior terporal squama, and a slight ante-
rior-posterior foreshortening of the occiput—
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frontal axis. Aithough the mechanism driving it
is still under debate, the existence of this
change in dimension has been well demon-
strated in several laboratory experiments cited
by Upledger and Vredevoogd (1983) and Upled-
ger [1995) and is =asily palpated by anyone wha
cares to sit guietly holding a head in their
hands.

ib) Although Sutherland emphasized the complex-
ity and holistic nature of cranial maotion,
rSutherland's 5BS patterns’ are a simplified
descripticn of cranial motion, treating the SBS
as a universal joint. As described in this
simplified model, the apparent moticn of the
sphenoid relative to the occiput is based on
palpation of the greater wings of the sphenaid
as they move relative tc the occipital squama.
During Flexlon the sphenoid body and occipital
squama are apparently separating in an A-P
direction as a hinging motion takes place
around their medial connection {the 5B5).

If the sphenofd and occiput are truly maoving as
two rigid bodies around the hinge of the 583, (b)
would lead to a lengthening of the cranium, while
{a] experientially demonstrates & foreshortening of
the cranium.

Adding bone flexibility

Milne (1995) points cut the amazing flexibility and
aliveness of the cranial bones. His description of
the ethmoid as being like "the tiny head of a bird"s
skeleton, such as you might find under a bush after
a hard winter™ conveys both am evecative and
accurate image of delicate flexibility. Anyone who
handles a real or high-guality mculded disarticu-
lated skull can also experience this flexibility to
same degree. Even so, in the "real™ demonstration
skull, despite the obvious flexibility of this dead
material, the delicate bores have calcified and
hecome hard far beyond their state in a living body.

It is proposed that the cranium behaves some-
what as if constructed of cardboarc, with the
sutures acting as prefolded lines or perforations.
The cardboard flexes, and the perforations facil-
ftate that flexing in a manner appropriate to the
stiffness of the cardboard. In this case, it does not
matter whether the sutures are ossified relics or
soft periosteum—they are lines of relative ease of
bending in a semi-rigid structure. Any visible relic
suture—even if pssifisd—remains a line of dimin.
ished rigidity, and so also remains a preferred site

for any flexing motion to occur, as described by
Jaslow {1990).

The superior 70% of the metopic suture usually
ossifies te the extent that it fs invisible in maost
adult skulls; hence, it does not retain its ease of
flexing. If this were the case for the metopic
suture, it would presumably be the case for all
sutures unless there were same biological require-
ment for them to remain slightly weaker than the
surrounding bony plates. Conversely, if cranial
bones were inflexible, sutures would have to be
as owtensive as in a neonate to allow motion;
otherwise, the complex curved shapes would
simply lock against each other,

Analysing sutures

The function of the sutures in the motion of the
eranial vault and most of the base can be readily
seen by inspecting sutural morphology, as described
in Magoun {1951). For example, the interdigitations
of the coronal suture allow a limited relative
motion to take place between the frantal and
parfetal bones. These interdigitations overlap in
different ways along the suture. Starting at the
bregma, the parietals a~e overlapped by the
frontal, Approximately 30mm laterally from the
bregma, this overlap reverses, and the frontal is
averlapped by the parietals. It is well recognized
{e.g. Magoun, 1951; Milne, 1995) that the coronal
dome of the parietals maoves in such a way as to
flatten mors than the dome of the frontal, and this
suture allows this relative difference In flexing to
take place. In fact, the parietals are joined
madially by the sagittal suture, which acts as a
hinge line, causing a flattening of the apex of the
gkull, This is demonstrated in Milne (1995, vol. 2,
p. 135).

However, an unbiased analysis of the morphology
of the SBS does not yield an impression of motion
other than possibly compression and decompres-
sion. The asseous SBS is a flat surface about 1.5cm?®
in surface area. The two surfaces of the 5B5 are
embedded in each other by short, sharp, wedge-
like protrusions that cover the entire face of the
SB5. The visible evidence suggests a highly stable
""design™ that is resistant to bending, rotation and
chear forces. This is somewhat at odds with
descriptions of the SBS cortained in cranial text-
books, which usually considers it to be a location of
substantial motion in the cranial base. A set of
release technigues for SBS motion patterns (e.ge.
Upledger and Vredevoogd, 1583 Upledger, 1937;
Milne, 1995) s central to basic cranial practice
(CSTA, 2002). These techniques are designed to
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release what are often referred to as the "Suther-
land lesions™ , referred to henceforth as ""5B5 lesion
technigues” .

An analysis of cranial mechanics

This paper fs not leng enough to analyse cranial
machanics in anything remately comparable to the
kind of cetail achieved by Magoun (1931). With the
exception of a few simplified examples (such as the
coronal suture description abeve), sutures will be
describec in generic terms, and the reader is
referred to more authoritative texts (Magoun,
1951: Upledger and Vredevooad, 1583; Upledger,
1987; Milne, 1995; Sills, 2002, 2004). Similarly,
cranial bones flex in @ highly ccmplex pattern of
motion, so anly a brief description of these bones is
possible due to space restrictions. Instead, the
reader is encouraged to play (carefully) with a
disarticulated skull—of either real bone or flexible
plastic—to confirm the descriptions of motion
given here and perhaps add to them. Based on
common materials engineering principles, it is
proposed that the flexibility of living bone can be
qualitatively experienced by flexing disarticulated
bone or a plastic moulded skull. Therefore,
although greater force 15 required to bend these
analogues than to bend a living skull, wherever the
ossepus thicknesses are well preserved, so also is
the gualitative stress—flex respanse.

It is important to recognize the total synergy
between the amplitude of the CRI; the cranfal bone
thicknezs: the internal stress imposed on bones due
to compression, shear and rotation; sutural mor-
phology; the location of cranial membranes (the
tentarium and falx); and tensile forces imposed by
membranes and interlocked bones, Each one of
these factors is dependent on all other factors.
Furthermare, all this motion and transfer of Lension
and compression happens within the context of the
bany skull functioning as a means of protection for
the brain.

The main assumption in this analysis is that
biological systems inherently self-optimize. From a
mechanical perspective, this means that the body
reaches a2 compromise between weight, strength
ard mobility, and that compromise is expressed In
each individual structural component. This fs in
fact a rewarding of Stll’s aphorism, "form follows
furetion and function follows form™ (5Cill, 1899).

Putting this Into practice, animals needing a
more rigid frontal bore have a partially cssified
anterior falx. If no motion were necessary, far more
internal ribbing would be possible, and the mem-
branous tentorium and falx would possibly ossify

l'ke the parietals (which are membranous in arigin),
producing a cranium even more rerminiscent of a
walnut. The bony design of the cranium s also
related to ICP. The cranial ICP of somebady standing
is less than atmospheric, with “neutral™ ICP
occurring around the level of T1 (Davson and Segal,
199€), so the skull has to resist a compressive force.
When somebaody is Lying down or is upside dawn, ICP
exceeds atmospheric, and the cranium has to
contain an expansive fluid force. Other less
symmetrical stress-induced deformaticns also have
to be accommodated due to facters such as lying
with the head on a surface, impacts, forces exerted
by muscles such as temporalis or sternocleidomas-
taid, and the weight of the cranium on the
condyles. These may be guite dynamic, and may
include compression, torsion and shear. All this day-
ta-day motion and variation in stress/strain pat-
terns cemands either rigidity (which is difficult to
achieve in a biological structure) or  built-ie
compliance.

Tensegrity structures

Tensegrity principles (Ingber, 1598) state that bones
transmit compressive forces, whereas membranes
rransmit tensile forces; also, that the compressive
and tensile components have a synergistic relation-
ship. Henea, the bany skull accommodates external
pressures and internal compressive stresses by
"hottaming out" on its sutural surfaces. Likawise,
the cranial falx and tentorium tranemit tensile
forces laterally and A-P; the cranial dura accom-
modates internal pressures in a manner reminiscent
of 2 balloon, placing an area-equalized expansive
farce on its surrounding and closely attached bony
protective layer,

Rules of motion

The following basic rules are derived from an
analysis of cranial bone and suture flexibility using
the principle of "form fallows function and fumnc-
tion follows form™ and tensegrity principles.

A. The more a bone is subject to stress (torsional,
shear, compressive or tensile), the thicker it
becomes. During normal physiological condi-
tians, thick bones generally indicate a high
stress load.

B. Wherever bones have to protect vulnerable
structures they become thicker or wrap around
the structure in some way.

C. Vulnerable structures are placed in locations of
minimal relative bore motion.
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0. In modification of {4), wherever bones have 10
bend, or wherever they are not subject to large
compressive farces, they become thinner. This
thinning is subject to a minimum requirement
impased by the protective function of the skull.

E. Bone shape is also impartant for strength. Flat
surfaces (large radius of curvature) bend easily
and domed surfaces (small radius of curvature)
resist deformation. "T"- ar “U"-shaped sec-
tions and solid triangular masses are also
particularly resistant to bending. These shapes
are traditionally chosen by engineers for their
rigidity.

F. Bending is also achieved by providing lines of
relative thinness or even foramena inside
relatively thick or ribbed structures,

G. Sutures can be similarly analysed to infer how
much compression, shear or tersion they trans-
mit. The thickness of the sutural face is related
to the force transmitted,

H. Tensile forces from membranes acting internally
on the cranfum cause compression of sutures,
with some additional rotation, hinging, torsicn
and shear, The more complex the stresses
transferred across the suture, the more complex
is the suture design.

I. Sutural faces are, on & gross level (ignoring
detailed patterns), perpendicular to the forces
passing through them. The direction of the face
of the suture car be used to determine in which
direction the bone transfers forces to and from
its neighbours. On this structural basis, five
simple suture classifcations are proposed,
shown in Fig. 1.

Mot just in the bones...

The above descriptions might possibly imply that
sutural motiors and internal-external force vectors
can be large, This is not the case, as cranial sutures
are synarthrotic. Regardless of the direction in
which stress, strain and motion is transmitted, the
cuture and the bony structures on either side are
held firmly—internally by the cranial dura, and
externally by the perfosteum—and internal-exter-
nal force vectors are likely to be minimized by
acaptations of bane flexikility. Suture types 2, 3
and 4 do not transmit much (if any) compression,
but rather are expressions of hinging and sl'ding
motions contatned by tensile forces within the
surrcuncing durz and perlosteum, Type 5 sulures
are zones of least relative motion on a suture, and
are often asscciated with blood vessels crossing
betweer cranial bones.
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Figura 1 A blamechanical classificalion of suture types:

Case 1: Direct transfer of compressive forces, e.g. brogma,
5As, orcipiio-temporal sutures.

Case 2+ One bore: {usually B s external 1o Aj requires fraednm
to expard, e.g, lateral parieta, sspanding away from frontal.
Case 3¢ A sublaps and apples force to B, e.g. parietal

expands temoaral squama.
Case 4; Sliding surface (2§, pareto-lemparal suture.
Case 5: Point of inversion/rotatien, 2.9, ~13rm lateral to

the bregma.

The above principles (A-1) and suture types {1-5)
are applied below to the major cranial bones by
Using them as guidelines to interpret the fexibility
of a disarticulated skull.

Parietals

Each parietal bone consists of a square plate with a
central deme. They are of fairly consistent thick-
ness, with thinning at the inferier anterior corner
(adjoining the sphenoid, temporals and frontal).
The plain demed surface is guite difficult to
deform, except in the case of a stralghtening of
the coronal suture, which i accompanied by a
slight increased doming [decreased radius of
curvature) of the sagittal suture. This would imply
a lateral motion of the lateral anterior corner,
which is confirmed by the lacal type 3 suture. This
flexing can glsc be assisted by compressive forces
on the bregma and its diagonal corner. Fortuitously,
these two locations have type 2 sutures, confirming
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this distributior of forces. The widening of the
anterior parietal ircreases the docming of the
sagittal line and reduces the A-P dimension of the
parietal. Compressive forces are transmitted A-F
along the line of the sagittal suture between the
lambda and the bregma, both of which show type 1
suktures,

Occiput

The occiput is much more solid than the parietal,
having internal ribbing to ancher the tentorium and
falx. This ribbing is reminiscent of maulded plastic
designs that have been deliberately stiffened. The
fact that the ecciput is inflexible relative to the
parietals is reflected in the complexity of the
occipitoparietal interdigitations. The anterior occi-
put iz even more massive, consisting of the
condyles and basiliom. Nevertheless, the occiput
can flex along a single line of increased flexibility
passing horizontally and laterally through the fora:
men magnum, the sigmoid sinus and the cordylar
and hypoglossal canals, immediately pesterior to
the condyles. The occiput will flex along this line
{the internal angle between the sguama and the
basilium decreases) if the sguama is directly
subject to an anterior bending force or if the bowl
of the squama {s opened, both of which occur when
the parietals open on Flexion. In practice, the
squama moves anterforly, s'nce the basilium {s held
by the condyles. This Flexion/flexing can anly
happen, structurally, if the occiput & pulled
forwards (by the dura, falx and tentorium) against
the parietals and temporals. The three type 1
suture zones on the occiput are the SBS and lambda
{transferring A-P compression in a sagittal plane to
balance tensile forces in the falx) and the occipi-
tomastoid surfaces, The tentorlum is stretched by
lateral expansion of the parietals, and thiz tension
pulls the occiput forwarg, compressing the occipi-
toparietal sutures, with the effect of expanding the
parfetals. Simultzneously, the internally directed
Lension of the tentorium an the parietals serves to
limit this expansion. This reciprocal and synergistic
relationship between tension and compression is
characteristic of a tensegrity structure,

Frontal

The frontal dome 5 roughly the same thickness as
the parietal over most of its area, with substantial
thickening alang the superciliary arch (eyebrows),
culminating in a trangular mass of bone on the
lateral aspect of the eye socket. This is prodimal to
the suture contacting the superior surface of the
greater wings of the sphenoid. This sutural surface
is intermally domed and has a particularly small
radius of curvature. The centrally located glabella

contains the frontal sinus, and consists of a thin,
comp.ex, open box section facing inferjorly towards
the ethmoid. It is reinforced pesteriorly by the
crista galli. The supracrbital plates are not only
thin but also domec; they are thickened by a saries
of small lumps directly above the centre cf the
orbit. The ethmoid notch [leading to the frontal
sinus and glabella box section) provides a line of
eate of motion to the frontal dome, The fact that
the infericr segment of the metopic suture remains
open reflects the proximity of the "weak’™ line of
the echmoid notch. Experientially, the frontal
widens during Flexion. Classical cranial descriptions
{Sutherland, 1998; Magoun, 1551) even refer to the
frantal hinging around the metopic suture much as
the parietals hinge around the sagittal suture.
When the frontal dome widens laterally, the
coronal line is pulled inferiorly, becoming more
flattened, though less so than the parietals. The
ethmoeid notch widens and there is a slight
tendency for the ethmoid and supraorbital plates
to be lifted superiorly, though this direction of
moticn has some ambiguity. All the sutural surfaces
of the frental bone face posteriorly or externally.
The posterior-facing suture at the bregma trans-
mits an arch of A-P compression along the sagittal
line. Posterior tension of the falx on the crista galli
{meeting antericr compressive forces at the breg-
ma and glabella) is a possible mechanism for
deformation of the frontal bone. This would also
be confirmed by ossified animal falx structures
were it assumed that cranial stress patterns were
functionally similar between specles.

Temporal

The temporal bone is a very solid triargular ridge
connected to a wvery flexible sguama, which
accommedates parietal expansion (Fig. 2). The
mechanical relationship of the petrous ridge to the
occiput ard sphenofd is shown in Fig. 3. Its sutures
do not allow any vertical displacement o ooour
relative to either the sphenoid or occiput. How-
ever, there s a ridge along the Line of the bony
edge (rather than cutting across {t) medial to the
mastoid that interlocks with a groove in the
occiput, allowing the temporal to rotate in this
location relative to the occiput. This is the closest
arrangement in the crarium to that of a rotating
gear face; It is necessary due to the solidity of the
truly rotational axis of the petrous ridge. In
addition to its protective role for the inner ear,
this massive ridge provides compressive and tor-
signal strength. The interior motion of the tempor-
al is somewhat more complex. Medially, it contains
the cerebral artery, the pulsing of which is same-
times palpable. Posteriorly, there i a thick and
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Figure 3 Transfer of compressive forces from occiput to
sphencid via the temporal bady.

stable sutural connection backed up by thick bore
in both the occiput and temporal, with Little room
for motion beyand a very slight rocking action that
hinges around the suture. The sphenotemporal
suture contains the jugular faramen, which further
increases the flexibility of this line. The anterior
compression from the mastoid s transferred in a
wedge-like motion by a type 1 suture to the lateral
L8S and inferio-posterior edge of the greater wing
of the sphenaid,

sphenold

The sphencid is a complex composite of many
different structural properties, so the following
bismecharical description 15 necessrily incom:-
plete. The solid basilar portion is bess than 1cm
long, and supports the posterior herns of the sella
turcica. The occipitosphenoid basilium is covered
an its superior surface by the basilar venous plexus.

Ftanygoid

Figure 4 Shape change of anterior sphengid body box
sartion during Flexicn (coronal section).

The anterior sphenoid is a thin, pentagonal box
section surrounding the sphencid sinus, casily
deformsd along its diagonal axis (Fig. 4). Its
superior lateral angles are thickened, containing
the cptic foramina and the roots of the lesser
wings. The lesser wings are thin and highly flexible.
The inferior lateral aspects of the anterior body are
also thickened, and merge into the roots of the
pterygoid and greater wings, The pterygoid wings
comprise a strong channel (U™} section that is also
solidly anchored to the basilium. The greater wing
is a complex, anterio-inferiorly domed structure
comprised of the middle cranial fossa and the
cavernous sinus, by which it is medially fllad. The
superior lateral surfaces of the greater wings
(which abut the frontal bone inferlorly) are
triangular and *'T"'-shaped in seclion. The extreme
tips are thin and flexibe. The superior crbital
fissure is extended by a line of accommedation
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passing through the foramen rotundum and pter-
ygaid canal. The line of the foramen ovale and
foramen spinosum is similarly more flexile. These
two lines work with the compliance of the arterior
bady ta give the sphenoid the greatest flexibility of
any bone in the cranium, whilst still allowing it to
retain substantial A-P compressive strength. In
practice, these flexile lines allow the greater wings
to move anteriorly in Fleadon. The anterior compo-
nent of this motion is restricted by the curved
surface of the middle fossa, and the tips of the
wirgs move anteriorly and laterally in a twisting
motion. This alsa maves the medial apex of the
triangular sphenofrontal suture slightly posteriorly,
This compound matien parallels the detailed mo-
tion of the lower surface of the frontal., As the
anterior body and greater wings flax, the sella
turcica is also deformed, and the resultant “milk-
ing' action onh the pituitary is a well-recognized
phenomenan in C5TCO.

Motion of the faciomaxilliary complex

As the anterier body deforms (Fig. 4), the pterygoid
wings move laterally. The angle of the rostrum
changes as the most anterior part of the sphenoic
body flexes whilst the basilar part remains rigid. This
deformation naturally results in the classically
describad apparent superior rotation of bath vamer
and ethmobkd and the widening of the maxilla (Figs. 4
and 5). The simu.tanecus widening of the anterior
body also follows the ethmeid notch of the frortal,

Recent medical research on sheep {2.g. Mollanfi
et al., 2003; Bozanovic-Sosic et al., 2001) has
identified that up to 70% of cerebrospinal fluid
(C5F) flows cut from the craniosacral system (C55)
through the cribriform plate, passing inte the
ethmoid and subsequently into the cervical lym-
phatics. This significantly revises the historical
assumption In cranfal and medical textbooks Lhal
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~ graaler wings ol
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crenges shape 14,
e Fig \L TR

Sehid Basdar | {
sohenaed %

Figure 5 Shape change of anterior sphencikd body box
section during Flexion (A-P sectionp, showing contra-
ratatian of vomer and ethmoid relative to maotion of
greater wings.

o WL o
Apparen evaras
ralalion ol vemer
ard ebamcid

all €5F is absorbed by the arachnoid villi. In this
light, the arachnoid villi are secordary drainage
paints, and may also possibly be recategorized as
emergency relief valves for the accommodation of
pressure peaks due to blows to the head. Mever
theless, there is a lat of variation and ambiguity in
measurements of C5F production and reabsorption
{Davson and Segal, 1996} in terms of the proportion
of total flow that may be attributed to each site.
The C55 may have considerable flexibility as to the
proportion of CSF exiting from each drairage site.
These new findings lend importance to the rhyth-
mic mation of the cribriform plate and ethmoid as
implied by a CRI.

Discussion

Censidering all of the above analysis of how
compression and tension are transferred within
the cranium, the SBS seems to be a location of
stahility around which the more flexible structures
appear to rotate. The phenomenon of "arcing”
described by Upledger {1990) and the principle of
"fulerums” described by Sutherland (1998) and
Sills (2002, 2004) give concrete examples of this in
daily C5T/CO practice.

The authors view is that the 5BS compresses
during Flexion, and that fts function is to transfer
A-P compressive stress through the cranfzl base as
the vault moves, and to resist any bending, torsion
or shear forces arising from motion of the cranium,
This is in marked contrast to the simplified "SB5
lesion" approach, which considers the 585 to be a
location of motion,

The tendency for tissues to visibly align in the
direction of stress/strain is seen in the complete
hierarchy of scales from alignment of actin fibres at
a cellular level® to Wolff lines in bone. Arbuckle
{1994, p. 228) described stress fibres in the
tentorium and falx, which give some clue as to
the direction of stress they are subjected to. It is
interesting that the basilium has virtually no fibres,
again suggesting Lhat there is no mation through
this area; whereas, the medial aspect of the
cavernous sinus has a distinctly fibrous connection
to the margins of the superior orbital fissure, and
there is a very clear lateral band of fibres running
aleng the line of the lesser sphencid wings.

IThe impertance of this to bodywork theory bas been
highlighted in recent research by Sultan st al. (2004), which
shows how the rheological "dashpol™ effect commeonly noted in
cranial work i3 possibly caused by tensegrity structures in cells
and tisswes. Ingber (2002) has deserbed & cellular model witich
connecis the mechanical fcellular-leve! tensegrity) properties of
human tresue to & wide range of common diseases,
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Stress, tension and compression patterns
through sutures

It might be easy to assume from the above that
cranial motion 15 a complex, inseparable molion of
interdependent membrane and bene, with no
chvious causality. However, an analysis of stress
di-ection across suture surfaces suggests that there
is a very clear transfer of tension and compression
through the cranfal system during an F-E cyele.
There must always be a tension in some fascial
structures, balanced by a compression in some
esseous sutures, forming a tensegrity network,
Tension and compression are not in a constamt
reciprocal relationship between themsalvas, bat
rather are subject to a constantly shifting relation-
ship within the context of the whale system 2.8,
see the descripticn of occipital meotion above). This
concept of alternating driving forces (instead of a
whole-motion effect) is analogous to the local non-
equilibrium cycles in dissipative structures, out-
lined in Ho (1998).

During Flexion, lateral expansion of the parietals
naturally pulls the anterior and posterior sections
of the eranium together, compressing all A-F facing
sutures including the 585, The forward motion of
the occipital squarra caused by tensienin the falx is
transmitted osseously through the rigld temporal
body ento the SBS and flexible inferior greater
wings of the sphenaid. From the wedging action of
the temporal, compression is passed bath ente-
riarly and contralaterally through the sphenaid to
complete the sagittal A-P compression circle. The
linking of the tentorium and falx at the straight
sinus ensures that any lateral expansion is trans-
latad into an A-P tension in the falx, and any AP
tansion causes a relaxation of the tentorium—a
truly "reciprocal tension™ arrangement.

Consequently, the tempoaral body (iterally pushes
the irferior spheneid anterior and slightly inferiar,
creating the forward motion of the facicmaxillary
camplex via the prerygeid wings. Of course, there
may also be a circular route of tension that alsa
pulls the pterygoid wings from deep midling
structures outside the cranium (Myers, 2001).

Practical implications for treatment
protocols

very few of the ideas presented here are new.
perhaps, the defining feature of this model of
cranial motion is that it approaches the concept of
a mobile skull from the perspective of ossenus
flexibility rather than from that of sutural articula-
tion. As it s, the function and shape of the sutures

is far easier to understand once their role as
boundaries between mobile and flexible eranial
bonas is fully appreciated. Similarly, the idea of a
non-moving SRS is not a big conceptual step, but is
more a matter of being aware how jargon might
accidertally imply incorrect mechanisms that may
then come to be taken at face valug, This flexible
madel of cranial motion sits well with the recent
trend towards an emphasis on an adaptive ap-
proach rather than fixed technigue (Kern, 2001,
%ills, 2004). Since the 5BS is primarily an immebile
compression joint, there is also virtue in focusing
on the SBS as a location of stored energy. The
author's experience is that the SBS naturally
hecomes a much clearer pereeptual energetic focus
ance the more complex model of motion has been
assimilated and the 585 is conceptually decoupled
from motion of the greater wings. Redefining the
SBS as an immobile joint also places it more clearly
as a Zero Balancing "Foundation Joint” as defined
in Smith (1989).

It could be argued that there is no need to
visualize anything more complex than simplified
535 Lesion patterns [e.g. Upledger and Vredevoced,
1983} because the motions necessary to release the
anterior sphenoid body are still achieved. However,
sutherland (1958) stated clearly that, "For the
perfection of skill required in cranial diagrosis and
technigue, it s necessary, primarily, 1o possess a
perfect anatomical-physiological mental picture™.
Because the sphenoid is the locaticn of greatest
flexibility in the midline structures, placing great
importance on its freedom of motion s in no way
compromised by this revised model; however, the
function of sphencid mabilization technigques must
be viewed slightly differently.

A final word

Perhaps, the most satisfying aspect of this evolvec
flexibility model for cranial metion is that sphenof-
dal motion—palpatory or ctherwise—is nct a
nacessany assumption. All that needs to be assumed
fs that the cranium simply changes shape. From
that paint, all one needs to do is ask the
question—How does that happen? Everything
else—all the commaonly accepted cranial Bone
motions (with the obvious exception of 585 hin-
ging) —come about as a logical conclusion from the
fact of a semi-rigid structure accommodating
mation. As has heen stated previously, ossified relic
sutures will also act as lines of preferential folding,
sa life-long retention of membranous sUtUres is not
a necessary prereguisite of cranial motion. This is
an unexpected and welcome relie? in that it
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removes a kot of hoops and hurdles from the process
of technical (medical) justification of C3T/CO
techniques while answering some of the valid
guestions raised by Hartman and Morton (2002).
From this point, a simple and repeatzble demon-
stration of cramial dimension charge (€.g. as used
by Moskalenko et al., 1999) would constitute a very
good proof of the functionality of the sutures and of
the potential use‘ulness of the standard C3T/CO
technigues.

Conclusions

It is possible to explain the metion of cranial bones
by use of a model that presupposes flexibility of
bones, a mechanical structure based on tensegrity
principles, and with an gverriding assumption that
biclogical structures self-optimize. This evalvad
model applies the principle of “form follows
sunction and function follows form™ tc bone
thickness in addition to suture patterns. Its
ronclusions—with regard to cranial work—include
the possibility that the 5B5 fs an essentially
compressive-decompressive foint rather than a
primary source of mation.

This flexible bone model successfully accounts
jor recognized palpated patterns of crantal bone
motion in a logically consistent manner and
resolves commonly glossed over questions about
different aspects of cranial motion in the vicinity of
the $BS. In particular, it fully accounts for the
apparent "quadruple-gear” motion of the occi-
put-sphenaid-vomer/ ethmoid complex. The appar-
ent motion of the SBS is probably an arcing
phenomenon in the rest of the cranium around
the relatively immobile basilium. Palpared sphe-
noid motion would therefore be a result of
deformation of the anterior body and flexing of
the greater wings of the sphenoid. This mobility of
the sphencid is made passible by the presence of
the sghengidal sinus and orbital fissures, Much of
the above analysis is based on simple playing with a
disarticulated skull.

Acknowledgements

| am grateful to Mij Ferret for his helpful and
apposite [as always!) comments, to James Norton
for canstructive dialogue on this mocdel in its early
stages of development and to Keith Farvis and Bill
Fergusan for their support and for putting it into
practice. It almost goes without saying that my C5T
teachers have contributed emormously to this by

providing 2 structure whilst encouraging me to find
my own way. | would particularly like to thank
Zhixing Wang, who helped to release the creative
energy, which produced these i deas.

References

Adams, T, Heisey, RS, Smith, M.L,, Briner, B.J., 1995, Parietal
hane mobility 0 the anesthetized cat Journal of the
Amerizan Osteopathic Association 92, EeG_Ela,

Arbuckle, BLE., 1994, The Selectad Wiritings of Beryl E. Arbuchle,
rewised 2. American Academy of Osteopathy, Ingliananais,
W5A

Bozansvie-Sosic, R, Mollanji, R, Johnston, MG, 2000, Spinal
and eranial contributions to total cerebrosainal fuid trans-
port. American Joumal of Prysiclogy- Regulatory Integrative
and Comparative Physiology 281 (3 Saptamber), RI0S-RH16,

Byon, C.D., Bores, J., Yy, J., Pashley, D., Wingard, Bl
Hamrick, M., 2004, Effects of increased muscle mass on
mowse sagittal suture morpnolegy and mechanics, The
Amatomical Record (July] 2794 (1), 676684,

£5TA, 2002. Standards of Practitioner Competencics, The
Cranivsacral Therapy Association (UK}, Loadan,

Devsan, H., Segal, MuB., 199 Phystology of the CSF and
Blood—Brain Barriers. CRC Press, Boca Raton, FL.

Hartrran, §.E., Morton, LM, 2002, Interexaminer reliabiiaty if
cranisl osteopathy. The Scientific Review of Altgrnative
wecicine & {1}, 23-35,

Ho, M.-W., 1998, The Rainbow anc the Wornm—the Physics of
Ovgardsms. World Seientific Pubizshing Ca, SIrgapare.

Ingber, [.E., 1998, The architecture of life. Sclentific Amevican
{January), 48-57.

Ingber, C.E., 3003, Mechanobiclogy ard diseases of mechad-
atransduction. Arnals of Medicine 35 (&), 5577,

Jaclow, C.R., 1990, Mechanical propertics of cramial sutures.
Jowrnal of Blomechanics 4, 313-321.

Kern, M., 2001, Wisdsm in the Body—the Cramesacral Approach
to Essertial Health. Therions, London,

tagoun, H.1., 1581, Ostecpathy in the Cranial Field, first ed. The
€ therlznd Crancal Teaching Foundation e, , Fart Warth, TX,
USA.

Milne, H,, 1999 The Heart of Listening Listening—A Visionary
Apgreach to Craniosacral work, vols. | ar [l Horth Atlantic
Books, Be-keley, CA, USA,

Mallarji, ., Bozanovic-Sosic, R, Fakharov, A., Wakarian, L.,
Jghrston, M.G., 2003, Blocking cerebrospinal fluid absorptien
through the cribriform plate increases resting ntracanial
pressure, American Journal of Physiology-Regidatory Integra-
pive and Cormparative Pwsiology 262 (& June), R1593-R1593.

Moskalenko, Yu.E., Hravehenkz, T, Gaidar, B.v., Vainshtein,
G, Sememya, YN, Maiorova, H.F, Mitrafanoy, W, 1985,
Pariadic mobelity of cranial bones in humans, Humas
#ysiclogy 25 (1), 51-58 (Englith wersion, I55H-D362-1197,
nttp: £ Smatk.resi.rus),

Myers, TW., 2001, Anatomy Tralns. Churchill Livingstone, Mew
wark, WY

bclsen, K.E., Sergesaf, M., Lipinski, C.M., Chapman, AR,
Glonek, T, 2001, Crarial rhythmic fmpulse related o the
Traube_Her'ng-Mayer oscillation: comparing laser-Doppler
flowmetry and palpation, Journal of the american Osteo-
pathic Association 107 (3], 163171,

Ogla, R.C., Thaolpady, 5.5., McGlma, Kb, Odle, R.A, 2004,
Regulatian of cranial sutuwre morphogenesis. Cells Tissues
Grgars 176 (1-3), 5456 |Related Articles, Links}.



188

A, Cock

Oteskd, S.L.. Smith, G.H., Crow W.T., 0. Radicgraphic
evidence of cranial bone mobility. Cranio; The Journal of
Crariomandibular Fractice (Jaruary) 26 (1), 3411,

Sergueef, H., Melsan, K.E., Glonek, T., 1002, The effect of
crantal manipulation on the Traube-Herirg-Mayer cacillation
as measured by laser-Dopler lowmetry. Allemative Thera-
pics ir Health and Medicine [Hov-Dec) B (&), 7&-76.

4ilts, F., BO0Z. Crariosacral Biodyramics |, Marth Atlantic Books,
Berkolay, CA, LUSA

gills, T, 2004, Cranicsacral Biodynamics |1 The Primal Midline
and the Organssation of the Body Morth allantic Books,
Berkeley, CA, USA,

$irger, R., 1953, Estimation of age from eranial sature closure:
raport on its unreliability, foumal of Forensic pedicine 1,
52-5%.

§mith, F.F, 1989, lner Bridges: Guide 1o Energy Movernent and
Dody Structure. Humanics Publisning Group, Florida, USA.
steewoorden, G.F, van de Velds, 1P, Prahl-Andersen, B.,
1990, The effect of duration and magnitude of tenalle
mechanical forces on wiural tissue in vivo, Eurcpean Journal

of Orthooentics (Augy 12 (1], 330339

Thill, AT, 1899, Philosophy of Ostecpathy, Karkpalle, MO,
feprinted by Acadery of Applied Ostevpathy, Janoary
1946 40,

sultan, ©., Stamenavic, D., ingbes, D.E., 004, A computational
tensegrily model predicts dyramic rhenogichl hehaviars in
living cells, Annais of Homedical Engireering 32 [4).
520-530.

tytharland, W.G., 1998, Conlributions af Thought ~The Col-
lected Writings of William Garner Sutherland 00, second ec.
The sutherland Cranial Teaching Foundation Inc., Fort Warth,
Texas, USA.

Upladger, 1.E., 1987, Cramdesacral Therapy |I: Beyond the Dura,
U Publishirg, Paim Reach Gardens, FL, USA

upledger. J.E., 1990, SomatoEmotional Release and Beyand. Ul
Publishing, Falm Beach Gardens, FL, USA.

Upledger, J.E., 19%5. Resaarch and Observations that Support
tha Existenre of a Craniosacral System. Manograph, W
publishing, Palm Beach Gardens, FL. UsA Alse Bs hatp:d/
whwiw, LipLedger.com  newsd prmon.htm,

Uptedger, J.E., Wedsvoogd, 1.0, 1983, Cranigsacral Therapy |
Ul Bublishing, Palm Beach Gardens, FL, Uba.

Awvailable online at wenw sciencedirect.com

aci luo-@mn ECT®




