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ABSTRACT

This thesis was based on the assertion that treatment of the dura mater could influence a
basic parameter of vision, ocular convergence.

The treatment method was based on the

teachings of Sutherland Academy. The method followed the use of a chain in which the goal
was to normalize the dura mater connections from the coccyx up to the eye. This normalization
included not only the connections within the cranium but also to the eye itself which is connected
to the endocranial dura mater by the sclera and the dural sheath of the optic nerve. This was a
quantitative study and the results showed that the changes to vision were substantial from just
one treatment.

VI

RÉSUMÉ

Cette thèse se fond sur l'affirmation que le traitement du dure mere pourrait influencer un
paramètre fondamental de la vision, la convergence oculaire. La méthode du traitement se base
sur les techniques Ostéopathique de l’Académie Sutherland. Cette méthode suit l'emplois d'une
chaine dans laquelle le but était de normaliser les connexions du dure mére du coccyx jusqu'à
l'oeil. Cette normalisation comprend non seulement les connexions à l'interieur du crâne mais
aussi les connexions qui vont jusqu'a l'oeil lui-même qui a son tour est reliè au dure mére
endocrânien par le scler et le gain du nerf optique. Cette thèse est une étude quantitative et les
résultats démontrent que les changements de la vision étaient substantiles après un seul
traitement.

VII

PROBLEMATIC

Over time and in numerous cases it became obvious that osteopathic treatment enhanced
the vision of my patients, in both a qualitative and quantitative sense. I became interested in the
ways in which how this occurred, by what mechanism, and which systems were involved. The
possibilities included effects upon the nervous system, or the interconnectivity of the fascia,
there were several possibilities in my mind. With time and research I became convinced that
osteopathic cranial technique could profoundly influence vision.

All the connections of

anatomy, physiology and embryology seemed to support this observation.

I decided to

investigate the treatment of the dura mater with its many connections to the orbit and eye as a
way in which to enhance vision.

VIII

HYPOTHESIS

Osteopathic treatment of the dura mater can enhance the ability of the eyes to perform
convergence

1
CHAPTER ONE:
INTRODUCTION

2

1.1

OVERVIEW

In an age when osteopathic treatment appears to have become relegated into a system of
myofascial techniques and orthopedics to treat comfort level dysfunction, it would seem that all
efforts should be made to re-establish Osteopathy as a manual medicine to treat disease. With
this thought in mind, one should seek to treat not only pain related disorders but also other
significant health dysfunctions, apart from physical discomfort. The founder of Osteopathy,
Andrew Taylor Still based the medical concepts of Osteopathy on a detailed knowledge of
anatomy [as well as physiology], and a system of philosophy most similar to the current concepts
of complexity.
The idea of Still as a complex thinker who, far before these ideas came
into common usage, made use of a systems approach…to explain and treat the
human body in health and disease…
A complex thinker uses a systems approach (or synthesis), a non-linear
approach to create or explain the workings of a system; for Still, the system in
question was the living human body, and in particular the fascia1…
As such treatment methodology and specifically detailed knowledge of the body go hand in
hand. The goal of this project was to show that treatment of the functional system of the dura
mater and contiguous structures could enhance ocular convergence, a basic component of vision.

1

Stark 2003, p.183-85
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Despite the fact that manual osteopathic treatment for visual dysfunction is not taught at
most osteopathic colleges [with the exclusion of Sutherland Academy], there has been a fairly
long investigation into the eye within osteopathic history. Dr. Harold Magoun Sr. DO mentions
eye treatment in the text Osteopathy in the Cranial Field 1, as does Paul Dart MD in his course
and text, Opthalmological Principles And Their Relationship To Osteopathy In The Cranial
Field 2, a contemporary text called Cranial Osteopathy Principles and Practice 3, discusses
treatment of visual dysfunction as well. So there is a precedent for treatment of visual disorders
within the context of cranial osteopathic treatment.

1

Magoun 1951, p.217

2

Dart 2001

3

Liem 2000 chp 14
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1.2

BACKGROUND AND LITERATURE REVIEW

Historically treatment of the eye for various disorders has been an accepted part of
osteopathic treatment since the time of A.T. Still1.

Other Osteopaths to mention osteopathic

treatment of the eyes include Chas Hazzard DO2, Packard DO3, Harold Magoun Sr. DO4, and
Torsten Liem DO who has a whole chapter on treatment of the eye in his on text Cranial
Osteopathy5. This of course does not represent an exhaustive list, however it should be noted
that none of the authors propose a treatment protocol like the one offered in this thesis.
A brief survey of an electronic database from the US called OSTMED®, a free service of
catalogued literature references provided a convenient source for a survey of articles on various
aspects of this thesis. For the search heading ‘eye and ‘treatment’ the resulting hits or references
was 121. Of those articles few were at all adapted to this thesis, and none included osteopathic
treatment of the dura mater to enhance vision. A further search for combined terms ‘dura’ and
‘treatment’ resulted in twenty one journal references, then ‘dura mater’ and ‘treatment’ resulting
in thirteen journal references, with not one of them including treatment of the dura mater to

1

2

(A. T. Still, 1908, p.99)
(Hazzard, 1899)

3

(Packard, 1942)

4

(Magoun, 1951, p.160-61)

5

(Liem, 2000, p.523-574)

5

enhance vision. For the terms ‘vision’ and ‘treatment’ 44 journal references were found with
only a few in any way related to the context, of this thesis of those The Effects of Cranial
Manipulation on Visual Function—A Pilot Study was the most similar in scope to this study,
although its method had little similarity to the methodology used in this thesis1.
There have been a few osteopathic theses on treatment of the eyes, but again the
methodology is not similar to the method of Sutherland Academy. The concept of a chain of
interrelated techniques based on anatomical and physiological relationships, as a method of
normalizing a structure within the context of its interconnections has not been demonstrated in
the surveyed theses. The concept of treatment in a chain has been mentioned by Osteopaths such
as Leopold Busquet DO and his texts including Opthalmologie et Ostéopathie. However the use
of a chain of the connections of the dura mater to aid vision is not recorded in the available
literature.

1

(Greenblatt J 2002)

6

Table 1. Glossary of Meningeal Nomenclature (all in Latin)

COMMON TERMINOLOGY

SINGULAR

PLURAL

Pia mater

Leptomenix

leptomeninges

Arachnoid mater

Leptomenix

leptomeninges

Dura mater

pachymenix

pachymeninges

Pia and Arachnoid

Leptomenix

leptomeninges

Pia, Arachnoid and Dura

meninges
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1.3

PURPOSE OF THE STUDY

The purpose of this study is to determine if cranial osteopathic treatment, within the
methodology and philosophy as taught at the Sutherland Academy of Osteopathy, can influence
a basic factor required in normal vision, ocular convergence. Ocular convergence is influenced
by several factors. According to standard medical practice most convergence dysfunction is
caused by neurological factors and/or weakness/imbalances of the ocular muscles. The concept
of discordant tensions within or along the connective tissue or fascial pathways, as an influence
in the performance of a basic visual parameter is unexplored within current opthalmalogical
practice. Indeed the concept of fascia and fascial imbalances as contributors to disease states has
only recently begun to be explored by standard medicine under the heading of connective tissue
disease or disorders. Typical disease processes examined under that heading are ones such as
fibromyalgia, lupus and chronic fatigue which are syndromic in behavior.
The osteopathic concept of fascia and its treatment to combat disease process is virtually
unexplored and unheard of by contemporary medicine. In this study the principles of somatic
osteopathic treatment are consistent with those within the context of osteopathic cranial
treatment, as taught at Sutherland Academy of Osteopathy. The medical community regards
cranial Osteopathy with a high degree of skepticism because of an aura of the esoteric
surrounding cranial osteopathic principles. However it is a basic premise of this paper that the
mechanical rules and fluidic principles of cranial Osteopathy are explainable in a more or less
straightforward comprehensible manner to those trained in cranial Osteopathy as well as the

8

uninitiated. The reasoning used to rationalize these physiological and anatomical connections
may be complex, but they are not tenuous. The logic behind the working principles involves the
rational understanding of how the precise anatomy and physiology can be influenced by specific
palpation techniques, not esoteric in nature but definitely complex in scope.

9

2
CHAPTER
TWO:
CONTEXTUAL
INFORMATION

10

2.1

CHAPTER OVERVIEW

The purpose of this section of the thesis is to allow the reader to gain a fairly in depth
understanding of the scientific information on the meninges that is valuable to osteopathic
method and concept. Despite the impression some people may have about osteopathic concept
and practice, the roots of Osteopathy are based on a profound and exact scientific knowledge.
When we reason for causes we must begin with facts, and hold them constantly in line for
action, and use, all the time. It would be good advice never to enter a context without your saber
is of the purest steel of reason. By such only can you cut your way to the magazine of truth1.
Osteopathy is not based on esoteric skills or shamanistic ritual but on reasoning, the
influences that influenced the art, whatever they might have been, were not included in the
curriculum as taught by Still. The emphasis of the school and training as Still conceived it was
based on reason and knowledge.
However scientific knowledge is not the ‘be all end all’ of osteopathic practice. The
human element is important as well, and this is the strength of the philosophy of Sutherland
Academy, which is based on complexity. For complexity as taught at Sutherland Academy uses
dogmatic scientific method, linear knowledge and causality as slaves to the complexity
paradigm. In this manner the systems approach of interconnectedness, that best applies to the
living breathing human is best described and understood. The depth and breadth of knowledge is

1

(Andrew Taylor Still, 1899, p.175).
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required is indeed immense, however it is best understood and applied with the context of the
systems approach, or complexity philosophy.
Hopefully this section of the thesis will allow the reader to understand the background
and reasoning behind the experimental method.

12

2.2

ANATOMY

The anatomy of the dura mater will discussed in detail since that information will be
integral to the performance of this thesis. The anatomy of the eye will be covered in less detail
since its complete anatomy is extensive and relatively less importance to this experiment,
however the connections of the eye to the dura mater, the sclera, will be discussed in detail. The
anatomy will be listed in the order of the chain [see section on methodology chapter section 3.3]
as a general organizational method.

Every anatomical linkage of the dura mater will be

mentioned, specifically in the cranium, and with less detail for the spine. However aside from
the gross anatomy the histology of the dura mater will be discussed in brief. The eventual
summery of the scientific information will put the micro and macro anatomy together into a
living functional concept that provides the basis for the treatment methodology.

13

2.2.1

DURA MATER HISTOLOGY

The micro anatomy of the dura mater although comprising only a relatively small amount
of information compared to the gross anatomical description, is significant in its physiological
ramifications. The dura mater is formed primarily of collagen fibers mostly Type I [but also
some Type III], with some elastin fibers1, and these fibers are not absolutely cephalo-caudal, but
generally speaking the direction is cephalo-caudal but with some oblique spiraling of the fibers2.
The fibrillar constitution of collagens, but particularly of type I collagen, makes them good at
coping with tensile stress. The collagen fibrils are organized as sheets, making them even more
effective at dispersing distraction pressures. The bundles of collagen are sometimes aligned
perpendicular to each other from one layer to another, and form parallel sheets in the two
adjacent layers as in the tentorium cerebelli, in other situations the collagen fibers are in different
oblique directions within a common pathway. There is a small amount of elastin present as well
and elastin is noted for its elasticity. The collagen fibers give the dura mater a significant tensile
strength in the longitudinal direction. The elastin fibers allow for a certain amount of folding
that accounts for the pleating that is sometimes noted in dissection of scoliotic spines.

1

2

(F. Vandenabeele, 1996; Zarzur, 1996, p.417, p.455)
(D. Patin, 1993, p.536)
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The combination of elastin and collagen fibers means that some folding or plasticity of the
dura mater can occur with movement. In both cases the high percentage of collagen gives the
tissue a significant tensile strength and the presence of some elastin allows for a certain amount
of elasticity.
Aside from surrounding the CNS, the dura mater follows the exiting nerve roots as the
epineureum1. This continuity continues for an indeterminate distance and to say exactly where
the dura mater ends and the epineureum begins was not clearly elucidated from the surveyed
literature.

Figure 2.1, Taken from Mobilisation of the Nervous System (Butler, 1991, p.12).

1

(P. Williams, 1995, p.1217)
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The epineureum consists of types I and III collagen with a fat cushion, and consists of
between 30 and 70% of the width of a peripheral nerve1.

Collagen types I and III both are

formed of fibrils with type one being the most common in the body and present in many of the
tougher connective tissues of the body including the ligaments, tendons and interestingly for this
project, the sclera of the eye2.
The cranial dura mater is consistent with the spinal dura mater in terms of its
composition, however in the cranium there are two layers, outer endosteal and inner meningeal
layers. The meningeal layer is continuous with the cranial nerves blending to become the
epineureum, and also continuous with the tunica adventitia of the major arteries as they enter the
cranium, but most importantly for this project, as the coat of the ocular nerve CN II3. It should
be noted that the endosteal dura mater fuses with the foramina of the cranium and does not
continue down the spinal canal. The spinal dura mater’s endosteal layer fuses with the vertebra
as the periosteum.
In terms of other cell types there are fibroblasts, osteoblasts and immune cells resident
within the dura mater. The presence of inflammation and immune cells especially mast cells4, is
especially significant given their highly reactive role in both inflammation and immunity. There

1

(P. Williams, 1995, p.946)

2

(P. Williams, 1995, p.81)

3

(P. Williams, 1995, p.1212)

4

(M Articl, 2001, abstract)
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is a relationship between the activation of mast cells and the neurology of the dura mater,
especially with the release of dopamine which is associated with vasodilation as part of the
inflammation process. Hence the connection of migraines headaches and the vascular system of
the cranium, the dura mater which is the only endocranial structure to have pain receptors is
sensitive to the vascular state of the cranium. Immune cells such as mast cells are highly reactive
and can change tissue conditions locally very quickly once they are activated and degranulate.
This is consistent with the connective tissue in the rest of the body.

17

2.3

DURA MATER GROSS ANATOMY

The organization for the description of the gross anatomy of the dura mater, and the eye
will follow the general outline of the experimental protocol. In a very general sense the chain
consists of the spinal dura mater, then the cranial dura mater, and lastly the dural connections to
the eye. The criteria for an anatomical structure to be included would be that it connects directly
to the dura mater. A discussion of the anatomy of the eye will be kept basic since the focus of
this paper is on the dura mater. That being said there will be a discussion of the sclera, the optic
nerve (CN II), and the eye in general. It is worth noting that the dura mater actually is
continuous, as an elongation, forming, the sheath of the optic nerve (CN II) as far as the eye
itself and that the sclera or ‘whites of the eyes’ is a continuation of the dura mater. To the
observer, the sclera is the only externally visible component of the meninges.
A discussion of the dura mater and its connections is really a discussion of fascial
connections. Fascia in this case refers to connective tissue that is formed of tubules, which
themselves contain and transport the ECM. Fascia has had significance to Osteopathy since the
time of A.T. Still:
It penetrates even its own fibers to supply and assist its gliding
elasticity… Other great questions come to mind with joy and
admiration, and we can see all the beauties of life in exhibition by
that great power with which the fascia is endowed. The soul of man

18

with all the streams of pure living water seems to dwell in the fascia
of his body1.
The fascia as studied by osteopaths since the time of Still, forms the basis of osteopathic
technique as taught by Sutherland Academy, and its functional role is to connect the structures of
the body and its systems. The fascia provides the connections within the musculo-skeletal
system, between that system and the cardiovascular and respiratory systems, between the CNS
and the musculoskeletal system, etc. All of these connections are physical, involving a liquid
continuity, which as in all the connective tissue, is the ECM. Even the blood which is formed of
red blood cells, and white blood cells, has a component of the ECM, the plasma, in the case of
the immune system it is the lymph, and the list goes on. It is the connectivity of the fascia that is
harnessed within osteopathic technique, be it cranial or somatic, and it is the concepts of
interaction, systems and connectivity which form the basis of Sutherland Academy of
Osteopathy’s philosophy, making it so efficient in addressing the therapeutic needs of the whole
person.

1

(Andrew Taylor Still, 1899, p.165)
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2.3.1

THE SPINAL DURA MATER

The spinal dura mater consists of a long column of tissue that contains the spinal cord and
is essentially a simple tubular structure surrounding the delicate central nervous system.

Figure 2.2 : The spinal cord with Dura reflected, and part of the spinal cord resected (Leo Testut, 1909, p.545).

20

It has connections that are inconstant with the bony spine [through the ligamentum flavuum
posteriorly and the posterior longitudinal ligament anteriorly] though most of its length but is
tightly tethered in the cervical spine to the second and sometime the superior part of the third
cervical segments, below the cervical spine the dura is strongly tethered at the second sacral
segment.

Figure 2.3, The 2 indicates the posterior longitudinal ligament, and the 3 indicates the ligamentum flavuum
(Kapanji, 1974, p.27).

The attachment at the second sacral segment is responsible for the presence of Sutherland
axis for the movements associated with those of primary respiratory mechanism’s (PRM) sacral
flexion and extension1. There are delicate attachments between the spinal dura mater and the
vertebral column that very with the individual.

1

(Magoun, 1951, p.18)
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Figure 2.4, Anterior dural ligaments, D stands for dura, PLL for posterior longitudinal ligament and NR for nerve
root.

There are also connections between the dura mater and the neural tissue via the denticulate
ligaments which themselves are extensions of the pia mater.

22

Figure 2.5; The denticulate ligaments [DL in the photo] are seen anterior to the posterior nerve root (NR) and
appear almost to be a longitudinal septum, the arachnoid mater is reflected (A ref), note that in the spinal cord the
arachnoid mater exists as more of a true membrane as opposed to its existence in the cranium where it appears as
strands.

There are 21 pairs of denticulate ligaments, which are an attachment between the dura
mater and the pia mater. The denticulate ligaments tightly tether the dura mater to the spinal
cord, leaving the thecal space as a more mobile zone allowing relatively large adaptive
movements to occur between the vertebral column and the complex of dura mater and spinal
cord which are relatively tightly inter-connected with each other.

23

Figure 2.6, Cross section of spinal cord (SC) showing nerve root (NR), denticulate ligament (DL), arachnoid mater
(A) and dura mater (D).

The most caudal structure related to the dura mater is referred to as the filum terminale,
itself actually an elongation of the pia mater. The filum terminale continues from the end of the
spinal cord or conus medullaris, as it becomes the cauda equina, up to the point where the dura
mater attaches within the spinal canal to the second sacral segment.

24

Figures 2.7, The conus medullaris as shown by Morris (Hardesty, 1914, 910). Figure 2.8 Dura mater lumbar
spine and sacrum as shown with resected lamina (Pernkopf, 1964, p.207).

However a further refinement on the caudal anatomy is required in order to understand the
very terminal connections of the dura mater.
The filum terminale itself is actually an elongation of the pia mater from the conus
medullaris of the spinal cord that continues through the center of the lumbar cistern. The lumbar
cistern is a subarachnoid cistern the lies between the end of the spinal cord at L1, and the
attachment of the dura mater at the second sacral segment. The filum terminale lying within that
space is called the internum filum terminale, after the dura fuses within the sacral canal to the

25

second sacral segment the filum continues as a dural ligament called the coccygeal ligament,
down as far as the coccyx. At the coccyx it attaches as a strand to the periosteum of the external
surface of the first coccygeal segment, in a structure called the filum terminale spurium.

Figure 2.9, Filum terminale spurium and its connection to the coccygeal periosteum of first coccygeal segment
(Pernkopf, 1964, p.208).

Additional caudal connections of the dura mater to other spinal structures includes
Hoffman’s and Trolard’s ligaments, which act to tether the dura mater and exiting nerve root to
the inter-vertebral foramen or to the vertebra in general. Butler describes the Hoffman ligaments
as dural connections between “the anterior theca to the anterior and anterolateral aspect of the

26

spinal canal1.” Butler describes the Hoffman ligaments as being most clearly visible in the
lumbar spine and especially at L4, the Hoffman ligaments of the thoracic and cervical spine are
neither as strong nor as clearly defined. For the purposes of this paper the dural ligaments that
tether the emerging nerve root to the dura mater at the intervertebral foramen will be referred to
as Ligaments of Trolard. However it should be noted that there is some literature that refers to
the anterior thecal ligaments as Trolard ligaments, or the anterior sacrodural ligament of
Trolard2.

Figure 2.10, Schematic of spinal dural ligaments note DuL will referred to as Trolard ligaments for this paper
(Butler, 1991, p.17).

1

(Butler, 1991, p.17)

2

(E. Barbaix, 1996, p.91)
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The dorsal dural tethering ligaments present throughout the spine do not have an
anatomist’s associated name and do not present the organized structures seen anteriorly or
laterally.

Figure 2.11, Dorsal ligaments of the dura mater to ligamentum flavuum, dura (D), ligamentum flavuum (lig Fl).

The dura mater does not attach strongly to the intervertebral foramen in the lumbar spine,
its tethering ligaments are slight compared to regional structures. However in the cervical spine
the dura mater is strongly adherent [as the epineureum] to the transverse processes of the cervical
vertebra1, except in the superior cervical spine where the dura mater adheres strongly to the
second cervical vertebral and to the top of the third cervical vertebra, although some authors also
describe attachments to the first cervical vertebra or atlas2. Of course that does not include the

1

(P. Williams, 1995, p.1212)

2

(R. Halgren, 1997, p.30)
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tectorial membranes which are continuations of the cranial dura mater down to the level of the
second cervical vertebra.

29

2.3.2

THE CRANIAL DURA MATER

The arrangement of the cranial dura mater is complex, consisting of folds of the dura mater,
as well as two separated layers associated with the cranial bones. The outer layer of the dura
mater is considered the periosteum of the cranial bones and the inner layer or meningeal layer is
associated with the general containment of the brain. The major folds consist of the falx cerebri,
falx cerebelli, and tentorium cerebelli. However to be more accurate there are seven principle
foldings of the dura mater cerebri, consisting of the falces cerebri and cerebelli, tentoriums
cerebelli, olfactoria [olfactory, cranial nerve I or CNI], optica [optic, cranial nerve II or CNII],
pituitary [diaphragma sellae], and Meckel’s cavum [tentorium of Gasserian Ganglion] of the fifth
cranial nerve. There are further structures that must be accounted for, including the cavernous
sinus whose architecture is complex, and the dehiscent space of Gerard Marchant1, additionally
the dural sleeves of the cranial nerves particularly CNII will be discussed.
The falx cerebri and tentorium cerebelli are two immediately recognizable structures of the
cranial dura mater and consist of cresenteric bilayer foldings of the dura mater that run posterior
to anterior. The falx cerebri runs in the sagittal plane while the tentorium cerebelli runs in the
horizontal plane. These are the two major structures of the cranial membranous system. The
other foldings are significantly smaller in size. The falx cerebri starts at the cribiform plate of
the ethmoid bone and continues posteriorly along the metopic and sagittal sutures. It continues

1

(Neuroanatomy On-line, 2007, meninges)
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posteriorly as far as the internal occipital protruberance of the occiput where it blends with fibers
of the tentorium cerebelli. The union between these two large intra cranial structures is the
straight sinus which runs from the posterior free margin of the falx inferiorly and obliquely to the
internal occipital protuberance.

Figure 2.12, Membranous system of cranium, falx cerebri (F), Tentorium cerebelli (T), tentorium optica (TO),
tentorium olfactoria (Tolf), the * stands for the anterior dural girdle, a term used by some osteopathic cranial
practitioners for the connection of the dura mater to the lesser wings of the sphenoid.

The falx cerebri has a free inferior margin such that its presence forms a division between
the two cerebral hemispheres, hence its name. The inferior margin of the falx contains the
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inferior sagittal sinus while the superior border of the falx cerebri contains the superior sagittal
sinus notable for the presence of the arachnoid granulations. Interestingly the arachnoid
granulations [also called Paccionian granulations] are extensions of the arachnoid mater through
the dura mater and into the lumen of the venous sinus, they may also be present in the sigmoid
and transverse sinuses1.
The tentorium cerebelli forms a sickle shape, running from the occiput’s transverse sulci to
the clinoid processes of the sphenoid bone, with strong lateral attachments to the superior,
posterior margin of the petrous portions of the temporal bones. It lies over the cerebellum and
underneath the occipital lobe of the cerebrum. The space it forms at the anterior of its free
margin is called the foramen ovale of paccioni and allows passage of the mesencephalon. The
layers of the tentorium are split just anterior to the petrous ridge of the temporal bones to form a
space called the cavum of Meckel, or tentorium of the Gasserian Ganglion [major ganglion of the
fifth cranial nerve]. The inferior layer of the tentorium cerebelli continues to attach to the
anterior clinoid process of the sphenoid bone, while the superior portion attaches to the posterior
clinoid process of the sphenoid bone.

1

(Roche, 1996, p.678)
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Figure 2.13, Area of tentorium cerebelli from behind showing CN V entering Meckel’s cave, Car is carotid, tent
stands for tentorium cerebelli.

Also of note, the superior petrosal sinus is formed at the attachments of the tentorium
cerebelli to the petrous portions of the temporal bones. The inferior petrosal sinuses are at the
base of the petrous temporal bones and not formed by the tentorium cerebelli. There is also an
attachment of the tentorium cerebelli to the posterior lateral margins of the parietal bones as part
of the transverse sinuses. The transverse sinuses are formed between layers of the lateral
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margins of the tentorium cerebelli [and empty into the sigmoid sinuses] as it passes from the
occiput to the parietal bones and ending at the petrous portion of the temporal bones. The
anterior margin of the tentorium cerebelli includes the free margin, as well as the connections of
the fixed margins to the petrous portion of the temporal bones and the clinoid processes of the
sphenoid bones.

Figure 2.14, The falx cerebri (F) reflected to one side to show its similarity to the tentorium cerebelli (T), also
shown the cavernous sinus (CS) area, and sella turcica (Pit).
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The two layers of the tentorium also form the cavernous sinus lateral wall. It should be
noted that the cavernous sinus is traversed by cranial nerves III, IV and VI, while the lateral wall
is largely filled by cranial nerve V.

Figure 2.15, The cavernous sinus (Cav) with internal carotid artery (Car) which takes up the majority of the space
within the sinus, note trabecular dural strands in area.

The internal architecture of the cavernous sinus is notable for a trabecular network formed
by strands of dura mater. Equally significant is the presence of the ophthalmic veins [superior
and frequently inferior as well] which drain the orbit1, and end in the cavernous sinus making a
vascular connection between the intra cranial meningeal system to the extra cranial ocular

1

(P. Williams, 1995, p.1587)
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system. So there is a direct connection between the orbit via a neurological [CN’s II, III, IV, V,
and VI] route, a vascular route via ophthalmic veins, and fascial route, as covering of the optic
nerve, all of which are mitigated by or directly involved with the dura mater.

Figure 2.16, Opthalmic veins connection to cavernous sinus (C.M. Jackson, 1914, p.660).

The diaphragma sella is created by two folds of the connective tissue, one is the dura mater
and the other is the capsule of the pituitary (continuous with the pia mater of the cerebrum), there
is a portal through both layers that allows passage of the infundibulum of the pituitary. The
intercavernous sinus lies underneath and surrounds the pituitary. It is into this sinus that the
secretions of the pituitary first enter the bloodstream, going from there to the cavernous sinus to
be drained to the superior and inferior petrosal sinuses.
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Figure 2.17, The diaphragma sella (DS) shown with anterior margins of the tentorium cerebelli (T) attaching to
clinoid processes. Also seen are cut optic nerves passing under their dural covering.

The diaphragma olfactoria and optica are covered by endosteal dura mater and are tightly
bound to the cranial base, both diaphragma or tentoriums lie directly on top of their respective
nerves1. It should be noted that elongations of the dura mater continue through the cribiform
plate with the olfactory nerves as they enter the superior part of the nasal pharynx.

1

(Neuroanatomy On-line, 2007, meninges)
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Figure 2.18, Connection of falx with nasal mucosa, dura (D) connects to the christa galli (CG), and to the nasal
mucosa of nasal cavity, seen posteriorly is sphenoid sinus (SS), anteriorly is frontal sinus (FS).

There are certain areas of the dura mater that are less frequently mentioned including the
membrana tectoria, the tentorium of the endolymphatic sac, and the rectus capitis minimus. The
membrane tectoria is an elongation of the meningeal layer of the dura mater from the basiocciput down to the level of the second cervical vertebra [its action is to mechanically limit the
movement associated with PRM flexion]. There are two atlanto-occipital membranes; one
anterior, the other posterior, just in front of the anterior membrane is the membrana tectoria,
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running from the basi-occiput to the cranial base1. The covering of the endolymphatic sac is a
part of the dura mater that is continuous with the cranial nerves as they pass though the temporal
bones.

Figure 2.19, Meckel’s cavum with dura as epineureum, as periosteal dura and endosteal dura.

The last mentioned is the rectus capitis minimus which attaches to the dura mater of the
atlanto-occipital membrane. The nuchal ligament of the trapezius muscle connects to the dura
mater via the rectus capitis posterior minimus, at the posterior atlanto-occipital membrane as
well.

1

(P. Williams, 1995, p.521)
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Figure 2.20, Rectus capitis posterior minimus (R) as well as attachment of nuchal ligament (N) to the occiput.

Of course there is also the presence of the falx cerebelli which connects the tentorium
cerebelli to the foramen magnum. The vertical fibers of the falx cerebelli end up being wrapped
up into the circular fibers of the foramen magnum.
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Figure 2.21, The falx cerebelli (F), with cut edge of the tentorium cerebelli (T) reflected to show connection with
the circular fibers of the foramen magnum.
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2.3.3

INNERVATIONS OF THE DURA MATER

The innervation of the dura mater is worth discussing as well in a study of the relationship
of the eye to the dura mater. The dura mater is innervated by the trigeminal or fifth cranial nerve
(CN V1), the Glossopharyngeal (CN IX) and the Vagus (CN X), the top layer of the tentorium
cerebelli is innervated by the trigeminal nerve (CN V1). It should be noted that the facial (CN
VII) and the vestibulochochlear nerve (CN VIII) have been noted to innervate the dura mater as
well. Probably this is a result of local branches of the nerves as they penetrate the dura to exit
the cranium or synapse on proximal target tissues lying near a dural encrusted structure. For
example the facial nerve has been known to give off sensory fibers to structures near the internal
acoustic meatus1. The bottom layer of the tentorium cerebelli is innervated by recurrent branches
of the superior cervical ganglion.

1

(E Lescanne, 1997, p.1193)
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Figure 2.22, The meningeal covering the passage of the facial nerve within the internal acoustic meatus (Waligora,
Perlemuter, & Clergeau, 1976, p.77). Note the presence of the Nervus Intermedius (of Wrisberg) CN VIIb, and the
close proximity of the vestibulocochlear nerve (CN VIII).

Of course other cranial nerves innervate the meninges as well. Aside from the facial nerve
(CN VII), the vagus nerve (CN X) shares its role with the sympathetic system’s superior cervical
ganglion and the glossopharyngeal nerve (CN IX). The complex of vagus, glossopharyngeal and
superior cervical ganglionic fibers is recurrent into the cranium as part of the carotid plexus that
surrounds the internal carotid artery.
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Figure 2.23, Recurrent branch of Opthalmic nerve (CN Vi) to the tentorium cerebelli (Spalteholz, 1923, p.712).

Typically the innervation of the dura mater is referred to as A alpha and C fibers types. It
should be noted however that the deepest nerve fiber types are the Paccionian corpuscles, which
are related to the tendons, inter-muscular septums, pericardium and periosteum. The skull bones
form within the dura mater of the fetus, which becomes the internal periosteum or the cranium,
while the external periosteum belongs to the cranial bone proper. The dura connects to the
external periosteum through the cranial foramen, and the sutures when they are present. It is
quite possible that in the areas of the sutures and foramen the pacinian corpuscles exist in
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communication or direct connection with the dura mater, which is continuous with all of the dura
mater within the cranium. The purpose of the pacinian corpuscles is to distinguish light touch
from pressure and importantly for osteopaths, in proprioception1. Unfortunately there are no
studies on the exact of the type of dura mater innervation within the cranial sutures of humans,
there are some studies which mention the presence of nerves within the sutures but the function
of those nerves is undisclosed2(W Ernest Retzlaff, 1976), as is the receptor type.

Figure 2.24, The top of the vagus nerve. It is very easy to miss the complex anastomoses between the GlossoPharyngeal nerve (CN IX), the Vagus (CN X – the large trunk in diagram) and the superior cervical ganglion.

Most of the sympathetic innervation arises from the neural plexus following the internal
carotid artery, and continues from the cervical spine superior cervical ganglion into the cranium
as far as the cavernous sinus.

1

(Ranson, 1936, p.70)

2

(W Ernest Retzlaff, 1976
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Figure 2.25, Internal carotid artery and plexus (C.M. Jackson, 1914, p.945).

Continuing from the superior cervical ganglion, the sympathetic plexus of the internal
carotid artery goes as far as the cavernous sinus where it becomes the plexus cavernous sinus.
The plexus of the internal carotid yields the sympathetic nerves for the ophthalmic plexus
[surrounding the ophthalmic artery], and accompanying plexi of the following arteries, choroid,
middle and anterior cerebral arteries1. From the contiguous cavernous [sinus] plexus, some
sympathetic fibers proceed to the ciliary ganglion [sympathetic portion via superior orbital
fissure], and some texts also describe delicate branches going to the anterior lobe of the
hypophysis. There are several connections of the dura mater with the superior cervical ganglion

1

(Spalteholz, p.787)
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aside from the cavernous sinus plexus. There is a connection with jugular nerve which originates
from the superior cervical ganglion, and passes up into the cranium with connections to the
glossopharyngeal (CN IX) nerve’s petrous ganglion, and the vagus (CN X) nerve’s jugular
ganglion at the jugular foramen1. There is also mention of further very fine connections with the
ganglion nodsum of the vagus (CN X) nerve, and the hypoglossus (CN XII) in the same
anatomical zone2.
The dura mater of the spine is supplied by the fibers going to the dorsal nerve root before
the autonomic chain of ganglia, proximal to the entrance of the nerve into the spinal cord. There
is also a communication of nerve paths coming from the autonomic ganglia and going to the
meninges following a similar path to the dorsal root nerve’s connection with the dura mater.

1

(L Wilson-Pauwels, 2002, p. 166)

2

(Spalteholz, , p. 788)
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Figure 2.26, Schematic of the nerve supply in the area of the vertebra (C.M. Jackson, 1914, p.1029).

The sensory information from the meninges, particularly the dura mater, travels to the
dorsal horn of the spinal cord in these forementioned paths. Some information comes directly
from the meninges and goes to the CNS, other information travels from the autonomic ganglia to
the dura mater via the meningeal rami.
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2.3.4

ANATOMY SUMMERY
Table 2 The anatomy of the meninges in point form

tissue

Dura Mater pachymeninges

crania

Cranial Attachments:
The inside of the cranium as
the periosteal dura mater –
much more firm in children
The cranial suture –
including the coronal,
sagittal, lambdoidal sutures
of the calvarium
Cranial suture of cranial
base including
sphenopetrous and
petrobasilar sutures
Forms epidural sheath on all
the cranial as they exit the
cranium.
Structures
Venous sinuses including
superior and inferior
sagittal, transverse, sigmoid,
petrous superior and
inferior, sphenopalatine,
occipital, basilar, cavernous
or confluence, and circular
Attachments to the cranial
base – foramen magnum,
lesser wings of sphenoid,
clinoid processes, petrous
temporal, cribiform plate
and crista galli
Dural limiting layer or subdural endothelium attaches
dura mater to arachnoid
mater
Foldings of the dura mater
to make the tentorium
cerebelli, falx cerebelli, falx
cerebrum
Tentoriums – of the optic,
olfactory nerves and of the

Arachnoid Mater
Leptomeninges
Provides a covering
of cranial nerves
as they pass
through the
subarachnoid
space
Provides a covering
of the blood
vessels as they
traverse the
subarachnoid
space
Subarachnoid space
contains CSF
Attaches to dura
mater by way of
dural limiting
layer
Subarachnoid space
continuous with
the margin of the
lateral ventricles
Arachnoid villi
present in sagittal,
cavernous,
sigmoid sinuses,
and cranial nerve
roots
Subarachnoid space
continues along
the pathway of the
cranial nerve to
the exterior of the
cranium
Connects to the pia
mater as a
superficial layer
Forms the subarachnoid cisterns

Pia Mater
Leptomeninges
Surrounds cranial
nerves and
provides the
perineural sheath
as they leave the
surface of the
brain
Provides the tela
choroidia,
connective tissue
that contains fine
arterioles in
choroid plexus
Part of each
cranial ventricle,
including the
third, fourth and
lateral ventricles
Covers the brain
and surround the
convolutions
continuous with
the grey mater in
its folding
Covers the cranial
nerves as they
leave the brain’s
surface and
becomes the
perineureum
(unconfirmed)
outside of the
bony skull.
Covers as a
sheath the blood
vessels in the
cranium,
excluding the
venous sinuses.
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spinal

pituitary as the diaphragma
sellae
– divides the cavernous
sinus into cells
- Creates caves including
Meckel’s cave for the
Gasserian Ganglion and the
covering of the
endolymphatic sac
Sheaths of the cranial nerves
as the epineureum, except in
the eye where the dura
mater becomes the sclera
(whites) of the eye.
Attaches to the second
cervical vertebra and second
sacral segment directly as
well as the top of the third
cervical vertebra.
Considered by some to
attach to the first cervical
vertebra
Attaches to the indirectly to
the transverse processes of
the fourth, fifth and sixth
cervical vertebra
Forms the posterior atlantooccipital membrane which
connects directly to the
rectus capitis posterior
minor, and forms as well the
anterior atlanto-occipital
membrane or membrana
tectoria
Variable attachments to the
ligamentum flavum
posteriorly and the posterior
longitudinal ligament
anteriorly by slips of tissue
Forms the epineural sheath
of the spinal nerves
Various connections of the
dura mater that run from the
intervertebral nerve root to
the intervertebral foramen

in which the
majority of the
CSF resides in the
cranium

Forms
subarachnoid
space and covers
the nerves and
blood vessels that
traverse that space
Arachnoid
granulations
present at the exits
of the spinal nerve
roots
Subarachnoid
space ends with
the attachment of
the dura mater to
the second sacral
segment

Surrounds neural
tissue in spinal
canal
Forms denticulate
ligaments that
attach to the dura
mater in between
ventral and dorsal
nerve roots
Continuous with
the dura mater as
the filum
terminale
externum and
attaches with the
dura mater as the
coccygeal
ligament to the
first coccygeal
vertebra’s
periosteum
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Attaches to the second sacral
segment and blends with the
filum terminale externum to
attach to the first coccygeal
segment
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2.4

THE EYE

The anatomy of the eye is a well studied subject, known to the level of minutae. However
for the purposes of this osteopathic thesis that focuses on the dura mater, the need for an
extensive complete anatomical listing of orbital anatomy is unnecessary. However it is prudent
to discuss the anatomy as relates to the thesis topic. So a discussion of the connections of the
dura mater to the eye seems in order, including a brief discussion of the optic nerve (CN II) its
dural sheath, the sclera, and the optic muscles.

Figure 2.27 a , The osseous components of the orbit (Spalteholz, p.58).
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Figure 2.27 b, The osseous components of the orbit schematic (Spalteholz, p.58).

The bony container of the eye, called the orbit consists of 6 cranial bones, frontal,
sphenoid, ethmoid, lachrymals, maxillas, nasals, palatines (orbital process) and zygomas. Five
of the ocular muscles are attached by the tendon of Zinn to the lesser wing of the sphenoid bone,
the four recti [medial, lateral, superior, inferior and levator palpebra], and superior palpebra. The
Zinn tendon itself is strongly connected to the dura mater of the optic nerve, but attaches to a
tubercle on the lesser wing of the sphenoid just proximal to the superior orbital fissure. The
superior oblique attaches to the external surface of the body of the sphenoid greater wing close to
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the Zinn tendon. The Zinn tendon itself encircles the ophthalmic artery, nasociliary nerve,
oculomotor nerve (CNIII), and abduscent nerve (CN VI).

The last ocular muscle the inferior

oblique attaches from the orbital part of the maxilla to the sclera of the eye1. It is significant to
note that the intra cranial dural attachments to the sphenoid [especially at the lesser wings] are
very strong, serving to offer a strong fixed point for the ocular muscles which are extra-cranial.

Figure 2.28, Zinn tendon (Grant, 1956, plate 496).

1

(Spalteholz, p.811)
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It should be noted that both the artery and vein of the orbit roughly follow the path of the
nerve, and all of which therefore are physically connected in this common pathway to the

cavernous sinus.
Figure 2.29, Cavernous sinus (Schultze, 1905, p.35).

Figure 2.30 , The cavernous sinus again (Testut & Jacob, 1909, p.89). 1 body of pituitary, 2 optic nerve, 3. temporal
lobe of cerebrum, 4. oculomotor nerve, 6. Willis’s ophthalmic nerve (CN V1), 7. Maxillary nerve (CN V2), 8.
Abduscent nerve (CN VI), 9. internal carotid, 10. cavernous sinus, 11. sphenoid sinus.

There are numerous connections between the cavernous sinus and the eye, and indeed a
reasonable study would include treatment of the cavernous sinus to enhance vision. The zone of
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the cavernous sinus and the complexity of its connections, like those between the eye and the
ventricles, which are both neurological and fluidic, are significant terrain for the osteopath, and
the osteopathic way of thinking.

figure 2.31, of ophthalmic vein (Hardesty, 1914, p.660) see also figure 2.15. Note connection to pterygoid plexus.
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Figure 2.32, Opthalmic artery originating from internal carotid [intra cranial] (Grant, 1956, p.497), compare to
figure 2.26, of ophthalmic vein (Hardesty, 1914, p.660) see also figure 2.15.

The connections are there, and substantial, and in Osteopathy it’s the relationships between
structures that are significant, it’s the context of a structure that allows osteopaths to have a
treatment effect, which is different from a technician applying a technique. In other words it’s
the philosophy and the reasoning power that makes Osteopathy work, not a gift or a miracle, but
an understanding based on knowledge and reasoning.
The optic nerve passes into the cranium through the optic foramen, which is part of the
lesser wing of the sphenoid, and the two optic nerves meet while some fibers cross [decussate] at
the optic chiasm, in the space between the midbrain and the cranial base1. The optic nerves exit

1

(L Wilson-Pauwels, 2002, p.28-9)
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the midbrain’s lateral border, near the posterior margin and encircle the cerebral peduncles
within the subarachnoid cisterna basalis, and continue forward as the optic tracts before joining
at the chiasma which is in the area of the cisterna chiasmatis1.
The covering of the eye is called the fibrous tunica, and consists of the tunica sclera or
white part of the eye and tunica cornea, or transparent part of the eye’s coat. The sclera of the
eye is directly connected to the dura mater via the dural sheath of the optic nerve which fuses
with the eye at the retina, spreading out over the surface to provide attachment sites for the
ocular muscles, the four recti and two obliques.

1

(Spalteholz, , p.706)
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Figure 2.33, Dura of optic nerve sheath [in purple] seen forming sclera of eye (P. Williams, 1995, p. 1323).

Two further topics of interest are the fascias of the orbit and the connective tissue pulleys
of the extra-ocular muscles. The fascias of the orbit including Tenon’s fascia/capsule help to
contain the cushioning fat pads and protect the eye. These fascias may or may not be implicated
in an ocular dysfunction. The fascial layers of the eye include the [from superficial to deep]
periorbital fascia or periosteum of the orbit, the sheaths of the extra-ocular muscles, and tenons’s
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capsule. The orbital fascias connect to each other and to the vessels and nerves in the orbit.
There are processes from the extra-ocular fascia within the fat pad, and a second layer of fascia
from these muscles that is probably what is currently described as the pulley system of the extraocular muscles. However the most important thing to note is that the fascias of the eye are interconnected. These connections include not only the local fascias but also to the intracranial
contents via the optic nerve, and the dura mater of the sutures and cranial foramen. These
connections mechanically unite the orbital contents with the cranial membranous system all
within the basic functions of the eye, especially convergence. Here again is an example of the
connection and rapports which form the basis of an osteopathic fascial chain, here osteopathic
refers to philosophy not technique. In this context one link is not enough, the globality of a
structure infers all of its connections, anatomical, embryological, neurological and physiological.
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Figure 2.34, The fascial layers of the eye including Tenon’s capsule in green (C.M. Jackson, 1914, p.1071). Note
the fat pad of the orbit and its position between the extra-ocular muscles and the optic nerve.

The connective tissue pulley system of the extra-ocular muscles is a more recent topic of
discussion in terms of vision research. It has been known for a long time that the oblique
muscles have connective tissue pulleys that are fixed. Recently however researchers have noted
that the rectus muscles also have connective tissue pulleys, which act like mobile pulleys1. The
inner layer of the [bilayered] rectus muscles terminates on a pulley that is posterior to the

1

(Demer, 2006b, p.4)
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muscle’s attachment to the sclera1. The location of the pulley is at the point where the muscle
penetrates Tenon’s fascia2. This would link the fascia of the orbit to the extra-ocular muscles. In
general the somatic fascia links muscles together to allow complex flowing movement, so the
presence of pulleys that connect the capsular fascia of the eye to the mechanical muscles of the
eye would seem consistent with the functional role of the fascia elsewhere in the musculoskeletal
system.

Figure 2.35, Anatomy of medial rectus (MR) and lateral rectus (LR) and connective tissue pulleys (Demer, 2006b).

1

(Demer, 2006b, p.5)

2

(Demer, 2006b, p.7)
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The freedom of movement that the mobile pulleys lend is connected to the movement of
the fascial layers of the eye and as well to the mobility of the fat pad of the eye [which acts as
cushioning].
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2.5

PHYSIOLOGY

In a discussion of the relevant physiology of this memoir there will be several key topics
including the histology of the dura mater and how the physiology influences its treatment and
treatment effects, the subject of ocular convergence, and the role of the ECM in osteopathic
tissue normalization.
It should be noted that there are several proposed explanations for how the PRM has its
systemic effects most of which are based on the connectivity of the fascia. But whether it is the
CSF continuing down within the nerve fibers to the body periphery, or the piezoelectric current
changes within the ECM of the connective tissue; there are several explanations for how
osteopathic cranial technique or fascial technique affects the body so profoundly.

The

suggestion in this thesis is that changes in the ECM explain the mechanisms behind osteopathic
fascial work and cranial technique.
The discussion on the eye will center on how its moves, the physiology behind eye
movements.
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2.5.1

PHYSIOLOGY OF THE DURA MATER

The dura mater as part of the meninges has several roles given its relationship to the
CNS. It protects the nervous system on a mechanical level, as well as acting as an outer layer of
containment of the CSF, part of the system of fluidic suspension of the brain. There are a few
notations to list. First, several researchers have made a connection between liquids in and
around the body’s tissues, and health states (Swedenborg and Bichat). Secondly there has been a
large amount of research in the twentieth century on the states of liquids (Pischinger). Third, as
stated in the embryological section of the paper, the membranes are mesenchymal in origin and
retain properties common to their embryological development. The liquid state changes are
highly significant when talking about inflammation.
In the later part of the twentieth century there was significant research into signaling
mechanisms within cell membranes, genetics and the biochemistry of connective tissues. The
meninges are one form of many types of connective tissue in the body. The connective tissues
have certain cell types, which in general can be divided into cells and extracellular matrix.
Another name for ground substance is extra cellular matrix (ECM), also referred to as simply
matrix1. Examples of cells within the connective tissues are fibroblasts, adipose cells and
immune function cells, and included within the category of immune cell types are mast cells.
The presence of mast cells is important in the context of this thesis, because it is these cells that

1

(Schubert & Hamerman, 1968, p.53)
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are particularly involved in the process of inflammation. “Mast cells may be disrupted to release
some or all of their contents either by direct mechanical or chemical trauma…They have thus
been implicated in many of the phenomena occurring in inflammatory reactions”1.
The next subject within the context of the connective tissue is the extracellular matrix. The
ECM has numerous functions including roles in: homeostatic balance of cells; stabilizing
functional and spatial relationships between cells; barrier to bacterial invasion; the target of
hormonal secretions; and the site for normal and pathological calcification2. “The term
extracellular matrix is applied to the sum total of extracellular substances within connective
tissue”3. Integral to an understanding of the ECM is the fact that the glyco-protein molecules
involved, called glycoaminoglycans and proteoglycans, bind water.

The purpose of the

organization of the ECM is to provide a “physiochemical environment” for its resident cells
(immune cells, fibroblasts, etc), to allow structural functions as well as to allow movement. The
association with movement is a trait that remains from the mesenchymal origin of the connective
tissues, and which is integral to the function of the connective tissues. Another trait of the
connective tissues is their relationship with fluids or water. The presence of water is essential to
allow the proper functioning of the “hydrated internal milieu”4, allowing communication

1

(P. L. Williams, 1995, p.79)

2

(Schubert & Hamerman, 1968, p.54)

3

(P. L. Williams, 1995, p.80)

4

(P. L. Williams, 1995, p.80)
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between cells and the bloodstream1. The interfibrillar material called proteoglycans consists of a
gel2, and contains most of the water and ionic substances of the connective tissue as well as
varying amounts of fibrillar or interfibrillar substances.
A fibrillar tissue is a connective tissue that contains fibrils, the most important of which are
collagen and elastin. A tissue that has to adapt to compressive forces and has a high content of
collagen (a proteoglycan), while tissues that are adapted to pulling forces tend to have more
elastin (another proteoglycan). The non-covalent combination of proteoglycans to water in the
tissues would favor the construction of ionic bridges between protein fibrils (collagen and
elastin) to carbohydrate chains, forming a proteoglycan chain and absorbing a water molecule to
do so. The adaptation of the tissues to the proximal forces requires a densification, in which
water is used to form bonds between protein and carbohydrate chains, so these tissues have a
greater percentage component of fibrillar substance and less interfibrillar substance.

“The

collagen fibril controls the surrounding aqueous environment via specifically but non-covalently
attached proteoglycan molecules”3.

Within connective tissues that are not under the same

intense mechanical stresses the opposite occurs, the water molecules are involved in ionic
crossbridge formation between glycan chains and proteins to a lesser degree. The result is that
the tissue is more fluid, more like a sol. The most obvious example of this is blood, which is

1

(Schubert & Hamerman, 1968, p.53)

2

(P. L. Williams, 1995, p.80)

3

(P. L. Williams, 1995, p.84)
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quite liquid. The adaptation of a connective tissue to tension determines whether or not it
consists of a higher or lower percentage of free water, or water used for ionic bonds to form
collagen or elastin. In the case of the dura mater there is a high amount of collagen fiber as well
as some elastin fibers1, giving the tissue characteristics of the capacity for movement like those
in the pericardium, skin and psoas2. The arachnoid mater’s trabecular fibers consist of collagen
rich fibers3, as do the canals and fibers of the pia mater4.
The presence of mast cells, which have a pivotal role in inflammation, would seem to
indicate that during the inflammation process water is being attracted to an area, from the
connective tissues, principally blood, but including all proximal connective tissues. The higher
the content of water within the connective tissue, the greater its inherent response to
inflammation, that is, in general the tissue has greater adaptability because of a less organized
proteoglycan structure. The more highly organized connective tissues respond in an analogous
manner, but given that they contain less free water than less organized connective tissues, they
contribute less of the fluid that flows into an area. Since the more organized connective tissues
are less adaptive, the loss of fluid is more slowly replaced than in the more fluidic connective
tissues like blood. Therefore a tissue like an aponeuroses or the dura mater responds to
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inflammation by losing water, making the tissue more solid, and proportionally increasing its
fibrillated content. A tissue such as blood provides the bulk of the water that flows to an area of
inflammation, but its water content is easily restored from the body’s stores of water. Based on
the previous discussion, the arachnoid mater would be considered more of a liquid connective
tissue, whereas the dura mater would be considered a denser or organized connective tissue. The
dura mater according to Bichat was a fibrous membrane, and the arachnoid a serous membrane,
and the two respond differently to inflammation, and have different roles in movement. However
as a functionally paired couple they have one role that is to enable movement of the proximal
structures, this is very important information for osteopaths because it validates what they have
discovered independently. Secondly it unveils an idea that is not conventionally discussed, that is
the functionality of both pachymeninges (dura mater) and leptomeninges (pia and arachnoid
mater) in movement, and in inflammation.
107 One surface of every serous membrane is free, every where
continuous with itself; the other adheres to the contiguous organs.
The first is remarkable, 1. for its polish, 2. by its serosity; 3. by its habitual
slipperiness.
109 Does this remarkable attribute of the serous membranes depend on
compression?
Their being exposed to continual rubbing and friction, seems to make it
credible.
116 The principle use of this fluid [intrinsic fluid of serous membranes] in
lubricating the surfaces, is to prevent adhesions, an inevitable effect without it,
of the friction which they experience. This rubbing is continual wherever these
membranes are found.
143 A second office of the serous membranes, is to facilitate the moving
of the organs.
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Let us observe, that in this respect, nature has provided two means to
accomplish this end; namely, the membranes, and the cellular tissue. In
distributing externally the second of these means [cellular tissue], she has
specially destined the first to internal motions; the polish, the humidity of the
serous surfaces…
158 I refer to the second class of the fibrous membranes, the periosteum,
the dura mater…All these membranes are remarkable, and distinct…1. By an
immediate connection with the organ they enclose; 2. because they make, as it
were, part of its structure, the others being almost foreign to the parts over
which they are spread, and having a life quite independent of theirs…
159 Every fibrous membrane has its two faces every where continuous
with the neighboring parts, always adhering, never free, as is seen in one of the
faces of the serous and of the mucous, never consequently moistened with a
peculiar fluid, as these two classes of membranes are. 2. The greater part of
them represents species of sacks, containing different parts. 3. This envelope is
pierced with various openings for the passage of the vessels and nerves going to
the parts subjacent, or passing from them, a character which distinguishes then
from the serous membranes, which are always folded, and never open for the
entering of vessels to the organs they embrace1.
The response of the brain and the meninges to inflammatory agents as part of the immune
response is almost inseparable because of the close association of the meninges to the neural
tissue. The inflammation response of the meninges to immune agents is very strong, appearing
to be much stronger than the neural tissue’s response to the same agents2. Of course with
inflammation comes an associated local and systemic response, one of the most important of
which is the increase in blood flow to the area, and in the case of the brain, changes in the pattern
of the CSF.
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The cranial circulation is controlled by fibers of the trigeminal nerve, or the
trigeminovascualar system1, and its connections to the dura mater. However, the trigeminal nerve
is not the only dural nerve supply, since the glosso- pharyngeal nerve (CN IX), vagus nerve (CN
X), facial nerve (CN VII), second and third cervical ganglia, as well as the otic, sphenopalatine
and superior cervical ganglia all are involved in the nerve supply to the dura mater as well2. The
innervation of the brain is strongly tied to blood supply. The sympathetic innervation comes
from the superior cervical ganglion and has a proposed stimulatory effect on blood vessels. The
parasympathetic nerves originate in the superior salivatory nucleus and traverse to the
sphenopalatine ganglion where they influence the cerebral blood vessels by action of the
ethmoidal nerve on arteries especially the ethmoidal artery. “Sensory nerves arise from the
trigeminal ganglion to innervate the cerebral circulation.3” The relationship of the
trigeminovascular system to blood flow is stimulatory. Stimulation of any of the elements of the
system causes increased cerebral blood flow, possibly with a role in numerous conditions such as
epilepsy and migraine headaches. Stimulation of the trigeminal (Gasserian) ganglion, causes a
decrease in systemic blood pressure without change of blood flow to the internal carotid, but an
increase to the cerebral vessels4. Possibly these results are from changes in amounts of
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vasodilation and/or vasoconstriction, or in other words, the rate of blood flow into and out of the
brain.
The principal relationship of the innervation of the meninges surrounds blood supply in the
cranium. Most of the neural innervation of the meninges occurs within the dura mater. The
nerve fiber types are the same throughout the pachymeninges and leptomeninges and include A
alpha fibers with “Ruffini like” terminals and C fibers1. The majority of nerve fibers are found at
or near vascular sites including, “dural tissue proper, around the confluence of sinuum (sic), at
the entrance of superficial cerebral veins into the sagittal sinus and at the coronal sutures2.
Ruffini receptors in the dura mater are identified as being slowly adapting mechanoreceptors that
sense intracranial tension. At specific sites within the dura mater there are also some fast
adapting lamellated receptors, namely in some of the venous sinus walls and the bulb of the
jugular vein. It has been suggested that these receptors are part of a system that detects changes
in intracranial blood pressure, and dictate cranial blood flow as part of an autonomic reflex loop3.
The system is tuned to react protectively toward inflammation that can be from a regional or
systemic source.

Mast cell activity can be induced by stress in which the Hypothalamic-

Pituitary-Adrenal Axis is activated4. The sympathetic fibers outnumber the parasympathetic
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fibers, in the autonomic system, and are related to arterial supply in the cranium, especially the
middle meningeal artery. It should also be noted that these nerve fibers are aligned with the long
axis of the vessels1, and that the C fibers are unmyelinated, while the A alpha fibers synapse
within the collagen of the tissue.

The characteristics indicate a high level sensitivity and

interaction to the environment in which they exist. The system is sensitive to minute changes in
pressure or tension, with possible undescribed proprioceptive actions.
There are Ruffini type mechanoreceptor terminals in the denticulate ligaments, consistent
with their possible mechanical role in spinal movements. Of great significance to osteopaths is
the proprioceptive aspect of the dural innervation, particularly of the spinal dura mater and the
denticulate ligaments. This proprioceptive element allows for a spinal awareness related to
movement and position of the spine. To the authors knowledge there are no comprehensive
studies on the nerve fiber types within the sutures, an area that might yield very rich information
for osteopathic concepts Some authors describe the A delta fibers as being ‘ruffini like’, which
entails a sensitivity to pressure, interestingly one area studied where these fibers were present
was the confluence of sinuses2, this would be very complementary to the osteopathic idea of a
vascular pressure/release mechanism as part of the PRM.
The last topic to be mentioned in this section is the arachnoid granulations and venous
sinuses. The granulations consist of villi that project through the dura mater and into the lumen
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of the venous sinuses, where they actively secrete CSF out of the subarachnoid space and into
the sinus1. The venous sinuses are formed within foldings of the dura mater and are responsible
for the venous drainage of the brain as well as the CSF of the cranium. The rest of the cranial
CSF is drained by lymphatics associated with the cranial nerves. The CSF that ends in the spine
is secreted into the venous circulation by arachnoid villi located at the spinal nerve roots2, or
follows within the nerve roots in a manner similar to the cranial nerves. Microscopic arachnoid
villi appear sometime during fetal life. It is inconclusive as to the embryological date. However,
given the role of these villi in CSF physiology they must appear sometime around the point at
which amniotic fluid is replaced by CSF in the neural canal.

Figure 2.36, MRI of double arachnoid granulation in transverse sinus (James Roche, 1996, p.678).
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Granulations, which are collections of villi, appear in childhood. As a person ages the
granulations become larger and more convoluted1. The granulations may become so large and
dense that they make impressions upon the calvarial bones2.

In addition to their role of

transporting CSF into the venous sinuses, it is thought that the arachnoid granulations have a role
in buffering cerebral hypertension, or “to prevent cortical venous collapse during variations in
the intracranial pressure”3.
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Figure 2.37, main sites of arachnoid granulations in cranium and spinal cord (Fricke, 2001, p.100).

The movement of CSF from the subarachnoid space is part of the role the leptomeninges
have in CSF metabolism. The choroid plexus of the cranial ventricles secretes the CSF, but the
blood supply is inherent in the tela choroidia that are pial vessels and connective tissue. The
subarachnoid space is the container of the CSF, containing it as part of that space throughout the
spine, and along the nerves for an indeterminate distance outside of the CNS. The arachnoid
granulations, or Paccionian granulations, are responsible for secreting CSF from within the
subarachnoid space into the venous circulation of the dural sinuses.
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2.5.2

PHYSIOLOGY OF THE EYE

The physiology of the eye and of vision is highly complex. Not all of the numerous
processes that are involved in vision have to be discussed in detail. The process of vision itself,
in which an image from the external world is represented in the cortex, does not apply to this
paper. However the physiology behind eye movement, as part of vision is important to this
paper and will be discussed in some detail. Light coming from an object in the external world
lands on the retina after passing through the eye. It is the neural receptors in the retina that
transform that light energy into neural impulses that ultimately result in an image that is
recognized by the cortex. The light from an object passes though the tunica cornea or transparent
coat of the eye, then the lens, and finally the vitreous body of the eye to land eventually on the
retina. The lens thickness can be modified by the addition of tension placed upon it via the
ciliary muscles, which connect to the lens by the suspensory ligaments.
There are essentially two types of vision, near and far. Distance vision or emmetropic, for
the normal eye is approximately any object six meters or more distant to the eye. There is no
change in the lens shape necessary to focus on the object. The ciliary muscles are completely
relaxed and the lens is at its thinnest diameter. Light coming from an object that is less than six
meters away comes to a focal point away from the lens, and so the eye must adjust to allow the
light from the object to fall upon the retina. By contracting the ciliary muscles paradoxically the
tension on the suspensory ligaments is relaxed and the natural elasticity of the lens causes it to
thicken. By this thickening of the lens its convexity is increased and the light refraction of the
lens is altered to continue focusing most of the light from the object onto the retina. The
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increased convexity of the lens shortens the focal distance such that the object’s light is still
focused on the retina. If the focal point of the light is behind or in front of the retina the object
will appear blurred.
So for the performance of close vision, especially of a moving object, or for a series of
objects the eye must be able to focus and to do so requires three processes. Those three processes
are, the accommodation of the lens [as mentioned before], constriction of the pupils [to modulate
the amount of light entering the eye and reduce divergent light from entering the eye], and ocular
convergence1. Ocular convergence entails the synchronized movement of the eyeballs by the
extrinsic muscles of the eye so that the object is always centered on the retina, and involves the
contraction of the medial rectus muscles to adduct the eyes. Convergence however is actually
one of five types of eye movements including smooth pursuit, saccades, nystagmus, conjugate,
and vergence. These five neural mechanisms are controlled by reflex mechanisms, vestibuleocular reflex, opokinetic reflex, pursuit system, saccadic system and the vergence system. All of
them work together to provide the functional movements of the eye, however the necessity for
convergence has become predominant in modern culture because of the need to read written text
which requires almost constant convergence [as well as some of the other visual movements to a
lesser degree].

Recent research seems to indicate that the extra-ocular muscles, and their

connective tissue pulleys are most important factor behind eye mobility2.
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The neurological control of the eye comes from various sources and involves the
sympathetic and parasympathetic nervous systems. To synchronize head and eye movements
requires a three neuron reflex arc. The first neuron is inside the vestibular ganglion of the
internal acoustic meatus, the second neuron involves the medial and superior vestibular nuclei
with axons that project to both sides of the medial longitudinal funiculus, and the last neuron
involves primary motor neurons of the cranial nerves that control eye movements [CN’s III, IV,
VI] and spinal nerves of cervical region.

Figure 2.38, Vestibular reflex arcs (Ranson, 1936, p.314).

This schematic and discussion of the vestibular reflex arcs is of interest to osteopathic
technique because it is a good example of the interactions and relationships between different
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areas of the body. The motor nerves that control the coordination of the head with the eye come
from the nerve nuclei that originate and control not only cranial information but cervical neural
information as well. So to understand and assess the physical causes behind vestibule-ocular
reflex deficit one would have to examine not only the cranium, but also the cervical spine.

Figure 2. 39, The connections of the eye and medial longitudinal fasciculus (Ranson, 1936, p.147).

Another area of spinal neurological connections with the eye and ear, occurs with the
control of the medial and lateral rectus muscles. The vestibular nerve synapses with neurons
within the longitudinal funiculus which in turn synapse with the nuclei of the oculomotor and
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trochlear nerve in the pons. The two coordinate saccadic or side to side movements of the eyes
requiring the concurrent stimulation and inhibition of the medial and lateral rectus muscles.
The coordinated neural actions involved in the control of aperture of the eye, also involves
similar complex combinations of neural control. For the pupillary reflex arcs the sympathetic
efferent control comes from the superior cervical and ciliary ganglia, which have opposite effects
on the dilation of the pupil. The superior cervical ganglion neural input causes dilation, while
the ciliary ganglion’s stimulation causes papillary constriction. The ciliary ganglion is controlled
by the pretectal region of the pons, while the superior cervical ganglion is receiving information
from the superior segments of the spinal cord. Again for an osteopath to assess the postural
component of a deficit in this reflex one would have to assess the area of the midbrain [upper
cervical spine] and the superior thoracic spine, as well as the cranium.
The exploration of the reflex pathways of the body is infrequently discussed in Osteopathy
yet holds further understanding of how the various areas of the body are interconnected such that
postural dysfunction in one area can cause significant dysfunction in another. To understand a
dysfunction requires a knowledge of individual symptoms and also how all the symptoms
interact to cause a certain pathological situation, this is the strength of osteopathic reasoning, as a
way of understanding how systems relate.
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2.6

BIOMECHANICS

There are certain biomechanical concepts that will assist in an understanding of how to
manipulate the various systems of the body, fascial system, nervous system, skeletal system, and
PRM. The key to efficient osteopathic work is to manage the greatest change with the least
effort, and to affect the targeted tissue or system with maximal specificity. Just because an
Osteopath wants to cause a change in several systems doesn’t mean the technique has to be
forceful or powerful, the essence of change is like using leverage, efficiency is the key not force.
So basic principles to be discussed under the heading of biomechanics, are levers, pulleys, liquid
pressure dynamics and the manipulation of the ECM.
A lever is a device used to balance or displace force1. There is a force that is worked
against, resistance, and a force that is used to do the work, power. There is a lever arm, a
fulcrum, power [going in the direction that one wants to go, the goal] and resistance [the force
barrier usually weight, but in some instances friction as well]. There are three classes of levers,
class 1 or balance [classic weight scale] type lever, class 2 or power lever [hammer when prying
a nail] and class 3 or speed [fishing rod] lever. The second class lever or strength lever has a
fulcrum nearer to one end of the lever arm, this is the most common type of mechanical lever in
the body. The third type is the one that osteopaths use most frequently in treatment, the idea
being that a small movement at the power end of the lever has a big result at the resistance end of
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(Voyer, 1998, p.11)
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the lever arm. There are many instances in cranial osteopathic technique when one will take use
pressure at one area to cause a much larger effect at a distance, a perfect example of this is work
done upon the sphenobasilar symphysis that influences the pituitary thereby causing systemic
hormonal changes. Another aspect of that leverage principle allows one to understand cranial
osteopathic technique, in which a small change in movement, or many small changes in
movements can enable a large change in the amplitude of movement of the system. In
Osteopathy one uses micromovements to restore macrofunction.
In terms of understanding fascial technique and how it affects the musculoskeletal system,
it is the connectivity of the fascia, connecting muscles to joints, and combining groups of
muscles in movements that is integral to osteopathic technique.

Muscular movements are

unidirectional, complex movement requires resultants, one muscle adds a certain amount of force
to a movement, another muscle more, a third maybe less effort, but the structure that ties all these
movements together into a fluid movement is the fascia. The same applies to cranial technique,
but in that case its not muscles that are addressed but cranial sutures, the RTM, and the CSF.
The same somatic principles apply, micromovement to enable macrofunction except that the
marcofunctional goal is not musculoskeletal movement, but the health and functionality of the
CNS and endocrine systems. So in terms of the leverage system mentioned earlier, the distal
effects of the work performed in the cranium can have profound effects far away in the body or
upon the whole body.
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“Give me a lever long enough and a fulcrum on which to place it, and I
shall move the world.”
Archimedes

Another concept from antiquity that shall be utilized a lot is that or Archimedes’ screw.
The idea being that motion of the system draws fluid up against gravity. This concept is very
useful for the Osteopath because, the goal of a chain is to the direct fluids of the ECM. The
screw system that is used is the fascia and the movements that drive the fluids up against gravity
is the PRM, and intrinsic movements of the fascia. The anatomy of the fascia is typically
described as sheets of tubules that are linear in direction, or unidirectional. The reality of fascial
microanatomy is for the most part a sleeve of tissue, or a tube of tissue with tubes that in general
are going in one direction but which themselves are spiraled [like the microanatomy of the dura
mater seen in the histology section], a living Archimedes’ screw. That mechanical principle
explains how a liquid tide is directed up from the sacrum to the eyes in the opposite direction of
the CSF movement, the fluid normally described as being addressed in osteopathic cranial work.
Again the lever principle is at work, where the movements far away from the target tissue [eyes]
have effects that are significant beyond the scope of the effort involved, and may originate in at a
distal part of the body.
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Figure 2.40, Fibers of the dura mater (Dennis Patin, 1993).

To direct the fluid requires a series of normalizations of the fluids within the connective
tissue tubules. As the normalizations summate in the chain of anatomical connections, a fluid
tide is created and directed as dictated by the anatomy of the fascia, whether it be its gross
anatomy or its histological anatomy. Both levels of anatomy are accessed by the methodology.
The result is a synergistic change at the target tissue, in the case of this thesis, the eyes.
Of interest to this thesis as well as to Osteopathy in general, are pulleys. However for this
thesis the mobile pulleys with parallel strands will be mentioned because of some anatomical
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curiosities. The recti muscles of the eyes are described as being like mobile pulleys. The reason
for this anatomically is to allow for more efficient conversion of muscle contraction into
rotational movement of the eye without concurrent A/P translation. However there is a
mechanical advantage to mobile pulleys as well. The main advantage of the mobile pulley
system of the eye is to efficiently transform linear movement into rotationally movement, and to
increase mechanical efficiency of the ocular muscles. Interestingly the ocular muscles are more
than large enough to move the eyes, and the presence of pulleys in that area as well makes one
wonder why so much strength is needed to move an object that on average is 7.5 grams or about
1 oz? The connections to the dura mater as the sclera seem to be relevant in this puzzle, as do
the connections to the nuchal ligament and rectus capitis minimus posteriorly to the dura mater
posteriorly.
The fluid dynamic of the ECM is one integral aspects of osteopathic treatment. The ECM
with its connections to so many systems and tissues of the body is responsible for so much of
what one could consider as health and mobility. Unhealthy ECM leads to systemic poor health.
To effect systemic change, such as the case in cranial osteopathic technique requires one to have
the ability to influence and direct those fluids to an area of stasis, or through an area of
inflammation, or past blockages in structure. The ECM is present as the extracellular fluid
throughout the body, in all compartments, including the blood brain barrier (BBB). It travels in
the circulatory system, but for osteopathic technique the primary area of interest is the tubular
lumens of the fascia. It is by work on the fascia that osteopathic technique influences the
movement and the state of the ECM and there by the body as a whole.

This work is
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accomplished by influencing the inherent rhythm of the fascia, the PRM. This influence is
performed by setting up a lemniscate within the fluids of an area of the fascia, whether that is in
the extremities or around an organ or within the dura mater between sutures. So there is an
inherent rhythm, and to influence the movement of the fluids within the area one imposes a delay
on the movement already present. The delay sets up a slight change in fluidic pressures within
that connective tissues, setting up an area of lower pressure and higher pressure and of course the
fluid dynamic is to return to a steady state, the result is the chaotic propagation of fluid
movement which eventually results in a normalization as the fluids become more and more
mobile. The biggest foe to health for an osteopath is stasis;
When the primary respiratory mechanism is altered, a perverted physiology ultimately
manifests itself as the symptoms of disease. Probably the most frequent cause of such alterations
is the malalignment and/or loss of motion called a lesion1.
Here we see an early example of what cranial Osteopathy considered important, the ability
to express movement. The micromovements that the osteopath seeks to manipulate in cranial
technique are those of the ECM, and the method to do this is by challenging, or alternately
inducing a delay, in the rhythms present. One must remember that the fluids are alternating
between a gel state and a sol state and that oscillation naturally causes convection within the
fluids [see physiology section]. However in terms of wave dynamics the concepts that are very
important to Osteopathy would be the propagation of waves within substances that have
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(Magoun, 1951, p.21)
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numerous atoms. A mechanical wave is the result of the synchronization of movements amongst
particles, an orderly movement.
“When a material is not stressed in tension or compression beyond its elastic limit, its individual
particles perform elastic oscillations. When the particles of a medium are displaced from their
equilibrium positions, internal (electrostatic) restoration forces arise1.”
The previous quotation effectively describes cranial osteopathic technique as taught at
Sutherland Academy. The idea being that the disorder causes the inherent forces of restoration
to bring about the change in the fluid movement. In general the normalization would encourage
the regular movement of the fluids in an area of poor or little fluid movement. Of significance to
the movement of fluids within the tubules is the extensibility of the container wall, such that the
higher the Young’s modulus the greater the efficiency of fluid movement.

Hence the

significance of the presence of elastin within the fascia, and also for the purposes of this thesis,
concerning the dura mater [see histology section], as applied to the propagation of a wave within
a tube2. So by creating a delay within an existent rhythm, forces within the substance are
solicited that perform an inherent normalization.
The significance of the Young’s modulus should be explained to give an understanding of
the context as applies to Osteopathy. All substances within the body in terms of their response to
force, have certain characteristics, essentially there is a balance between strength and flexibility.
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There are three types, tensile, compressive and shear strength, all tissues have a mixture of
varying amounts of these three strengths. Each tissue responds to the application of force, or
mechanical stress by absorbing the force, if they change in shape and return to their original
shape this is called elasticity, and the absorbed force is released. When force builds up in a solid
it is called stress, and this is roughly analogous to pressure within a gas/liquid. A strain occurs
when a solid changes in shape from the application of force, and refers to how much a solid is
being compressed or stretched. “Elasticity, or stiffness is the ratio of structural stress [pressure]
within a solid to structural strain1.” Young’s modulus explains when there is not a linear
relationship between stress and strain [i.e. the more the stress the greater the strain]. So to
explain the elasticity of organic materials, with the application of force, the greater the modulus
the less the substance will stretch. Also the more energy [potential energy] it will absorb and the
greater the release [of kinetic energy].
Collagen and elastin are the two most prominent proteins within the connective tissues of
the body, collagen is tougher, elastin more elastic such that the proportion of one to another
determines whether the tissue will be tougher or more supple. Of course the more elastic a
substance is the more it behaves like a liquid. Elastin has a low Young’s modulus while collagen
has a higher one2. So with the application of force the collagen fibers will become taught and
then act as a brake to the force, when the force is removed the collagen fibers are slackened, but
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it is the presence of elastin that causes the material to have some capacity to rebound to its
original shape or to be spring like. So if a tissue is required to do a lot of load bearing it will
have a higher amount of collagen, which is the case with the dura mater, but the elastin that is
present allows it to behave with some elasticity and it is that combination that makes the dura
mater behave in the way that it does, tough for load bearing but with some flexibility. The high
collagen content of dura mater mean that it is able to absorb more force and also to transmit
release/force similar in behavior to that of a tendon.
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2.6.1

BIOMECHANICS OF THE DURA MATER

In this section regarding the dura mater’s biomechanical properties, there will be reference
to the previous overview on the biomechanics as well as a discussion of anatomical features of
the dura mater that are unique or worthy of consideration. Of course much of the interest in this
section has to do with the cranial expression PRM of which the dura mater is an important
component. Understanding the characteristic traits of the dura mater allows one to better grasp
the classic concepts of the PRM and vice versa. However to understand the cranial mechanism
and the dura also requires understanding the physiology of the connective tissue, which was
extensively discussed in this text [section 2.5].

Figure 2.41, Spinal cross-sectional diagram (Testut & Jacob, 1909, p.542). 1 is spinal cord, 2. is ventral nerve root, 3. dorsal
nerve root, 4. pia mater (in red), 5. denticulate ligaments, 6. posterior septum of Schwalbe, 7.a visceral arachnoid, 7.b parietal
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arachnoid, 7.c sub-dural space, 8. sub-arachnoid space, 9. dura mater, 10. epidural space with meningeal veins or inter-spinal
vein, 11. posterior longitudinal ligament.

The collagen fibers give the dura mater a significant tensile strength in the longitudinal
direction. The elastin fibers allow for a certain amount of folding that accounts for the pleating
that is sometimes noted in dissection of scoliotic spines, as well as the longitudinal pleating often
referred to as septum’s such as the septum of Schwabe [figure 2.41].
The combination of elastin and collagen fibers means that some folding or plasticity of the
dura mater occurs during movement, possibly assisting the movement of the CSF within the dura
sac’s sub-arachnoid space, or the movement of the blood within the epidural veins1. Given the
strong content of collagen with the presence of some elastin there is a small amount of elasticity.
This elasticity would be consistent with the biomechanical needs of the dura mater within the
spine, as well as observations of its behavior during the PRM. This assistance of fluid movement
would apply to both the spine and the cranium’s sub-arachnoid cisterns.

1

(L. Penning, 1981, p.404)
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Figure 2.42, Scoliosis of spine and uneven size of cerebral hemispheres.
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Figure 2.43, Biomechanical movements of dura mater (L. Penning, 1981, p.404).

The folding noted in the above article probably occurs throughout the spine especially in
the cervical portion, and would help to explain the morphology of spinal dura mater found
sometimes during dissection.
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Fig 2.44, Note impressions upon the dura mater, at the level of the cervical spine, similar in morphology to the
previous diagram.

One could assume that in cases of scoliosis the oblique longitudinal pleating seen might be
the result of the divergent tensions within the dura mater. The tubular structure of the dura
mater, with its long sheets of collagen fibers, is probably well suited as protection of the spinal
cord during movements by creating a space for A/P pulsion of the spinal cord. So that within the
canal there is an adaptive space(s) to accommodate changes in position and tension [of the dura
mater and spinal cord] during movements of mechanical flexion/extension. The space(s) present
adapt to prevent friction with the osseous column, and the structure of sheets of collagen spread
longitudinal tensions throughout the length of the tube to allow movement adaptation to parts of
the tube or to movement of the whole tube. Probably the same mechanisms apply for
movements of spinal side bending and torsion as well. The longitudinal pleating of the cord
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probably reflects the accommodation of those movements, and in some cases of scoliosis the
pleating might be semi-permanent.

Figure 2.45, Dissection of lumbar spine to level of dura, note longitudinal pleating or groove [subject had a
significant scoliosis].

The dura mater of the spine forms a tube and that of the cranium forms cresenteric sheets.
In both cases the high percentage of collagen gives the tissue a significant tensile strength and
the presence of some elastin allows for a certain amount of elasticity. The sheets of collagen that
forms the folds of the dura mater in the cranium are ideal at dispersing forces and the small
elastic component explains the slight recoil that the dura manifests during cranial PRM
movements, especially at the level of the meningeal layer. However not only osteopaths have
studied and examined the dura mater. Many of the discussions of the venous sinuses and cranial
bone movements of ancient anatomists like Thomas Willis and Emmanuel Swedenborg sound
very much like the osteopathic writings of Sutherland and Magoun.
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For Bichat and Swedenborg, there is more to the role of the dura mater than just protection
of the CNS.
…But the ultimate terminus of the motion of the longitudinal sinus, and also of the falx cerebri,
is the small foramen cecum between the crista frontalis and the crista galli; for all the fibers of
the falx, as so many determinants of its motion, emanate thence and tend thither. But the termini
of the motion of the tentorium and of the lateral sinuses are near those fossa in the temporal bone
where the jugular vein…par vagum … pass out1.
What is most important to remember of the descriptions from Bichat and others is that
movement is a part of the basic function of the dura mater. When thinking osteopathically, the
anatomy around a structure is often as important as the structure itself in understanding its
function, understanding a structure within its context. To understand the dura mater one must
acknowledge the arachnoid mater as well as the cranial bones. The arachnoid mater according to
Bichat is like the synovial membrane of the joint, it assists by allowing gliding, where as the dura
mater is equated with the joint capsule. The dura mater’s role according to Bichat is more
quantitative in nature, whereas the function of the arachnoid is more qualitative. The dura’s
primary role is protective and is more structurally solid in composition than the other layers of
meninges according to most texts2.

It has a role in guiding and limiting movements, this

concept is very useful to cranial osteopathic theory, and understanding its mechanics.

1

(E Swedenbourg, 1882 p.242).

2

(Ranson, 1936, p.74)

97

Upledger referred to the dura mater within the sutures as a component of his Pressurestat
model, claiming that the sutures remain for one’s whole life. However it is unlikely that the
vault sutures remain patent for the duration of one’s lifetime, but the base sutures around the
petrous temporal would not be included.

Within the pressurestat model, “a semi-closed

hydraulic system”1, Upledger theorized that the neural receptors within the sutures were
responsible for sending signals to the arachnoid granulations mainly in the superior sagittal sinus
that in turn would turn on or off the CSF production in the ventricles. It is unlikely that neural
communication occurs between the arachnoid granulations and the ventricles simply because in
health there is no contact between the dura mater of the falx cerebri and the cerebrum. However
a discussion of the mechanism as applied to the cranial base seems much more supportive of
these ideas, particularly the area of the pituitary and the hypothalamus. The hypothalamus as a
relay station that accepts and redirects information coming from the whole body including the
cranium and its contents, would be a logical control center for the PRM process as applied to the
production of the CSF. Possibly one explanation could come from the detailed anatomy of the
innervation of the cranial arterial supply. Following the internal carotid comes a corresponding
sympathetic plexus, which divides to form the plexus of the ophthalmic artery, and the plexi that
follow including the medial cerebral artery, anterior cerebral artery and “arteriae choroideae
from which most delicate threads pass to the lobus anterior of the hypothesis cerebri2.”

1

(Upledger 1983, p.14)

2

(Spateholz p. 787)
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Figure 2.46, Carotid artery and petrosphenoid suture, note dura mater within the suture.

During dissection of several craniums (approximately twenty), the author frequently found
the craniums of the elderly to be completely fused except for those sutures around the petrous
portion of the temporal bone. It should be noted that the absence of vault sutures might be
indicative of poor health since all of the cadavers studied were of the elderly, except for one
female cadaver of age 42, who had obviously been in a very poor state of health [none of the
cadavers had trauma as the cause of death]. It would seem that the dura mater has a role in the
maintenance of the cranial sutures, and perhaps this indicates other roles as well. However at a
minimum one should note that there are certain common factors at the areas of the last remaining
cranial sutures, including the dura mater, nerves and at least one large vascular structure.
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Figure 2.47, Petrobasilar suture, note presence of dura mater and sigmoid sinus.

So the presence of the sutures, the dura mater, a large vascular structure and adjacent neural
structures indicate a few possible conclusions, one is that movement is a key to suture
maintenance, and that movement requires a membranous component at the articular surfaces.
Similar to any joint in the body, the capsule is necessary to allow ongoing movement. Of note as
well is that with the presence of the vascular structure comes an accompanying nervous
structure. In the case of the sphenopetrous suture, the internal carotid artery is covered by a
sheath of sympathetic nerves from the superior cervical ganglion. The dura associated with the
sigmoid and jugular sinuses of course travels through the jugular foramen which has significant
neural elements passing through it, particularly the vagus nerve (CN X). Perhaps the presence of
the vascular elements, nerves and dura indicates the need for maintaining mobility as a high
priority.
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The Pressurestat model of Upledger contains some of the previously mentioned
information in its concept of the expansion/reduction of the CSF as part of the PRM. However
the absence of sutures in the vaults of some many of the cadavers studied in the author’s
dissection experience, would seem to indicate that Upledger’s assertion that the vault sutures
remain throughout life was unwarranted as a generality. An inspection of the literature that was
used to support that claim mentions a study that was performed on monkey and human infant
cadavers, but older cadaveric subjects were not examined1. Regardless the Pressurestat model
does point one in another valuable direction, that of the presence of the dura mater, and nerves
within the existing sutures, and the possible roles therein.
The dura mater within the sutures has associated unidentified nerves, given the connection
of the somatic periosteum with pacinian corpuscles, and their role in proprioception, one could
guess that there is a proprioceptive present in the sutures. The presence of the dura mater would
be adjunctive to this supposition. However of corresponding interest is the progression of suture
closure, in which the last sutures to close are those around the petrous portion of the temporal
bone. Given that the dura mater attaches strongly to the petrous temporal, and within the
temporal bone to the inner and middle ear as the epineureum of the vestibulocochlear nerve (CN
VIII), there is probably a connection between the vestibular system of the ear and the
membranous system of the cranium. The possible proprioceptive role figures heavily here,
potentially as part of the vestibulo-ocular reflex, or other righting reflexes of the head. On an

1

(Upledger, 1983, p.12, p. 273)
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osteopathic level the proprioceptive information from the dura mater allows one to have an
awareness of the spinal cord, and possibly of the interior cranium as well. So one has to
remember this awareness when discussing the PRM and how the dura mater fits in with the
concept of cranial mobility.
To discuss the mobility of the dura mater in the cranium, one is really in the terrain of
osteopathic concepts on the PRM. It is in the context of the PRM that the biomechanical
discussion of the dura mater hinges, as discussed by Magoun (and very frequently referred to by
other osteopaths).

There are other osteopaths such as Frymann and Altieri who have

contributions of interest to this thesis since this work is concerned not only with the dura mater
but also with the convergence of the eye and the rapports between the two.
Aside from the obvious continuity of the membranous system that is continuous from
within the cranium [and spine] to the sclera of the eye, as well as the direct vascular and neural
connections between the cavernous sinus, brain, internal carotid and the orbit, there is a
significant biomechanical connection. The position and movement of the eye are often said to be
related to the movements and position of the petrous portion of the temporal bone.

The

convergence movement of the eyes, are compared to the yoking movements of the petrous
temporal bone, and so factors that influence the petrous axis of the temporal bone may in turn
influence the orbit and eye. One biomechanical concept that can be understood from the
relationship between the orbit and the petrous temporal is the concept of foramen of the cranium
acting as meniscuses to facilitate movement and adapt to bony alignment changes. The foramen
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referred to in this context, are the foramen which involve two or more cranial bones, excluding
for example the foramen ovale or rotundum.
The major foramen which involve multiple bones would include mouth, nose, orbit,
foramen lacerum, and jugular foramen. The petrous temporal is involved in two of those
foramen, lacerum and jugular. The wedge shaped petrous bone aligns with the SBS, which in
turn directly influences the shape of the orbit, both by the sphenoid bone and by the temporal’s
articulation with the zygomatic bone. If there is a serious misalignment of the petrous temporal,
there is a chain of reactions that influences all of the articulations of the temporal bone, the
cranium, and the face [via the zygoma]. These two foramen directly related to the petrous
temporal may alter their conformation, and this in turn alters the conformation of the orbit. The
logic behind this is simple, a bone is more or less slightly adaptive, there are adaptive
possibilities between two bones, but these adaptive possibilities are still slight if they touch
directly. However there is significant adaptation between two bones if there is a space between
them, similar to the adaptation in the space of a child’s fontanel, or the orbit which is a complex
of six bones.

Hence the efficacy of osteopathic technique which can address all of the

complexities of the orbit from a local perspective by understanding the inter-relationships
between the six bones of the orbit, and globally by accounting for the inter-relationships between
the petrous temporal and the SBS and how that system can influence all of the multiarticular
cranial foramen.

The osteopath understands that there is a relationship between the large

foramen of the skull, and all of the multi-articular cranial bones, not just those directly connected
with a particular foramen.
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The brain and skull have to grow and adapt to changes in the system, so there is a space left
for accommodation during the period of most rapid growth. So in terms of the adult cranium the
areas of greatest potential adaptation in the cranium are the foramen, which explains also why
the adaptation process is so problematic, because it is through these spaces that neurovascular
structures pass. Adaptation can work against the organism in cases of serious pathology, or
postural disturbance.
There are several reasons for this statement the smooth relay of neural signals is dependent
on the position of the bones, specifically the optic foramen, and the membranes tension. This of
course applies to the oculomotor nerve (CN III), the trochlear nerve (CN IV), the trigeminal
nerve (CN V) and abducens nerve (CN VI), of course in terms of convergence the oculomotor
control of the medial rectus and the abducens control of the lateral rectus are key. The key to
understanding the role of these two nerves is to remember that not only does muscular
contraction have to occur for the eyes to have convergence, but smooth inhibition of the
antagonist, the lateral rectus, must occur as well.
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Figure 248. Cranial axes by Altieri compare AA’1 with the petrous axes of Frymann (Altieri, 1975, p.31).
Of course the most immediate observation is that numerous other axes may be at work at the same time preventing a
correct petrous axis. Note convergence of axes near asterion for A1, A2 and A3. Space between WW’ and AA’1
corresponds to attachment zone of tentorium cerebelli.

The bony alignment of the petrous temporal is important for several reasons, however the
drainage of the jugular foramen is one to note. However in terms of nerve passage from the pons
of the brain to the orbit, the position and tension of the dura mater is key as well and directly
related to the petrous temporal.
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When discussing the cranial nerves related to the eye, it is important to remember that
they bridge the subarachnoid space and then through pores of the dura mater to course along the
cranial base up to the cavernous sinus and then out to the eye. The assertion by Altieri and
Frymann is that an improper position of the tentorium because of a misalignment of the petrous
temporal, can be transmitted to the tentorium cerebelli and press upon a nerve, areas that are
most sensitive to this are Meckel’s cave and the cavernous sinus. In these two areas especially
lies a vulnerability of the cranial nerves related to the eye.
All that being said the ability of the petrous temporal to complete the full range of its
movement is important for anther reason, its relationship with the tentorium cerebelli is direct
and extensive. A blockage of movement of the petrous temporal at the jugular facet or by another
structure pulling/pushing on the temporal bone in general can reduce or prevent the sliding of the
temporal bone along a petrous axis. A movement that is similar to the movements of the eyes
and the orbital axes.

106

Figure 2.49 , Petrous and visual axes according to Frymann (Frymann, 1976, p.7).

The orbital axes and the petrous axes should ideally converge within the orbit as shown.
The results of the inability for these two axes to converge seems related to visual and learning
disabilities in children.
The hypothesis derived from these clinical and anatomical observations is that the developing
nerve pathways are laid down in these geometric forms. If these forms are distorted prior to
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completion of development of these nerve pathways, these two must develop in distortion, thus
creating confusion in sensory input and causing poor coordination in motor activity1.
The classic discussion of the PRM holds a key to understanding the connection between the
petrous temporal, the eye and the membranes. In discussing the components of the PRM, there
are some elements that are more significant to this thesis, and others that will be qualified or
described to give a better understanding of the related processes. However the connection of the
eye and orbit to the tentorium cerebelli is of particular interest to cranial osteopathic technique.
Also one should note that the discussion of the PRM leads into the biomechanics of treatment
which is a continuation upon the general topic of this section on biomechanics.
According to Magoun in his text Osteopathy in the Cranial Field, there are five basic
components to the PRM, including the cerebral spinal fluid (CSF), the meninges or reciprocal
tension membranes (RTM), the CNS, the articular mobility of the cranial mechanism, and the
articular mobility of the sacrum between the ilia2. With these basic elements one can add the
biomechanical principles mentioned earlier so as to gain an understanding of the mechanism
involved and how one can use osteopathic principles to influence it.
The first component is the CSF, and what concerns this paper, which in essence focuses on
the biomechanics [as opposed to biodynamics], is that the CSF forms part of a hydraulic system
that is in a constant state of fluctuation. The expansion phase of the PRM is synonymous with

1

(Frymann, 1976, p.6)

2

(Magoun, 1951, p. 16-19)
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the cleavage of water in the form of ions from the glycoprotein chains of the ECM, particularly
hyaluronic acid1. With the cleavage of the H+ and OH- ions, in essence water is formed, and the
volume of the ECM expands, while its density decreases. The expansion of the ECM is seen
most strongly in the large collection reservoirs of the subarachnoid cisterns, called the “water
beds of the brain” by Magoun2, which cause a global expansion of the cranium, hence the term
cranial expansion or inspiration. Of course the opposite occurs during cranial reduction or
expiration. This expansion movement is most limited by the hardest of tissues, the cranial bones,
and least restricted by the softer tissues of the cranium. The size of the container however
remains the same over all, only the pressure changes and the shape of the container. So during
the inspiration phase the width increases, as well as the A/P diameter, while the length decreases,
maintaining the volume as a whole, a balance is in place. This volumetric balance, of the liquids
in the cranium can be influenced by touch and in that context the mechanism influenced is the
thixotropic nature of the fascia. In other words the fascia responds to pressure and heat by
becoming more like a solution, or more like a solution or sol as in the expansion phase.
Osteopaths use various techniques to influence this liquid state, such as treatment of the cranial
ventricles. However for the purpose of this paper the expansion of the liquids will be harnessed
to challenge the dura mater. The dura mater during expansion is under positional tension, and to
this positional tension the induction of fluidic expansion will cause in effect a stretch upon the

1

(Lee, 2001, p.28)

2

(Magoun, 1951, p.16)
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dura, past its normal physiological or biomechanical movements. The shifting back and forth of
the liquid volumes in the subarachnoid space has a pragmatic physiological purpose. The gel/sol
alternation creates areas of lower pressure and areas of higher pressure which of course aids
convection, and in combination with cardiovascular factors encourages the movement of the CSF
through the subarachnoid cisterns and down the spine. The question is, how does one counter
that to encourage fluidic normalizations in the direction of the eyes, instead of the normal
direction of the CSF which is towards the coccyx? There are two concepts that can be harnessed
to allow this reverse movement, one is the Archimedes screw and the other is the art of inductive
palpation.
As mentioned earlier Archimedes screw allows the movement of fluid against gravity,
but this requires a serpentine path for the water to take and an impetus to drive the mechanism.
Within the CNS, the serpentine path is provided by the histological structure of the dura mater,
which forms curved tubules, and the energetic impetus comes from inductive osteopathic
palpation which focuses on directing fluids. The concept of fluid induction is a long established
part of cranial training, usually introduced as the “v-spread” technique1, and developed in an
ongoing fashion through continued osteopathic cranial training. However in the context of this
thesis the induction of the fluid will be through a series of normalizations that progress with a
directionality. The process of normalizations provides a fluidic balance, which changes the

1

(Magoun, 1951, p's. 60, 74)
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mechanical dynamic. The liquids being normalized are those of the fascia, and the result is the
enhanced mobility and motility of the fascia, the fascia in this case being the dura mater.
The second component of the PRM according to Magoun were “the meninges or RTM
which are the agencies for articular mobility of the cranial and craniosacral mechanisms,
securing balance in all diameters; aiding, controlling, and limiting motion1.” During cranial
expansion/inspiration the membranes tighten, the foramen of the cranium open, and the volume
of the vault [and body in general] becomes greater transversely (coronal) and smaller A/P
(sagittal), while the length as a whole diminishes, the venous sinus lumen becomes more circular
[as opposed to their triangular conformation in cranial reduction/expiration]. To this one should
add the production of CSF in the ventricles as stated by Upledger in his text Craniosacral
Therapy2. During cranial inspiration the volume of the CSF increases, and the pressure within
the subarachnoid space also increases, producing a tightening that is transmitted to the
membranes. It should also be noted that expansion/inspiration phase is accompanied by an
expansion of the ECM as free water which is produced from the cleavage of the complex of
water with GAG’s/PG’s (glycoaminoglycans and proteoglycans). So the higher the content of
ECM in a tissue the greater its expansion during the inspire phase of the PRM, fascia expands
proportionally more than bone, and the part of the bone that expands the most is the periosteum.
Secondly when two adjacent structures are in a going into expansion the smaller or more mobile

1

(Magoun, 1951, p.17)

2

(Upledger, 1983, p.10-12)
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structure is more influenced by the movement of the larger structure, in essence the smaller
structure is pushed around by the larger more than the other way around. The two structures will
also move around their mutual contact points, whether that be a joint or suture. So in the case of
the cranium there will be a greater movement of the visceral cranium relative to the mass of the
cranium in general, and the resultant movements of the interaction of the two structures will be
most noticed at the contact points between the two structures. In the context of this thesis this is
most significant at the ethmoid bone, with its dural contact at the cribiform plate, and at the same
place the tentorium of the olfactory nerve. The tentorium of the olfactory nerve is contiguous
with the endosteal dura mater, while the falx cerebri is a folding of the meningeal layer of the
dura mater. As the ethmoid moves forward in flexion with the bones of the face, but the crista
galli rotates posteriorly because of the restraining pull of the falx, the olfactory tentorium is
placed under tension by the descent of the ethmoid [trying to follow the facial bones by pulling
down and away] and this tension spreads along the endosteal dura mater up to the edge of the
lesser wings of the sphenoid.

Figure 2.50 , PRM movement of face (biodynamic movement of maxilla) (Liem, 2000, p.230).
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With the widening of the temporal squama in outflare, consistent with the increase of
transverse diameter of the cranium, the petrous bones move in and forward fitting in to the
wedge shape of the cranial base between the sphenoid and the occiput. The whole mass of the
cranium moves anteriorly and a little down starting with the greater wings of the sphenoid and
followed by the occiput. The seesaw motion accounts for the observed movements of the greater
wings and occipital squama during cranial inspiration/flexion. The result of the flattening of the
spinal curvatures and movements of the cranium is that there is tension placed upon the dura
mater from the anterior connection at the ethmoid, and inferior attachment at the coccyx. The
junction between the two that moves the least but balances the tension as in the fulcrum of a
lever system is the straight sinus, hence the name “Sutherland’s Fulcrum”1.

1

(Magoun, 1951, p.39)
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Figure 2.51, Sutherland’s fulcrum (Magoun, 1951, p.27).

The mechanism of Sutherland’s fulcrum is part of the ongoing biomechanical repertoire of
the dura mater chain. The straight sinus is used a fulcrum for the work of the spine to influence
the distal end of the dura mater, the sclera of the eyes. The further away the force is from the
fulcrum the greater the mechanical influence of the work performed, as in the third class lever.
So when the dura mater at the coccyx and sacrum is being treated, the effects of the
normalization process, on a mechanical level are amplified at the opposite end of the fulcrum,
the falx’s attachment to the ethmoid’s crista galli. The goal of the process is to generate a
normalization directed towards the eyes, but also to mechanically influence the state of the dura
mater as a system to make it more responsive to the treatment as the chain progresses. With the
thixotropic properties of the fascia comes a mechanical responsiveness, the more the tissue
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moves the more fluidic it becomes and the more responsive it become to fluidic technique. So
by constructing a chain with a directionality one can use this to one’s advantage so that when one
finally arrives near the end of the chain, the falx cerebri and tentorium cerebelli and their most
anterior attachments, the system is at a state in which it is most responsive to the work being
performed. This organization facilitates the work performed on structures that are normally not
very responsive, such the tentorium optica, tentorium olfactoria, and Meckle’s cave.
The central nervous system component of the PRM according to Magoun, has an inherent
motility, around which all of the movements of the PRM occur. However this component does
not constitute an important biomechanical context for this thesis although it is undoubtedly
important in terms of understanding the scope of the PRM.
The articular mobility of the cranial mechanism, allowing the expansion and reduction
cycle of the motility of the brain, refers to the gear and meshworks involved with in the PRM at
the level of the cranial bones. Just as the fluid dynamic influences the membranes during
expansion and reduction, so to do the movements of the membranes influence the articular
mechanism, and vice versa. The shape of the articulations between cranial bones also dictates
how they move against one another, seen dramatically at the level of the vomer, the sphenosquamous pivot, and the wedge shaped petrous temporal’s articulation with the SBS. The cranial
articular mechanism has been compared to a set of gears, with the membranes providing the
connections between the bones that allows for the flexibility to expand and recoil with the
change in fluid volumes. The bevel changes of the bones, as in the SS-CSM pivot, allows for the
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swiveling of the bones to accept the fluid volume changes, acting as fulcrums to allow pivoting
in normal mechanics, and also in cranial manipulation. There is a change of bevel at these two
pivot points, allowing a swivel action such that pressure at one extremity pushes the other end in
the opposite direction, like a seesaw, or as mentioned before a class 1 mechanical lever.
The use of leverage is very valuable to osteopathic technique because this is the manner in
which one can influence the membranous system deep within the cranium, far from direct touch.
The principle method by which this type of manipulation is accomplished is by adding a delay to
one component of a bone’s motion. By adding a delay the membranous movements are altered,
this delay can be focused to increase a range of movement, or to change the tempo. It is of
interest in this context to remember the histology of the dura mater. With the large percentage of
collagen there is a genuine resilience to movement past a certain range, but the presence of some
elastin allows for a slight give at the end of this range of movement, an elasticity within the dura
mater. To challenge the dura then, especially the long folds of the falx cerebri or tentorium
cerebelli, a certain levering at the end of range will be required, to insure that all the collagen
tubules within the dura are involved at some point within each movement. Part of this levering
occurs through the precise knowledge of the anatomy and the timing of movement changes
within the PRM, with that knowledge the application of precise force to the extremities of the
bones in certain areas can make for a very efficient transition of mechanical force into fluidic
change.
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The last component of the PRM to be mentioned by Magoun was the involuntary
movement of the sacrum between the ilia. This movement is again an example of how the
system of levers is such a major part of the cranial mechanism. The attachment of the dura mater
within the sacral canal to the second sacral segment is significant, and causes a tipping motion
during cranial flexion/expiration. In terms of osteopathic technique this relationship can be
manipulated to influence either end of the pole. By delaying the movement at the caudal end of
the dural tube one causes the cranial end to be relatively more mobile. This is the key to the
directionality of the fluid movement within the technique. By fixing one end [relatively] the
other end is made more mobile [relatively] so the fluid normalization will occur at the end that is
allowed to move more, accessing the thixotropic nature of the fascia. This normalization is a
process that is created within the inherent movements, so increasing the amount of movement, by
inhibiting movement somewhere else, focuses the system in the direction that one wants to go
towards.
Lastly there are as a generality two categories of description, as applies to technique,
biomechanics, sensation or pathology etc. There are quantitative aspects and qualitative aspects
of cranial palpation and technique. Under the heading of quantitative, one finds terms like
tension, position, and movements, all applied to the mechanical movements of the PRM. On the
other hand the term qualitative applies to the fluidic level of palpation and concept of the PRM,
less specific, but tending and more metaphorical.
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Table 3, PRM Movement terminology
Cranial Expansion phase

Cranial Reduction Phase

flexion

extension

External rotation

Internal rotation

Eversion

Inversion

Expansion

Retraction

Inspiration

Expiration
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2.6.2

BIOMECHANICS OF THE EYE AND ORBIT

The biomechanics of the eye, which involves the anatomy and the various reflexes of the
eye, is complex. There is the combination of neural input from the parasympathetic nervous
system, which is responsible for the accommodation pupillary reflex, and controls the amount of
light entering the pupil [via CNIII], and accommodation of the lens [again CNIII] that controls
the width of the lens, as well as ocular convergence [somatic fibers of CNIII]. There is also a
contribution from the sympathetic nervous system’s superior cervical ganglion which is
responsible for dilating the pupil. All of these actions fall within the heading of neurology, and
many require the co-ordination of other body systems and/or reflexes especially those related to
head position [righting reflexes]. However for the purposes of this study the movement of the
eye during convergence, which is primarily controlled by the ocular muscles, is the focus of
interest.
The ocular muscles with their connective tissue pulleys attach directly to the sclera, the
fibrous coating of the eye. Conventional medicine suggests that things such as poor convergence
and astigmatism are the result of neural impediment or in the case of astigmatism, asymmetries
of the cornea and/or lens. However osteopathic researchers suggest that the fascia and its
connections to the eye can cause changes to the mechanics of the eye, as will discussed:
Distortion of the shape of the globe could also produce
astigmatism. The globe of the eye is suspended in multiple layers
of fascia that surround the contents of the orbit. It is quite likely
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that traumatic fascial strains in the orbit can cause distortion of the
globe and cornea, producing astigmatism…The insertion of the eye
muscles on the globe is not symmetrical.

Developmental

optometrists and ophthalmologists have hypothesized that chronic
hypertonus of eye muscles can distort the shape of the globe and
cornea, producing astigmatism1.
The resultant combinations of tensions from the extra-ocular muscles, orbital fascial, and
the reciprocal tension membrane (RTM) of the cranium all play a part in the condition and
function of the eye. The RTM was discussed in the previous section on dural biomechanics.
Two significant subjects that must be covered are the role(s) the extra-ocular muscles
play in the ability to converge, and fascial tensions in general. To discuss the fascial tensions
two general topics will be discussed, those of the orbital fascia, and also of the extra-orbital
fascia. Of the extra-orbital fascia the fascia of the muscles of the face has some relevance, but of
particular importance is the styloid diaphragm. The reason for the inclusion of the styloid
diaphragm is its attachments to the temporal bone, anchoring it via the styloid process, and how
this anchoring influences the temporal bones relationship with the zygoma.

The temporal

zygomatic suture has a direct and strong influence on the inversion and eversion of the os
zygomaticus, and therefore strongly influences the shape of the orbit and its contents. The
styloid diaphragm presents a pressure equilibration system similar to the other diaphragms of the

1

(Dart, 2001,2002, p.71)

120

body. It also strongly connects to the orbit and eye by its manifold relationships with the cranial
diaphragm or tentorium cerebelli.

Figure 2.52, The oblique widening of the orbit with PRM inspiration/external rotation via eversion of the zygomas.

With PRM inspiration [note terms PRM flexion/external rotation/inspiration/ expansion
will be assumed to be synonymous with the expansion phase of the PRM], the zygoma does an
eversion which obliquely widens the orbit. The zygoma is the most mobile bone of the orbit

1

and as such its influence is significant. The influence of the zygoma on an osseous level and as
well on the associated [muscular] fascial level should not be underestimated.
Normal motion of the bones forming the orbit is especially
important in diseases of the eye…Trauma is often transmitted
through the orbital bones to produce fixations elsewhere such as via
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the zygomatic arch and temporal…The extrinsic muscles of the eye
deserve special consideration due to the frequency with which
lesions of the frontal, sphenoid, maxillas and temporals cause
imbalance…Cranial lesions can cause congestion and inflammation1.
The extrinsic fascia of the zygoma and maxilla is significant to the orbit for the mobility of
the bones involved. However in terms of mobility and health of the orbit the endosteal dura
mater is of primary importance. The bones involved in the endosteal dura mater are of course
the vault bones, sphenoid, frontal, ethmoid and temporal. By endosteal one distinguishes the
effects of sutural freedom of movement, and the role of sutural movements in cranial mobility,
from the meningeal layers of the dura mater that are associated with the foldings of the inner
layer of the dura, called the reciprocal tension membrane (RTM). The endosteal dura mater is
continuous with the epicranial fascias through the foramen of the cranium, and through the
cranial sutures when they exist. The presence of the many sutures in the orbit [through the
interaction of the six cranial bones] connecting to the orbital fascia via the endosteal dura mater,
as well as the cranial nerves [CN II, III, IV. V1, and VI] resident within the orbit [with their
sheaths of meningeal dura mater] entails a likely possibility for divergent orbital fascial tensions.
These tensions can be transmitted to the eye itself by the connection of the extra-ocular muscles
to the sclera. Aside from the extrinsic fascia that may influence the tensions within the orbit
there is also intrinsic fascia within the orbit that may or may not be implicated in ocular
dysfunction [see ocular anatomy section 2.4].
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Typically it is stated that during cranial expansion the orbits widen1, and the eye itself
becomes shorter (A/P), wider, and recedes within the orbit.

Figure 2.53, Shape of the eye in cranial inspiration/flexion and extension/expiration (Carreiro, 2003, p. 152).

As the orbit widens, it becomes shorter in the sagittal plane, and less deep, mirroring the
cranium in general. Interestingly the shape of the eyes in flexion/extension is very similar to that
of the myope and hyperope. The eye naturally will try to adapt to a blurred image by trying to
adapt and focus. So keeping in mind the various strain patterns of the cranial base, the eyes and
orbit may be quite different in appearance in cases of a torsion or lateral strain. The bulk of the
eye’s mass is fluid and so is dynamically responsive to fluidic changes of the ECM, additionally
the fascia around the eye and its fibrous coating is also responsive to the ECM. As such the
volumetric state of the cranium applies to the orbit and its contents. A torsional pattern of the
cranial base, or lateral strain will be reflected not only in the orbit but the eye itself, altering the
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actual dynamics of vision. Since the eye is reactively adaptive the strain patterns in the bony
container are powerfully reflected in the state of the contents.

Figure 2.54, Comparison of myopic and hyperopic shaped eyes and the shape of the eyes in cranial
flexion/extension (Carreiro, 2003p, 152).

The ability of the eye to adapt such that the most light from an image is focused on the
fovea requires changes that would be regarded as pathology. In the simplest case that of myopia
or hyperopia, but also including astigmatism.
If a lens or cornea is not symmetrical astigmatism may result, however the causes of an
asymmetry can be in the lens/cornea, or from the strain patterns of the cranium being reflected in
the state of the eye itself. However in osteopathic concept the shape of the eye itself could
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produce astigmatism1, and as discussed previously the shape of the eye is influenced by many
factors, the state of the liquids, fascial tensions and most importantly for this research, the extraocular muscles. The connection of the extra-ocular muscles, and their method of action can have
significant effects on the condition and shape of the eye. Since the condition of the orbit can
most probably influence the eye2, so can the condition of the eye be influenced by the
connections to the orbit, or to the cranium in general, which is the basis of this research. The
extra-ocular muscles are not symmetrically attached to the eye, so any tensions within those
muscles can have a strong impact on the eye, wherever they come from. The strong dural
connections to the extra-ocular muscles and the eye, via the optic nerve and sclera, leads one to
the conclusion that tensions or fluidic imbalances, within the dural system can have a direct and
immediate effect on the eye’s movements, despite the one centimeter slack in the length of the
optic nerves. There are two types of imbalance to consider, tension along the dura mater is
probably negated by the slack in the optic nerve, negating typical concepts of how to address the
system. However fluidic imbalances may occur within the system and cause the disorganization
necessary to illicit ocular dysfunction.
Astigmatism is not the only complex result of an ocular imbalance. Such is the case with
phoria, in which one’s eyes drift out of neutral alignment at rest, the result of visual or structural
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asymmetry of eye position1. In hyperphoria one eye is tipped upwards while the other tips
downwards. The causes can be either a structural asymmetry of the face, resulting from a cranial
base lesion, or functional, from tensions placed upon the eye from the extra-ocular muscles.
Exophoria is also possible in which one eye rests slightly outwards from the other. In cases of
phoria the body will try to compensate by positioning of the head. In the case of hyperphoria a
very common condition the head will tilt to adjust the vertical displacement perceived by the
visual system, tipping the eyes in opposite directions. Needless to say these conditions are all
influenced by the health of the orbit and the tensions residing within the cranium and body in
general. Testing ocular convergence by the pencil pushup is an effective means to identify the
presence of many of these imbalances. Conversely addressing these imbalances by balancing
tensions within the complete dural system seems to be a logical conclusion given the role the
ocular muscles play in connecting the dural system to the eye.
The contraction of the extra-ocular muscles is allows the eye to move in various directions,
laterally, superiorly and inferiorly, diagonally, and with a certain amount of rotation of the
eyeball itself a movement called intorsion or extorsion as the case may be. The medial and
lateral rectus contractions elicit lateral movements of the eye.
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Figure 2.55, Actions of the ocular muscles (Grant, 1956, plate 496).

Superior gaze of the eye is a result of the superior rectus and inferior oblique, inferior
motion is from inferior rectus and superior oblique muscles. Intorsion which involves the eye
moving down and in, but also involves an inwards rotation along the antero-posterior axis of
vision is the result of the contraction of the superior rectus and superior oblique muscles.
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Extorsion which is a motion of abduction from the nose also involves a rotation along the same
visual axis but is caused by the inferior rectus and inferior oblique muscles1. The contraction of
the eye muscles is designed to align the visual field with the center of the fovea and cornea. The
eye muscles form “yoked pairs” in which one muscle of each pair is relaxed while the other is
working2. Obviously this is the ideal situation and disturbances of vision whatever their origin,
can interfere with these relationships.

Muscle
Medial rectus
Lateral rectus
Superior rectus
Inferior rectus

Superior oblique
Inferior oblique

Table 4. Eye Muscle Actions
Primary function
Secondary function
Adduction
None
Abduction
None
Upward gaze
With adduction,
Downward gaze
intorsion
With adduction,
extorsion
Downward gaze
With abduction,
Upward gaze
intorsion
With abduction,
extorsion

Table taken from text Cranial Nerves (L Wilson-Pauwels, 2002, p.229).

It should be noted that the movements of intorsion and extorsion mirror the rotation of
the cranium on the upper cervical spine that people often exhibit when reading. Both the
superior/inferior recti and the superior/inferior oblique cause a rotation of the eye around the
visual [A/P] axis depending on whether the eye is abducted away from the nose or adducted
towards it. If the eye is fully adducted toward the nose the recti rotate the eye as well, if the eye
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abducted away from the nose the obliques contraction also causes a rotation around the visual
axis. The four recti can provide most of the movements of the eye, however because the Zinn
tendon is attached relatively obliquely medial to the pupil, there is a component of A/P rotation
to the movements of elevation and depression that is corrected by the contraction of oblique
muscles to allow the eye to move straight up or down.
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2.7

EMBRYOLOGY

An understanding of the embryology in general demands the knowledge of several
concepts in order to comprehend the movements of cells and the process of transformations that
turns a few cells into an individual capable of life outside the womb. First one must understand
that there are initially two layers endoderm and ectoderm, and that during the process of
gastrulation these two layers are split by the formation of another layer called the mesoderm.
After this point there is a series of cellular changes that lead within a short time to an organism in
which all the adult tissues are present, this is called the embryonic period, and in the human ends
at the second month, at which point all the organs are present. This series of changes is the result
of processes including induction and determination.
The process of induction is of significant interest to osteopathic study. With induction a
cell undergoes a: “morphogenetic effect brought about by a chemical stimulus transmitted from
one embryonic part to another1.” This influence of one tissue over other cells is brought upon by
proximity, direct contact of cells with anther tissue causes induction. With induction a chemical
messenger [evocator] is transferred from one cell [inductor] to another, this chemical messenger
causes a chemical change in the cytoplasm of the induced cell. The evocator changes the fate of
the cell which then undergoes a process of determination which delineates what tissue that
primordial undifferentiated cell becomes. The process of determination makes the destiny of that
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cell irrevocable, so the same type of germ cell, i.e. mesoderm, ectoderm or endoderm, can end up
as one or another tissue depending on where it is located [but its germinal type is not changed].
If it is transplanted to another area it will end up as a totally different tissue, then it would have
in its original position (but still consistent with it germ type). The key to induction is the
physical proximity of one cell to another tissue or sell type. A chemical messenger [evocator] is
transported by diffusion and enters into the target cell after which its fate is determined, to
become a specific tissue or cell type. The primary induction tissue of the embryo is the chordalmesoderm. In the cranium there are several significant induction agents including the prechordal
plate, and the notochord.
There are certain areas in which the process of induction is dramatic and of significance
to osteopathic thought. One of the most important is the formation of the branchial arches. It is
in this development that timing of determination by induction is key because depending on
where a cell is located, by which structure it touches, it may become a muscle, a fascia, a
cartilage, a bone etc. All of this organization is determined within a minute area and this
organization becomes an incredibly complex set of cellular determinations and timing events.
Induction may also go through a series of stages, where there are primary, secondary and tertiary
inductions, resulting in the complex arrangements such as seen in the branchial arches, or the
cranial base. The branchial arch development is a key example of how Osteopathy is valid in
complex dysfunctional situations. In the one area of the branchial arches some cells go on to
form a muscle, others a fascia, or a nerve etc. There is a plasticity to those primordial cells
which is the current subject of intense investigation in the form of stem cell research. However
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within this area there is an intense organizational process, and the plasticity of the cells present
enable adaptation. The most adaptive cells are the mesenchymal cells which can end up being
very different tissue types depending on which inductive cells they lie adjacent to. Herein lies
the power within osteopathic technique which elicits the adaptive nature of the fascia, whose
origin is mesenchymal. By addressing the fascia in an area such as the upper cervical spine one
may solicit the adaptive properties of the fascia to allow adaptation of all of the derived
components of the branchial arches, whether that is glands, nerves, muscles or ligaments. All of
these can be addressed in treatment format by addressing their ability to inter-relate, and that
ability to interact is imbued to these tissues by the fascia. Hence the power of osteopathic
technique which acknowledges not only where these tissues come from [branchial arches for
example], but also how they relate [physiology and anatomy], and how they can be influenced in
their inter-relationships [by the fascia].
There are certain structures that are very important inductors, especially the notochord
which is likely the most important inductor of the embryo, and the prechordal plate which is very
important as a cranial inductor. In terms of the whole embryo, the chordal mesoderm is the first
inductor and around it the body tissues are organized as a whole1. The cranial induction process
is complex, especially when explaining different periods of development where a structure can
be a primary or secondary inductor, etc.
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2.7.1

EMBRYOLOGY OF THE DURA MATER

Once the meninges’ embryological and developmental processes are understood, the
patterns of innervation, the paths of the vasculature, and anatomy of the meninges of the adult
will be clearer.

[Most importantly for Osteopaths, knowledge of the progression of the

embryological movements of the meninges and body proper confers a greater understanding of
the patterns of movement of the PRM or matrix liquids.] The difficulty in discussing the
embryology of the meninges is finding material. In order to understand the subject of meningeal
embryology the discussion widens to include what happens to the cranial bones and the neural
tissue during early growth and development. However to understand what happens to the
cranium, one has to know what is concomitantly occurring in the body as a whole. This subsection will include mention of the dura mater and meninges in relationship with and to the
surrounding structures because the only way to understand what happens embryologically is to
understand things in relation to the greater context. Also one has to realize that distinguishing
pachymeninges [dura mater] from leptomeninges [pia and arachnoid maters] during the early
stages of embryological development is close to impossible. The term meninges will sometimes
refer to both layers especially in the earliest embryological stages. During the fetal period the
two layers of the meninges are more easily distinguished, and will therefore be mentioned
separately. In that case one has to realize that when discussing embryology one is discussing
movements, and to understand growth and development one has to perceive changes in the total

133

context of interactions. The key to understanding cranial development is to understand the
connections of interactions between structures and the movements of tissues.
The first thing to remember is that it has generally been accepted that the pachymeninges
are derived from an outer layer called the ectomenix, which yields both the dura mater and
calvarial bones. The leptomeninges are generally considered to come from an embryological
tissue called endomenix. Ectomenix is considered to derive from paraxial mesoderm [spinal]
and neural crest [cranial] cells, the endomenix [of the leptomeninges] comes from neural crest
cells1. The ectomenix of the calvarium forms the bones of the vault, while that of the base forms
the cartilage which is later turned into bone. It has been stated that interactions with the
mesenchyme are responsible for the change of ectomenix into cartilage or membranous tissue
which later is turned into bone2. However this description of the process of the change from
mesenchyme to primary menix, then to ectomenix and endomenix and from those tissues into the
pachymeninges and leptomeninges leaves out much detail, and all of the dynamism of the
process.
During the formation of the cranium there are a series of cellular differentiations that are
akin to explosive tissue growth. The explosions of cell growth have numerous effects and it is
these effects, interactions between cells from different areas and different tissues that yield the
complex arrangement of tissues that ends up as the area called the cranium, a process similar to
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those elsewhere in the body. The inspiration for this image is from the works of Blechschmidt
and it is his ideas and concepts that bring the dynamism of this process into scientific
understanding. To comprehend the concept of dynamic movement one must turn to the writings
of Erich Blechschmidt and his biodynamic concepts, as well as his discussions of the dural
stretches mentioned later.
There are few terms that should be noted for a clearer understanding. Firstly the term
mes must be highlighted. Whenever the term mes is used for a tissue then its behavior or function
is like connective tissue or mesodermal tissue. In order to clarify later uses, when the term blast
is used it refers to the earliest stages of development after conception, when the term derm is
used it refers to the endocyst disk. So for example the term mesenchyme is used for example that
refers to the embryonic stage of development1.
There are only two tissues present in the bilaminar disk, endoderm, and ectoderm. There
is one area that is important for the study of the cranium present at the bilayer stage, and that is
the prechordal plate. The prechordal plate is important because it is here that the endoderm and
ectoderm are tightly fastened together, this area will eventually become the mouth of the fetus,
however at this stage it is at the end of the disk.
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Figure 2.56, Bilaminar disk with prechordal plate (Moore & Persaud, 1998, p.52)

This prechordal plate will later be used like a fixed point or fulcrum for other activities to
occur around.
The next important process is gastrulation, in which the bilayered disk is turned into a
trilayered disk by the addition of the mesoblast or mesodermic layer. The appearance of the
primitive streak indicates the beginning of gastrulation during which there is the almost ferocious
expansion of cells to form a new layer between the two layers of the bilaminar disk. The
mesoderm connects the two layers together with itself in the middle, and it is this role, of
connecting, that mirrors its intrinsic function as it later develops into the connective tissue of the
body. In fact the mesenchyme (or mesoderm) which comes from the deep surface of the
primitive streak has some noteworthy characteristics1. Because of certain embryonic growth
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factors the mesenchymal cells migrate widely1, and moving throughout the embryo, they will
later become different types of connective tissue.
Up to this point two of the important qualities of the mes tissues have been mentioned,
the quality of providing connections and the quality of migration, or movement. These two
qualities are extremely important in understanding how the embryo assumes its final shape.
When a structure enters or connects to mesenchyme, at that moment as the mesenchyme moves,
which is one of its qualities, the tissue or structure will be made to move along with the
mesenchyme. The mesenchymal tissues migrate throughout the body laying down the future
connective tissues, albeit in an undifferentiated state, until they come to the prechordal plate that
stops them from going further. The ectoderm and endoderm are so firmly attached at the
prechordal plate that the mesoderm can’t split the two layers, and effectively the migration of the
mes tissues is stopped here, hence the use of the term end earlier. The use of the term end
signifies that the mesenchyme cannot go past that area because it cannot split those tissues, its
cephalic movement is temporarily ended. However the mesenchymal tissue is quite a determined
tissue, so it grows around the prechordal plate.
During the third week of life the growth of the mesoderm is explosive as it is this
tissue’s growth that outpaces the others at this time, so much so that it forms a bend or spiral, i.e.
there is nowhere for the tissue to go so it folds in on itself. This folding becomes the notochord.
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The notochord ends up reaching as far as the posterior pituitary1 before the longitudinal growth,
and growth curves pull the apical end of the embryo away from the notochord.

Figure 2.57, Folding of mesoderm into notochord (Moore & Persaud, 1998, p.71).

The growth changes of the notochord serve as a cue for the development of the neural
plate tube1. As the rapid growth process of the mesoderm starts to slow down [ending around the
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start of the fourth week], the ectodermal tissue’s normally rapid growth process remains
unchanged, its accelerated growth starts to be braked by the lack of space available within the
slowing of the mesenchymal tissues growth. The ectoderm responds to the constriction of space
[for it has nowhere to go just as itself without the other layers] in the same manner as the
mesoderm did earlier, it folds in on itself, and this folding process turns the neural plate into a
tube or the neural tube.

Figure 2.58, Folding of neural tube (Moore & Persaud, 1998, p.73).

The result of these tissue growth rate changes is that once the neural tube pinches off
there is still rapid cellular division of the ectoderm that is occurring at the bridge that existed
between the ectoderm that will become the epidermis and the neural fold that is pinching off to
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become a tube in a process called neurulation. This bridge of tissue as it keeps expanding
becomes the neural crest cells.
The mesoderm or mesenchyme is rich in fluids1.

The importance of the

association of the mesenchymal derived tissue with the pia mater, with the CSF, and the
formation of the venous sinuses is due to the richness of the fluids in the mesenchyme. It is
because of this continuity of the fluids of the. Every germinal tissue has certain attributes,
certain tissues that they evolve into. The ectoderm becomes neural tissue, nerves, as well as
dermis and other tissues. The ectoderm has a high metabolic rate, it uses up energy and its
movement is that of transmitting information, and that information is carried very quickly.
Because of it property of conduction it rapidly uses up energy. The endoderm is the opposite, it
doesn’t like to move, when it moves it moves slowly, and it later goes on to form the digestive
organs, visceral parenchymal tissues and the fatty tissues of the body. Digestion and storage of
energy of course are facilitated by stasis. The endoderm has a role of energetic storage, but
movement is not one of its attributes, nor is transmission of information. The tissue between
these two is the connective tissue, the mesoderm. It likes to move, the mesenchyme is
noteworthy for its tendency to migrate, and it likes to associate with fluids. The fascia, which is
of mesodermic origin [blood vessels are another], carries the extracellular fluids from the cells or
matrix fluids, from one area of the body to another. Mes tissues are stimulated by movement,
and not only do they respond to movement, but they do so in as many ways as forces can be
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applied to tissue. Blechschmidt’s works are important because they inspire an understanding of
the movement, the inherent dynamism of cranial development, especially of the mesenchyme.
In order to understand the following section there is a need to recapitulate some of the
important points about the mesoderm/mesenchyme that were made by Blechschmidt.
mesenchyme has several noteworthy properties, it transports nutrients

1

The

via connected tissue

interstices, its cells migrate and/or move, and its cells have plasticity responding to external
forces in numerous ways. According to Blechschmidt there are metabolic fields that are integral
to the ontological development of an embryo, these fields have intrinsic movement
characteristics, especially as applied to the mesenchyme, the inner tissue of the embryo2. These
intrinsic movements are integral to the differentiation process of the involved tissues, in
particular those derived from mesenchyme. The first metabolic field to be discussed is the
suction field.
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Figure 2.59. Suction Field Concept (Erich Blechschmidt, 2004, p.74).

A suction field occurs when the limiting tissues are separated, the liquids of the
mesenchyme a drawn into that low pressure area, and it becomes an area that stores liquids.
Blechschmidt refers to this example as the formation force behind the creation of glands, another
mesenchymal tissue. However, for the purposes of this thesis, the supposition will be made that
this process is part of the process of formation of the arachnoid villi, and even though the
literature does not mention the time of appearance of the arachnoid villi, one has to assume that
as soon as the CSF starts to be produced and the amniotic fluid removed from the neural tube,
that both the choroid plexi and the arachnoid villi are functional at least on some level. Since
CSF is present then the meninges or their primordium must be present somewhere by embryonic
day 411. Note that the neural tube is closed around day 321 and that the choroid plexi of the
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ventricles are present by day 442, so by deduction the meninges must be present by that time to
act as the container of the CSF. [For a brief overview of stages of development see Appendix D].
The next metabolic field that concerns this thesis is the contusion field concept:

Figure 2.60, Contusion Field Concept (Erich Blechschmidt, 2004, p.78).

The principle behind the contusion field concept, is that pressure upon the mesenchymal
cells in an area causes them to flatten into a discoidal shape, the shape of primordial cartilage
cells. The example used by Blechschmidt was to describe the process of thickening of the spinal
dura mater, however it is equally applicable to the cranial base. One noteworthy addition to the
discussion of the cartilaginous evolution of the cranial base is to remember what mechanism is
causing the contusion. The pressure coming from above is the result of the growing neural
tissue, and the resistance pressure from underneath is from the prechordal plate that acts a fixed
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point or fulcrum around which numerous forces act.

The fact that the ectodermal and

endodermal tissues are tightly sealed at this place allows this area to act like a fulcrum or fixed
point for other tissues to push or pull against. It should also be mentioned that these metabolic
field processes are occurring concurrently and among the different mesenchymal derived tissues
all the time. As the process of distusion is occurring and the mesenchymal cells are becoming
disk shaped, fluid is pressed out of the cells into the open spaces of the area. In the case of the
cranial base the liquids pool between layers of the mesenchyme. One layer of mesenchyme is
being compressed by the weight of the developing brain, but the layers above and to the side are
being stretched by the growing brain’s expansion, a dural stretch is applied to the mesenchyme.
The pooling of fluid between layers results in the creation of a venous sinus. If the fluid is
carried away from that area, densation occurs.

Figure 2.61, Densation Field (Erich Blechschmidt, 2004, p.76).
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As mentioned earlier not all of the forces applied to the mesenchyme are compression
forces. Because of the growth of the brain tension may be placed upon the mesenchyme, and
there are various ways that it can respond. One has to remember that the neural tissues, being
ectodermal in origin are growing very fast. In the cranium the mesenchyme or menix primitiva
as the mesenchyme will become in many areas, surrounds the growing brain. The growing brain
pushes down on top of the mesenchyme of the base, compressing it. The mesenchyme responds
by going through a contusion and or a densation process, or both. The mesenchyme on the side
of the brain is stretched, but it also acts as a brake on the growth of the brain, which folds and
convolutes. This process of course goes through stages in which there is major and then lesser
foldings of the neural tissue and overall cranial structure, called flexure when it is large in scale,
and convolutions or foldings on a lesser scale.
The initial expansion of the brain places certain areas of the mesenchyme under tension and
it stretches. The brain goes through a series of foldings that are variable in time and rate
depending on the area examined. Meanwhile the original stretched mesenchyme has been
subject to different pressures including densation. Since the inherent liquids of the mesenchyme
are drained by contusion this mesenchyme becomes more like a band of tissue. The brain
continues its rapid growth and tension is place on these bands of mesenchyme that now act a
little differently and retension occurs. According to Blechschmidt a rule applies:
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An ensemble of maturing inner tissue cells, whose growth in a particular direction is slower
than the growth of adjacent tissues, brings into effect, through its slower growth, a
biomechanical resistance to stretching. The growth resistance leads to a tensing of the tissue1.
The result in the case just described applies to the formation of the dural bands, or girdles
including the anterior dural bands, and their mechanical behavior. The dural girdles slow the
outward growth of the brain, and transmit the forces of this expansion to the firm attachments at
the cranial base with which they are strongly connected by the dura mater. Because these dural
attachments at the base of the cranium are cartilaginous, the pressures present cause them to
eventually become misshapen in the adult and this morphology is the result of the pressures
present during development. Hence the shape of the crista galli, clinoid processes, lesser wings
of sphenoid and petrous ridges.
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In this schematic the dural
stress bands pulling up on the
densation field of the cranial
base is seen, 1 corresponds to
the frontal ethmoidal band,
later becoming part of the falx
cerebri, 2 corresponds to the
anterior dural girdle which
attaches to the alisphenoid of
future lesser wings, 3
corresponds to the dural stress
band of later tentorium
cerebelli, which attaches to
the otic capsule site of the
future petrous temporals.
Figure 2.62, Dural stress bands from cranial base (Erich Blechschmidt, 2004, p.141).

As the brain grows in stages the mesenchymal tissue between the bands is stretched out
transversely. The metabolic process behind the formation of the bands is called retension.

Figure 2.63, Retension Field (Erich Blechschmidt, 2004, p.81).
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All of these various processes are ongoing in the same tissue, the mesenchyme. The
processes that occur, and how they effect the mesenchyme and the nerves and blood vessels that
later enter the mesenchymal derived tissues explains adult morphology.

For example, the

anterior dural girdle forms initially at the cranial base as the result of a distusion field, in
response to pressures from the weight of the brain above, pushing onto the mesenchyme below,
which has nowhere to go because of the prechordal plate underneath. The mesenchyme starts to
go through the process of becoming cartilaginous. However some of the mesenchymal tissue that
is attached at the sides is not under pressure from the weight of the brain but is being stretched.
1 refers to cerebellum, 2
to midbrain, and 3 to right
cerebral hemisphere. The
converging arrows refer to
growth restraining function of
dural bands. The reader should
compare this schematic to the
later depiction of the dural
limiting layer by O’Rahilly and
Muller.
Figure 2.64, Bands of connective tissue between cerebrum and cerebellum (Erich
Blechschmidt, 2004, p.140).

This mesenchyme lengthens but more slowly than the neural tissue, and a retention field
predominates.

The brain in response to being restrained by the slower growth of the

mesenchymal tissue begins to become convoluted.

148

The mesenchyme continues to grow and expand, however the band of tissue remains as a
band, and the mesenchyme spreads outward in any direction it can from that banded tissue. It
cannot go inward because of the presence of the brain, so it goes outward and along the margin
of the brain. The neural tissue continues to expand and grow in space even as it is folding,
although not as dramatically because its growth into convolutions absorbs some of the surface
area, and the space it takes up increases but at a slower rate than previously. The dura between
the bands is stretched, but not to a degree to cause it to form bands of tissue, but enough to cause
a dilation field to occur, and the meninges become arranged into sheets with fiber directions,
stretched between bands.

Figure 2.65, Dilation Field (Erich Blechschmidt, 2004, p.84)

The bands are attached to the same mesenchyme that eventually becomes the densest parts
of the cranial base, the petrous temporals, the clinoid process and lesser wings of the sphenoid.
The dural stretches turn into the dural girdles over time, and later the cranial sutures form along
the pathways of those arches.
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The ethmoidal dural
stretch, schematic to show
the forces of tension within
the stretch. This dural
stretch later causes the
formation of the metopic
suture. The area the stretch
occurs in is between the
cerebral hemisphere, and
the later tissue would be the
falx cerebri.
Figure 2.66, The ethmoidal dural stretch (E Blechschmidt & Bosma, 1975, p.51).

The attachment of the stretches to the cranial base is a result of the strength of attachment
of the mesenchyme to the cranial base. The strength of attachment is itself the result of the
pressures in the area. Those pressures are not simply embryonic. The pathways of the dural
girdles, a later stage of the dural stretch, are the pathways for the formation of the sutures for the
whole cranium1.

1

(Smith, 1978, p.663)
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Figure 2.67, Dural reflections. “The dural reflections in a 17-week fetus sweep upward from the attachment sites in
the cranial base toward corresponding sutures areas in the calvarium” (Dixon et al., 1997, p.365).

In the previous paragraphs one had a conceptual discussion of what is occurring to the
mesenchyme of the cranium, as well as to the mesenchyme of the body in general. Those
principles are now going to be applied to contemporary research information about the meninges,
which is actually quite a limited pool of information. Few researchers actually have first hand
experience in studying the embryological development of human meninges. The most well
known are Blechschmidt, and the team of O’Rahilly and Muller. Another piece of information
to remember is that the production of mesenchyme occurs at an early stage of cranial
development, but it does not occur just once. Mesenchyme or mesoderm comes from protoectoderm during gastrulation.

There are two layers in the embryonic disk, epiblast and

hypoblast, epiblast becomes ectoderm, hypoblast becomes endoderm. The primitive streak is
derived from epiblast, as well as the ectoderm, as can been seen in the following flow chart. It is
important to note that the mesoderm is derived from the same primordial tissue as the ectoderm.
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This information becomes very important later on, because in the cranium the sources of
mesenchyme are varied and confusing.

Figure 2.68, Origins of trilaminar disk layers (Moore & Persaud, 1998, p.53).

There should now be a certain comparison of germ tissue layer derivatives. The ectoderm
yields epidermal tissues, the neurectoderm and the neural crest cells. The neural crest cells give
rise to spinal and cranial nerves (V, VII, IX, and X), the adrenal medulla, the posterior part of the
pituitary and the meninges, etc. The mesoderm yields connective tissues, muscle, bone, heart
blood and lymph vessels, kidneys, pericardium, pleura, peritoneum, spleen and suprarenal
cortex. The notochord is a derivative of the mesoderm, and it forms the vertebral bodies and the
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nucleus pulposus, the notochord ends in the cranium at the prechordal plate1. It should be noted
that the mesenchyme of the cranium is derived partially from the neural crest cells which in turn
are derived from neurectoderm2. The endoderm gives rise to the pharynx, thyroid glands,
parathyroid glands, digestive tract and parenchyma of the organs.

The sources of the

mesenchyme in the cranium include the neurectoderm, neural crest cells, the para-axial
mesoderm and the lateral mesoderm. That is a lot of sources for one area of mesenchyme, and
those sources are separated not only in terms of tissue type, but also temporally.

The

mesenchyme arrives at different times depending on what tissue is where and at which
developmental stage the area is in. The position of a tissue in the context of the surrounding
tissues, and what is transpiring within those surrounding tissues have important implications for
the development of any one area, as well as the mesenchyme that appears. Hence the difficulty
of discussing the meninges embryology, and why it is so poorly explained in many texts.
The pharyngeal arches appear in stages, the first one at about day 24 (Carnegie stage 11),
there are three visible at day 26 (Carnegie stage 12) and the fourth appears in the 28th day
(Carnegie stage 13)3. [See appendix D for brief embryological description of days and stages]
The cranial neural crest cells are the origin of the cranial nerve nuclei, the same nuclei that are
responsible for the pharyngeal arch innervation. In fact the first pharyngeal arch to form is

1

(Moore & Persaud, 1998, p.79)

2

(Moore & Persaud, 1998, p.88)

3

(Moore & Persaud, 1998, p.94-95)
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related to the trigeminal nerve. At this time the base of the cranium is a very small place, all of
the original mesenchymal structures are located very close to each other. This can be deduced by
remembering that the pressures that form the cartilage of the base from mesenchyme do so
because of a summation of pressures and their resultants, as established previously. Those
structures are, the petrous portion of the temporal bones, the clinoid processes, and the anterior
dural girdle that will become the lesser wings of the sphenoid, the foramen magnum, the
tentorium of the optic nerve and the tentorium of the olfactory nerve. The reason one can deduce
their age of formation is that these areas are the only place in the adult cranium from which the
pachymeninges cannot be removed. One can also deduce the age of the attachments by the
pattern of innervation. The innervation of the dura of the anterior cranial base is primarily from
the trigeminal nerve (CN V). At one point the dura that this nerve innervated was in one place.
Growth occurred and the area that the nerve innervated spread. How then can one explain the
recurrent branch of the CN V1, or ophthalmic division of the trigeminal, which is recurrent from
very far forward, in the anterior cranial fossa, and yet curves back to innervate the top layer of
the tentorium1. This occurs because of the growth of the tentorium and the origin of the dura
mater of the tentorium. At one point the dura mater of the tentorium when it was penetrated by
the bud of the trigeminal nerve, at one of the pori meninges, was located proximal to the first
pharyngeal arch. This must have occurred slightly after 18 days because that is when the bud of

1

(C. M. Jackson, 1914, p.935)
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that cranial nerve is detected, with corresponding development of the pharyngeal arch, and at that
time the embryo has only a slight curvature, which is very important to remember.
The closure of the
rostral neuropore is part of
the process of neurulation,
subsequent to gastrulation.
With the closure of the
neuropore the amniotic
fluid of the neural tube is
replaced by the CSF
produced in early stage of
development of the fourth
ventricle, the first of the
cranial ventricles. The
formation of the choroid
plexi, themselves the
combination of two tissue
types, ependyma of the
neural tissue derived from
neural crest and pia as tela
choroidia a derivative of
neural crest derived
mesenchyme.
Figure 2.69, First pharyngeal arch (Moore & Persaud, 1998, p.94).

It is important to remember, because of the timing of the curvatures and where things are at
what time. At the time the neural crest cells that formed the trigeminal nerve, the dura of the

155

future anterior cranial fossa, and the original tissue of the tentorium cerebelli all were located in
the same general place. The dura mater grew backward into the primordial meninges that was
leptomeningeal initially1, and as it grew backward it took the recurrent division of the
ophthalmic nerve with it, hence its tortuous path. However the reality is that the tentorium never
really grew backward, but the neural tissue folded in the first flexure of the brain called the
midbrain flexure at about four weeks2. As the first cerebral vesicle grew and developed, it folded
over the prechordal plate, as well as the mesenchyme lying on top of the prechordal plate. The
first pharyngeal arch that originally was facing anteriorly was shifted by this folding to be
oriented caudally or inferiorly. Once the forebrain (future cerebrum) is lying on top of the
mesenchyme the weight of its presence and the forces created because of its growth pressed
down on the mesenchyme causing the mesenchyme to change. The mesenchyme starts to
become dense, consistent with the process of becoming cartilage, and later the bones of the
cranial base. The mesenchyme on the margin of where the flexure occurred appears to be drawn
backward by the folding. However in reality as the forebrain expands the mesenchyme that will
become the cranial base is pushed forward and the mesenchyme that sticks to the neural tube is
stretched away from that of the cranial base. The mesenchyme in the middle later becomes the
superior layer of the tentorium cerebelli.

1

(O'Rahilly R, 1986, p.594)

2

(Moore & Persaud, 1998, p. 465)
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Figure 270, Progression of development of meninges up to the appearance of tentorium. T indicates tentorium
cerebelli, the Sh indicates a notochordal sheath that becomes continuous with the tentorium and is primarily
leptomeningeal or endomenix in constitution (O'Rahilly R, 1986, p. 593).
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One may ask, how did the free margin of the tentorium end up being in continuity with
inferior and superior parts of the tentorium that have a different innervation? The key to this is
that the inferior border of the tentorium cerebelli was at one point almost vertical in orientation
[assuming the fetus is oriented with top of cranium pointed up].

This probably occurred

sometime after the appearance of the fourth pharyngeal arch. At this time the orientation of the
head of the embryo was without any cervical lordosis, and the cerebellum was just a bud that
existed below the fourth pharyngeal arch, that is after 28 days (Carnegie stage 13).

Figure 2.71, Four pharyngeal arches (Moore & Persaud, 1998, p.95)

The growth of the cerebellar bud pushed the mesenchyme that was lying on top of it up
and took it from being obliquely vertical (cephalo/caudal) to being horizontal in orientation.
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Figure 2.72, Developing cerebellum and initial choroid plexus (Moore & Persaud, 1998, p.468).

The nerves that innervated the dura mater of the inferior layer of the tentorium at the time
when it was lying on top of the cerebellar bud were from the superior cervical ganglion,
specifically the first and second cervical nerves which were proximal to the inferior layer of the
tentorium cerebelli. As the cerebellum grew and pushed the dura into its position as the inferior
layer of the tent, it dragged the nerves along with it. Now the timing is confirmed, when one
considers the rest of the innervation of the dura mater which comes from cranial nerves VII, IX
and X, incidentally, the nerves that correspond to the second, third and fourth pharyngeal
arches1.

1

(Moore & Persaud, 1998, p.223)

159

Figure 2.73, The four pharyngeal arches, note the trochlear nerve coming off the mesenchephalic flexure, as
the face grew forward that nerve grew so that in the adult the root and origin of the nerve is at the posterior of the
midbrain, and the nerve progress forward all the way to the orbit. The space for the future fourth ventricle is
apparent behind the midbrain (P. L. Williams, 1995, p.237).

The next stage of flexure, in which the pituitary ends up on the bottom of the cranium and
the cerebrum lies overtop of the cerebellum is called the pontine flexure. During the process of
pontine flexure the orientation of the hypophysis and pineal glands change from being vertical in
orientation to being horizontal.
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Figure 2.74a, Denoted as A, of a four week old fetus (Moore & Persaud, 1998, p.471). Figure2.74b, Eight week old
embryo, note presence of cerebellum, pineal body and pituitary.

Note the small size
of the cerebellum and
the position of the
cerebrum relative to the
brainstem. The brain
in this instance has
been placed as if the
fetus were looking
forward, and so differs
in orientation from the
previous schematics by
Moore.
Figure 2.75, 10 week old fetus (E Blechschmidt & Bosma, 1975, p.477).
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Fig 2.76, 10 week embryo drawing by Moore compare to following photograph (Moore & Persaud, 1998,
p.475).

Figure 2.77, Photograph of a 15 week fetus, added symbols P for pituitary, SS for straight sinus (E
Blechschmidt & Bosma, 1975, p. 488).
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With the change in orientation or the flexure of the pontine area of the brain, a potential
space is created for the expansion of the cerebellum. Most importantly the creation of this
potential space allows for the invagination of the mesenchyme as the endomenix.

The

endomenix in this case is involved in forming the tentorium cerebelli as well as the tela chorodia
of the fourth ventricle.

Figure 2.78, The stages of flexure of the cranium (Sperber, 2001, p.97).

The movement of flexure of the cranium is a mechanism by which the cranium seeks to
accommodate for the rapid growth of the neural tissue. The movements allow for different
structures to develop in accordance with their individual rates of development.

The

diencephalon grows the fastest, the telencephalon the next fastest and the rhombencephalon
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including the cerebellum is the slowest1. The last movement of flexure allows for not only the
growth of the cerebellum, but also the fourth ventricle, see the next schematic figure 2.79.
In this schematic the
growth of the tentorium is
shown as it grows around
the midbrain. The space
created by the flexure of
the midbrain is filled by the
growth of the cerebellum
and fourth ventricle, which
later fills in the area. The
growth of the cerebrum is
also noteworthy. The
included numbers refer to
the number of weeks of
development.

Figure 2.79, Growth of tentorium (O'Rahilly R, 1986, p.595).

1

(Sperber, 2001, p.97)
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The space provided for development of the cerebrum also allows the invagination of the
tela choroidia and choroid plexi into the space of the primordial fourth ventricle. It is interesting
to note that the growth of the cerebellum is upwards into a more vertical orientation, following
the brainstem, and allowing the space of the fourth ventricle to expand.

The ventricular

expansion points to an internal high pressure system encouraging expansion of the ventricular
space into the cranial cavity and against the neural tissue. The last flexure that occurs in utero is
the cranial base flexure, and is concurrent with the dramatic growth of the cerebral hemispheres.

Figure 2.80, hemisected cranium of 24 week fetus, note the position of the occipital lobe of the brain (E
Blechschmidt & Bosma, 1975, p.489).

As the cerebrum is growing backward and the cerebellum is growing upward there are the
eventual growth pressures applied to the surrounding mesenchymal tissues, ectomenix and
endomenix, which are called the dural limiting layer. The result is a pattern of increasing
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pressures moving from the front backward, and from the basicranium upward toward the cranial
roof, causing a densation field with concurrent liquid expulsion, to occur in several places.
Those areas include the ectomenix between the cerebral hemispheres, and between the two
cerebral hemispheres and the midbrain and cerebellum. The mesenchymal liquid that is expulsed
from the tissues collects within the folds of the ectomenix and forms the various primordial
venous sinuses, in this case the superior and inferior sagittal sinuses, the straight sinus and
especially the transverse sinuses.

Figure 2.81, Dural Sinuses of a newborn infant (Williams, 1992, dural sinuses child).
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The process is gradual, such that there are likely several smaller sinuses in each of the
mentioned areas, which later coalesce into larger sinuses. Alternately, some of the smaller
collections of fluid are more proximal to the endomenix and later form the larger cerebral veins
on the surface of the cerebrum.
However the densification of the ectomenix with the formation of venous sinuses allows
for two other metabolic fields to be created. Suction and detraction fields are created as the
forces of growth of the cranium become influenced by the forces of facial growth. A detraction
field begins between the forces of calvarial growth and facial growth, and the connective tissue
in between these two areas is pulled in several directions. The early dura mater responds to the
opposing forces of growth of the face as they affect the ethmoidal stress band. Another effected
area is the calvarial growth secondary to cerebral enlargement, in which a detraction field within
the layers of ectomenix is created. Within those layers a suction field is created which itself is a
response to the pressures placed on the folds of the ectomenix which is now dura mater, as well
as vascular pressures on the endomenix, in this case the arachnoid mater. The result is the
formation of the arachnoid villi. The formation of the arachnoid villi, and the multiple venous
sinuses, including the very large transverse sinuses is striking and brings to mind certain
observations, chiefly that the drainage of fluid out of the cranium seems to be a high priority in
the orderly process of development. One would have to wonder if the creation of a negative
pressure gradient is a requisite for the development of appropriate arterial supply to the cranium.
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During the initial stages of development the mesenchyme surrounds the brain, and is
pushed or pulled in various directions. These forces are involved in the creation of metabolic
fields, as outlined previously. Essentially the development and growth of the neural tissue
causes expansion of the surface area that occurs in stages in which different tissues are growing
faster than other tissues. There are foldings of the neural tissue that are transient and others that
are permanent, and the backdrop for these foldings are the larger flexures of the brain, and the
overall growth of the cranium and neural tube. The temporary foldings that occur in the
cerebrum are later resolved as the cerebrum grows backward and over the mid and hind brain1.
For the initial stages the whole brain is covered in mesenchyme, later this mesenchyme derives
into a dural limiting layer2 which is neither endomenix nor ectomenix. Later, as stresses within
the cranium intensify as well as the development of blood vessels, two separate coverings arise,
the endomenix or inner covering, and ectomenix or outer covering. Both of the layers of
meninges are richly vascular, yet as the mechanical pressures increase the ectomenix takes on a
more mechanical formation, while the endomenix stays almost as a covering of blood vessels to
supply the growth of the neural tissue. The hardening of the ectomenix in response to mechanical
stresses follows a front to back, base to top progression. This progression applies to the growth
of the tentorium and falx cerebri as well.

1

(E Blechschmidt & Bosma, 1975, p.475)

2

(O'Rahilly R, 1986, p.597)
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Picture A: There
are some points of
interest for the
reader in these two
diagrams. The
darkening pattern in
the diagram
represents the dural
limiting layer. A
condensation of the
mesenchyme that
has not yet at this
point (Carnegie
Stage 23)
differentiated into
pachymeninges.
Picture B: Both
the future falx and
tentorium cerebelli
are visible in this
diagram. The
tentorium cerebelli is
marked T, and the
early transition of
the falx into
pachymeninges is
shown as a patchy
darkening. The falx,
the growth of the
cerebrum and much
later the ossification
of the cranial sutures
of the adult all occur
in a front to back
deep to superficial
direction.
Figure 2.82, Early development of falx and tentorium cerebelli (O'Rahilly R, 1986,
p.597).
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The progression of the neural tissue growth of the cerebrum is mirrored in the change of
the menix primitive to a dural limiting layer to the two layers of menix, becoming much more
fibrous in the case of ectomenix and remaining more fluid in the case of endomenix. The growth
of the brain backward causes the eventual unification of the layers of the tentorium cerebelli and
falx cerebri. This unification ends with the movement of the inferior layer of the tentorium
cerebelli ascending and becoming horizontal, dragging the falx cerebellum up from the foramen
magnum into its adult conformation. The dura mater below it was stretched in a manner
analogous to the forces of tension on the anterior dural girdle resulting in the falx cerebelli. The
flexure of the cranial base allows the growth of the cerebrum backward and over the cerebellum
and midbrain. This flexure gives expansion room for the growth of the occipital lobes, as well as
the cerebellum which goes through its largest growth phase between 30 and 40 weeks of
gestational age1. The summation of forces between the masses of the brain at the transverse sinus
causes the creation of a very large venous sinus, which remains the largest venous sinus until
approximately two years after birth2. None of the authors of the journals and texts examined,
discussed a definitive reason for the draining of the superior sagittal sinus to the left. However
there are two possible reasons for this occurrence, one has to do with the pathway of the venous
blood, the other with the frequent asymmetrical size of the cerebral hemispheres.

1

(Okudera, Huang, & Ohta, 1994, p.1882)

2

(Okudera et al., 1994, p.1883)

170

The dural limiting layer continues to differentiate by becoming either denser or more
mesh like in appearance. The areas that are more mesh like become the endomenix as seen in
Stages 17 and Stage181, and the denser areas turn into the future ectomenix and begin to be
noticeable around Stage 17. The dural limiting layer later becomes a demarcation between the
leptomenix and pachymenix by Stage 23. The dural limiting layer could be equated with the
sub-dural neurothelium, an intermediate layer between the dura mater and arachnoid maters of
the adult.

Figure 2.83, Three different developmental stages, the stage 17 shows essentially primary menix, the later stage
beside it shows later stage with more structures. S stands for skelatogenous layer, V for vein, P for future pia. The

1

(O'Rahilly R, 1986, 599)
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schematic marked B shows dural limiting layer as D, and the future ectomenix and endomenix, above and below the
dural limiting layer (O'Rahilly & Muller, 1986, p.601).
Table 5. Tissue Origins

Earlier Tissue
Mesenchyme around neural tissue

Derived or Later Tissue
Dural limiting layer
Primitive or Primary menix

Primary menix

Ectomenix
Endomenix
Skelatogenous layer
Future Subarachnoid Space

Dural Limiting Layer

Sub-Dural Epithelium or Intermediate
Mesothelium Between Dura and
Arachnoid Maters

Blood Vessels Aside from Neural
Tissue
Endomenix

Pia Mater
Pia Mater
Sub Pial Space (contested)
Arachnoid Mater

Blood Vessels in Ectomenix

Venous Sinuses

Ectomenix

Dura Mater or Pachymeninges
Cranial Vault Bones
External Periosteum
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It should be noted by the reader that one earlier tissue may end up in several columns,
appearing conflicting, or that there is overlap between derived tissues. However the process of
differentiation involves the process of organizing tissues such that elements of one tissue end up
in two later tissues, like the dural limiting layer.
The timing and smooth co-ordination of tissue production, reabsorption, and
differentiation allows the proper maturation of tissues and their function. A slight misstep can
result in an encephalocoel or meningocoel in which tissue remains in an area where it should not
be [in those cases outside of the cranium]1. For example, the dura mater is continuous with the
olfactory nerve up to the cribiform plate, following the olfactory nerves as part of the
perineureum. However if the dura mater as it forms the foramen cecum by acting as a canal, is
not reabsorbed or pulled back before the canal closes the foramen cecum fails to close and neural
tissue can herniated out of the cranium resulting in neurocoel. The adaptive and transitory nature
of these processes is protective as well. If a portion of a bone of a fetal or neonate’s vault is
removed, but the dura mater remains intact, then the bone will be regrown by the action of the
skelatogenous elements in that area of the pachymeninges2.
As complicated as a discussion of the embryology of the cranial meninges is, the same
exploration of the spinal meninges proves to be much easier. The undifferentiated mesenchyme
around the neural tissue of the spine is called the primitive menix, similar to the cranium. The

1

(Sperber, 2001, p.82)

2

(Opperman, Sweeny, & Redmon, 1993, p.313)
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pachymenix starts to appear in the front of the thoracic spine area, and then spreads around the
cord and down towards the caudal end. The origin of the pachymeninges appears to be from
somite derived mesenchyme of the vertebral bodies, that is the “dural cells probably arise from
the perichondrium of the vertebra and intervertebral disks rather than the menix primitiva”1. The
overall origins of the primitive menix are the parachordal and somitic mesoderm as well as the
mesectoderm, itself from neural crest cells. The essence of the information is that the primitive
menix differentiates according to the tissue with which it is proximal. Exteriorly it associates
with the vertebral perichondrium before becoming the pachymeninges, internally it associates
with the neural tissue as a layer filled with primordial blood vessels, later turning into pia mater.
The development of the spinal meninges continues as a covering of the neural tube up to its
furthest end at age three months. However the growth of the dura mater does not continue at the
same pace as the rest of the spine, and it recedes relative to the lengthening of the spine.

1

(O'Rahilly R, 1986, p.602-3)
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Figure 2.84, The development of the caudal end of the meninges. Figure A represents a three month old embryo,
figure B represents a five month old embryo, figure C represents the spinal cord of a neonate and figure D represents
the caudal spinal cord of a 2 year old child. The number 3 represents the S1 nerve root and 4 represents the filum
terminale (Jinkins, 2000, p.37).

The exiting first nerve root appears to act as a fixed point or a cue for the attachment of the
dura mater to the second sacral segment.

After this it continues as a cord of pia mater

surrounded by dura mater called the filum terminale.
The development of the blood supply to the cranium is dependent largely on the progress
of the internal carotid and vertebral arteries. The bulk of the interest however lies in the progress
of the internal carotid which supplies the very rapidly growing telencephalon and diencephalons.
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The internal carotid is a descendent of the third [highlighted] aortic arch as well as part of the
primitive dorsal aorta, which remains as part of the internal carotid in all of its future growth1.
One could see how the internal carotid arteries develop their respective series of 900 turns
during development of the cranium. The arteries start off initially with a slight curve anteriorly,
then that curvature is increased to almost 900 from the cephalo-caudal vertical during the
mesenchephalic flexure.

Then with the pontine flexure and early chondrofication of the

mesenchyme another curve was necessitated to accommodate for the growth of the brain and its
new position, but also because the section in the cartilaginous cranial base would not be very
mobile. That curve of the arteries would be obliquely backwards and outwards for the internal
carotid. The last curve of the internal carotid would be inward and upward into the basilar
arterial system and the cerebellar arteries, and this inward and upward movement reflects the
timing of development of the subarachnoid space, specifically the pontine subarachnoid cistern.

1

(Jinkins, 2000, p.19)
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Figure 2.85, Internal carotid at cranial base, note labeling (Jinkins, 2000, p.301).
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2.7.2

GENERAL EMBRYOLOGY OF THE EYE, AND SCLERA

The development of the eye stems directly from the a stage in fetal development when all
of these structures were adjacent, lesser wings of sphenoid and anterior dural girdle, cribiform
plate of ethmoid, otic capsules of petrous temporals, and tentoriums of the optica and olfactory
nerve. Given the strength and toughness of these attachments of the dura one can infer that they
all appeared in a primordial form at very close to the same time, and that as the area of the
cranial base development so did the related structures. The eye and its optic nerve are essentially
brain tissue that grew outwards1 [or which the brain grew back from] and as such the eye is
really neural tissue that reflects the organization of the brain more than an organ of sense. The
neural, fascial and vascular connections of the eye to the cranial base and brain mirrors its
developmental timing, as the eye buds grew out from the brain they carried with them the
vascular and mesenchymal connections proximal to them at that time, the ophthalmic vasculature
and cranial nerves, all within their dural envelopes.
The eye is derived from three tissues, the retina is derived from the neurectoderm of the
forebrain, the lens and cornea from the ectoderm, and fibrous coats of the eye from neural crest
mesenchyme2. The first appearance of the primordial eye is at the seventh or eighth somite stage
when the brain exists as the neural plate. As the rostral neuropore closes a separation appears

1

(P. Williams, 1995, p. 1225)

2

(P. Williams, 1995, p. 259)

178

between the forebrain and the future optic vesicle tissue. The tissue of this future optic vesicle is
still continuous with that of the brain, and at about day twenty-five the optic vesicle becomes
recognizable, complete with a surrounding sheath of mesenchyme that has been dragged along as
a covering of the early CNS, during the separation process between the eye and forebrain. The
sheath of mesenchyme later becomes the dural sheath of the optic nerve.
The first appearance of the eye is called the optic primordium which appears on the
eighteenth day, and is induced by the prechordal plate1. It appears as an invagination near the
prosencephalon, and later becomes a vesicle or primary optic vesicle, which lies at this point
very close to the lumen of the third ventricle.

As the vesicle grows it invaginates again

becoming the bilayered secondary optic vesicle, and at this point the early retinal tissue is still in
contact with the third ventricle. The earliest form of the lens its primordium or optic placode, is
formed as a thickening of the surface ectoderm, and is induced by the presence of the optic
vesicle around it. After this point there is the development of the secondary optic vesicle which
becomes the neural layer of the retina, the optic stalk which becomes the optic nerve, and the
anterior region of the secondary optic vesicle which becomes the pigment. Of significance to
Osteopathy is the progression of tissue derivations in which the external layer of the retina is
continuous with the wall of the third ventricle at 33 days, then during the formation of the
secondary optic vesicle at about 55 days this same tissue is called the pars optica retinae, and
lastly at five moths the tissue is now the neural layer of the retina posteriorly and the ciliary body

1

(H Tuchmann-Duplessis, 1982, p.98)
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anteriorly. It is the ciliary body that secretes the fluid for the aqueous humor, similar in role to
the choroid plexi of the third ventricle from which its tissue derives1.
The sclera like the rest of the protective coat of the eye is derived from mesenchyme that
condenses around the optic vesicle. As the brain folds, and changes conformation, the early dura
surrounding the optic nerve as mesenchyme is firmly attached to the cranial base at the lesser
wings of sphenoid. It is here that the dura mater is attached and then as the brain grows and
folds the optic nerve is in a sense stretched to follow the movements of the brain, as is the dura
mater surrounding it. The eye itself one should remember is actually neural tissue. The eye
muscles are also of mesenchymal origin condensing around the optic vesicle around the same
time as the sclera.

1

(H Tuchmann-Duplessis, 1982, p.101)
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2.8

SUMMERY AND OSTEOPATHIC DISCUSSION

The osteopathic philosophy of Sutherland Academy acknowledges and addresses the links
between anatomical areas, and between systems by addressing the fascia. As mentioned earlier
in the section on embryology the adaptive nature of the mesenchyme and its fluids continues into
the derived tissues, in particular the fascia. This adaptivity is seen in how the fascia and ECM
react to inflammation, and how this process is as far reaching as the connections of the fascia,
that is as the epineureum, the subarachnoid cisterns, the adventitia of the blood vessels, and the
space between cells to list a few. In other words all of the systems of the body relate to each
other by the fascia and its properties or adaptation, communication and connectivity. One area
where this interaction is particularly obvious would be the development of the branchial arches,
another would be the development of the cranial base. In both cases the position of a cell often
determines vary different morphological fates.

Another good example would be the

mesenchyme around the ocular nerve, in which some mesenchymal cells end up as cartilage of
the cranial base that later on becomes bone, other mesenchymal cells become the sheath of the
optic nerve, and yet some cells end up as becoming the dural limiting layer of the arachnoid,
which is very different in morphology from the two previous other tissues.
The topic of the ECM is especially significant for Osteopathy because it rationalizes the
connectivity seen in treatment that has no other rational explanation. Of particular interest is
inflammation and how it influences the ECM. When inflammation is present it sequesters the
fluids of the ECM as part of the histamine response.

This can occur anywhere there is
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connective tissue, which is almost everywhere in the body. Just to enhance one’s understanding
of the amount of connective tissue, almost half of the peripheral nervous system is made up on
fascial tissue(Butler, 1991, p.9). That provides a lot of potential trouble to the function of a
nerve is inflammation is present. Given the neural connections, which are also very fast in
conduction, one can see that the fascia and how it responds to inflammation is important. The
question remains how do these facts correlate? So to understand the relationships, the nerve is
informing the body on what is happening, and sending instructions on how to operate. If
inflammation is present in a general area, and the nerve is involved, then the information the
body needs to receive and transmit becomes jumbled or false. If one simply treats the nerve as it
leaves the canal some of the problems may be alleviated, however in the case of a syndrome such
as fibromyalgia or chronic pain, this approach is ineffective.

Herein lays the power of

osteopathic concepts because with its postural consciousness married to an understanding of
inflammation and the roles of the connective tissue it can address the nerve dysfunction in a
global manner. That involves not just an understanding of the reflex pathways mentioned earlier
but also how fascia can influence the nerve all along its path, or how the global posture can
influence the local neural dynamic, in which a nerve is being influenced but the segment is not in
a state of luxation or even subluxation. It is the comprehension of how multiple factors some
proximal, others distal, can influence by varied contributions, to the dysfunction of a segment,
that makes Osteopathy efficient at combating the twenty first centuries emerging disease
processes, syndromes.
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CHAPTER THREE
METHODOLOGY
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3.1

GENERAL METHODOLOGY

The methodology of this document falls within the criteria of quantitative research. It
does not harken strictly to the quantitative method of contemporary medical scientific research,
which has stringent criteria of experimental method, in which a highly controlled act or specific
substance is applied to an experimental situation to determine one specifically defined and
exactly reproducible result. The research of this paper is osteopathic and therefore of more
global scope. The goal of course is to be reproducible however the experimental protocol
follows osteopathic methodology of considering the body as a whole, an interacting complex
collection of systems.

As such the author relies on the complexity theory as taught by

Sutherland Academy of Osteopathy to detail an experimental model that incorporates the body
anatomically, physiologically and in the context of the ecology of the human being.
Complexity theory is the philosophical basis for the instruction and methodology
of Sutherland Academy of Osteopathy. It is the most efficient way in which to deal with the
complex interactions of the human body which are non-linear in their rapports with each other
and the external world, the sum total ecology of the individual. As such the treatment approach
of SAO is to analyze and treat a target organ or system in its globality, the connections within its
external milieu via the extra cellular fluid (ECF) or extra cellular matrix (ECM), and interaction
with its environment via the fascia or connective tissue. The connective tissue’s role as intuited
from its title is to provide a system of physical connections between the other functional tissues
of the body, musculoskeletal, neural, immunological, etc. As such the health and functionality of
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the fascia influences directly the performance and interaction between all of the body systems.
The facility of diapedesis of the macrophages, the exchange of metabolites and removal cellular
detritus, and the transmission of force between muscles and joints during movement, all are
influenced directly by the function fascia, as are many other functions and relationships within
the body. The dura mater falls within the grouping of body fascias and as such its relationship
with the central nervous system (CNS) directly influences the performance and health of the
whole nervous system. Included within the CNS are the special senses, of which the one
important to this thesis is vision.
The process of vision relies on chemical/physiological processes as well as the ability of
certain structures to be mobile in a gross sense.

The interaction of the sympathetic and

parasympathetic nervous system is required to have the correct aperture for the lens, and yet at
the same time eye movements are performed by ocular muscles which in themselves are under
direct control of several cranial nerves (CN) including CN III, CN IV, CNV, CNVI. That being
said the oculomotor nerve CNIII is most directly involved in ocular convergence. Additionally
the co-ordination of the eyes with the movements of the head as part of the smooth pursuit
system must be precisely controlled by processes such as the vestibular ocular reflex (VOR). The
generation of saccades, the VOR and smooth pursuit system all fall under the heading of
optokinetic systems1. The ocular muscles attach to the eye via the sclera and the sclera is
continuous with the dura mater via the dural sheath of the optic nerve. The smooth performance

1

(P. Williams, 1995, p.1241)
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of eye movements therefore in the osteopathic paradigm depends on the tensions within the
cranial system that are transmitted by the dura mater to the tissue of the eye directly. If there are
divergent tensions within that system there is a danger that the movements of the eye can be
negatively influenced. Therefore convergence which is a key parameter in the ability to foveat
or focus the eye can be impeded.
The practical methodology involved normalization of the dura mater to enhance the
subject’s ability to cross their eyes. The premise is simple, normalize all of the connections of
the dura mater throughout the cranium, as well as to those of the spine [albeit with a little less
detail]. The treatment commenced at the caudal attachments and proceeded towards the most
proximal attachments of the dura mater to the eye. Given that the dura has a direct connection to
the eye via the sclera, [as discussed during the anatomy section in Chapter Two] the treatment
protocol ended at the sclera of the eye. The theory is simple, directed liquid normalization of all
the continuous parts of the dura mater so that the liquids (cerebral spinal fluid or CSF) would be
directed towards the target organ. By normalizing the liquids within the system a gradient flow
is established, an impetus is given to the directionality of the flow of the fascial liquids. The
process of directing the fluids of the CSF, themselves continuous with the ECM, towards the eye,
ensures the maximal efficiency of a global normalization upon the targeted organ, which lies
quite distal to the initial treatment technique, but connected by a direct fluidic pathway. In effect
using a long liquidic lever to influence the operation of an organ, which is itself part of the
central nervous system and a different system then the fascial system which has been
manipulated to influence the CNS.
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So the treatment consisted of a continuous chain of techniques linked anatomically and
fluidically. The fluidic component consists of both the CSF housed within the meninges, of
which the dura mater forms the outer layer, and the ECM which flows within the tubules of all
the connective tissue of the body including the dura mater and its fibers. All of the treatment
technique consisted in induction of a lemniscate in the inherent movements of the dura mater and
all of its direct connections. So the execution of any particular technique consisted in finely
tuned palpation following a general order, attention, duplication, intention and induction. The
therapist had to visualize the structure that was being addressed and then clearly understand how
they were going to affect that structure, i.e. though focused palpation. So the working principles
are the following, an understanding of what the target structures are, their appearance and
movement in three dimensions as well as other sensorial information, and the ideal for that
individual. The palpatory method consists of duplicating the exact anatomy in three dimensions,
awareness of the anatomical structure’s unique movement that sets it apart from other structure’s
movements, the imposition of a delay in its movement. The delay sets up a differential in the
movement, a change in the lemniscate. The therapist intention of changing the relationship
between structures is actualized by adding a change to the typical movements resulting in a state
of disorder that ends in a liquid normalization of the structures.
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3.2

EXPERIMENTAL DESIGN

The methodology of this experiment was kept simple and fairly auditable. An observer
should be able to follow the conclusions, and get the same results from following the logic of the
reasoning in terms of protocol design and concepts of treatment. The format of this experiment
would be consistent with “within subject research” which is a common research design format in
biomedical and psychological quantitative studies.

This experiment is consistent with

quantitative research because a measurable factor is tested, and following the paradigms of
“within subject design” the testing is done on the same subject to assess a change in a
measurable parameter. The danger of within subject research is that measurement error may
reduce the auditability of the research. This concern was addressed by the inclusion/exclusion
criteria and by keeping the testing process as simple and easily measurable as possible. The
multiple measurements were consistent with the within subject design including the addition of a
control group.
A reasonable zero measurement could be assigned to the subject who arrives at the test
since there is no need to prepare a subject and the criteria for inclusion was kept to persons who
had imperfect convergence but who had not had eye surgery. However a zero or control
measurement was established by performing a null experiment on several of the subjects (7).
This control group was tested for convergence, and then allowed to rest with their eyes closed for
20 or more minutes, inclined, as if they were being treated but without the experimental protocol
being applied. This control test was to determine if simple rest alone would improve the ability
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to perform ocular convergence. The reasoning behind this test was that the ocular muscles might
suffer fatigue which would theoretically reduce the ability to converge.

Then these same

subjects were retested, with typically no improvement in their ability to converge, then lastly the
experimental protocol was applied to determine if they would respond in a similar manner to the
other participants, which they did. The inclusion of this control group, and their inclusion into
the experiment was designed to determine if the whole group behaved consistently, which they
did, and to determine that the results of treatment were actually from the protocol or from
something as simple as rest. The results would seem to indicate that the experimental protocol
was behind the changes in ability to perform ocular convergence.
In the case of this research the parameter was the ability to perform ocular convergence
which is not difficult to measure. However that being said this was an osteopathic study so
certain global criteria had to be met that would not necessarily be strictly observed by typical
scientific experimental research. Those parameters were the following; all subjects had to have
previous osteopathic treatment to ensure that major blockages to their health and postural system
had been removed. In light of the global postural system the subject was not allowed to tilt or
adapt the posture of their head to perform convergence. If the subject had to tilt their head or
otherwise use an adaptive parameter to perform ocular convergence past a certain distance then
that convergence distance was considered their limit of smooth convergence. Likewise subjects
who had previous eye surgery were excluded. The reasoning for this was that the author
assumed that the surgery would block the normal plasticity of the system. Two subjects who had
previous childhood eye surgery for strabismus were tested to see if this was in fact the correct
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conclusion and it would appear that the previously mentioned assumptions were correct. If they
could converge at all it was at a significantly larger distance than for the normal subjects, and
they showed much less response to the treatment.
The internal validity was based on an understanding of the principles described in
Chapter Two and applied within a context so that it would be easily interpretable by the
observer. The external validity, or applicability, was seen as obvious by the reasoning of the
earlier chapters. One should be able to follow the reasoning of the osteopathic principles and see
an obvious application of the experimental protocol on a superficial level, but on a more
significant level, the power and efficacy of the principles which are those of the Sutherland
Academy and the philosophy of complexity.
The inclusion criteria included healthy individuals between the ages of 18 and 65 who
had received some osteopathic treatment previously and whose pelvises were in balance or close
to balance. The reason for the last stipulation is that a foundation of good structural balance as
represented by a balanced pelvis (or reasonably close after previous osteopathic treatments)
ensured that the individuals system could accommodate the experimental protocol without ill
effect.
The exclusion criteria consisted of individuals who had not had previous
osteopathic treatment and those individuals who have had previous cranial/orbital/ocular surgery.
These two groups were excluded because of possible negative treatment repercussions.
Additionally the later group was excluded because of the possibility of unforeseen treatment
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complications due to possible adherences within the ocular system. Any person who failed a
basic visual test performed before the testing/treatment protocol was excluded from the study
[see experimental protocol section 3.3].
The results of the treatment were analyzed by a statistician to insure statistical
reproducibility. The experimental reproducibility would be more difficult to insure since the
training involved in being able to perform the experimental protocol would be significant and the
only institution offering this type of training to the knowledge of the author is the Sutherland
Academy of Osteopathy.
The author is not adept at statistical analysis so a statistician was hired to analyze the
material and offer advice as to the statistical validity which there was. Unfortunately in an
experiment of this nature true validity is impossible, since the sample size is too small, and
personal resources too limited to conduct this research on a greater scale. However the
statistician concluded that the results were definitely statistically significant and that the
difference between control group results and regular group results indicated that the experimental
protocol was responsible for the observed changes.
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3.3

EXPERIMENTAL PROTOCOL

The specific methodology for this dissertation consists of a list, including brief
explanation, of each technique [see waiver in appendix B].
A.

Warmup

Oval movement of the pen in frontal and sagittal planes starting and ending at nose [see
Appendix C].
B. Testing Convergence
From a position of at least 30 cm in front of the tip of the nose, a gradual but steady
movement towards bridge of nose. Head is not allowed to tilt but must remain straight.
C. Experimental Protocol
The Dura Mater Chain
1.

Reciprocal Tension Membrane – General Listening

2.

General Spinal Dura Mater Sacral Occipital

2.1

Spinal Dura Mater

2.2.1 Filum Terminale Spurium also called inferior membrana tectoria or
2.2.2 Coccygien ligament
2.3.1 Sacrodural Ligament of Trolard, anterior ligament that tethers the dura to the bony
spine from L3 to S2, sometimes referred to as a cul-de-sac
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2.3.2 Sacrum/lumbar spine (Hoffman Ligaments) intervertebral tethering ligaments
antero-lateral
2.3.3 Lumbar spine Trolard’s intervertebral foraminal ligaments, most lateral
2.3.3 (Optional) Dural Sac/ lumbar spine (L1)
2.3.4 (Optional) Thoracic dural attachments (in relation with C0)
2.3.5 (Optional) Cervical dural attachments/C0
3. Cervical Spine
3.1 Pump in double torsion (for dural tethering to cervical transverse processes)
3.2 Epidural Space
4. Foramen Magnum
4.1 General technique of area
4.2 Expansion of foramen magnum
5. Membrana Tectoria Superior
6. Falx Cerebelli
7. Tentorium Cerebelli
7.1 General
7.2 Posterior/ transverse sinsus zone
7.3 Anterior/clinoid processes zone
7.4 (optional) unilateral
8. Meckel’s Cavum
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9. Marchant’s dehiscent space
10. Diaphragma Sellae (tentorium pituitary)
11. Tentorium Optica
12. Tentorium Olfactoria
13. Falx Cerebri
14. Zinn Tendon
15. Sclera
15.1 In relation to lateral rectus
15.2 In relation to medial rectus
15.3 In relation with inferior rectus
15.4 In relation with superior rectus
15.5 In relation with superior oblique
5.6 In relation with inferior oblique
16. General Listening RTM
(Photos of the techniques see appendix C)

D. Retest of ocular convergence
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3.4

SPECIFIC CONCEPTUAL METHODOLOGY

The goal of the research for this thesis was to demonstrate that the methodology of
treatment based on the philosophy of the Sutherland Academy would have a measurable effect
upon the vision of the subject. The basis for the mechanism of action is that the anatomical
linkages have a physiological connection to vision. The basic physiological principle behind this
assertion is that the ECM circulates or flows within the pathways formed by the fascial
connections of the body, between the various reservoirs of the connective tissue fluids. The more
efficiently the movement of the ECM within its fascial pathways the better the performance of
any particular physical parameter be it, an organ, gland or locomotor apparatus etc.
The measured indicator used in this study was the ability of the subject to perform ocular
convergence, or cross of the eyes. This was tested by asking the subject to follow the movement
of the tip of a pen as it moved towards the bridge of the nose. The point at which one eye
stopped following was considered the end range for convergence, after which only one eye could
continue following the object as it moved towards the bridge of the subject’s nose. A tape
measure was used to determine how far from the tip of the nose this measure point occurred. It
was arbitrarily decided to use the tip of the nose as the maximum of normal ideal range since that
would entail the ability of the subject to focus with both eyes up to the point of physical contact
with the face of the subject. Since this was an osteopathic study, and Osteopathy is concerned
with the global systems of the body as they relate to one another, a further stipulation was added
in the testing. The subject was asked to straighten their head’s posture on their body and keep it
straight. If they required a tilting or side bending of their head at some point that was considered
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the end of functional convergence. This level of global attention to detail is not necessarily
considered in typical scientific research which is more concerned with the conditions or the
microcosm. However if a subject needs to tilt their head to continue convergence at some point
in the testing process, one can infer that the mechanism the subject is using to continue
convergence from this point is not ocular but postural in terms of compensation. Since
Osteopathy addresses the whole body, at all times, if when working very specifically, this type of
postural compensation would be observed and accounted for in the testing process as a means to
communicate and understand the context of the subject’s test performance.
The subject was tested after the examiner performed an exercise with the eyes of the
subject to ensure that the system was warmed up and functional prior to the examination. The
examiner used the pen tip to prepare the eyes by asking the subject to follow its pathway in
oblong circumductions that started at the tip of the nose and moved outwards in a ellipsoidal
pathway in the horizontal and then the sagittal plane, one left, then right, superiorly and lastly
inferiorly. If the subject could perform the previous exercise then it was assumed that their eyes
were warmed up, and that there were no serious mobility restrictions of the orbit. If the subject
could not perform the exercise they were excluded from the study, but still received the
experimental treatment gratis, they were simply excluded from being a member of the sample
population. All subjects received the experimental protocol, regardless of their inclusion or
exclusion in the study.
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4
RESULTS AND
CONCLUSIONS
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4.1

OVERVIEW

The results of this thesis were significant on a statistical level or quantitative level as well
as on a qualitative level. The statistics revealed an improvement in the measured parameter of
vision [convergence] that showed a statistical significance. Moreover it became obvious during
the experimental process, on an observational level, as well as the qualitative reports by the
experimental subjects, that the results were significant.

The statistics were compiled and

analyzed by Mr. Greg McIntosh, a statistician and epidemiologist who also gave advice as to the
significance of the data analyzed and the results.
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4.2

QUANTITATIVE RESULTS AND STATISTICAL ANALYSIS

The mean age of the sample was 37.9 years (SD 9.3, range 19 to 60) with 61% females;
91.3% of the sample stated that their health status was either excellent or good. All subjects
reported that they had Osteopathy treatment in the past. No one had previous eye surgery; 39.1%
had no significant vision quantitative dysfunction [requiring surgery or making them effectively
blind], but myopia (34.8%), astigmatism (17.4%), and other conditions (8.7%) which reduced the
quality of vision were reported by the remainder of the sample.
The treatment group had 17 subjects and there were 7 in the control group. There were no
statistically significant differences in baseline characteristics (age, sex, previous surgeries, health
status, eye conditions, and distance to convergence at start of treatment) between groups. The
groups then could be assumed to fairly represent a healthy population and lend statistical
significance to the sample results
Paired t-tests for dependant samples revealed that that there was a statistically significant
difference in distance to convergence (from the start of treatment to the end) in the treatment
group (p<0.001) and no statistically significant differences in the control group. In the treatment
group, the average distance to convergence before treatment was 8.9 cm and 1.7 cm after
treatment (average 7.2 cm reduction). In the control group, the average distance to convergence
before treatment was 11.8 cm and 12.3 cm after treatment. These results indicate a significant
treatment effect in the treatment group and no such effect in the control group.
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Figure 4.1 reveals the distance to convergence for each subject in the treatment group. The
black bars indicate the distance prior to treatment and the white bars show post treatment
convergence. The absence of a bar indicates complete convergence (0 cm) for that subject, or as
close as the tip of their nose, a full functional range. Convergence past the zero range just
mentioned would be considered the extreme range of the ocular muscle contraction by the medial
rectus.
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Figure 4.2 reveals the distance to convergence for each subject in the control group. Black
bars indicate the distance prior to treatment and the white bars show post treatment convergence.
It is obvious that the changes shown in the treatment results were significant compared to the
control group and not just luck or random chance results.
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The thesis target group required a healthy population, one that would be able to adapt and
adjust to a treatment protocol that required a significant level of adaptation given the sensitivity
of the structures involved.

fair
good

8.7
%

30.4

60.9
exclnt

%

%

Figure 4.3: health status at baseleine

This type of specialized treatment required a test population that was healthy and had
significant previous osteopathic treatment so as to ensure there would be no serious negative
effects from the protocol. One has to remember that treatment of the dura mater directly
influences the nervous system and that treatment of the eye is directly upon the CNS. This is not
applicable to a sickly population. Just as Still sought to enhance the beauty and health of the
people he treated, one has to remember that there is a goal and that goal is to actualize the
patient, and that goal translates into a sense of responsibility on the part of the practitioner. It
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demands an understanding of the whole person within the context of their life, their ecology, and
it involves compassion on the part of the practitioner.
Some of the participants had to go through a modified treatment of the sclera because of
their discomfort. Even despite the truncated treatment these individuals had significant results.
It should be noted that every participant had significant tension on one side of their tentorium
cerebelli, and adjacent Cavum of Meckel. It should also be noted that osteopathic treatment is
still a rarity amongst the population of Canada so the selected group in this instance is artificial
compared to the general populace in terms of their health and history of previous osteopathic
treatment. Possible the normal population would statistically have had much greater difficulty in
completing the entire protocol.
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Figure 4.4: treatment completion

yes
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The treatment protocol was challenging for some of the participants, typically the more
unhealthy the participant the more sensitive were their eyes. That being said on a qualitative
level some of the participants experienced truly significant changes in vision from the treatment.
The participant population represented persons who had some at least some ocular
dysfunction, since one of the inclusion criteria was an inability to perform perfectly smooth
convergence. That being said the selected participants had a mixture of conditions, and included
persons that had corrective apparatus [glasses and/or contact lenses], and those who simply could
not perform perfect convergence. In general it could be said that the healthier the population the
greater the likelihood that their vision was normal or close to normal.
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Figure 4.5: distribution of diagnosed eye conditions (including those with
corrective aids)

Systemic conditions such as diabetes are well known to negatively impact the nervous and
sensory systems such as vision. Of the exclusion group that were tested to try to determine if the
protocol would be effective in their case, both members were of excellent health and had
undergone eye surgery for strabismus as infants.

In both cases the participants had very

significant convergence deficit and less adaptivity than the inclusion population. One individual
a female age 42, had undergone childhood eye surgery for strabismus, she was a professional
dancer, in excellent health, she had undergone significant previous manual therapy including
Osteopathy. She had an almost complete inability to cross her eyes when not wearing her
contacts, and in general did not progress nearly as much from the treatment protocol as the
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inclusion population. The same could be said for the male exclusion participant who showed
much less positive result from the treatment protocol than the persons in the inclusion group.
One can only assume that the previous ocular surgery significantly reduced the adaptability of
their mechanical ocular system. It should be noted that both of the members of the exclusion
group required significant prescription lenses in order to maintain normal visual function.
However there were also some members of the inclusion group that required corrective lenses of
the same or similar strength to have normal visual function, so it was not a question of
adaptability being lost with the use of strong corrective aids that would rationalize the results
difference between the two groups.
The results of this study are a confirmation of the efficacy of osteopathic treatment for
the general population, and as an alternative to early surgery for various conditions. The ability
to challenge the human body to respond to change is facilitated by approaching the dysfunction
as soon as possible. Or for more insidious conditions to commence treatment process during
childhood or infancy, when the adaptability of the system is at is greatest. The further along a
person goes in the aging process, or poorer their health [an acceleration of the aging process], the
less adaptation their system expresses. In terms of more general postural issues this may be
more or less insignificant until pathology sets in, however for a system as delicate as vision, or
other subtle processes, adaptability is integral to efficacy.
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APPENDIX A: GLOSSARY OF ACRONYMES
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Table 6 Glossary of Acronyms
CSF

Cerebral Spinal Fluid

RTM

Reciprocal Tension Membrane

BBB

Blood Brain Barrier

Blood CSF Barrier

Barrier between the blood and the CSF
in the central nervous system

MRI

Magnetic Resonance Imaging

CAT

Computer Axial Tomography

ECM

Extra Cellular Matrix

PRM

Primary Respiratory Mechanism

215

APPENDIX B: WAIVER CONSENT FORM

216

General Introduction
The reason for this treatment is for osteopathic research and does not constitute a typical
therapeutic treatment for payment as in normal circumstances. The subject in this study
understands that they participate at their own risk as they assist in this research. By signing at
the end the subject agrees that they are in good health and will not hold the conductor of this
study (Eric Sanderson) responsible for any negative results that may occur by chance. This
study is understood to be a part of the research component for the completion of osteopathic
studies at Sutherland Academie du Quebec and is conducted to test and verify the principles and
techniques of the forementioned institution.
The subject asserts that they have not had corrective eye surgery previous to this study. The
study will test to determine if osteopathic cranial treatment of the dura mater will enhance ocular
convergence. The treatment methodology, philosophy and theory are based on those of
Sutherland Academy and its principle instructor Guy Voyer.
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Health History

Please briefly describe:
Any previous surgery or physical trauma:

Neurological disease or conditions:

Cardiovascular disease or conditions:

Respiratory disease or conditions:
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Digestive or metabolic disease or conditions:

Visual dysfunction (diagnosed or self-reported):

General Information:

Investigator

Eric Sanderson, 321 Lonsdale Road unit F, Toronto, Ontario

Research Project Title: Osteopathic Treatment of the Dura Mater To
Enhance Ocular Convergence
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Anticipated Project Start Date 12/01/2006 Anticipated End Date 04/01/2007

Subject Information:
Research site(s): various in Montreal PQ and Toronto On.

Number of Anticipated Subjects by Category (complete all that apply to this study)

_____ Newborns/infants
_____ Children aged 2 -- 12
_____ Adolescents Aged 13 – 17 Years
_____ Emancipated Minors (minors living independently)
_____ Other Special Populations (please specify)

_17-20 Adults (person 18 an over)
_____ Institutionalized Individuals
_____ Prisoners
_____ Persons diagnosis with Mental Illness, Cognitive Impairment, or Learning/Language Difficulty
_____Pregnant women

Time commitment for each subject: One treatment of 45 minutes each and 15 minutes for interview and
follow up.

Compensation – None
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Informed Consent Format for Adult participants
The purpose of this research is to determine if cranial osteopathic manipulation of the dura
mater can enhance ocular convergence.
You have been asked to participate in this research project based on practitioner
diagnosed or self-reported difficulties with ocular convergence.
Through this research project we are attempting to determine if Osteopathic
Manipulative Treatment enhances ocular convergence.
Your expected total time requirement including completing this form, treatment,
and follow-up testing will be approximately 1 hour.
The treatment is free as is any related consultation.
Your participation in this study will require you to be treated with cranial
osteopathic manipulation by Eric Sanderson.
This memoire will be overseen by Dr. Guy Voyer DO.
Your confidentiality and anonymity will be maintained at all times. All patient information
used in the study will be held strictly confidential.
The study will not use any information that could identify an individual such as
the use of patient names or health conditions. Only information about gender, age, and whether
or not there was any change in the repeat exam will be included when reporting results.
The paper graph, if required in the final presentation of data, will have all
personal information removed prior to the release of any data.
If you decide to participate in this research study, you authorize the anonymous
use and/or disclosure of the following health information: significant past medical history, and
results of treatment.
The investigator will use your health information only as stated in this consent
form and will protect the confidentiality of your information.
The above-named individuals may use your protected health information until the
end of the research study
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1.

You have received an explanation of the scope, aims, and purposes of this

research project, the procedures to be followed, and the expected duration of your participation.

2.

You have received a description of any reasonable foreseeable risks or

discomforts associated with being a subject in this research, have had them explained to you, and
understand them.

3.

You have received a description of any potential benefits of this research and

understand how they may affect you or others.

4.

The investigator will maintain the confidentiality of all data and records associated

with your participation in this research.. All information used in the study will be coded for
statistical tests, and no information that could identify you will be released or used in the
publication of study results.

5.

You understand that your consent to participate in this research is entirely

voluntary, and that your refusal to participate will involve no prejudice, penalty or loss of
benefits to which you would otherwise be entitled.

6.

You further understand that if you consent to participate, you may discontinue

your participation at any time without prejudice, penalty, or loss of benefits to which you would
otherwise be entitled.

7.

You confirm that no coercion of any kind was used in seeking your participation

in this research project.
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8.

You understand that if you are injured or require medical treatment, you may seek

treatment from your primary care giver. Eric Sanderson is not responsible for the cost of any
care required as a result of your participation in this study.

9.

You understand that if you have any questions about the research you can ask

them now or can call. You understand that you will not be provided any financial incentive for
your participation.

You understand that any information gained about you as a result of your

participation will be provided to you at the conclusion of your involvement in this research
project.

By signing this paper you have agreed that you are in good health, informed as to the
purpose, and supportive of the method behind this research.

Name: ________________________________________
Date:

________________________________________
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APPENDIX C: LIST OF TECHNIQUES
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Techniques:
(Optional Preperation Reciprocal Tension Membrane – General Listening)

1. General Spinal Dura Mater Sacral Occipital
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2. Spinal Dura Mater
2.2.1 Filum Terminale Spurium or distal end of filum terminale (see Clemente plate 681),
also called membrane tectoria inferior.

2.2.2 coccygien ligament
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2.3.1 Sacrodural Ligament of Trolard anterior ligament that tether the dura to the bony
spine from L4 to S2.

2.3.2 Sacrum/lumbar spine (Hoffman Ligaments) intervertebral tethering ligaments
Idem hand position to previous
2.3.3 Lumbar spine Trolard’s intervertebral foraminal ligaments

2.3.3 (Optional) Dural Sac/ lumbar spine (L1)
Idem photo to technique 1
2.3.4 (Optional) Thoracic dural attachments (in relation with C0)
Idem photo to technique 1
2.3.5 (Optional) Cervical dural attachments/C0
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3.
Cervical Spine pump in double torsion for dural tethering to TVP’s of cervical
spine (shown in three parts)

3.2 Epidural space [shown in two parts]
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4. Foramen Magnum
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4.1 General technique of area

4.2

Expansion of foramen magnum

idem position, but with intention on increasing flexion/expansion component of inspiration
5. Membrana Tectoria Superior

5.

Falx Cerebelli
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Alternate version

7. Tentorium Cerebelli
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7.1 General

7.2 Posterior/ transverse sinsus zone

7.3 Anterior/clinoid processes zone
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7.4 (optional) unilateral

8. Meckel’s Cavum
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9. Marchant’s dehiscent space

10. Diaphragma Sellae (tentorium pituitary)
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11. Tentorium Optica

12. Tentorium Olfactoria
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13. Falx Cerebri

14. Zinn Tendon with sphenoid
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15. Scelera
15.1 In relation to lateral rectus

15.2 In relation to medial rectus
Idem change of muscle contraction and movement
15.3 In relation with inferior rectus
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Idem change of muscle contraction and movement
15.4 In relation with superior recutus
Idem change of muscle contraction and movement
15.5 In relation with superior oblique
Idem change of muscle contraction and movement
15.6 In relation with inferior oblique
Idem change of muscle contraction and movement
16. General Listening RTM as before technique 0
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APPENDIX D: EMBRYOLOGICAL STAGES IN BRIEF
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Table 7, Brief Description of Embryological Stages
Stage
Stage 1
Stage 2
Stage 3
Stage 4
Stage 5
Stage 6
Stage 7
Stage 8
Stage 9
Stage 10
Stage 11
Stage 12
Stage 13
Stage 14
Stage 15

Stage 16
Stage 17
Stage 18
Stage 19-23

Characteristics and
appearance of structures
1 cell
1 post ovulatory day
1 cell
0.1-0.2 mm diameter 1.5-3 post ovulatory days
More than one cell but no
blastocyst
0.1 -0.2 mm diameter 4 post ovulatory days
Free blastocyst
0.1 -0.2 mm diameter 5-6 post ovulatory days
Attaching blastocyst
0.1 -0.2 mm diameter 7-12 post ovulatory days
Free but previllous
0.2 mm diameter
13 post ovulatory days
Chorionic villi and
primitive streak
0.4 mm length
16 post ovulatory days
Notochordal process
1-1.5 mm length
~18post ovulatory days
Primitive pit and
notochordal canal
1.5-2.5 mm length
~20 post ovulatory days
1-3 somitic pairs
1.5-3 mm length
~22 post ovulatory days
4-12 somitic pairs
2.5-4.5 mm length
~24 post ovulatory days
13-20 somitic pairs
3-5 mm long
~26 post ovulatory days
21-29 somitic pairs
4-6 mm length
28 post ovulatory days
At least 30 somitic pairs
5-7 mm length
32 post ovulatory
At least 2 branchial
arches, clear limb buds
7-9 mm length
33 post ovulatory days
Nasal pits, hand plates
and early appearance of
intestines (cecum) and
bronchi
11-14 mm length
37 post ovulatory days
Mesentery appears 3rd
branchial arch recedes
11-14 length
41 post ovulatory days
External ear, fingers rays,
face proper
13-17 mm length
44 post ovulatory days
Cervical and lumbar
flexures
After stage 19 it becomes much or difficult to attribute characteristics to age
and/or size
Size

Age
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APPENDIX I: LETTER FROM ANATOMICAL LAB
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July 10, 2005
To Whom It May Concern:
This letter is a confirmation that Eric Sanderson performed dissections on two occasions
at the Laboratories of Anatomical Enlightenment in Boulder, CO. The pictures he used in his
thesis were taken at the laboratories and used with my permission.

