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ABSTRACT
This thesis is a qualitative investigation, with some quantitative elements, that
examines the current knowledge of the meninges. The sources of information
included osteopathic materials, scientific research, and first hand anatomical
dissection. The information from these sources was contrasted and compared so as
to bring about a greater understanding of the anatomy and functions of the meninges
within an osteopathic context. The thesis is designed to facilitate an understanding of
the meninges principally for the Osteopath or osteopathic student. The basis for this
discussion of the osteopathic material comes from the unofficial textbook of cranial
osteopathic technique called Osteopathy in the Cranial Field by Harold Magoun Jr.
Other texts were also analyzed to confirm and contrast the information of the
meninges presented in the aforementioned text.
The investigation of the scientific and medical research into the meninges was
designed to provide an overview of the history of the development of knowledge
about the meninges, as well as to add contemporary research information. Ancient
anatomical research was also included since it remains a largely untapped reservoir of
Osteopathic information.
The goal of this thesis, contained in the last discussion section, is to provide a
greater range of information for the student of osteopathy about the meninges and
thus stimulate their interest and study of this subject. The use of three different
sources of information provided a triangulation of sources that resulted in a thesis on
an osteopathic subject that is scientific and credible. The principle method of data
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collection relied on an extensive review of the relevant literature combined with data
from anatomical dissection of the meninges.
By analyzing the data collected the author was able to bring to light new data
and conclusions that benefit the osteopathic community. Of particular note was
information about the role of the embryological mesenchyme in the development of
the meninges. Additionally there was a subsequent discussion that brought to light
information about the connections of the extra cellular matrix to the embryological
mesenchymal fluids, and thereby to the fluid dynamic between the body proper and
the meninges.

XV

RÉSUMÉ
Cette thèse présente une recherche qualitative, avec quelques éleménts
quantitatifs, qui examinent l’état actuel du savoir des méninges. Les sources pour
cette étude comprennent des matériels ostéopathiques, des recherches scientifiques et
l’expérience de première main de dissections anatomiques. On a contrasté et
comparé les renseignements de ces souces afin d’atteindre une meilleure
compréhension de l’anatomie et des fonctions des méninges dans le contexte de
l’Ostéopathie. La thèse vise à faciliter une compréhension des méninges surtout pour
l’Ostéopathe ou l’étudiant en Ostéopathie. La base de cette discussion du matériel
ostéopathique est fournie par le text non-officiel de la technique crânienne
ostéopathique intitulé Osteopahty in the Cranial Field par Harold Magoun Jr. On a
analysé d’autres textes aussi pour confirmer et contraster les données sur les
méninges présentées dans le texte ci-dessus.
Cette étude des recherches scientifiques et médicales sur les méninges
présente un aperçu de l’histoire de l’évolution du savoir sur les méninges et ajoute
aussi des informations sur les recherehes contemporaines. On a inclu aussi les
résultats des rechereches anatomiques anciennes car on y trouve un résevoir inutilisé
des connaissances en Ostéopathie.
Le but de cette thèse, présenté dans la dernière section des discussions, est
d’établir de plus riches sources de renseignements pour l’étudiant en Ostéopathie et
ainsi stimuler l’intérêt dans et l’étude de ce sujet.
L’emploi de trois différentes sources de connaissances fournit une
triangulation de sources qui permet une étude d’un sujet ostéopathique qui est à la
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fois scientifique et crédible. La méthode principale d’acquisition de données
s’appuie sur une révision compréhensive de la littérature pertinente et sur les données
acquises par la dissection anatomique des méninges.
En faisant l'analyse des données acquises pendant ces recherches l'auteur a pu
éclairer de nouvelles données et conclusions qui enrichissent l'étude de'Ostéopathie.
Les renseignemets sur le rôle du mésenchyme embryonnaire dans le développement
des méninges est particulairèment notable. En plus l'auteur a presenté une discussion
qui a mis en lumière des renseignements sur les connections de la matrice extra
cellulaire des fluides mesenchymaux embryonnaires qui a ajoute aux connaissances
de la dynamique fluide entre le corps propre et les méninges.
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RESEARCH QUESTIONS
What is the anatomy of the Dura Mater and how is this knowledge important to
Osteopathy?
i

What are the other roles and properties of the meninges, obtainable from

contemporary research and /or historical review that could be beneficial to
Osteopathy, and osteopathic education?
ii

Has Osteopathy overlooked the pia and arachnoid maters, the other two layers

of the meninges, in the study of dura mater?
iii

How does a detailed study of the meninges benefit osteopathic practice or

instruction?

1

CHAPTER ONE: INTRODUCTION
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1.1

INTRODUCTION

The topic of this thesis was the meninges, and the reason this topic was
chosen was that much remained to be discovered about the meninges and that a
further understanding of the meninges was valuable to Osteopathy. The topic of the
meninges is especially significant for those Osteopaths who practice cranial
osteopathic technique. Cranial osteopathic technique has become a large part of
contemporary manual osteopathic technique. To remain faithful to the original
formulation of Osteopathy, this thesis re-examined Osteopathy’s commonly held
premises about the meninges. In keeping with the origins of Osteopathy, this thesis
relied heavily on anatomical information as the foundation for understanding
physiological and biomechanical relationships. The meninges are a series of
membraneous layers that surround the nervous tissue of the central nervous system
(CNS) (see Appendix A), lying within the bony cranium and spinal column. The
meninges consist of three layers within two classes of membranes. The
leptomeninges consist of the pia mater and arachnoid mater. The term pachymeninges
refers to the dura mater.
This thesis collected and compiled information about the meninges for the
purpose of aiding the Osteopath or osteopathic student who wishes to develop their
understanding of the roles of the meninges within the cranium, and systemically upon
the body as a whole, especially as applied to osteopathic concept. The information
was analyzed and organized by answering research questions. During the initial
research process numerous Osteopaths were approached and asked their opinion
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about an appropriate materials source, for example, “What is a good book about the
meninges or dura mater?” The almost universal answer was that they did not know of
a good source book on the meninges for an Osteopath. So it became obvious that
there was a need for a text written on the meninges with the Osteopath in mind.
1.2

BACKGROUND

The initial inspiration for this thesis had to do with confusion over the
terminology used during practical instruction. The inspiration is drawn from the
author’s experience of attending an osteopathic college (Canadian College of
Osteopathy) whose curriculum was devoted solely to manual technique, including
both cranial and somatic instruction. At the end of the training process there remained
numerous questions regarding cranial technique, and there was an absence of
materials to provide a resource base for further clarification and personal study. One
topic of particular interest was the meninges. As the author initially asked various
instructors for a good osteopathic reference text on the meninges he received the
aforementioned response. The universal response to the question is that no one knew
of a good or standard text on the meninges appropriate for the Osteopath. Although
there are some osteopathic texts that mention the meninges, there was a certain
disparity of viewpoints, such that two general types of texts were available. There
were texts that had qualitative and/or subjective opinions regarding the meninges, in
which the meninges were typically referred to as the dura. Since the term ‘meninges’
was very infrequently used, and the term ‘dura’ very frequently used, one wondered if
the leptomeninges had a place in a manual context. Alternately there were
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quantitative books that were strictly scientific in nature, and reflected current medical
scientific research.
Osteopathy, a manually based medicine conceived in the late nineteenth
century, demanded a high level of anatomical knowledge as it central tenant of
education. Additionally, its premise of mechanism was based on knowing and
manipulating anatomical inter-relationships. It was considered that the basic tools of
an Osteopath were anatomical knowledge, attention to detail, and an open mind.
That is all there is to the question why our knowledge of anatomy
should be more perfect that it is with any other school of the healing
art. The osteopath should be thoroughly educated by books and by
drill, and in my reference to books those that are essential to a
complete knowledge of anatomy.
By our mechanical skill, preceded by our intelligence in anatomy, we
can detect and adjust both hard and soft substances of the system (Still,
1902, p. 20-21).
The founder of Osteopathy, Dr. A.T. Still, created Osteopathy as a new medical
concept, in response to his desire to rectify what he perceived as the inadequacies in
medicine of his era. In contrast to medical theory, osteopathic technique was based
on knowledge of anatomy, anatomical relationships and physiology, and excluded
pharmacology. Commencing in the middle of the nineteenth century, Still reexamined basic medical premises and information of the time, as part of a honing
process to develop a philosophically and conceptually distinct therapy. The
authenticity and efficiency of Still’s work was due to the freshness of his concepts
and the logic of his premises, as well as his re-evaluation of medical information.
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According to Still the basic premise of Osteopathic instruction was a
foundation in anatomical knowledge guided by a unique philosophy. With that
knowledge a student could develop techniques or treatments fitting the circumstances
of daily practice. This thesis presents information in order to allow Osteopaths to
better understand the mechanism of cranial work [primary] based on an improved
anatomical knowledge. The premise then is simple, more knowledge equals better
treatment. However, one should qualify that statement, because possibly more
knowledge does not equal better treatment, maybe better knowledge, more finely
tuned to the subject matter or circumstances, may lead to better skills. Therefore, this
thesis will try to provide a better resource base for an improved understanding of the
meninges for Osteopaths.
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
truth. (Still, 1899, p.175).
From their earliest writings, it was obvious that many Osteopaths have
considered anatomical knowledge as the single most important and fundamental tool.
With the tool of in-depth anatomical knowledge, an Osteopath was supposedly able to
logically understand the mechanisms of disease, physiology, and technique. “Keep
well posted on anatomy because the osteopath reasons from his mechanical
knowledge of anatomy” (Still, 1910, p.xxi), The result of the assumed anatomical
prowess of the Osteopath would be one’s ability to distinguish health and disease in
numerous tissues of the body. The fundamental demand placed on the Osteopath by
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Still, was that one should be self reliant in terms of knowledge and technique
development. The frequent mention of the meninges by Osteopaths, specifically the
dura mater, without a common reference text indicated a need for the creation of such
a text. Ideally this text should be written with the Osteopath in mind.
The initial theme of the protocol for this thesis concentrated on the dura mater
because of its frequent mention during practical instruction of cranial Osteopathy.
However, it became apparent during the intermediate stages of the research process
that the other meningeal layers were discussed much less frequently than the dura
mater, to the disservice of cranial technique discussions and concept. There appeared
to be confusion in the usage of terms, and a lack of clarification in the implications
and references in these discussions. It became apparent that the origins of these
misconceptions were rooted in early cranial practice as extrapolated from a text called
Osteopathy in the Cranial Field. Written by Dr. Harold Magoun Sr. D.O., as a
purported textbook for osteopathic cranial technique (Magoun, 1976b, xii), it is
considered by many as a standard part of cranial osteopathic instruction. One point to
consider is that not all colleges include cranial technique, or even manual technique in
their curricula. The context of osteopathic practice varies dramatically, however for
the purpose of this thesis, all types of practitioners, from medical doctors to those in a
manual practice without medical training will be referred to collectively as
Osteopaths.
There was another response to the question of a good reference text for
Osteopaths, and that response was that one should study texts of anatomy. However,
there are drawbacks to the study of purely anatomical texts, especially contemporary

8

ones. Currently there is very little anatomical dissection being performed on the
meninges. Typical cranial dissections are oriented towards neural anatomy and
secondarily to vascular anatomy, particularly of the cranial base. The reason for this
was that most texts were designed for general use, to be applicable to a variety of
contexts, but are not suited to detailed study. A general purpose text is valuable on a
basic level, but according to Still an Osteopath should aspire to much more than a
basic level of knowledge. These basic level texts do not develop the knowledge of
connective tissue to a sufficient degree. There is a need for texts that have a greater
emphasis on knowing and understanding the connective tissue especially the fascia,
as discussed by Still. For Still, understanding anatomy included knowledge down to
an almost histological level. For example his concept of fascia included epithelial
linings as well as many other structures, making fascia a truly universal tissue within
the body.
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 with
all the streams of pure living water seems to dwell in the fascia of his
body. (Still, 1899, p.165)
Most obviously absent from the general anatomy texts were the connective tissue
linkages and associated structures. They were absent not from a lack of knowledge on
the part of the authors, but because of the lack of emphasis placed on the knowledge
of connective tissue within standard medical education. In general circumstances, this
level of knowledge of anatomy is adequate, but not for the descendants of Still.
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Many advanced texts, specifically neuroanatomy texts, contained more
detailed discussions of anatomy, but were often very highly specific in their focus.
This segmented approach was obvious in many current research articles, which were
valuable for their level of detail. Unfortunately, these articles did not show the
interconnections between areas, choosing instead to focus on very specific zones of
interest. The level of detail in many of those articles is important for Osteopaths in
their quest toward developing knowledge of larger anatomical areas, in their search to
understand the macrocosm through a knowledge of the microcosm. However these
research articles often did not provide information on the connections between
studied zones. That tendency toward segmentation between areas is inappropriate
within an osteopathic context. What Osteopaths need are detailed anatomy texts that
also show the interconnections between areas. Additionally, scientific medical texts
have a different conceptual approach to anatomy and anatomical relationships.
Chiefly those differences lie in the priority of scientific research into areas of
pharmacology and surgery. Osteopathy is interested in research into anatomical
relationships as a means of understanding biomechanics or to explain palpatory
sensations. Both disciplines also utilize physiology to understand and explain the
examined systems, but again with very different goals.
The osteopathic student then is left with two source groups of information.
There is scientific and medical research that is highly detailed but often difficult to
apply in an osteopathic forum. Conversely there is the osteopathic information that
often has more emphasis on palpation and technique, and much less on anatomical
relationships. Much of the description of the meninges in those texts centered on the
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dura mater often referred to as the dura. Commonly referenced texts include
Osteopathy in the Cranial Field, and CranioSacral Therapy. These texts often
mentioned the dura in terms of technique and palpatory sensations, but very rarely
discussed the pia and arachnoid maters, or leptomeninges. One wonders if the
characteristics or attributes of the leptomeninges had been confused with, or
combined with the traits of the pachymeninges (dura mater).
Table 1.1, 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

The confusion surrounding the discussion of and references to the meninges by
osteopathic texts indicated the need for clarification. One of the difficulties resolving
this issue was the lack of materials offering clarifications. The shortcomings of
practical discussion descriptions tended to be a result of the difficulties inherent in
attempting to convey experience. A clarification was attempted at this level in order
to discriminate between those times when a text was referring to palpatory
experience, and when it referred to anatomical description. Possibly the tendency of
texts to ignore the leptomeninges was due to an ignorance of their use, or maybe the
leptomeninges were simply unimportant to osteopathic technique. Whether the
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leptomeninges were important within osteopathic practice or not was difficult to
assess because of a lack of materials presenting information for Osteopaths about the
three layers of the meninges.
One of the most widely known texts, the text chosen to represent a base
knowledge of osteopathic cranial work, which also contains numerous references to
the meninges (lepto and pachy), was Osteopathy in the Cranial Field. Few
Osteopaths would refute the overall value of the text, but a detailed analysis of the
terminology used indicates a certain kind of confusion or lack of clearly defined
explanations. “An Osteopath must be a man of reason and prove his talk by his work.
He has no use for theories unless they are demonstrated” (Still, 1910, p.6). A lack of
clearly defined explanation and documentation was an unintended shortcoming
within the context of practical instruction due to the inherent difficulties of attempting
to convey something as subtle as a palpation experience. Discussing experience has
been the subject of study that stretches back to the dawn of the philosophical
discussions of epistemology and phenomenology.
During the practical instruction ‘dura’ was a term that was used not
necessarily in an anatomical sense, but often as part of a description of a palpatory
sensation. The term ‘meninges’ or ‘meningeal’ were rarely used to describe
palpatory experiences, but the terms ‘dura’ and ‘dural’ frequently were. Some of the
terms or phrases included: ‘tight dura’, ‘dural pull(s)’, ‘dural drag’, ‘dural tension’,
‘block(ed, ing) the dura’, ‘pull(s) (in) the dura’, and ‘dural tone’. So in the author’s
five years of practical instruction experience, there were over a half dozen qualitative
descriptions to convey a message about a palpatory sensation that was supposed to
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include one layer of the meninges. The other layers were not referenced, mentioned
or included. However, in the author’s experience, the leptomeninges were never
excluded from involvement, just not mentioned. Possibly one could contend that the
leptomeninges were unimportant to manual technique, and a cursory inspection of the
literature supported this claim. However, another possibility was that the lack of
mention of the leptomeninges occurs due to oversight, or because old premises have
not been re-examined.
1.3

PURPOSE OF THE STUDY

The purpose of this thesis was to gain a better understanding of the meninges
as it applied to an osteopathic context. To do this, a base level of knowledge of the
meninges had to be determined from existing osteopathic texts. This base level of
knowledge was compared to the knowledge base of medical science. The goal of the
comparison was to determine if there was additional knowledge available that should
be included in order to enhance the osteopathic knowledge of the meninges. Because
there is a conceptual disparity between Osteopathy and medical science, first hand
anatomical dissection was performed. The information provided from the dissection
was included so as to confirm, deny, or shed new light on information from the
literature review. The purpose of the research in general was to give a clearer picture
of the meninges. The author wanted to be able to visualize the meninges more
effectively during osteopathic cranial technique, ergo the inclusion of numerous
images.
The information from the three sources, osteopathic, medical science, and first
hand dissection was organized and presented using three research questions. The
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information was designed not to conform to a typical quantitative study, but there
were elements of quantitative research in the anatomical dissection study. The
examination of the information in the literature from medical science and osteopathy
could be considered more qualitative in nature. The purpose of the combined
information was to provide certain elements of both methods in the final product.
The goal of the thesis was to provide more and better information for use within an
osteopathic context. The chief interest in the thesis was the anatomy of the meninges,
because that is what Osteopaths, as outlined by Still, used as a basis of knowledge.
Traditionally the texts used by Osteopaths were the same as those used by medical
schools. However, given the disparities between philosophies, it should be
considered that Osteopaths must produce their own anatomy texts, just as they
performed their own research. With this in mind the anatomical dissection was
performed within the context of osteopathic philosophy and thought. The dissection
material was designed to show anatomical connections. In this thesis the connections
were those of the meninges.
There are assumptions within osteopathic literature and medical science that
are in conflict. This thesis identified some of those conflicts and offered evidence to
debate some of those assumptions. One premise that must be examined was the
importance of the leptomeninges to Osteopathy. The pachymeninges or dura mater
was frequently mentioned in general, and the leptomeninges much less so. Part of the
purpose of this thesis was to determine if there was more information on the
leptomeninges that Osteopaths should consider. Secondly the anatomy of the
meninges was considered important for its own sake, but the detailed anatomy
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indicates functional relationships of the leptomeninges that must be considered. The
author wrote this thesis to help understand why the meninges were important, and to
show that the osteopathic information of the meninges should be re-evaluated. The
examination of the meninges was not meant to deny their importance or belittle what
Osteopathy had to say about the meninges. The goal of this thesis was to improve the
osteopathic knowledge base as a means of aiding others who want to learn for
themselves. The knowledge that was presented was particularly visually oriented.
1.4

JUSTIFICATION

The justification for this thesis, which collected information on the meninges
for an osteopathic audience, laid in the answer to the earliest enquiries into the
meninges. The inability of informally interviewed osteopaths to provide an example
of a good osteopathic text on the meninges was the initial and most fundamental
justification for this thesis. It seems almost inconceivable that Osteopathy, which is
over one hundred years old, and has spread throughout the world to numerous
countries, has not produced a good osteopathic reference text on the meninges. The
lack of such a text seems even more unbelievable given the priority the meninges
have within the context of cranial Osteopathy. In fact the need for such a text became
more apparent as the investigation for this thesis went forward. During the research
process it became obvious that there was a need to clarify terminology, to provide
resource information on the meninges for Osteopaths, and to provide the anatomical
information to rationalize osteopathic functional mechanisms. This thesis answered
the research questions and thereby enhanced the available osteopathic information on
the meninges.
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In researching this thesis, a disparity was evident between contemporary
medical and scientific research and osteopathic concepts. Osteopaths should be able
to rationally explain their work using osteopathic references, which are scientifically
sound. With a knowledge pool based on reason, as well as fact and detailed study,
the explanation of (cranial) Osteopathy would be facilitated. “An Osteopath must be a
man of reason and prove his talk by his work. He has no use for theories unless they
are demonstrated” (Still, 1910, p.6). It was the contention of this researcher that there
must always be a periodic re-examination of premises when it comes to basic
information, and in this case, in the context of cranial study.
Since osteopathic cranial work constitutes a sizeable amount of the practice
around the world, the need for a clear and concise evaluation of premises was of
utmost importance. It is also these premises upon which numerous quantitative theses
at the Canadian College of Osteopathy (CCO) or Collège d’Études Ostéopathie
(CEO) have been conducted. There is no doubt that there are instances in which these
researchers have not been able to substantiate their hypotheses with sufficient
evidence. Therefore osteopathic research process would be facilitated if better
osteopathic reference manuals were available. The creation of a thesis that contained
good solid scientific information on the meninges for other researchers to draw upon
for their research, was a step toward making future theses more powerful, more
scientific, and most importantly of more value to osteopaths.
One key area within (cranial) Osteopathy that needs re-examination was the
collective knowledge of the meninges. Despite the fact that dura was frequently
mentioned during practical instruction there are very few texts that adequately
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explain, or at least give plausible explanations for the palpatory sensations attributed
to the dura. Many osteopathic colleges rely on the text Osteopathy in the Cranial
Field that was first published over 50 years ago as a purported textbook of cranial
Osteopathy. The first and third editions of the text contain anatomical information, of
which a large amount is devoted to the meninges. The three layers of the meninges
are discussed in terms of anatomical relationships, but in terms of practical discussion
only the pachymeninges are mentioned. However, it should be noted now, as an
introduction to future discussion, that the most important information about the
functional physiological relationships of the cranium was leptomeningeal not
dural. This thesis revealed that a large part of the work that Osteopaths perform in the
cranial field was on all three meninges, not just the dura by itself.
If, as A.T. Still stated, “The rule of the artery is absolute, universal, and it
must be unobstructed, or disease will result” (Still, 1908, p.180), then the
leptomeninges deserve the osteopathic community's utmost attention because in the
cranium the rule of the artery is through the leptomeninges, not the dura
mater. Through human cadaver dissection, this researcher was able to show typically
ignored vasculature and structural interrelationships apparent within and between the
leptomeninges. Osteopaths frequently mention the cerebrospinal fluid (CSF), and
when one is talking about the CSF one is talking about the sub-arachnoid space, not
the sub-dural space. CSF is produced from arterial blood and when one mentions
arterial blood in the cranium then one is talking about the pia. One can see that not
just one layer of the meninges is important to an Osteopath, if that Osteopath is
interested in working with the CSF: “He (Dr. Sutherland) feels that the cerebrospinal
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fluid is endowed with ‘breath of life’… Dr. Sutherland takes advantage of this
intelligence, this ‘unerring potency,’ in the diagnosis and correction of cranial
membraneous articular lesions” (Magoun, 1951, p.15). As information about the
meninges was collected it became clear that many of the processes that could be
labelled as esoteric or metaphysical during palpatory descriptions were explicable in
terms of the anatomy and physiology of the meninges. However, there was still much
information about the physiological and anatomical relationships of the meninges that
was absent from osteopathic dialogue. It had been this author's experience
that practical osteopathic instruction generally relied on qualitative terminology and
phenomenological descriptives. So the instruction within the context of the
practical sessions seemed diametrically opposed to the available contemporary
scientific literature which tended to emphasize quantitative relationships.
Until now, it seemed that there was an unbridgeable gap between medical
science and Osteopathy. This situation was caused by two circumstances, one of
which was the lack of good solid scientific and osteopathic literature. The second
was from a tendency for osteopathic literature to use inappropriate or confusing
terminology; “the movement of each bone is synchronized with each of the other
bones and with the movement of the cerebrospinal fluid, the neural axis and the
meninges, thus constituting a truly physiological unit” (Magoun, 1951, p.19).
Suddenly, during the discussion of biomechanics there was a mention of physiology,
or biomechanics was being labeled as physiology. Herein lays one of the barriers to
communication between Osteopaths and non-Osteopaths because the term physiology
could be referring to very different things depending on who is using the term. So
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there needed to be some clarification of terminology to allow clear communication.
To be osteopathic does not constitute being unscientific, it does however mean that
one has to use reason and knowledge in a manner that is different from that of a
medical researcher.
In Osteopathy in the Cranial Field (Magoun, 1951), the author discusses
physiology in regards to the Primary Respiratory Mechanism (PRM). The term
physiology was used to describe a process, but because of the complexities of the
issue discussed the author lumps the physiological discussion, mainly about the
importance of the movement of fluid for health, together with biomechanics. The
biomechanics was that of spinal and or cranial biomechanics, inextricably linked to
the physiology, but not inherently the same thing, “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 lesion” (Magoun, 1951, p. 21). The
author started off by talking about physiology, but ended up discussing
biomechanics—however there was no distinction made that he was talking about
mechanics. Here in laid the difficulty of comparing scientific and medical literature
where very clear distinctions are made between topics, consistent with scientific
method, to osteopathic material. However, the confusing terminology should be
examined and reworked to ease communication and to avoid confusing the
osteopathic student and practitioner.
There was much to be learned from contemporary research and its stringent
criteria of quantification and reproducibility. Furthermore, there exists a largely
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untapped reservoir of research on the meninges by authors of antiquity whose works
are often relegated to being out of date, or esoteric in nature. What was often
overlooked but deserves attention, was the fact that the quality of materials from
antiquity is substantial because the value of the work depended on the effort
involved. In the times before scientists became technicians, the efficiency of research
did not depend on the calibration of instrumentation but upon the quality of individual
observation and efforts. These individuals were able to transmit observations and
information outside of the realm of contemporary science and it is that type of
observation that is valuable to Osteopathy. The significance of this durable material
lies in the successful transmission of the experience of these authors. As pioneers of
research their writings conveyed a passion and enthusiasm that is lacking in modern
research.
As modern osteopathic texts have largely omitted any references to the
meninges from the authors of antiquity, this thesis utilized this largely untapped
reservoir of knowledge. Notably much of the classical literature contained
information that is especially interesting for Osteopaths. Classic anatomical study
discusses relationships of anatomy outside of the realm of direct linear contiguity.
Also much of the information was in the form of illustrations. Later work, especially
by Osteopaths tends to be largely schematic [Chapter Four], but the thoughts and
illustrations of classical anatomists provided fresh insight into the material on the
meninges. This thesis triangulated this untapped reference source with contemporary
scientific publications, osteopathic material and cadaver dissection to provide a text
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that not only drew from several sources, but used the best attributes from these varied
sources to provide an improved knowledge of the meninges.
The material was organized around three principal research questions. First
hand dissection information however, was viewed as a priority notably because of its
effect in stimulating thought, but also because the roots of Osteopathy are based on
anatomy and dissection. On a technical note, first hand information is prioritized in
terms of research material. Sadly there was a lack of anatomical material and
anatomical study being performed or produced by Osteopaths in our time. For a
healing art based and inspired by the search for anatomical knowledge through
literature and cadaver study, there appeared to be no trend to return to its roots and
dig on.
1.5

RESEARCH QUESTIONS

The initial question as written in the original research proposal (September
30th 2003) represented an essentially uninformed position. The original question
represented a valid question based on the experience of the author after five years of
Osteopathic training. However, as the research progressed and conclusions began to
be drawn it became apparent that the question had to be refined to more succinctly
reveal the necessary conclusions. So originally the question “What is the anatomy of
the dura mater, and how may the knowledge of its anatomy be relevant to
Osteopathy?” evolved into three questions that had more to do with the meninges, not
just the dura mater. The reason for this change has to do with emerging data which
indicated that it was not just the dura mater that was important and involved in
Osteopathic technique, but all of the meninges.
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i. Has Osteopathy overlooked the pia and arachnoid maters, the other two layers
of the meninges, in its study of the dura mater?
Once a more detailed study of the material was conducted it became apparent
that maybe the other meninges were important. The use of the text Osteopathy in the
Cranial Field as a standard text was designed to give an air of impartiality to the
discussion of what Osteopaths know in general about the meninges. From this point
in the thesis, the reader should be prepared to confront the concept of meninges as a
functional unit, intrinsic to the dynamic of the cranial-sacral mechanism. However,
now comes one of the pivotal concerns of this thesis, and that is, “What are
osteopaths referring to when they say ‘Dura’?” A cursory examination of osteopathic
literature would seem to indicate that structure which Osteopaths are referring to
might be the meninges. Herein lies a true “unit mechanism” relating to the “body as a
whole” as mentioned within the text “Osteopathy in the Cranial Field” (Magoun,
1976b, p.1).
In the cranial articular mechanism, it must be remembered that the
vault of the skull is formed in membrane to accommodate for the
articular mobility of the base, which itself is laid down in cartilage.
This adaptive function persists throughout life, to some extent. In
addition, the articular surfaces are normally opposed under a balanced
working tension, as in all other joints of the body. There is ample and
irrefutable clinical evidence that this law of balance applies in the
cranium where the dural membranes guide, control and limit the
motion of the whole mechanism through their various poles of
attachment (Magoun, 1976b, p.38).
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Certain widespread misconceptions may be the result of a lack of clarification of
terminology or reference inherent to this classic text of cranial work. It will be shown
later in this thesis that there are significant roles for the leptomeninges and that a reexamination of premises adds greater clarity to the mechanisms and principles behind
osteopathic technique and theory.
ii. What are the other roles and properties of the meninges, obtainable from
contemporary research and /or historical review that could be useful to
Osteopathy?
In gathering information about the roles of the leptomeninges, one was
inclined to suggest that the pachymeninges should not be the only area of interest for
the Osteopath who practices a cranial approach. Frequently ignored by Osteopaths,
the leptomeninges provide a system of direct connections within the cranium.
Osteopaths work via connections. Within the cranium the bulk of the connections
between vascular and neural structures are not the pachymeninges but the
leptomeninges. This statement was not meant to belittle the obvious and significant
roles of the pachymeninges, but to emphasize the scale and complexity of the
connections of the leptomeninges. Not only do the leptomeninges provide direct
connections to the neural tissue, but as well the CSF is contained within the subarachnoid (not sub-dural) space. Here laid the rationale for the investigation into the
leptomeninges, their direct connections to the neural tissue, their containment of the
CSF, and their controversial role in the blood brain barrier (BBB).
However that was not the end of the story when it came to discussing the
meninges, because the meninges had been the subject of anatomical research for a
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very long time. It was not the goal of this thesis to review everything that had been
said about the meninges. Historically there are some significant points that have been
made by anatomists, and which Osteopaths should hear. It should be mentioned that
researchers and anatomists have theorized that the meninges have roles in
inflammation, and development, as well as mechanics. It was amazing to read
modern researchers’ discussions of inflammation of the meninges, and compare them
to the observations of Xavier Bichat who discussed inflammation of the arachnoid
mater almost two centuries ago (Bichat, 1813, p.164). Early authors and anatomists
provided an almost unmined resource for meninges research, and much of what they
have said should interest Osteopaths.
iii. How does a detailed study of the meninges benefit osteopathic practice or
instruction?
As a base assumption one could say that greater anatomical knowledge yields
greater specificity in treatment and more focused palpation. To think for oneself in a
clinical context, requires tools. One of the most important tools is a solid knowledge
of anatomy and anatomical relationships. However other tools are also valuable, such
as an understanding of embryology, and physiology. There is a need to have quality
texts, containing solid scientific information but written for the Osteopath, providing
the interconnected information needed. The ideal behind this type of text is that it
will provide the Osteopath with working tools, not theory distracted from practicality.
There is much information on the meninges that should be available for Osteopaths,
but there are no suitable texts on the meninges. One could immediately say that one
basic premise about the meninges should be examined, and that is, how much do
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Osteopaths know of the meninges. A further question would be how clear is that
information? Based on an examination of Osteopathy in the Cranial Field, there
remained a great deal to be said about the meninges, and some clarification as well.
The benefits of such a task would be in the increased efficiency of study for the
student and in the materials to draw upon for the refinement of technique on the part
of the practitioner.
1.6
1.6.1

LITERATURE REVIEW
LITERATURE REVIEW OF THE SUBJECT:

The literature review for qualitative studies of the meninges was very brief.
There have been no qualitative theses on the dura mater or meninges discovered thus
far. There were several quantitative theses done at the CCO/CEO that mentioned the
meninges, and one available memoir from the European School of Osteopathy (Klein,
1986). There have been a few qualitative theses presented to the CCO/CEO, but they
were a small percentage of the total theses produced by that organization so far. One
of the principal search aids was a database called OSTMED®. OSTMED®, the
Osteopathic Literature Database, is a bibliographic index of the osteopathic medicine
literature from the 1800s until December 2003. The site is sponsored by the American
Osteopathic Association and the American Association of Colleges of Osteopathic
Medicine, and is free for anyone to use. The site provides references only, literature
cited must be collected from various organizations such as the libraries of osteopathic
colleges. A search of OSTMED® for dissection osteopathic meningeal dissection
listings listed few results (<2), using terms “meninges” and “dissection”, using the
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term “meninges” alone provided only a few more results (< 10 results). There were
some journal articles of dissection studies but no qualitative thesis on the meninges.
There are numerous studies of the meninges from a scientific perspective in
terms of journal articles that are mainly quantitative in nature. It should be noted that
many of the articles that discuss anatomy are using technologies such as magnetic
resonance imaging (MRI) or computer axial tomography (CAT) scans, but that actual
dissection makes up a relatively small amount of the available literature.

1.6.2

LITERATURE REVIEW FOR THE SUBJECT

The literature review for the subject involved several search terms and utilized
a combination of search engines. The research went through a progression of changes
mirroring the research process itself. There was very little osteopathic literature
available on meningeal dissection or on the meninges in general. However there was
much more information available of current medical and scientific research about
both topics. It should be noted that very little of the current medical research
considers manual technique, except for that conducted by physiotherapists and other
health care professionals. Within the context of the research by health care
professionals, only a very small percentage mention using manual therapy and the
meninges.
The initial search for information regarding the meninges used the search
engine OSTMED®. The search results were limited. More results showed up with
the search term of dura mater (yielded 23 results on March 15, 2005) versus
meninges (yielded 8 results on March 15, 2005). At this initial stage there were some
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observations. One of them was that there was not much information available from
osteopathic sources about either the dura mater or the meninges, and that there was
relatively much more about the dura mater. The indications were that Osteopaths
considered the dura mater separate from the meninges. When there was a search
using the terms dura mater and dissection, as well as a second search of meninges and
dissection, in each case there was only one result (March 15, 2005) per search. So
it appeared that there was a real need for a dissection study to fill an obvious gap in
the osteopathic literature. The materials used in osteopathic colleges in the USA are
standard medical texts and not developed specifically for Osteopaths. The lack of
research into anatomical dissection is surprising until one realizes that the current
trend in medical education is to not include anatomical dissection at all in the basic
medical doctorate (See Appendix B).
For the research and discussion of the second research question there were
more results from a search for materials. For search terms dura mater, meninges,
dura mater dissection, and meninges dissection, there was an adequate number of
articles and journal references to conduct a study of reasonable validity. However the
content of the articles did not fit into the context of an osteopathic discussion. Many
journal articles listed anatomical structures, but without discussion of
interrelationships, biomechanical implications, or other considerations that would be
important to an osteopathic study. Generally the material was highly specific and
typically very quantifiable. Of interest to this thesis was the variety of references that
were produced from the search term meninges. The results included articles and
citations regarding anatomy, mechanical roles (few), hormonal relationships, roles in

27

inflammation, and pathology. Clearly there was more to the meninges than just their
gross anatomy. Journal articles that made connections between different subjects
were absent.
The search for classical scientific references to the meninges was made after
the initial investigation into the meninges indicated that some authors considered
classical works noteworthy. It is important to add that during informal conversation
several Osteopaths indicated that early texts were a valuable source of information.
So a search of antiquated texts was performed at the University of Toronto Libraries,
using terms such as dura mater, dura mater anatomy, meninges, meninges
embryology, cranial embryology and meninges anatomy. The selection of texts
published before 1951, the year of publication of Osteopathy in the Cranial Field,
was noticeably smaller than that of current research, but still yielded significant
results. The frequent mention of certain anatomy texts by authors of osteopathic
literature was seen as a good indicator of the relevance of those texts. Typically those
texts are referred to by the name of the author or editor—specifically mentioned were
Testut, Poirier and Morris. In some cases surgical, or neuro-surgical manuals and
texts were used for their detailed discussion of the meninges. Dissection research was
almost totally absent from osteopathic literature, but was occasionally present in
classical texts and was frequently available in contemporary sources. Many current
dissection discussions are presented in neurosurgical manuals.
1.7

ASSUMPTIONS/BIASES

With any qualitative research project there are assumptions that must be
discussed. One basic assumption was that the dura mater or meninges could be
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influenced by manual technique. The osteopathic premise is that the meninges, at
least the dura mater, can be influenced by palpation so that it is possible to perform a
controlled manipulation. Many within the medical science community do not yet
concede that cranial articular mobility exists. The basic premise of cranial osteopathic
instruction is that movements of the cranial bones exist and that they can be detected
by the hands of a trained practitioner.
In all cases it is quite essential that the physician gain as clear a mental
picture as possible of the motion present. There is no royal road to
such attainment. Success requires intense study and delicate digital
search for both the normal and abnormal. The amount of motion is
slight but none the less definite (Magoun, 1976a, p.49).
Many non-Osteopaths dispute the osteopathic principle that the cranial bones move.
It emerges from this objective and impartial recital of the facts that the
theory of “primary respiration” has no scientific basis and totally
contradicts the findings of physics, anatomy, physiology and
biomechanics, and clinical experience (Ferré & Barbin, 1991, p.170).
To enter into an open minded discussion, certain beliefs maintained by Osteopaths
should be re-examined, modified, or rejected as unsupportable. However, when
medical research indicates that there is evidence that maintains the claims of
Osteopaths, then it must be accepted and not discarded. In one article on connective
tissue properties a researcher noted that the dura mater behaved exactly like other
connective tissues that are involved in movement.
Collagen fibers in the inner portion of the dura are oriented almost
perpendicular to the fibers in the outer portion… and has been shown
to behave viscoelastically, similar to other connective tissues (in the
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context of this article that means human aorta, skin, psoas tendon and
pericardium). In contrast to aorta and tendon, dura mater in vivo is
normally a relatively static tissue. Its elastic fraction, then, is less
meaningful functionally, but important for mechanical analysis (Dunn
& Silver, 1983, p.67-68).
One was somewhat shocked to see how a researcher could accept a priori information
that disputed his own findings. The findings of the researcher demonstrated that the
dura mater was built for movement, yet the researcher accepted without hesitation the
scientific dogmatic beliefs that the dura mater does not move in vivo. For an
Osteopath reading the article, it is clear that the dura does behave like the other
tissues mentioned in the article, psoas tendon, skin and pericardium, because all of
these tissues are built for movement. Perhaps the researcher should have re-examined
his premises before writing those conclusions. So both medical and scientific
researchers as well as the osteopathic community cling to certain premises that
apparently they refuse to examine. Therein lays the real difficulty in communication,
when both sides are guilty of refusing to examine their own premises. Therefore, one
of the biases of this thesis was that the cranial bones move, and that one of the
primary motive forces was tension directed by the meninges. However, one of the
stipulations of this premise was that even though the cranial bones move they don’t
necessarily move in the manner or for the reasons maintained by traditional
osteopathic educational authorities.
On a methodological level there was an assumption being made on the part of
the author that the searches made of internet databases, including books, articles, and
other file types from various institutions fairly represent the available body of
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literature regarding the meninges. Fortunately the digitization of databases, library
catalogues and other sources of information have infinitely facilitated the process of
remote catalogue search. That is not to say that every relevant article has been found
or even every pertinent text. However, one could suggest that the searches performed
by the author with the assistance of various personnel involved with the Canadian
College of Osteopathy or within osteopathic practice in Ontario, was inclusive and
fairly represented a reasonable sample of the body of available literature.
Due to the small number of dissection subjects, which were mostly elderly
with the inclusion of one subject of about 44 years of age, one has to concede that the
dissection findings do not necessarily represent the general adult population.
However, it has been noted by some authors that the number of subjects necessary to
carry out a thorough study would be at least several hundred.
On a personal level the author had an interest in understanding how things
work, and assumed that other Osteopaths felt the same. The roots of Osteopathy are
based on anatomical (and physiological) knowledge, cadaver dissection, and an
understanding that technique was a slave to knowledge, not the goal of instruction.
The author’s assumption was that other Osteopaths might be interested in developing
a knowledge that transcends situational difficulties. The bias of the author, which
was made even stronger during the dissection process, was that experience in cadaver
dissection should be an essential component of an osteopathic education.
1.8

LIMITATIONS

There were several limitations in the development of this thesis. One
limitation is that author’s first language is English, a second limitation is that upon
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the suggestion of various consultants the time period to gather information has been
limited to about eighteen months. The author however did receive some French
language instruction over that period in order to facilitate his comprehension of the
French language. Additionally, the inclusion of ongoing anatomical studies would be
integral to further research, and at this point the avenues for this type of research are
extremely limited. The resources available for literature review were also limited to
those within the purchasing power of the author, and to those resources that were free.
Many articles had to be purchased, and the price per article could be prohibitive (up
to $30 USD per article). All attempts were made to obtain the articles or texts that
would be most appropriate for the study.
The financial constraints were the most serious in terms of this thesis. Two
trips were arranged to Boulder, Colorado to undertake cadaver dissection in a
laboratory. Further trips would have been desirable, but the author was required to
work as well as complete this thesis. Some classical texts were purchased and others
were borrowed from the libraries of the University of Toronto, which has a quite
extensive selection of texts on anatomy and physiology. Obviously one of the
limitations regarding antiquated literature is that one is dependent on discovering a
text. Typically a text was discovered as a referenced citation in another text, article
or journal. Perhaps some pertinent texts were ignored or overlooked, although every
attempt to obtain the most noteworthy texts was made. One difficulty in using a
database such as PubMed or OSTMED®, lies in the use of keywords as selected by
the authors, or listed in the abstract. Certain articles that may have contained
pertinent information on the meninges, but were indexed using keywords that would
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not include them as a selection during the search would be missed. Such was the case
for the article examining the movement of the cranial bones (Ferré & Barbin, 1991),
which did not appear during Pubmed and Entrez searches but was brought to the
author’s attention by a member of the advisory group. Pubmed and Entrez are
integrated textual search and retrieval systems that access major databases and which
are open to the public free of charge.
The author contends that he was successful in choosing and obtaining the
most important early books, and medical and scientific research articles. For
example, the article previously cited regarding the scientific examination of cranial
bone movement referenced three [significant] anatomical texts, two of which the
author of this thesis purchased early in the study. The author purchased those texts
because they were referenced frequently, and during the data collection process the
same texts were often mentioned. It was difficult to assess whether or not the author
was informed of all the pertinent texts since the group of Osteopaths that responded to
his requests for information was quite small. Numerous emails, the primary method
of communication, faxes and phone messages never received replies (see Appendix
C).
On a technical note, the dissection process also was limited in some aspects.
Most importantly, the cost of performing dissections limited the number of cadaver
heads examined to four, three of which were elderly. Several of the cadavers were
predissected to varying degrees, so some structures, especially spinal structures were
lost. The cadavers were preserved with formalin (between 1-10% solution) shortly
after death [typically before three days], a preservation process that desiccates some
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structures, especially the arachnoid mater. The appearance of some structures after
preservation is quite different from the appearance of the same structures in life, or
even post mortem but pre preservation. It should be remembered that many
photographs in recent texts such as Rohen and Yokochi are plastinated specimens.
The appearance of plastinated specimens is different from other methods of
preservation altering the appearance of some structures. So the insides of the cadaver
did not always look like the pictures in anatomy texts. The author tried to convey
more of the experience of discovering structure because that is the process and value
of a real dissection study.

1.9

CHAPTER SUMMERY

The goal of this thesis is to answer the three research questions and thereby
present information on the meninges in as comprehensive a manner as possible. This
thesis provides a knowledge base for people, especially Osteopaths to know more
about the dura. Also there is a shortage of dissection studies within osteopathic
literature and this thesis helps fill in one area of knowledge based on interpretive
dissection study. The combination of material from osteopathic and medical sources,
when combined with dissection materials will allow the reader a better idea of how
the meninges are organized and what their functions are. This improved knowledge
applies to gross anatomy and physiology. However, for the Osteopath this
information serves as a database about a subject that is very important to cranial
Osteopathy, the meninges.
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CHAPTER TWO: METHODOLOGY
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2.1

CHAPTER OVERVIEW

Based on a survey of thesis performed within the CCO/CEO qualitative
research is a less explored form of research within Osteopathy, and ostensibly within
science in general. This method of research is part of a long-standing tradition of
metaphysical enquiry that started with Socrates, and possibly earlier, and continues
up to the present. This historical design thesis based primarily on literature
review principally employs an iterative process of immersion and crystallization of
data analysis. “Immersion/crystallization consists of the analyst’s prolonged
immersion and experience of the text and then emerging, after concerned reflection,
with an intuitive crystallization of the text (Crabtree & Miller, 1992, p.19).
Additionally, this thesis included some dissection materials that made it unique in the
qualitative idiom; its content lies outside the typical criteria of qualitative research.
The purpose of the methodology section of this thesis was to discuss and elaborate
certain terms and concepts that form the basis for the methodology of the thesis. In
terms of the methodology in general, the author wanted to have a better picture of the
meninges and their processes. The research process therefore was aimed at collecting
information, much of which was visual or visually descriptive.
The methodology section contains a discussion of the various terms inherent
in qualitative research methodology that applies to this thesis. The research questions
will be answered, however, the process of answering the questions in the appropriate
section however the answers varied from one to another. Due to the complexity of
the subject matter, this thesis employed a methodology that shifted from referencing
fact to discussions of rational experience. The synthesis of the various types of data
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was best performed using the immersion/crystallization method. To discuss the
process in the simplest terms, this thesis consists of visual and written material on the
meninges collected from several sources. The information on the meninges was
collected and analyzed to give a picture of the meninges in terms of form and
function. The terminology of qualitative research will be employed and defined
within the methodology such as saturation, validation, transparency, and reliability.
The dissection material was taken as a final say, it will be used to confirm or deny
information from the various literature sources, as the case may be. The sampling,
data collection, and data analysis processes will be discussed in subsequent sections
of this chapter. There were several criteria for the inclusion of material. The most
important material for the overall thesis was visual. Other information that was added
was adjunct to the anatomical information. The information from osteopathic sources
consisted mostly of information on cranial osteopathic technique since that is what
concerns most of the osteopathic literature.
2.2

RESEARCH DESIGN

The design of this thesis was closest to the historical model design using the
immersion/crystallization data analysis methodology as discussed in the text Doing
Qualitative Research. Elements of qualitative research are implicit to the literature
review and discussion. The process of immersing oneself in the body of knowledge
relative to the meninges required some interpretive analysis, especially of the
osteopathic and classical scientific material. The analysis of the contemporary
scientific material was straightforward. The quantitative portion of the thesis was
presented in the form of a dissection study. The dissection material did not constitute
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a true quantitative study because of the small sample size. However the value of that
material, despite the small sample size, should not be underestimated in any way.
The design in essence was quite simple. This thesis used a literature review from
several sources to get information about the meninges, and compared that information
to derive a clearer picture of the meninges. One of the sources of information was
from a dissection study, and that information was used as a deciding factor in areas of
dispute between sources.
The research process of this thesis initially involved a search for osteopathic
material on the meninges, specifically the anatomy and dissection of the meninges.
That search proved largely unproductive. Early on in the research process it was
decided to pursue an investigation into the information available about the meninges
from medical and scientific research. This proved more productive, yet there were
two major shortcomings. Most of the material available was not necessarily
applicable to an osteopathic investigation, and only a relatively small amount of the
material was from dissection. To address this shortcoming two dissection studies
were arranged. The dissection studies were of a more quantitative nature, and outside
the qualitative classification. The discussion of the various literatures that was
collected and cited followed qualitative methodology, and was useful for exploring
concepts. One of the most important early investigations of this thesis was to
determine what Osteopathy knew about the meninges. Three research questions were
used to determine the osteopathic knowledge base of the meninges, to improve both
the quality and quantity of that knowledge. A literature study was used to collect this
information. The same type of study was applied to the medical science research on
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the subject of the meninges. The information from medical research was compared to
that of the osteopathic literature, and to provide a counterpoint early anatomical
literature was added as well. The literature was collected and analyzed to yield a
synthesis. There were certain terms that were highly significant in the literature
search. Those terms included: meninges, meninges dissection, dura mater, arachnoid
mater and pia mater.
The dissection study follows the idiom of traditional dissection with one
exception. Traditionally dissection studies are designed to reveal structure or in the
words of Grant’s Dissector “identify…reveal….observe” (Sauerland, 1984). These
are not the sole purposes of the dissections performed in this thesis, which is more
interested in the relationships between structures, and in allowing the viewers to
interpret the significance of what they see. The question asked of oneself during a
typical dissection is, “What is this structure?” The questions that emerged during the
dissection process of this thesis were. “What does this structure connect to . . . and
why?” It is impossible to answer the why in the context of one or even several
dissection studies with limited materials, but that does not mean that one should not
attempt an answer. Within the context of contemporary dissection studies this thesis
was unique. However, in the context of the history of dissection studies, this thesis is
not unique. In the history of anatomical study, there are certain researchers whose
work also demonstrates the same type of anatomical study as this thesis. Those
anatomists include names such as Willis, Bichat, and Swedenborg among others.
The methodology of this thesis is difficult to describe, since much of it comes
from the qualitative method [immersion/crystallization] but the most important part
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[dissection] of the thesis is quantitative in nature. The qualitative medium which has
more flexibility in method than most types of quantitative study, is a good forum
within which to study a topic such as Osteopathy and the meninges. The blend of
methods was highly suitable for the complexities of describing osteopathic work and
philosophy. The overall ideal of this thesis was to give the reader a picture one could
take away with them to access at their discretion. A variety of sources were used to
ensure that the picture of the meninges was as complete as possible, and faithful to
the osteopathic focus of this thesis.
2.3

RESEARCH QUESTIONS

The method required to research each question varied somewhat. The
information was gathered through a literature review of several sources. There was
the need to use interpretation to understand some of the literature, specifically the
osteopathic literature and the classic anatomical studies. The goal of the literature
review in its earliest form was to compare the information base between Osteopathy
and medical science. In an ideal world the knowledge base would be the same and the
information would be used differently to suit different purposes. However, early on it
became obvious that the scientific knowledge base, even on the subject of anatomy,
was much more detailed. So the initial comparison was to illustrate the available
scientific knowledge and to use this information as a basis of comparison with the
osteopathic information. It should be noted that not all knowledge was applicable
with the context of manual therapy. The information was organized in order to
compare two bodies of knowledge, and thereby answer the first two research
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questions. The third question involved the information of the previous two research
questions as well as the material from the dissection study.
While writing this paper it became obvious that many Osteopaths were using
standard medical texts as their anatomical references. Much of the osteopathic
information consisted of a discussion of palpatory information and treatment
technique. The process of researching each question differed depending on the
material examined. With that in mind, the bulk of the information collected was from
literature review. Even for the dissection study there was a significant amount of
preparatory reading. It was through an extensive collection and review of literature
that the information was compiled. Subsequent to the data collection, the analysis
differed somewhat from one question to another. The combination of different types
of information, from different sources was deemed the best way to ensure that the
most significant information was collected and that triangulation of it was possible.
The premise was that if two different sources of information referenced the same
material then that material was significant.
1.

“What are the other roles and properties of the meninges, obtainable from

contemporary research and/or historical review that could be useful to Osteopathy?”
To answer the first research question required a literature review of two
sources. Contemporary and classical research literature was collected. In the early
stages the data was examined largely using the editing method which consisted of
general topics under which information was organized and then selected for further
analysis or excluded from future reference. The information was initially analyzed
under two general headings. The first heading consisted of specific and detailed
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factual knowledge of the anatomy and physiology of the meninges. The second
consisted of information that would be deemed significant for an osteopathic study.
In general the contemporary information fell under the first heading, and the classical
information was included under the second heading. The inclusion of early works
which were important for their own content and method was also necessary to give a
background context for current research information. Early dissections were done as
studies of exploration, not of quantification. Current investigations are relevant for
the level of detail and stringent adherence to quantification. The information of this
thesis borrowed heavily from the way of thinking of the classical anatomists and their
early studies of anatomy, especially in the dissection study.
Numerous articles from scientific journals, neurosurgery manuals, and other
medical literature were examined to gain an understanding of the body of
contemporary information on the meninges. The information that was collected was
often very visual in nature, specifically from various forms of scanning technology
and endoscopy. The inclusion of the visual information was deemed a priority by the
author in order to clarify the image of the functional meninges. The body of
knowledge of the physiology of the meninges was also included, secondary to the
anatomy. The literature analysis was very straightforward, because of the nature of
most of the literature, which tended to be highly segmental. Typically most journal
articles consisted of one topic and are quite focused on that subject. The literature
was organized into groups, anatomical or physiological. The classical literature
consisted of numerous texts. The process of analyzing the early information was
more similar to the editing method of analysis. It is noteworthy that much of the
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information in the early texts was dissimilar in style and philosophy from
contemporary scientific research information. The authors of those texts tried to
understand processes, which was a fundamentally different approach from modern
research. Modern research seeks to test a theory, not necessary determine a systemic
process. The interrelationships discussed by the authors of those texts were
complementary to some of the osteopathic literature. The literature review of
scientific research was used to give an overview of the information available on the
meninges, to serve as a basis of comparison that was used for all three research
questions. It should be noted that the actual writing of the research question, the
synthesis of information was performed in a manner that must be identified as derived
from immersion/crystallization methodology.
2.

“Has Osteopathy overlooked the pia and arachnoid maters, the other two

layers of the meninges, in its study of the dura mater?”
As mentioned previously, the initial investigation during the preparation of the
research protocol was focused on the dura mater. However as data began to be
collected and processed the topic evolved from an investigation of the dura mater into
an investigation on the meninges. This change of focus was deemed necessary by the
examination of the data that was derived from classical sources. Initially the gap
between how Osteopaths viewed the dura mater (meninges) and how medical science
regarded the functions of the meninges seemed unbridgeable. Several Osteopaths
during informal conversation indicated that the early material was valuable to my
study. While reading some of that material, it became obvious that the classical
literature offered information that would interest Osteopaths. Yet the information
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from those anatomists was still considered scientific, since it was not osteopathic in
its origins. Upon reading this early material and realizing that it was complementary
to the osteopathic material, a second realization occurred. These authors seemed to
think that the leptomeninges were important. At that point the author realized that a
dramatic shift was necessary in his consciousness. It was decided that the three layers
of the meninges should be examined, not just the dura mater.
Now the analysis of the principal osteopathic text was performed. The
analysis included not just a listing of when the term meninges was used, or the dura
mater. The analysis sought to determine what the author meant when he said dura, or
dura mater, or dural membranes, and why he used those terms and others, including
the meninges. The method of text analysis at this point was similar to the editing
method, which Crabtree and Miller refer to as being ‘subjective’ in nature (Crabtree
& Miller, 1992, p.18). Terms like dura mater and meninges were used as units or
terms of interest. The information fell under several headings, anatomical fact,
experiential information, and practical information. The leptomeninges were not
mentioned as much, and were only mentioned in the anatomical discussion early on in
the text. After reading Osteopathy in the Cranial Field other osteopathic texts were
examined to see what they said about the meninges. Again the method of analyzing
those texts followed the editing method.
A rethinking was required at this stage when it became obvious that most of
the osteopathic anatomical information was derived from medical and scientific
sources. Were there any osteopathic texts on the meninges that could be used for the
research on this topic? It soon became apparent that there was little osteopathic
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information available that was specific to the subject. The information available
appeared to be texts discussing practical technique information. Secondly, it became
obvious that there was not much mention of the leptomeninges in those practical
texts. There were two possible conclusions to these observations. Either the
leptomeninges were not important to practical manual technique, or they had been
neglected through oversight.
The various texts were analyzed and a trend became apparent. The tendency
was that the leptomeninges were rarely mentioned except in discussions of regional
anatomy. The pachymeninges or dura mater was very frequently mentioned. Much
of the context for the discussion of the meninges was in the context of osteopathic
cranial technique. To gain an understanding of cranial osteopathic concepts requires a
certain amount of interpretation in order to clarify terminology that describes
experience. At this stage it became apparent that much of the gulf of
miscommunication between Osteopathy and medical or scientific research was due to
unclear or contradictory terminology. Sometimes Magoun used the term physiology
instead of mechanics. There were occasions where the author used terms that
appeared to be esoteric but were really experiential descriptives meant to educate
someone about a feeling, not to scientifically describe a process. The text can be very
difficult for the non-Osteopath to understand, and this was also true for many other
osteopathic cranial texts. The result of the analysis of these texts was to determine
whether the text Osteopathy in the Cranial Field did indeed represent the body of
knowledge of the meninges. Certain authors were chosen for this analysis, chiefly
Sutherland, but also other authors such as Arbuckle and Weaver were included. Their
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inclusion was based on the results of the Ostmed search, and upon the suggestions of
various Osteopaths who responded to my enquiries and were consulted. At this point
the author felt that enough information had been collected and analyzed to:
¾ Provide the reader with the meninges information available to osteopaths
studying a program of manual osteopathic technique
¾ Cover the shortcomings of any one osteopathic text, since every author has
some bias and that bias shows up in the material presented in one fashion or
another.
¾ Allow a contrast to be made between the osteopathic information and the
scientific research data.
Since the medical research did not involve a discussion of technique, the
comparison of information was oriented primarily towards anatomy, and secondarily
to physiology. The information from the classical medical sources posed a
conundrum since much of it was complementary to osteopathic concepts and quite
dissimilar to contemporary research. This information, much of it dealing with the
purpose of anatomical inter-relationships and theories of physiology, was discussed in
the third research question.
3.

“How does a detailed study of the meninges benefit osteopathic practice or

instruction?”
The methodology of this question strongly harkened back to the
immersion/crystallization method of qualitative research data analysis (Crabtree &
Miller, 1992, p.23). Once the comparison data, from scientific research and
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osteopathic literature was completed a greater understanding the meninges and their
significance to Osteopathy emerged. The third research question used the
information from the previous sources, but focused on several notable writers and
researchers, as well as the dissection material. It was in answering this last research
question that the real crystallization process occurred because it was here that
information from the previously listed sources was discussed with an aim to bring
about new information subsequent to a process of refinement and evolution.
“Immersion/crystallization consists of the analyst’s prolonged immersion into and
experience of the text and then emerging, after concerned reflection, with an intuitive
crystallization” (Crabtree & Miller, 1992, p.19). The result will be a blend of various
sources including specific material from authors of particular significance. The
information will include material attributed to Still, Swedenborg, Blechschmidt, for
his information on mesenchyme, and Bichat in particular. The material of these
authors was included for their originality of thought, pertinence to the topic and/or
relevance to osteopathic concepts. The focus was on a validation of ideas and
concepts that are important to an understanding of the function of the meninges. That
is not to say that Still for example wrote extensively about the meninges, but his way
of thinking was important to examine briefly in order to understand Osteopathy.
Bichat and Swedenborg were not Osteopaths but their information was deemed
noteworthy for its implications for osteopathic concepts. The evaluation of the
material from these authors adhered to the immersion/crystallization method. The
material examined is not an exhaustive study of these authors, but this material did
provide a validation of much of the osteopathic material.
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The search for pertinent literature, and discussions with consulting
Osteopaths, revealed a void in the area of osteopathic dissection. As the literature
search progressed it became obvious that there was very little material appropriate for
background research for Osteopaths. The process of dissection research for this thesis
was to look for anatomical interrelationships as well as to perform an interpretive
examination of the structures, and in particular the three layers of the meninges. The
pre-dissection data investigation consisted of looking for examples of dissection
advice, dissector manuals, discussions of dissections or examples of missing data, and
inconclusive data as mentioned in the surveyed osteopathic literature. While
analyzing anatomy atlases, or treatises of anatomy there were certain structures that
were omitted, ignored, or views that did not reveal enough of the type of information
that an Osteopath would need or want to see.
2.4
2.4.1

QUALITATIVE TERMINOLOGY
SATURATION

The ability to provide an adequate amount of saturation varied from topic to
topic. To ensure triangulation, there was an attempt to ensure saturation of the
information, which in general would require a specific topic to be mentioned at least
twice. The inclusion of three literature sources, with the inclusion of the dissection
material was a reasonable attempt to achieve saturation in this study. There are a
large number scientific/medical research articles about the meninges, as over 18,000
such articles are available using the search terms meninges on a Pubmed search.
However there is a much smaller list of articles of contemporary literature that could
have an implication for this thesis, which is osteopathic in its focus. In the context of
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this thesis there will be several indices of saturation as recommended in the text
Handbook of Qualitative Research, “The researcher seeks indices of saturation, such
as repetition in the information obtained and confirmation of previously collected
data” (Norman Denzin, 1994, p.230). Given that the dissection materials are pivotal
to this thesis as primary content, then it is unlikely that saturation had been reached
for that material. There were four cadavers examined, all of which had been
previously dissected to a varying degree before the author’s dissections. Saturation in
the case of the dissection materials will occur as a result of comparison to literature
from the data search.
The primary source of materials came from the review of the osteopathic
literature available at Ostmed as well as leads gained from discussions with advisers.
The total body of work on cranial Osteopathy was not significant when compared to
the available body of knowledge of contemporary scientific research. Furthermore,
not all of the osteopathic texts about cranial work were of value, since not all of them
discussed the meninges other than to reference their existence. Similarly omissions
occurred, with classical texts of anatomy, many of which did not have material
significant to this study. In reference to the osteopathic and classical texts, the items
of greatest significance were read and the guidelines for saturation as stated at the end
of this section were met.
Given that there was a large amount of available scientific material about the
meninges, saturation in that case was considered using several criteria. Most
importantly, many of the available materials, although scientifically pertinent were
not useful in a discussion centered on relationships between structures and functions.
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In terms of this thesis, saturation was considered to have occurred in several
instances:
•

When content was being repeated, or there was a repetition of information and
or conclusions.

•

When data from multiple sources or differing types of sources was repetitious
in content or conclusion.

•

When the available data present and accounted for had been exhausted
without inclusion or reference of a new idea or topic from another source or
area of information.

•

Within a certain specific period of time, if there is not a reference to a new,
unexplored topic or source of information. In the case of this thesis the time
period suggested to the author was about twenty months; however most of the
data was collected within eighteen months.
2.4.2

VALIDATION

Validation was considered as an assessment of the appropriateness of the
methodology to the material, and as well an indication of the quality of the first hand
information. In terms of qualitative research there are several inter-dependent
components. To have validation there had to be triangulation from different types of
sources. Through triangulation of different sources of information one attempts to
achieve a confirmation of data, validating the research. Subsequently with proper
data analysis and interpretation one should arrive at a narrowing of triangulation
subject to objective confirmation (external). The validation process goes hand in
hand with saturation, so it was dependent on effective data collection and referencing.
Triangulation, the use of different sources of information, allowed an emergent
inclusive concept. “Triangulation is a form of replication” (Crabtree & Miller, 1992,
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p.235). The emergent concept followed proper sequential reasoning and should be
clear to the reader. A reader should be able to follow the interpretive process of the
author. During the later part of the data collection for this thesis (December 2004) the
author found a few articles of interest in a journal from France called Apostill
(#11/12). In the article, “La Dynamic Neuro-Méningée,” the author examined the
bibliography for references and was pleasantly surprised to find that many of the
references listed were included in the data collection for this thesis. At that point, and
after discussions with a reasonable authority on qualitative research for the CCO
[Jane Stark], in the form of a personal communication the author was advised that
these findings indicated a respectable indication of both validation and saturation
(Stark, 2004).
2.4.3

TRANSPARENCY/AUDITABILITY

These two terms are similar and hence mentioned together, as they refer to the
clarity of the methodology. That is, would others be able to follow the methodology
of this thesis, using the same materials and come to the same or similar conclusions?
Would other researchers be able to reconstruct the process that created this thesis
barring the interpretive elements, and arrive at similar findings? There would be
inherent difficulties in any two people reaching the same results when discussing a
process that involves interpretation. However, the auditability of any interpretive
process demands that someone else be able to come to similar conclusions at the risk
of a possible accusation of ‘invention’ for subject matter that had been labeled
interpretation. Given the relatively easy access to scientific literature, and the
availability of many texts within university libraries, it is reasonable to assume that
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another research could collect the same information. Another researcher should be
able to examine the same or very similar data. If another researcher followed the steps
mentioned by the author, with the same material, then similar results should be
expected. However, in an interpretive paper there is always room for individual
interpretation, getting the same results might be quite difficult. From the point of
view of selecting quotations by judging their significance, there are numerous areas
where another researcher’s results might differ from those of the author of this thesis.
The dissection materials present a greater difficulty.
The greatest potential barrier to the transparency/auditability of this thesis laid
in following the dissection studies. There are several noteworthy complications. The
most pertinent complication is that some of the cadavers were pre-dissected to
varying degrees, and all were preserved but in different relative ages of preservation.
So some structures were already missing when the study began. The first dissection
study in Boulder included the most complete cranium and so the least interference to
pure data. A further complication during the dissection study was the lack of manuals
oriented towards a study of the meninges. Texts such as Grant’s Dissector
(Sauerland, 1984), include valuable advice and were helpful. Furthermore, there has
been very little meningeal dissection performed in general such that misconceptions
exist, and references are limited. Neurosurgery texts were also helpful, even though
oriented towards non-Osteopaths. However, a certain amount of the dissection was
real exploration since there was not much else to reference. In these circumstances
replication of results could be quite difficult since there are few standard instruction
texts and also because of the anatomical variation from one skull to another.
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Regardless, the major structures are universal, well documented and not hard to
uncover. Many of the conclusions drawn from the actual dissection work were
somewhat elusive; however the vast majority is obvious and not generally disputed.
Secondly it was extremely difficult to capture the structures seen during dissection on
film. Many are fragile, and any sort of movement can disrupt those structures. Also
it is easy to overlook subtle structures in an area as complex as the cranium.
2.4.4

SUBJECTIVITY MANAGEMENT

The term subjectivity management refers to the inclusion of bias or biases of
the author in the writing of the thesis. Unlike quantitative research, bias is an
expected and accepted part of the qualitative method as a forum for interpretation and
creativity. The biased content is not something to be removed, but it is something to
be identified by the author in order to allow the reader to follow the author’s
reasoning processes. It does not necessarily entail that the reader agree with the
biases of the author. The bias is identified so that the reader can follow the
interpretive process of the author, or that a fellow researcher could more easily follow
in the footsteps of the original researcher. In the writing of this thesis there were some
biases that must be mentioned to allow the reader a greater understanding of the
context of this work.
There was one inherent bias in this thesis, and this bias was that anatomical
knowledge was of primary importance to osteopathic technique and study. The
founder of Osteopathy was adamant about the need for anatomical knowledge, and its
importance to osteopathic education. An extension of this bias was that anatomical
information governs the relevance of the physiological or mechanical information.
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One interest of this thesis was at the level where palpation can detect changes or
where palpatory acts can induce measurable changes. The origins of osteopathic
method are palpation oriented and anatomically based. The relevance of topics such
as physiology and mechanics were judged by their anatomical relationships, or
possible palpatory changes that could be reasonably detected. The second bias
emerged as the result of the initial investigations and literature review, and that bias
was that there was unclear terminology used in osteopathic texts, and it was this
terminology that causes so much miscommunication between the osteopathic
community and the rest of the medical and scientific world. During the literature
review, there was a further bias that deemed most of the medical and scientific
literature inappropriate to this investigation for several reasons. Much of
contemporary medical literature was oriented toward pharmaceutical biochemistry,
and occurs at the level of neurotransmitters, or drug interactions. The anatomical bias
vastly reduced the number of pertinent articles and texts available for inspection.
The most important information in this investigation was from the dissection
portion of the project, and it was in this forum that bias must be explicitly detailed.
First, the author was not interested in typical dissection topics and structures. There
was no detailed look at the brain, or its associated cortices, cranial nerve nuclei, or the
special sense organs aside from their connections to the meninges. In a typical
cranial dissection the connective tissue is ignored in favor of the neural tissue. It was
the emphasis of this thesis on the connective tissue relationships that was so different
from typical dissection studies where the connective tissue is largely regarded as an
obstacle. The tendency to view the connective tissue as a dissection obstacle is an old
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trend (Stark, 2003b, p. 684), that continues to this day. The author’s bias was that
revealing interrelationships was pre-eminent because it is through interrelationships
that Osteopaths can justify their ability to influence the deeper structures of the body.
The bias of the dissection project was that Osteopaths want to understand connective
tissue. The classic dissection typically emphasizes vascular or neural structures, not
connective tissue. A dissection to reveal connective tissue was atypical of
contemporary dissection studies.
2.4.5

RELIABILITY

The topic of internal and external reliability is of concern to the qualitative
researcher since there is no calibration of instruments or statistical analysis that
occurs in quantitative research. In this area again the use of triangulation was
imperative in that the use of multiple sources of data minimizes possible errors, and
increased the reliability of the study, especially in terms of internal reliability. In the
case of internal reliability, if one was clear in his or her methodology, and followed
the methodology, then another researcher should have similar results, dependent upon
the interpretive elements. In the case of external reliability, the author made every
effort to include enough data in the study to make it relevant and inclusive. The data
came from a variety of sources and included a reasonable amount of information.
The inclusion of information in this thesis was to insure that all the pertinent
information was mentioned, and ideally from more than one source. The reliability of
this study depends not only on the author’s work but also on the proofreading
provided by other Osteopaths upon the request of the author. The reliability of the
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dissection findings was provided by the anatomist who accompanied the dissection
process within the laboratory.
2.5

SAMPLING

The sampling required for this thesis differed, depending on the material
samples. The available material from contemporary medical research sources was
easily accessible in vast amounts and in this case the sampling would be considered
random/purposeful (Crabtree & Miller, 1992, p.38). Random/purposeful sampling
“adds credibility to a sample when a purposeful sample is too large” (ibid). Much of
the Osteopathic information was accessible via several libraries in North America and
Western Europe. In that case the sampling would have been considered criterion
sampling (ibid). Criterion sampling exists where all of the cases meet some
previously established criterion and was meant to lend authenticity to the information.
The criterion for the osteopathic literature was that it was a thesis, or a text of cranial
study. Other osteopathic information was included because it gave important
contextual information about osteopathic philosophy or cranial osteopathic technique.
The information from classical sources was more difficult to collect, mainly because
the supply of those materials was much less accessible. In terms of the dissection
materials the sample group size was quite limited in number. In both the early
literature and dissection study the sampling method would be considered
opportunistic (ibid). Opportunistic sampling would be described as one that takes
advantage of new leads and/or the unexpected. The classical literature could also be
considered criterion based sampling since it was primarily reference based. The
reference criterion for the early study was that it was either referenced in an

57

osteopathic work of significance, or that the author was a noted authority on the
subject.
The author was able to provide some photographic dissection materials from
two trips to Boulder, Colorado. Those two trips involved the study of four craniums
in various stages of pre-dissection. In terms of the dissection materials the sample
group size was quite limited in number and would be considered opportunistic in its
sampling. However, the author was unable to include material completed at a
university in Ontario because of guidelines of the Coroner’s Office in Ontario. At the
time this thesis was written the materials from that dissection could not be released,
however they will be accessible at some point in the future. The author does take that
dissection experience into the dissection project in Boulder.
Given that there was a disproportionately large amount of contemporary
research material, and a relatively large volume of osteopathic texts in general (not
necessarily related to manual practice) there were some exclusion/inclusion criteria
necessary. Notably the most basic exclusion/inclusion criteria for osteopathic
material hinged on whether that the material was oriented towards manual technique.
The second exclusion/inclusion criteria involved was that the osteopathic information
was intended for osteopathic cranial technique. Pharmacological topics were
excluded. In general pathological case studies were excluded for both osteopathic
and non-osteopathic literature. For contemporary research the inclusion/exclusion
criteria consisted of the inclusion of anatomical descriptions and physiological interrelationships. Topics that were excluded were pharmacological studies, toxicology,
pharma-pathology, and other information oriented towards pharmacology/pathology.
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The inclusion/exclusion of classical literature was less specific, with one specific
criterion. The criterion for inclusion of classical studies was that they were
anatomical studies of the cranium, especially the meninges.
2.6

DATA COLLECTION

The data collection process went through multiple stages. The initial step was
to read the texts Osteopathy in the Cranial Field First and Third editions (Magoun,
1951, 1976b). The text was gleaned for any mention of the meninges, by that name
or by associated terms such as dura mater, pia, arachnoid, membranes etc. Then a
search was performed at Pubmed and Ostmed for certain terms such as meningeal
anatomy, dura anatomy, dura mater, arachnoid mater, and pia mater. Certain articles
were chosen because of the content of their abstract, namely for how much their
content was comparable to the content from the previously mentioned texts. The
initial process was to search for information about meningeal anatomy, secondly to
search for content regarding physiology of the meninges. These two areas were the
chief topics of discussion in the text in relation to the meninges. It was here that the
different nomenclature between osteopathic literature and medical/scientific literature
became most obvious.
Then a library search of the University of Toronto libraries was performed to
find texts about the anatomy and physiology of the meninges using terms such as
meninges, as was performed at Pubmed and Ostmed. Books on neuroanatomy,
neurosurgery and anatomy were found and categorized as either contemporary or
classical. Books published before 1951 were categorized as classical or early and
those after 1951 were categorized as contemporary. The year 1951 was chosen
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because that was the publication date of the first edition of Osteopathy in the Cranial
Field.
Once the articles from Pubmed arrived a further search was performed.
However, this time the basis for the search was articles/texts that were referenced in
the articles. The search was refined to include those texts that were repeatedly
referenced, especially texts of antiquity. Some of the most referenced texts were
Morris’s Human Anatomy (C. M. Jackson, 1914), Traité D’Anatomie Humaine
(Testut, 1900), Traité D’Anatomie Humaine (P Poirier, 1902), Anatomie Humaine
Déscriptive, Topographique et Functionelle (H Rouvière, 1967), Human Anatomy
(Piersol, 1923), Textbook of Human Anatomy (Gerrish, 1902) and Gray’s Anatomy
(Gray's Anatomy: the Anatomical basis of Medicine and Surgery, 1995). Of
particular interest was the frequency of citations from Traité D’Anatomie Humaine by
L. Testut.
The data collection process also included various letters and/or emails to
various individuals who could be considered authorities on the subject. These people
included instructors from the CCO, Osteopaths associated with anatomical research,
or who had done work on the dura mater, or people who had been mentioned in the
literature. The email typically requested information, contacts and materials about/on
the meninges. Several of these emails yielded suggestions for references or possible
people to contact (see Appendix C for basic form letter and contact list).
The process of data collection took the form of a web search in which the
initial search results yielded new searches yielding different results, or pointing
toward other areas of interest. Saturation could be considered to have occurred when
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the same references began to appear in numerous articles or when no new areas of
possible data search could be derived from subsequent enquiry. In terms of the
contemporary literature, saturation occurred subsequent to several waves of searches.
Even though an initial inspection seemed to include thousands of potential articles the
list of applicable articles involved less than two hundred articles. Of those two
hundred there was often duplication of material. The duplication of material occurred
because one researcher would cite another, and perform a similar test but with a
slightly altered experimental process. Often there were between three to seven articles
on the same subject except for the embryology of the meninges.
During the dissection process there were numerous obstacles and
complications within the data collection process. The author had little or no input on
cadaver selection. There was a slight choice regarding cadavers, in terms of requests
to the laboratory, preceding the dissection sessions. The number of cadavers was
limited to a few specimens. The photography of the structures was difficult. The
structures were delicate and the photographic technique involved in capturing some
of the finer structures was very difficult. Many pictures did not develop well and
much of the data was lost or imperceptible. The anatomical dissection photos were
taken using a Canon SLR AE-1 with either the standard 50 mm lens or 70-210 mm
macro lens, and extension tubes for Boulder in 2004. For the second trip to Boulder in
2005 the Canon SLR was used as well as a Pentax Optio 750Z digital camera with
two macro capacity settings. Through the use of the digital camera more pictures
were captured with greater ease but with lower resolution than the film camera. Some
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adjunct aids were employed when using the analogue camera including a camera
tripod, cable release and flash as required.
2.7

DATA ANALYSIS

The data analysis approach would be considered the immersion/crystallization
method. In some cases some aspects of the editing method were used, primarily for
the osteopathic material and the medical/scientific data. The use of the editing
method was seen as a way to initially organize the material. However, the
immersion/crystallization term applies to the process of transmitting the information.
Additionally there are aspects of data analysis that are similar to the classic
philosophical branch of phenomenology. The terms phenomenology is invoked to
describe the process of attempting to interpret the descriptions of experience, and
phenomena. The iterative process is one “requiring continual interaction between
collection and analysis of data,” (Crabtree & Miller, 1992 p.97). For the osteopathic
literature the editing method was used to separate information into general headings
for further analysis using an iterative process. The initial text, Osteopathy in the
Cranial Field was analyzed for the general topic of the meninges.
In the section for the second research question the editing method was used, at
least for the initial research and organizational stages. The headings included the
term meninges as the general heading with a subheading such as anatomy, or
physiology. Information that did not directly fall into those two groups was classified
as other. Later information was examined to see if it could be best used or
incorporated with information from other areas of research. The term other would
encompass much of the experiential information. The method used to analyze the
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data initially, after it was collected was a combination of historical method, and the
editing method. The manner in which substance was derived from the information
was by the use of the immersion/crystallization method. The process of collecting
information must be distinguished from that of encapsulating the essence of the
information. The former involved varied methods of data analysis, including editing
and historical methods. The later involved the use of immersion/crystallization and
the material derived from that method was used to answer the research questions.
One could say that the data analysis methods were used as a slave to the
immersion/crystallization process. The third question involved a synthesis of the
information from the first two questions, as well as the dissection materials and
immersion/crystallization process.
2.7.1

DESCRIBING/PRIMARY CODING

Coding is a way of organizing information so that one can start to put together
a synthesis, “coding addresses the issue that the facts do not speak for themselves”
(Crabtree & Miller, 1992 p.62). Developing a coding system was no easy task when
working in an iterative process; however a few simple guidelines were followed. In
the initial stages a more general series of codes, or primary codes, were used to
establish an introductory knowledge of the subject. There were several general areas
of interest which were the essential codes for the formative stages; information from
contemporary research and medical and scientific sources, classical sources, and
osteopathic literature. As the project proceeded and data was collected the coding
became more specific, the emergent coding reflected the iterative process of textual
analysis, and distillation. Once a general set of codes was determined, the general
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headings for the information was generated as well. The information from those
codes allowed the categorization of material. Once the final codes were established,
it became obvious that some information was to be included, while much was
excluded.
To develop a codebook the author followed an approach mentioned by
Crabtree and Miller which was mentioned as a ‘middle ground’ approach and seemed
applicable to the research process. In this situation one began with a basic set of codes
which were based on a previous knowledge of the material, and then these codes were
expanded upon as the iterative process continued. In order to suit the evolution of the
thesis (Crabtree & Miller, 1992, p.95), the codes were used as a data management
tool within the context of assimilating a large body of material as efficiently as
possible. Information that was collected fell into headings such as meninges
anatomy. The headings differed from one data source to another. The scientific
research information was grouped under heading such as meninges anatomy,
meninges physiology, as was the osteopathic information. However the osteopathic
information also included a code or heading of other, a code used for the classical
literature as well. The other code or heading was a convenient place to assign
information that was difficult to categorize, but still appeared to be important.
The initial codes that were used were: dura mater (anatomy), and meninges
(anatomy). The use of several terms as initial components of a code book became
necessary because of the manner in which keywords are chosen for scientific medical
search engines. The use of search engines such as Google, Pubmed and Ostmed was
necessary to access a wide variety of information—they were the principal data
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searching tool. As the project developed the coding became more specific, more
focused, yielding a further coding system, a secondary coding. To further limit the
coding process was a difficult task given that with the need to allow an understanding
to emerge from the data; one does not want to be too restrictive with the variety of
information in the initial stages.
2.7.2

ORGANIZING/SECONDARY CODING

It was at the level of secondary coding that the inherent conceptual disparities
between Osteopathy and medical/scientific method became apparent. Osteopathy
works with the premise that the whole body is an interconnected whole with
properties that are greater than the sum of its parts. The medical/ and scientific
models operate on a linear, measurement dictated set of premises of somatic
segmental independence.
The consequence of this linear cause-effect thinking, introduced into
European natural science by Galilei (1564-1642), is that organisms are
seen as complicated cellular functioning units, like technical
machines…This linearity in medical thinking has wide-reaching
consequences in the therapy scheme of academic medicine…In order
to stick to a simple cause-effect relationship, this leads to being
compelled to isolate the acute event from the intermeshed biological
associations as a syndrome and treat it as such (Pischinger, 1991, p.13)
After the initial inspection and evaluation was performed the primary codes
were reviewed and a more refined coding system was developed. These codes
consisted of meninges anatomy, meninges biomechanics, meninges
embryology/development and meninges physiology. The same process was repeated
with the primary term as dura mater, arachnoid and pia. For analyzing the osteopathic
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literature the secondary codes were used, including meninges anatomy, cranial
biomechanics, meninges physiology and meninges embryology/development, with
the use of terms dura or dura mater, arachnoid and pia mater interchanged for
meninges to broaden the scope of material in order not to miss poorly referenced
information. Keep in mind that the osteopathic literature and classical literature
analysis included a much smaller body of information than the resources available of
contemporary studies. In the context of an osteopathic discussion it is the information
in the former group that was more pertinent.
The information that interests an Osteopath, whose practice consists of
qualitative judgments, intuitions and feelings, is quite different from the information
that interests the typical researcher in a lab. There are however similarities between
these two groups and in a general sense those similarities exist in a common body of
knowledge. Osteopaths should be able to explain what they do in terms of anatomical
structures or linkages being addressed, and the physiological response or responses of
the tissues or of the whole organism to the technique performed. It was under these
criteria that a reasonable bridge between osteopathic practice and medical and
scientific research occurred. It was in those areas of discussion that the secondary
coding occurs. The secondary coding or sub-headings consisted of terms such as
arachnoid granulations, meninges in the blood brain barrier, blood CSF barrier,
inflammation, and the meninges (or any one of the three layers under the same subheading), and neurosurgical anatomy of the meninges.
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2.7.3

ORGANIZING

With the previously mentioned coding system in mind then, data was
collected and organized into several general groups. Medical research pre-1951
(including Still’s lifetime and the conception of osteopathy), Medical research post1951, osteopathic literature about the meninges, and dissection studies of the
meninges. The information from the various sources was analyzed and organized in
the following way. The first chapter of the body of the thesis, part A, was devoted to
discussing what science had to say about the meninges, including contemporary and
early research. The principal underlying the inclusion of that information was to give
the reader an idea of the amount of information available, as well as developing a
familiarity with the concepts and terms relating to the meninges. The next section,
part B was devoted to compiling and analyzing the meninges information from the
text Osteopathy in the Cranial Field. Part C, which included information from
osteopathic thesis and texts was meant to round out the knowledge from the principal
text. Subsequently part D answered the first research question using parts A, B and C
as the information base. Part E answered the second research question based on the
information from the first three sections and the conclusions of part D. The next
section or part F included the dissection material. The last section of the body of the
thesis, part G, included information from all the previous sections to answer the last
research question. In answering the last research question there was inclusion of
material from specific authors, also discussed in earlier sections, whose works were
considered to be of particular relevance to the topic.

67

The focus of the organization of the research is to accumulate knowledge that
was within the scope of understanding in an osteopathic practice, and not for a
researcher in a lab. It is in this arena, of unaided, or minimally aided, observation,
that the works of antiquity will be most valuable. The conditions and concepts of
early research were most similar to the information discussed in the context of a
practical class. The processes that were witnessed, and conclusions drawn are of
particular interest to osteopaths because the detail involved is not the result of
technological advance but from dedication, care, and painstaking attention to detail.
2.7.4

INTERPRETATION LIMITS AND GUIDELINES

One of the difficulties in a discussion of the meninges, especially the dura
mater, with Osteopaths was the strong and varied opinions expressed by many
instructors. Unfortunately, much of that opinion was unsubstantiated by scientific
fact. However, that information was valuable because it reflects experience, essential
to performing manual technique. The information collected by this thesis provides a
foundation for the explanation of opinions about the functions of the meninges.
Every attempt must be made to include the breadth of the subject and that entails a
certain amount of interpretation on the part of the author.
In a discussion of interpretation the information from the authors of antiquity
and osteopathic authors were especially important. There was a certain need for
interpretation of the older material, much of which must be read within a certain
context, and this context itself is colored by the scientific opinions of the day. The
interpretation of that material was consistent with the historical method mentioned
previously. When discussing early or historical information a certain amount of
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interpretation was required. When an osteopathic discussion was conducted both
interpretation and interactive thought was required. One of the self imposed
guidelines of this thesis was to keep the amount of opinion regarding the meninges to
a minimum until much later in the text. The opinion based material was mainly drawn
from classical scientific material, osteopathic literature, and dissection study.
When discussing science, the plan was to stay quite linear and causal,
matching the subject matter. However the contemporary material was subject to a
certain degree of interpretation when placed in the context of the osteopathic
discussion, and in answering the third research question. With this in mind, the author
attempted to keep interpretation within reasonable limits. The limitations involved
were in keeping interpretation to a minimum while freely associating information. A
discussion arising from osteopathic literature could be rationalized by combining
knowledge from any of the sources, even though the sources used widely differing
methodologies and philosophies. Data from scientific research was freely combined
with osteopathic concepts and early anatomical observations, crystallizing new
concepts based a variety of sources. To accomplish this task the author reserved the
right to freely associate information based on interpretations of what the original
authors meant, or said. Much of scientific research does not fit into an osteopathic
discussion unless a certain amount of interpretation is undertaken. With this in mind,
the author limited the interpretation to a few areas such as the answers to the research
questions, and in later discussion sections.
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2.7.5

CORROROBORATING/LEGITIMATION

The legitimacy of this body of work was dependent on factors mentioned
previously, that “the credibility, dependability, and confirmability of these and all
future hypotheses are verified using triangulation, reflexivity, member checking and
independent audit” (Crabtree & Miller, 1992, p.106). The inclusion of numerous
sources of information was successful so that triangulation was assured. The
triangulation derived from the inclusion not only of literary material, but also
dissection photographs. In brief the reflexivity was inherent in the editing process
and data review. In light of the importance placed on anatomical knowledge by
osteopaths, the knowledge of anatomy was paramount and disproportionately
emphasized in this text. The basis for understanding and judging the value of
physiological information was through the filter of a clinical manual practice that is
anatomically based.
The legitimacy of the study was assured by the validity of the data search,
which was performed by anyone with internet access, and by the availability of
literature. Unfortunately, monetary expense limited the access to all possible
material. With this in mind, the suggestions from advisors facilitated the data
gathering process to be as efficient as possible in terms of time and expense. In terms
of dissection materials, there were numerous factors that prevented the statistical
certainty of the results. The presence of a technical advisor, a laboratory proprietor
who was an anatomical instructor and works at several universities, during the
dissection project was seen as a way of ensuring the validity of the dissection
material. Unfortunately there were not enough subjects to ensure statistical accuracy
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for the extrapolation of conclusions to an adult population. The examination of
material from the literature review compensated for the lack of subjects.
2.7.6

DISSECTION

During the first dissection session in 2004, the cranium of the cadaver was
intact but had undergone superficial dissection previous to the session. Windows
were cut through the bony cranium parallel to the sagittal suture in order to view the
cerebrum with its endosteal dural covering. Then the windows were enlarged
progressively so as to display more of the internal aspect of the cranial cavity. The
dura was separated from the inside of the cranium by finger pressure, separating
easily. The windows were eventually connected via coronal cuts through the bone
and the skull cap removed. The dura was inspected with the neural content intact
inside, including its attachments to the bony interior of the cranium. The dura was
sliced sagittally with cuts parallel to the sagittal sinus so that the brain could be
removed along with its pial covering. The dura was excavated from the cranial base,
and there were further cuts to facilitate the separation of the dura from the bone,
which was much more difficult to do at the cranial base. There was also an
excavation of the muscular tissue beside the spine to reveal extra-cranial connections
with the musculature specifically the rectus capitis posterior minor and ligamentum
nuchae.
During the second trip to Boulder Colorado in 2005, there was a greater
selection of cadavers; however they were all in a state of previous dissection to
varying degrees. None had an intact bony vault and all had undergone some spinal
dissection as well. In one specimen the dura in the spinal cord had been disturbed to
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such an extent that the ligamentous structures excluding the denticulate ligament were
no longer apparent. A second cadaver during that trip displayed intact spinal
meningeal structures, and the third was in similar condition to the first cadaver. The
principal dural structures were still intact in all three cadavers, such as the falx cerebri
and tentorium cerebelli. The dissection performed by the author in these instances
occurred at the cranial base to a large degree and to the spine as well. The cavernous
sinus was examined, as were connections to the cranial nerves, and the spinal
meningeal ligaments of the one cadaver in which they were intact.
2.8

CHAPTER SUMMERY

The thesis followed the guidelines of qualitative research as specified earlier
in the chapter. To exactly describe the process behind this thesis would be very
difficult for two reasons, luck and the subjective nature of interpretation. There is a
certain element of luck in collecting early materials, or even old osteopathic
materials. Granted the author attempted to find every possible relevant text, and to
include the most valuable content from them. However, the choice of content is
subjective and relied on interpretation to decide what was the most important
material, and most worthy of inclusion. In consideration of this, the author used
various sources of information to show saturation, in which a piece of information
was mentioned by two different sources. Alternately the author’s inclusion of
information from varied sources aside from the osteopathic material was meant to
broaden the field of information. So in that case some information might have come
from only one source, so the term saturation does not apply. However the concept of
inclusion, in which a breadth of information is desired, would be valuable. The
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validity of that material is still significant within this study because it brings new
information into the open for examination.
To keep osteopathic research and theory developing, new ideas and concepts
must be developed. Contemporary scientific research has much new information and
detail to offer, but is limited by rigidity and specialization. Osteopathy has a more
holistic perspective and is more fluid in its concepts but limited by inconsistencies in
the rigor of its methodology. Classical literature is a virtually unmined resource,
especially because of the detailed illustrative nature of the imagery. Much of the
osteopathic visual material is in sketch format, and is incomplete in terms a breadth of
imagery. However, and most importantly, an interpretive dissection study allows
highly detailed images that can only be surpassed by actual dissection. The
incorporation of qualitative research methodology should allow the reader to
understand the conclusions of the author. It was imperative that the process behind
this thesis was reasonably transparent. By outlining the biases and limitations, the
author hopes to ensure that others will be able to follow his conclusions. The result
was a thesis that allowed as complete an image as possible of the meninges in form
and function.
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3

CHAPTER THREE: SCIENTIFIC RESEARCH LITERATURE
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3.1

INTRODUCTION AND OVERVIEW

When conducting an investigation of the meninges that draws upon scientific
and/or medical information, one has to remember that there has been an explosion of
information provided from research over the past half century. This rapid growth of
research and information is due in part to the development and propagation of new
technologies. In fact many researchers act more as technicians than as the
explorer/philosophers of classical scientific research. The days of painstaking
attention to detail and innovative concepts of description have been replaced by
discussions of calibration and reproducibility. Both contemporary research and
antique enquiry have much to offer Osteopathy. Contemporary research has
exactness and precision. Classic research paid close attention to detail and drew upon
innovation in terms of thought and concept instead relying upon technology. The
research information offered to Osteopaths from the medical world is invaluable as a
resource base that can be used to provide information about numerous subjects that
are either, poorly understood, or in which it is extremely difficult to research. The
technological changes and what they can provide in terms of new information is
invaluable. Conversely the benefits of antique literature study consist of an incredible
attention to detail, and the availability of observational method of experimental
analysis.
There are several areas that are especially important for osteopathic research
to investigate. These areas include gross anatomy, biomechanics, movement
physiology, and most importantly embryology and development. There are few
research studies that have performed by Osteopaths on embryological development as
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pertains to osteopathic concept and philosophy. However there is scientific research
that discusses some of these topics, specifically embryology and neurodevelopment.
Since there is little or no osteopathic research upon those topics then osteopathic
researchers and students have to turn to contemporary research, especially in the areas
of embryology, (neuro) development, and movement physiology. There is a need to
interpret and manipulate contemporary research so as to be applicable in an
osteopathic context. To a certain degree that is part of the role of this thesis, which
will attempt to make contemporary information about the meninges palatable for
Osteopaths and their students.
So there are certain areas of knowledge in which Osteopaths are well
grounded. They know the gross anatomy of the cranium and spine including the
meninges and especially that of the dura mater. The biomechanics of the meninges
during movement are also relatively well known information for Osteopaths, based on
osteopathic theory. One area that needs a lot more study and research is that of the
embryological development of the meninges. Secondly there are topics of
information that have not been broached by Osteopaths in their study of the
meninges, but there has been research performed. That research has included
numerous topics, and was conducted in the form of some intricate, and
technologically advanced study. Some of those areas of interest involve the
innervation of the meninges, connective tissue biochemistry, inflammation, and the
physiology of the meninges. Much of this information will be discussed during the
examination of the embryology of the meninges. The discussion of the
embryological development of the meninges will answer questions about the
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innervation of the meninges as well as anatomical relationships. Embryology is
important to Osteopaths because it explains the subtleties of relationships between
structures and their physiology. Unfortunately the embryology of the meninges is
one area that is very poorly understood, and yet it offers Osteopaths information that
is very valuable. Other areas that are of interest to Osteopaths, and in which scientific
research has been active are the role and effects of inflammation to the meninges, as
well as the meningeal functional relationships.

3.2

DISCUSSION

The goal of this segment of the thesis is to collect and synthesize scientific
research information on certain designated topics. The result is a distillation of key
information on the physical relationships of the meninges. The topic, the meninges, is
a topic that is very important to Osteopathy. Within osteopathic literature the
discussion upon the pachymeninges is much more extensive than that of the
leptomeninges. There are certain areas of information that are very poorly represented
in the osteopathic literature. It is the contention of the author that it is precisely those
areas that are the most important to the development of a well rounded body of
knowledge.
The first area of discussion is very important, and consists of the
embryological development of the meninges. It is a difficult topic upon which there
are conflicting theories, and surprisingly little literature. The information provided
will allow a clarification of several other topics, including the gross anatomy of the
meninges (of the adult), the meningeal innervation, physiological and hormonal
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relationships and roles of the meninges later in life. For some of the other topics such
as gross anatomy, there is valuable information and concepts from classical or early
authors that should be brought back into the light of current osteopathic thought. The
pertinence of classical literature is derived from the benefit of access to unrestricted
observation that early anatomists had. This benefit applies not only to the anatomy,
but also to before and after observations that these researchers were able to make.
Much of the value of early physiological research lies in the way that those scientists
correlated information, building relationships between what they witnessed
structurally and the events that occurred physiologically. The ability of those
researchers to make before and after observations based on their experience with
subjects is rare in this era of scientific research. The Osteopath and reader will find
the information provided from early authors to be valuable, not only because of the
detail of anatomical and physiological information but for the life experience those
observations were drawn from. In terms of contemporary scientific method, older
physiological data does not fall within the guidelines of current stringent
methodology. But for the Osteopath, the information of early researchers is
invaluable.

3.2.1

EMBRYOLOGY

The study of embryology is one of the classic studies of anatomical science,
however the age of the microscope quickly advanced the available embryological
information, including that concerning the meninges. The information about human
embryology in general was fairly well documented in texts; however, the meninges
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developmental information remained unclear and disputed. Currently there is still a
certain amount of dispute over this information. Fortunately there are a few reputable
sources that are considered to be more or less authorities on cranial embryology,
including meningeal development. The literature review for the topic of the meninges
relating to embryology was surprisingly short. The initial information was taken
from Gray’s Anatomy (Gray's Anatomy The Anatomical Basis of Medicine and
Surgery, 1995, p.256-7), in which one pair of researchers was cited specifically for
their information, O’Rahilly and Muller. A literature review of the search engine
Pubmed turned up few articles that specifically mentioned the embryology of the
human meninges, which were the O’Rahilly and Muller articles. Subsequent searches
of embryology for the dura mater or leptomeninges, principally turned up articles by
O’Rahilly and Muller. Another text selected by the author to provide general
information about embryology cited O’Rahilly and Muller in almost every chapter
(Moore, 1998). Another search term that was used was dural girdles, for which the
researcher Blechschmidt was noted—this author was also referenced by O’Rahilly
and Muller in their article, The Meninges in Human Development. The Pubmed
search turned up several more articles such as Meninges in Human Development all
of which reference or are written by O’Rahilly and Muller. When discussing recent
embryological theories, Blechschmidt is frequently referenced for his ideas and
concepts on development. However, when one is discussing embryology, then the
most widely cited and respected authors are O’Rahilly and Muller, and their work
with the Carnegie Laboratories of Embryology. The section of this thesis for
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discussion of antique information on the meninges will be kept quite short, reflecting
the lack of accurate relevant information provided until the twentieth century.
3.2.1.1 ANTIQUE EMBRYOLOGICAL MENINGES INFORMATION
The observation of the presence of the meninges is quite well documented
historically. Classical writings by Galen, Goethe, Descartes and Andrew Vesalius
mention the meninges and embryology, but they don’t mention the embryology of the
meninges. At most there was a description of two layers termed roughly the
pachymeninges and leptomeninges. It was much later that the embryology of the
meninges began to be elucidated. The French researchers and educators Poirier and
Testut both mention the coverings of the brain as being derivative of mesenchyme,
and Poirier refers to the primitive menix or “méninge primitive” which yielded
secondary meninges, the outer of which became the dura mater and the inner layer of
which became the leptomeninges (Poirier, 1921a, p.81). Early American texts
including the Gerrish Textbook on Anatomy from 1901 do not mention the envelopes
of the nervous system in the section on embryology, nor does Morris’s Human
Anatomy of 1914. So it appears that little information was available until relatively
recently, and even that is tenuous.
The information that was well know by the early anatomists and
embryologists however was information about the development of the brain, the
cranial bones, including the cranial base, the pharyngeal (branchial) arches, and some
of the sensory organ development. The first mention of the embryology of the
meninges according to O’Rahilly and Muller, was the use of the term menix
primitive. Previous to that term the meninges were inferred to have a developmental
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process that could only be guessed at. Namely that the meninges were derived from
mesenchyme (O'Rahilly R, 1986, p.590), and related to the development of the
cranial bones. The authors attribute the term meninx primitive to Salvi, who used the
term in 1898. The origin of the meninges has been a topic of dispute since the first
reference to their existence in development by a researcher named Tiedemann in 1816
(O'Rahilly, 1986, p.600). The theories of primordial tissue for the meninges has
included the neural tube, the skeletal forming elements, mesoderm, and in 1922,
Oberling suggested that there were multiple sources of the meninges (O'Rahilly,
1986, p.601). It would appear from contemporary research that Oberling was the first
researcher to present a more or less accurate theory.
In terms of general embryology the authors of antiquity mention the primitive
streak, and the three germ layers, with the mesoderm appearing in between the
ectodermal and endodermal layers. The later discussion of the three primary brain
vesicles, derivatives from the ectodermal layer, and the foldings of the early brain are
described (Testut, 1894, p.1245), as well as a brief description of the cranial nerves.
In the 1902 edition of the Gerrish Textbook of Human Anatomy there is a similar
amount of information consisting of a discussion of the primary germ layers and three
primary brain vesicles. However, at the beginning of the twentieth century the
understanding of human embryology was limited.
3.2.1.2 MODERN EMBRYOLOGICAL KNOWLEDGE
The twentieth century witnessed a dramatic increase in the available
knowledge of the embryological stages of human development. The information that
will be discussed in this section of the thesis will be intrinsic to the understanding of
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the anatomical and physiological relationships discussed the subsequent sections.
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. Much of the written material on the meninges is assumed or surmised from
the growth changes of the brain and calvarium during embryological development. 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. That will be the start
of the discussion. This sub-section will include mention of the 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. 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 context of interactions. The key to understanding cranial
development is to understand the connections of interactions between structures and
movements. So a general discussion of embryology will ensue, followed by a
discussion of cranial development that will include the meninges. There is one thing
to remember in terms of cranial embryology especially of the calvarium, and that is
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that the meninges are involved in the developmental processes of most structures of
the cranium, one way or another.
The first thing to remember is that it has generally been accepted that the
pachymeninges are derived from an outer layer of embryological 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 and neural crest cells, the
endomenix comes from neural crest cells (Sperber, 2001, p.81). 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
membraneous tissue which later is turned into bone (Williams, 1995, p.257).
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 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
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understanding. To elucidate the concept of dynamic movement one must turn to the
writings of Erich Blechschmidt, and his son Martin, and his biodynamic concepts, as
well as his discussions of the dural stretches mentioned later. However there are a
few facts to establish first to create the context in which the Blechschmidt concepts
will then appear in high relief. Firstly the term mes must be highlighted. Whenever
the term mes is used, then the tissue that term is applied to somehow is behaving or
functioning 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, and when the term derm is used it refers to the endocyst disk and when
the term mesenchyme is used for example that refers to the embryonic stage of
development (Blechschmidt, 2004, p.70). 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.

Figure 3.1, Bilaminar disk with prechordal plate (Moore & Persaud, 1998, p.52)
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This prechordal plate will later be used like a fixed point or fulcrum for other
activities to occur around. The uniqueness of the prechordal plate will not be
understood until a little later. In fact 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, including the stroma of glands since hormones are
another method of connection usually referred to as communication. However the
description of the mesoderm is just the start. In fact the tissue, the mesenchyme (or
mesoderm) which comes from the deep surface of the primitive streak (Moore &
Persaud, 1998, p.66; Williams, 1995, p.142) has some noteworthy characteristics.
Because of certain embryonic growth factors the mesenchymal cells migrate widely
(Moore & Persaud, 1998, p.68), 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 [because even though the two terms mean
something different they both apply to the mesenchyme]. These two qualities are
extremely important in understanding how the embryo assumes its final shape,
especially in the cranium. Why? Because when a structure enters or connects to
mesenchyme, when the mesenchyme moves, which is one of its qualities, the tissue or
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structure will be moved along with it. The reader will soon see why this is so
important, especially in terms of understanding cranial development. 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.
The growth of the mesoderm is termed explosive until the end of the first
week because it is this tissue 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. The notochord ends up reaching as far as the
posterior pituitary (Dixon, Hoyte, & Ronning, 1997, p.106), before the longitudinal
growth, and growth curves pull the apical end away from the notochord.
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Figure 3.2, Folding of mesoderm into notochord (Moore & Persaud, 1998, p.71).

The notochord serves as a cue for the development of the neural plate tube (Moore &
Persaud, 1998, p.72). As the rapid growth process of the mesoderm starts to slow
down [ending around the start of the fourth week], the ectodermal tissue’s growth
process remains unchanged, its accelerated growth starts to be braked by the slowing
of the mesenchymal tissues growth, their deceleration. 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.
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Figure 3.3, Folding of neural tube (Moore & Persaud, 1998, p.73).

However the ectoderm keeps growing at a rapid rate, it doesn’t quite slow down its
growth process the way the mesoderm did. The result 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 become a tube in a process called neurulation. This
bridge of tissue as it keeps expanding becomes the neural crest cells.
However the story is not over for the mesenchymal cells, they have one more
important attribute that should now be mentioned, and that is their association with
fluids. The mesoderm or mesenchyme is rich in fluids (Blechschmidt, 2004, p.42),
and indeed it is this association with fluids that will prove to be very interesting for
Osteopaths in general. 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 mesenchyme, in fluids. It is because of this
continuity of the fluids of the mesenchyme, that later becomes the fascia which
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continues to exhibit a fluid continuity, that allows cranial Osteopathy to function on a
systemic fascial level. 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 it moves
quickly, it is responsible for carrying neural information throughout the body, and
that information is carried very fast. So ectoderm’s qualities are that it is fast
conducting, and because of this speed it uses up much 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. It 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 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. The endoderm likes to sit and not move, but to store energy, the
ectoderm likes to transmit energy and that movement is very fast, but not overt. The
mesoderm likes to move most of all, it likes to travel and change, and it transmits
fluids, and it does so by movement, which is unlike the ectoderm in which the
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movement is energetic. The ectoderm is very fast and the endoderm is very slow, the
mesoderm is somewhere in between. However the movement of the fluids is not the
only reason why the mesodermal tissues are important, it is how the mesenchyme
responds to movement, how it differentiates and develops in response to movement
that is a very important topic in this part of the thesis.
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. The mesenchyme has several noteworthy properties, it transports
nutrients (Blechschmidt, 2004, p.45) 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
embryo (Blechschmidt & Bosma, 1975, p.54-56). 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.

90

Figure 3.4. Suction Field Concept (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 41 (Catala, 1998, p.165). Note that the neural tube is closed around
day 32 (O'Rahilly R, 1999, p.105) and that the choroid plexi of the ventricles are
present by day 44 (O'Rahilly R, 1999, p.195), so by deduction the meninges must be
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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 3.5, Contusion Field Concept (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
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
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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 3.6, Densation Field (Blechschmidt, 2004, p.76).

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
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the mesenchyme of the base, compressing it. The mesenchyme responds by going
through a contusion and or a densation process, or both. The mesecnchyme 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:
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
tissue. (Blechschmidt, 2004, p. 79)
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. Because of these attachments
the dural attachments at the base of the cranium, which are cartilaginous, are
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misshapen and often elongated from the cranial floor. Hence the shape of the crista
galli, clinoid processes, lesser wings of sphenoid and petrous ridges.
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.
Fig. 3.7, Dural stress bands from cranial base (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 3.8, Retension Field (Blechschmidt, 2004, p.81).
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All of the processes are ongoing at once, and occur in the same tissue, the
mesenchyme. The processes that occur, and how they effect the mesenchyme and the
nerves and other vessels that later enter the mesenchymal derived tissues explains the
later anatomical patterns. 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 3.9, Bands of connective tissue between cerebrum and cerebellum (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. 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
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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 fibre directions, stretched between bands.

Figure 3.10, Dilation Field (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 3.11, The ethmoidal dural stretch (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 cranium (Smith, 1978,
p.663).

Figure 3.12, 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).
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The areas where the dura is very strongly attached to the bones of the cranial base are
the sites of the strongest attachments of the meninges anywhere in the cranium. This
is not even a small part of the whole picture, but it allows one to get an understanding
of the vitality of the processes that are occurring when it comes to the dry scientific
talk of articles such as those by O’Rahilly and Muller. The idea that one needs to
come away with is that the data described by O’Rahilly and Muller is the result of
dynamic processes that they, as well as most researchers do not emphasize. Part of
the goal of this thesis was to put together the information of scientific articles in such
a way that the dynamic growth processes of the cranium are better understood, and
that the results of those growth processes are clear. In order to make it clear that
these processes occur to the mesenchyme because it is in the middle of everything, at
least in terms of the structural developments of the cranium.
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 the hard and fast
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. There are a few others,
although their works will be discussed in the upcoming parts of this section, which
will lay down the rest of the information so that the reader will understand the how,
and the why behind the anatomy of the meninges. Another piece of information to
remember is that the production of mesenchyme occurs at an early stage of cranial
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development, but it does not occur just once. Mesenchyme or mesoderm comes from
proto-ectoderm 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. This information becomes very
important later on, because in the cranium the sources of mesenchyme are varied and
confusing.

Figure 3.13, Origins of trilaminar disk layers (Moore & Persaud, 1998, p.53).

There is one other thing to see in the following diagram of the bilayered disk that
might not be noticed initially. The small patch of thickened endodermal cells are
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actually significant, they represent the prechordal plate, an early structure of the
embryo.

Figure 3.14, Prechordal Plate (Moore & Persaud, 1998, p.52)

The prechordal plate is an area in which the ectoderm and endoderm are fastened
together, such that mesoderm does not form between the layers as mentioned
previously. However the important thing for one to remember is that mesenchyme
can have numerous origins including the mesoderm. The mesenchyme, when it
appears, originates from one of the earlier layers which can include neurectoderm or
neural crest, not just primordial mesenchyme from the splitting of the bilaminar disk.
It should also be noted that neural crest cells originate from the neurectoderm, and
that the neural crest cells, like the mesenchymal cells, tend to migrate (Moore &
Persaud, 1998, p.79-80).
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
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notochord is a derivative of the mesoderm, and it forms the vertebral bodies and the
nucleus pulposus, the notochord ends in the cranium at the prechordal plate (Moore &
Persaud, 1998, p.79). It should be noted that the mesenchyme of the cranium is
derived partially from the neural crest cells which in turn are derived from
neurectoderm (Moore & Persaud, 1998, p.88). 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. Now it is time to consolidate some of this information.
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) (Moore & Persaud, 1998, p.94-95).
[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 related to the trigeminal nerve. At this time the base of the cranium is a very
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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, 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. Removal of the pachymeninges from these areas
will cause an avulsion fracture of the osseous tissue, or rupture of the soft tissue. But
that is not the only reason one can deduce the age of these attachments or their
proximity. 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), and that at one point the dura that this nerve innervated
was in one little 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 very far forward, in the anterior cranial
fossa, and yet curves back to innervate the top layer of the tentorium (C. M. Jackson,
1914, p.935). 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 that cranial nerve is detected, with
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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 3.15, 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 future anterior cranial fossa, and the original tissue of the tentorium
cerebelli all were located in the same general place. Now something that is important
to remember at this point is a startling fact. At this time the tentorium cerebelli is
actually made up of the leptomeningeal mesenchyme. The dura mater grew
backward into the primordial meninges that was leptomeningeal initially (O'Rahilly
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R, 1986, p.594), 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, that the neural tissue folded in the first flexure
of the brain called the midbrain flexure at about four weeks (Moore & Persaud, 1998,
p. 465). Even though it appears that the mesenchyme that formed the tentorium
moved backward, that is not necessarily the case. The first cerebral vesicle as it grew
and developed, 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 has been shifted by this folding to be oriented caudally or inferiorly. Now
that the forebrain (future cerebrum) is lying on top of the mesenchyme the weight of
its presence and the forces created because of its expansion pressing the mesenchyme
cause 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.
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Fig. 3.16, 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).

Then, 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
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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 3.17, 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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Fig. 3.18, 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. 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
arches (Moore & Persaud, 1998, p.223).
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Figure 3.19, 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 (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 3.20, Denoted as A, of a four week old fetus (Moore & Persaud, 1998, p.471). Figure 3.21, 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 3.22, 10 week old fetus (Blechschmidt & Bosma, 1975, p.477).
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Fig 3.23, 10 week embryo drawing by Moore compare to following phtograph (Moore & Persaud,
1998, p.475).

Fig 3.24, Photograph of a 15 week fetus, added symbols P for pituitary, SS for straight sinus
(Blechschmidt & Bosma, 1975, p. 488).

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.
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Figure 3.25, 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 including the cerebellum is the slowest (Sperber, 2001,
p.97). The last movement of flexure allows for not only the growth of the cerebellum,
but also the fourth ventricle, see the next schematic figure 3.26.
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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 3.26, Growth of tentorium (O'Rahilly R, 1986, p.595).

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.
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Fig 3.27, hemisected cranium of 24 week fetus, note the position of the occipital lobe of the brain
(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 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.
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Figure 3. 28, Dural Sinuses of a newborn infant (Williams, 1992, dural sinuses child).

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
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growth of the face as they affect the ethmoidal stress band, and the calvarial growth
secondary to cerebral enlargement by creating a detraction field within the layers of
ectomenix. 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.
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 brain
(Blechschmidt & Bosma, 1975, p.475). For the initial stages the whole brain is
covered in mesenchyme, later this mesenchyme derives into a dural limiting layer
(O'Rahilly R, 1986, p.597) which is neither endomenix nor ectomenix. Later, as
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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.
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.

Fig. 3.29, 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. 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 cerbelli. 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 age (Okudera, Huang, & Ohta, 1994, p.1882). 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 birth (Okudera et al., 1994, p.1883). The reasons for
the disproportionate growth of the jugular sinus or bulb, past one year of age are
related the hemodynamic changes of infant weight bearing and gravity, with the
advent of locomotion. 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.
Usually, the straight sinus drains into the left limb, whereas the
superior sagittal sinus more frequently joins the transverse sinus on the
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right side. The reason for the more frequent drainage of the superior
sagittal sinus into the right transverse sinus may be related to the
relatively linear course of the transverse sinus, the sigmoid sinus, the
internal jugular vein, the superior vena cava, and the atrium on the
right side. On the left side, the internal jugular vein has to take an
extra-long inferomedial bend through the left brachiocephalic vein
before joining the superior vena cava located on the right. Thus
drainage is more circuitous on the left than on the right (Okudera et al.,
1994, p.1881).
The author goes on to state that the need to have a low pressure system of blood
drainage for the brain. In the case of the asymmetry of the cerebri, which is
analogous to the handedness of the individual, one side is larger than the other. This
would have ramifications for the development of the vascular structures entering and
exiting the neural tissue. Also in the case of the cerebrum, the blood flow to one area
or one side of the brain may be heightened as the result of neural activity. It is
unlikely that the activity of the neural tissue in utero influences the vasculature,
however heightened neural activity as a factor shaping vascular structure could be
conceivable post naissance. The activity of the brain in the cerebrum causes highly
variable blood flow, and since the system is built to preferentially accommodate
changes of blood supply to the cranium, it is possible that the system is adaptive. It is
similar but to a lesser degree, to the venous sinuses changes noted as the child starts
to stay upright as mentioned previously.
It has been shown that there are numerous processes going on within the
cranium. The formation of the bony calvarium, and membraneous ossification, differs
from the cranial base but has many similarities and common factors. The origin of
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both cranial base/cartilaginous, and vault/membraneous is from mesenchyme. The
origins of the mesenchyme is from mesectoderm, itself from neural crest cells
(Catala, 1998, p.159). The mesenchyme has of course other sources, such as primary
mesoderm, however the neural crest cells are involved with the development of the
telencephalon, as well as the cranial nerve nuclei. The involvement of the neural
crest derived mesenchyme is consistent with the processes ongoing in the cranium,
especially with the telencephalon, the cranial nerves, and their coverings the
mesenchyme. The mesenchyme later turns into the dural limiting layer, an
intermediate stage between endo and ectomenix. During the dural limiting layer
stage the mesenchyme is beginning to densify in some areas, underneath the
cerebrum and at the anterior end of the future falx or ethmoidal dural stretch. Where
the mesenchyme is looser in appearance, it could be considered as leptomeningeal,
and where it is denser would be considered pachymeningeal in nature (O'Rahilly R,
1986, p.594). The bulk of the tentorium at this stage is considered leptomeningeal in
nature given that the future flexure of the brain after stage 17 will be the real onset of
pressures applied to the mesenchyme in that area. The mesenchyme at or about the
time of Stage 20 has more clearly differentiated into the ectomenix and endomenix.
The endomenix is discernable by the presence of blood vessels proximal to the
surface of the neural tissue, and can be inferred by the functional presence of the
fourth ventricle. The ectomenix or future pachymeninges is present as skelatogenous
and ectomenix. The skelatogenous layer becomes the future external periosteum and
also contributes to the internal periosteum. The ectomenix becomes the later
endosteal dura mater. The dural limiting layer continues to differentiate by becoming
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either denser or more mesh like in appearance. The areas that are more mesh like
become the endomenix as seen in Stages Seventeen and Eighteen (O'Rahilly R, 1986,
599), and the denser areas turn into the future ectomenix and begin to be noticeable
around Stage Seventeen. 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.

Fig. 3.30, 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 schematic marked B shows dural limiting layer as D, and the future
ectomeninix and endomenix, above and below the dural limiting layer (O'Rahilly & Muller, 1986,
p.601).
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Table 3.1 Tissue Origins

Earlier Tissue

Derived or Later Tissue

Mesenchyme around neural tissue

Dural limiting layer
Primative 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 Beside Neural Tissue

Pia Mater

Endomenix

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
process of derivation, similar to the production of bony tissue involves the
production, reabsorption and evolution of cells. For the initial medial part of the
tentorium cerebelli, at the earliest stage this is all of the tentorium that is present, and
it is leptomeningeal (O'Rahilly R, 1986, p.604). However this earliest area of the
tentorium later disappears and the later familiar form is completely pachymeningeal.
The ectomenix comprises several areas, but these different zones of the ectomenix
only become apparent after a certain amount of evolution. The earliest formation of
membraneous bone splits the outer layer of the ectomenix into two layers, with bone
in between them. The skelatogenous layer really represents bone forming cells that
are collecting in certain areas of the ectomenix.
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) (Sperber, 2001,
p.82). 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
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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
pachymeninges (Opperman, Sweeny, & Redmon, 1993, p.313).
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 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” (O'Rahilly R, 1986, p.602-3). 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.
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Figure 3.31, 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 cranium in general is dependent on a rich supply of
arterial blood first and foremost. The embryonic brain as it develops is very close to
the primordial heart, and as they grow and develop the closeness of that relationship
is continued until a relatively later stage. Initially the first aortic arch is just inferior to
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the neural tube in the cephalic end of the embryo supplying the entire early cranial
area with blood.

Figure 3.32, Early stage embryo longitudinal cross-section, note dorsal aorta and first aortic arch
(Jinkins, 2000, p.24).
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The closeness of this relationship is maintained as the embryo grows with the second
aortic arch appearing just inferior to the hyoid pharyngeal arch, and third aortic arch,
while the first aortic arch remains just inferior to the three primary brain vesicles.
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Figure 3.33, day 26 embryo longitudinal cross-section, note presence of first aortic arch, dorsal aorta
and third aortic arch (Jinkins, 2000, p.24).

Subsequent to this 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. 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 growth (Jinkins,
2000, p.19).

Figure 3.34, Development of middle meningeal artery off the internal carotid, and including the
vascular network of the cranium. Note the change in relative sizes and therefore position of the
developing midbrain and cerebrum shown as dotted lines within the cranium. The 1 in the picture
refers to the anterior choroidal artery and the 2 to the middle cerebral (Jinkins, 2000, p.26).
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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 cephalocaudal vertical during the mesencephalic 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.
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Figure 3.35, Internal carotid at cranial base, note labeling (Jinkins, 2000, p.301).

The pathways of the venous system, although quite numerous in quantity,
demonstrate a less sophisticated development than other structures of the cranium. It
should be noted that in terms of development, the proximal arteries and arterioles of
the neural tissue are related to the pia mater. The dural sinuses and their development
are the result of the pooling of the mesenchymal fluids as mentioned earlier. So the
impetus behind the development of these systems is different. The venous system,
especially the venous sinuses, is a lower pressure system than that of the arterial
system, and its growth is a reaction to the developments going on in the cranium as
opposed to the neural system which is stimulatory, or the arterial system which is
providing the raw materials for the construction of the system.

Figure 3.36, Development of the cerebral veins (Jinkins, 2000, p.32).
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The embryology of the meninges, as difficult as they are, complete with
conflicting statements about the appearance of various tissues, provides much thought
provoking information. Without a doubt the descriptions of Blechschmidt allow a
clearer understanding of the observational reports of researchers like O’Rahilly and
Muller. To encapsulate a few ideas, one must remember that the key to understanding
the embryology of the meninges is an understanding of the mesenchyme. The tissues
it is derived from, and what tissues it turns into. Blechschmidt’s descriptives that
involve pulls or dragging or compression of the tissues and what that entails to their
intrinsic liquids is highly reminiscent of how Osteopaths talk about the fascia, or
cranial sensation. The mass of primordial tissue that eventually becomes tissue layers
and structures does not happen in an orderly manner. The environment of early
development is chaotic, and to understand something like the dural limiting layer
formation and eventual position is to be confronted with some concepts that do not fit
into neat and orderly categories of development. The reality of the changes from a
primordial mass of mesenchyme into the familiar layers of pachymeninges and
leptomeninges is that the process has faster and slower paced growth areas, mixing of
tissues between layers, and the formation of layers from groups of cells that perform a
similar role. The condensation of a layer like the dura limiting layer or subdural
endothelium is a process that involves cells that are not exactly pachymeninges or not
exactly leptomeninges. The layer between the pachy- and leptomeninges is referred
to as a fluid in some texts, or as a discrete layer in others (Rascol & Izard, 1976,
p.435). What one should come away with in terms of concepts is that terms like
condensation describe the process of a layer of structure being formed. The term
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condensation accurately describes the changes of material state that involve the
migration of cells, and their liquids. The movements that the mesenchyme
undergoes, how that effects the mesenchyme and the structures that pass through it
are integral to understanding the nature of the meningeal layers as they appear in the
adult.
3.2.2

ANATOMY AND PHYSIOLOGY OF THE MENINGES

A discussion of scientific information about the anatomy of the meninges
draws upon a vast reservoir of information. In this section of the thesis the
information from early or classical sources will be shown to be informative on several
levels. The age of the microscope, and then of the electron microscope has seen an
explosion in the amount of information about embryology and histology. When
talking about gross anatomy there has been much information recorded from simple
classical observational dissection. The discussion of histological anatomy is of course
something more contemporary, a development arising from microscope technology.
In this section of the thesis the anatomy and physiology of the meninges will be
discussed with the understanding that the backdrop to current information on
meningeal anatomy is information from much older research. The reason for
including anatomy and physiology together in examining classical literature is that
often the two were combined in discussions. Older texts often saw a structure and
then tried to understand its purpose, or knew of a process and searched for a structure
that resulted from that process. This is not to say that there were no purely anatomical
or purely physiological studies, just that the two studies were often combined. Recent
anatomical findings reference older established anatomical descriptions of the
preceding centuries as part of a contextual knowledge of anatomy. Interestingly the
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referenced early texts are limited in number. That is, certain classical texts are highly
referenced by current literature, but not all early texts of anatomy are equal.
The literature review for this section of the thesis was complex in nature. The
references to classical literature fell within a small group (compared to the
contemporary body of knowledge) that all presented similar information. The texts
within this group have typically been translated into several languages and although
some of them are not available in English, many have been referenced in English
scientific journals [For an example see bibliography of reference articles in Appendix
H] as well as journals in other languages. The texts included in this group are those
by Testut, Poirier, Morris, Rouviere, Gerrish, Vesalius, Galen, Bell and Bichat. The
quality of detail involved in these texts keeps them as valid now as they were when
they were published. Contrasted to that group are the contemporary researchers
whose literature typically consists of analysis of a specific area or physiological
activity. The literature review for these texts was more straightforward since there
was typically a plethora of works available. Certain areas however yielded more
information than others, and included in that category would be works by
neurosurgeons/neurosurgery. Cranial dissection studies are not common, and
typically consist of information oriented toward neurosurgeons. The initial search
term for meninges anatomy, had to be combined with secondary search terms such as
anatomy pachymeninges, or anatomy leptomeninges, or anatomy arachnoid mater,
until new articles could not be found. Within those general headings articles and
literature was chosen that consisted of anatomical dissection with or without
MRI/CAT studies. Excluded literature consisted of pharmacological studies, genetic
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studies, cellular biochemical studies, biophysics literature, imaging technique studies
and pathology case reports. Within the group of collected articles the editing method
was used to gather information, by way of assigning articles to different groups.
These groups included articles on meninges embryology, or regional anatomy of the
meninges, especially that of the cavernous sinus. Other headings for organizing the
information included dura mater anatomy, and leptomeninges (pia and/or arachnoid)
anatomy/physiology. The distillation of information in the chapter summery
followed the immersion/crystallization method.
The meninges have been observed for centuries by various anatomists. The
information that they left behind consisted of descriptive text with diagrams and/or
illustrations. The literature selected for this thesis will be chiefly represented by
works from the nineteenth century. A brief discussion of older works will be
included, but the principal works are those of Testut, Poirier, Bichat, Gerrish, and
Morris, with a few others added as well. The oldest texts, by Bell, Vesalius, Willis
and Galen will be discussed in brief to allow a contextual historical knowledge,
without a detailed account of their work. However, the works from the nineteenth
century and the early part of the twentieth are of interest because of the quality and
detail of the work. Some of these works are still actively referenced in current
research literature (See Appendix H). The discussion of the anatomy and physiology
will fall into various categories but first a general discussion will be embarked upon
with a more detailed account of subtopics included as required.
3.2.2.1 CLASSICAL ANATOMY AND PHYSIOLOGY
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The first use of the term meninges comes from Erasistratus of Chios, who
described the covering of the central nervous system, and the concept of mechanical
explanations for bodily functions almost 2,300 years ago in the third century BC
(Weisstein). Much later in 165-192 AD, Galen identified two of the meningeal
layers, the lepté and pacheia (Galen, 1962, p.xi). His writings in fact were more like
lecture notes, and the dissection specimens included animals such as goats and pigs,
as well as humans. Much of the discussion is in the form of animal dissection;
however there are numerous mentions of the dura mater and pia mater in humans as
well. Galen divided the membranes of the brain into two basic layers, the pia which
was supposed to represent the leptomeninges, and pachymeninges or dura. Notably,
Galen comments on how tough the dura mater is and how blood vessels are
associated with the pia mater. Relationships with the cranial nerves and the ventricles
are also described (Galen, 1962, p. 5), as well as the meninges of the spinal cord
(Galen, 1962, p.20). It was not until centuries later that substantial refinements were
made upon the recorded knowledge of Galen. The next step in recorded anatomical
detail was Vesalius, notable for his drawings of the anatomical structures described in
his writings. Unfortunately, the validity of his work and Galen’s is suspect since
much of their dissection was performed on animals and the description of human
structures is often based upon extrapolations from animal dissections (Vesalius, 1952,
p.xiii). It should be mentioned at this point that Galen’s concepts of physiology were
‘based on belief in a world-spirit or pneuma’, and that Vesalius’ physiological
concept was a largely unworkable blend of Christian theory and the largely pagan
concepts of Galen (Vesalius, 1952, p.xvii).
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Figure 3.37, Physiology of Galen’s times (Vesalius, 1952, p.xix). Strikingly similar to the Traditional
Oriental Medical Concept, or ancient Greek medical concept of pneuma (pre-Socratic).

Vesalius wrote on the cusp of the age of reason and modern science. He is
notable for his attempts to record his observations, and for his physiological theories
of the human body. When discussing the cranium he had much to say and illustrate
about the meninges. He clearly referred to an outer layer, translated as the dura mater
(pachymeninges) and demonstrates it in numerous drawings. He compares it to the
peritoneum and pleura as a type of covering or lining, and describes bony
attachments, venous sinuses and cranial nerves. His writings include descriptions of
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the firm attachment of the dura to the projections of the cranial base, and to certain
sutures. He mentions what appears to be the arachnoid granulations of the superior
sagittal sinus which he called projections (Vesalius, 1952, p.10-11). The descriptions
of the small fibres that attach to the sutures (Willis cords) from the sagittal sinus are
highly reminiscent of typical dissection experiences, from any era. Later on, a
mention is made of the characteristics of the appearance of the leptomeninges, called
the membrane tenuis, mostly the pia mater, including its close connection with the
neural tissue and the ventricles (Vesalius, 1952, p.18).

Figure 3.38, Drawing by Vesalius of a dissection with the dura mater reflected
to reveal the neural tissue covered with tenuis (Vesalius, 1952, p.91).

Later centuries saw numerous advances in anatomical description, the
understanding of physiological relationships, and visual representations. Starting
with Thomas Willis’ Cerebri Anatome or Anatomy of the Brain first published in
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1664, advances in knowledge came more and more quickly. This author again
discusses two layers of meninges, the pia mater and dura mater, with a discussion that
is largely consistent with earlier discussions in terms of those membranes. Again
there is mention of the toughness of the dura mater, its proximity to the bones of the
skull, the subtlety of the pia mater, the pia mater’s relationship to blood vessels,
cranial nerves and cranial ventricles.

Figure 3.39 , The cranial base with cranial nerves and dura mater, comparable to the dissection photos
of Chapter Eight (Willis, 1971, p.34).

The writings of Willis offer an interesting viewpoint on the transition into the age of
science and reason. Periodically there is mention of the dura mater and its
relationship to the spirit, which one could construe, was the author’s discussion of the
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forces of animation. However, of interest to this thesis is a discussion of the inferred
movements of the dura mater:
Yea the context of these whitish Fibers, which are met with, both
within the cavities of the bosoms, and in this Menix, going from
Cerebral, and distinguishing between it and the Brain, seems to
intimate, that they serve also to some motion. For it may be suspected,
that those strong Fibers, and as it were Ligaments, do sometimes
contract, sometimes dilate, and variously draw the Membrane to which
they are knit. From these kind of motions of the dura Mater, the blood
flowing within the bosoms, may be variously agitated, and as occasion
serves, sometimes hastened in its Circle, and sometimes restrained or
hindered… Indeed the brain itself wants motion; but the blood passing
through its substance, for as much as it is poured wholly in this Menix,
and passes through its receptacles, is at the motion and beck of this
Membrane, sometimes driven away from the brain, and commanded to
succor the Heart, as in fear and great sadness…(Willis, 1971, p.43).
It is important for the reader to notice how Willis attempts to combine the
physiological responses to emotions with what can only be considered osteopathic
concepts of cranial motility. Needless to say at this stage of scientific endeavour
numerous influences including, but not limited to pagan thought, Christian beliefs,
and contemporary science were being sometimes awkwardly blended in an attempt to
produce a world view. One might assume that Willis’ experience in dissecting
animals may have colored his observations on human physiological occurrences and
anatomical structures. In discussing the pia mater Willis describes the close
connection of the pia to the blood supply as well as to the neural tissue (Willis, 1971,
p.44). There is a good example of how the researchers of the time practiced
observational exploration as Willis describes how closely the pia mater adheres to the
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brain, and also how in the case of animals with “Dropsie”, the pia mater is easily
separated from the neural tissue (Willis, 1971, p.45). He also described how the
removal of the pia mater makes the brain appear naked i.e. without the veins and
arteries, and how the vessels are accompanied by nerves “which creeping like Ivy, are
knit into the Pia Mater, and variously interwoven into it” (Willis, 1971, p.45). Willis
also describes choroeides or pia mater, which he distinguished as being important
since they have an arterial supply going directly in and a venous supply coming
directly out (Willis, 1971, p.47). Later on Willis also describes his version of the
vascular physiology of the brain, which involves not only fluid dynamics but also
ethereal substances such as the spirit (Willis, 1971, p.53). It is interesting for the
Osteopath to read this material because it was based on practical experience, with a
theory applied after witnessing events. This observational experimental method is the
opposite of current scientific method, which has a preceding theory that is tested for
validity by experiment. The difficulty in assessing the validity of this type of work is
obvious since the paradigm of science of that era was so different from contemporary
scientific method. To discern the place of this information in contemporary research
is difficult since Willis and others are attempting to describe an experience, and not
quantify an experiment. However, the observational methods used by these early
researchers hold validity for an Osteopath, since they are interested in discussions of
experience, not expressions of quantity. The material of Willis, with so many grey
areas between science and philosophy, is a useful introduction to the next classical
anatomist who is less well known by the scientific or osteopathic communities, but
significant nonetheless.
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Emmanuel Swedenborg of Sweden was originally an engineer by trade and
responsible for numerous patents, but later in life he became interested in anatomy
and a type of physiology that could only be described as spiritual alchemy. His
principal writings in anatomy are from the early-mid eighteenth century, a scientific
generation following Willis. Swedenborg studied anatomy as a second academic
career, enrolling at university a second time at age 48 (Swedenborg, 1976a, p.xvii) to
study anatomical dissection, followed by separate studies in Padua and Paris
(Swedenborg, 1976a, p.xix). The significance of Swedenborg’s works to this thesis
are such that they will be mentioned in this section and again in the discussion of the
research questions. Swedenborg’s material reflects scientific thought of the
preceding age, such as the spiritus animus references of Willis, but also includes very
specific and accurate information about the cranium based on dissection studies, as
well as theories of physiology and function that are difficult to categorize.
Much of the information presented by Swedenborg is a combination of the
anatomical and physiological, some of which he credits to other anatomists and some
of which is his alone. The discussion revolves around describing anatomical
structures and their uses. The term physiology is not used in the texts, nor in the other
examined texts by Willis and Vesalius. In common with the other texts, some of the
explanations are based on contemporary understandings of how the universe worked,
in terms of physics and metaphysics. In addition, much of the physiological
explanation is similar to modern cause and effect discussions based on the appearance
of the structures, and the author’s collective experience of anatomical dissection. The
dissection plates in the texts are taken from various other authors’ literature and
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dissection studies. It should be noted by the reader that the descriptions of the dura
mater, cranium, leptomeninges and other anatomical structures are very similar to
current observations, including those in the dissection section of this thesis.
The information discussing the meninges in the two of Swedenborg’s books
comes in three forms, his commentary, diagrams from other anatomists that illustrate
his points, and excerpts from other authors arranged to appear as if a discussion were
occurring. However, it should be noted that all of the discussions attributed to
different anatomists were in agreement regarding the structures and their functions,
with slight differences in theories about certain structures or specific functions. The
content of one of the selected texts is centered principally on the dura mater and
cranial vault. Interestingly, aside from the anatomical discussion and physiological
discussion, there was also a developmental/embryological discussion.
Thus this membrane is a mediant (sic) between the brain and the body
…this membrane seems to have come forth in the last place. That in
the delicate little brain it was only a membrane of the utmost
simplicity that surrounding the entire brain…Thus primitively the
pericranium seems to have been not a second membrane but one with
the dura mater; for as the parts are ossified, the membrane continues
itself inwardly and outwardly, and consequently is doubled…
Consequently, the pericranium is the same as the dura mater made into
a distinct membrane by means of ossification – as is apparent in
embryonic craniums (Swedenborg, 1976b, p.18-19).
The previous quotation would seem to be a fairly accurate representation of the dura
mater’s role in the ossification of the cranial bones, and specifically in the formation
of the cranial bone occurring with a splitting of the dura mater into pericranial and
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endocranial layers. Later, there is a discussion of what appears to be the closing of
the cephalic neuropore with a description of the amniotic fluid being replaced by CSF
depending on the dura mater’s covering of the embryonic brain:
Moreover, a powerful action upon the dura mater, and as it were, a two
fold action, mediate and immediate, is required at this time. For the
whole of the residual nervous liquor must be pumped out, and a
perpetual circulation be continued.

After this circle has been

established, the liquor must be eliminated through the head, whence
comes the liquor amnii (amniotic fluid), there being at this time no
way of exit between the meninges, nor any interposition of bone that
shall deny exit. Hence all the liquor must necessarily flow out within
the tunic of the amnion. The same is furthermore confirmed by this
double action of the dura mater, and by its close conjunction with the
outer pericranium, the two then constituting almost a single tunic…
Thus into this circle is invited and initiated a liquor which the dura
mater later preserves…(Swedenborg, 1976b, p.61-62).
The discussion by Swedenborg of the role of the dura mater (meninges) containing
the CSF after the amniotic fluid has been removed is essentially correct and advanced
for its time. The reader should note that Swedenborg mentioned the formation of
cranial bones within the dura mater, and the presence of the fontanels as a necessary
part of the process of delivery (Swedenborg, 1976b, p.74).
Swedenborg mentions the three layers of the meninges, pia, arachnoid and
dura mater and discusses the anatomy and roles of each. It should be noted that the
information on the arachnoid is much less developed than that of the pia or dura. The
anatomical information that Swedenborg presented was fairly detailed and generally
agreed with current information. He identifies the dura mater as the periosteum of
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the internal side of the cranial bones and comments that it is continuous with the
pericranium via the sutures in the child, and intermittently in the adult. The
attachments are firmest at the sutures, cranial foramen and the cranial base
(Swedenborg, 1976a, p.102).

Figure 3.40, Figure 3.41, Two craniums one with and one without sagittal sutures (Swedenborg,
1976b, Tablae XX, fig. 5 and 17)

Swedenborg also frequently mentions the venous sinuses’ structural relationships
with the dura mater, their relationship with blood and thereby to the health of the
neural tissue. The venous sinuses are integral to the movements of and within the
cranium. In the context of the physiology of the cranium, Swedenborg includes the
movements of the cranium (Swedenborg, 1976b, p.26), the blood supply to the cranial
contents including the brain and dura mater (Swedenborg, 1976b, p.22, p.36), the
transit of blood out of the brain which depends on the dura mater’s venous sinuses
(Swedenborg, 1976b, p.26) and the valve like action of the pachymeninges on the
venous sinuses (Swedenborg, 1976b, p.51). The state of the dura mater according to
Swedenborg also relates to the animation of the brain, its ‘keeness of sensation’, and
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the state of the cranium and pericranium, both of which become hard and brittle with
the poor health of the dura (Swedenborg, 1976b, p.22). This hardening of the
pericranium occurs in conjunction with the pulling away of the dura from the bony
cranium and the closing of the cranial sutures. Some of the most thought provoking
observations made by authors of this time are subsequent to the background
knowledge of an individual. The anatomist/doctor often had a good idea of the health
history of the cadaver, since they often administered to the individual while alive, or
at least knew of him by association. The resulting information allowed these
anatomists to make connections regarding relationships of anatomical abnormalities
leading to pathologies, such as in the case of mental disease secondary to
morphological changes to the pia mater.
This theory is confirmed by experience, for no such lymphatic vessels
are seen in a healthy cerebrum. Moreover, in apoplectic and other
diseased cerebrums, the pia menix has frequently been observed to be
triple in thickness, with pellucid hydatids (worm or growth), scattered
here and there. For, in a relaxed menix, the liquor collected between
the arachnoid and the pia, being unable to flow in all directions,
collects in a single place, and will then necessarily create such
hydatids and tumors (Swedenborg, 1976b, p.42).
Aside from discussions of pathology, Swedenborg seemed to consider the
dura mater integral to understanding how the cranium functioned in terms of
movement, something he seemed to consider almost a priori knowledge in terms of
cranial anatomy. There are numerous references to movements of the brain, and
corresponding structures including the dura mater and venous sinuses. It is
significant to note that the mechanisms involved are anatomical and noticeable during

145

typical dissection, including many of the structures demonstrated in the dissection
section of this thesis (See Chapter Eight).
By the direction of this axis, the motion of the expansion is determined
outside of the cerebrum towards the first and second processes of the
dura mater. For the surface of the cerebrum, being divided up into
serpentine tumuli, can certainly expand and raise itself into the space
between the meninges under the lacunae of the bones; and it can then
fall back on itself and its folds. That there is such a determination of
its elevation, is evident, (1), from sagittal and coronal sutures, and also
the lamboidal, which are quite clearly seen, and easily opened in the
embryo and young infant; (2) from the hollowing out of the cranium
on both sides of the longitudinal sinus; (3), from the impressions left
by the arteries of the dura mater, which are conspicuous in the region
of the temporal bones; (4), from all four sinuses of the upper part of
the cerebrum, - that is, the first four, - which much be in the stream of
its motion; (5), from the division of the hemispheres by the falciform
process of the dura mater; and from the division of the two brains by
the second process of the same mater; (6), from the extremity of the
axis itself in the occiput, where the sinuses and the above mentioned
processes come together; (7), from the direction of fibers of the dura
mater, and of its muscular fibers, from the processes to the
periphery… (Swedenborg, 1976a, p.82-83)
The author frequently mentions the movements of the brain, which he apparently
considered important, in relation to the structures just referenced. The bulk of that
material will be discussed in Chapter Eight. In terms of the dural anatomy, there are
some points to make that are worthwhile for the reader in their understanding of what
Swedenborg was saying, and about what was known about the pachymeninges at that
time. The author discusses the innervation of the dura mater, for which he lists the
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trigeminal (CN V), the vagus or CN X, the “auditory nerve” in which case one
assumes he meant CN VIII, and the accessory nerve or CN XII. He does include a
fairly complete description of the connections of the dura mater within the cranium
including the following:
The dura mater or gross menix invests the concave part of the cranium
exactly as the pericranium invests the convex part, so that it takes the
place of a kind of periosteum. From the time of infancy, it recedes
from the external periosteum according as the intermediate bone grows
in thickness; receding but a little in certain places where the interstitial
bone is thin, and more in other places where this bone is distinguished
into tables, and the tables into several lamina (plates or layers) with
interjected sinuses, diploic substance, osseous fibres and pegs; or
where it has crests and eminences on its under surface.

Midway

between the coronal and sagittal sutures, in the place called a
frontanelle (sic), they are still closely continuous, the one with the
other, long after birth. The dura mater penetrates into the joints of the
cranium, as seen in the sutures, and communicates with its former
neighbor and relation by means of ligaments and vessels that pass
between them. Direct communication between the two remains also in
certain foramina, such as the great foramen of the occiput, the
foramina around the orbits, and those through which, in addition,
nerves and veins pass out or arteries enter in. Therefore the dura mater
always adheres to the cranium more firmly in the infant than in the
adult, and in the adult than in the old; for the filaments attenuate and
become dry, and when the pores of the bones and the passages of the
sutures close up… But let us adduce the experience of Pacchioni
who says that the dura mater adheres to the cranium throughout the
sutures and also around the larger and smaller foramina noted here and
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there, through which nerves and vessels have their exit…(Swedenborg,
1976a, p.101-102).
The information appearing in this section about the anatomy of the dura, and indeed
throughout the rest of the book appears to be in agreement with typical contemporary
dissection descriptions. The information presented in the texts validates much of
what was demonstrated in the dissection of the pachymeninges of this thesis. Of
further interest are Swedenborg’s descriptions of pathological attachments from the
dura mater to the neural tissue, something noted by this researcher during the
dissection process (Unfortunately the photography was not successful). In this
quotation the background knowledge of a subject’s health allowed observations about
pathological anatomical relationships.
At times I have opened the heads of deceased persons who during their
life, had been subject to the most miserable headaches.

In these

subjects, near the longitudinal sinus where was the seat of the pains the
pia

or

inner

meninx

had

grown

outer…(Swedenborg, 1976a, p.299)

fast

to

the

dura

or

148

Figure 3.42, Inside cranium showing some (assumed) adhesions between the dura mater and pia mater
(Swedenborg, 1976b, Anatomia, Tab. V fig 2).

In terms of the leptomeninges, Swedenborg goes into detail about the
connection of the pia mater with the blood supply to the brain, as well as the
mechanical support it provides. There is also mention of the arachnoid mater and
relationship of the arachnoid to the CSF. The observations of the author are not
unlike the osteopathic material in terms of the relationship of blood and CSF to the
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leptomeninges. As noted during the dissection portion of this thesis, the pia mater has
a role in support and protection of the delicate neural tissue which is corroborated by
Swedenborg’s works:
The interior menix or pia mater is much finer than the exterior, and
consists of an extremely subtle fibrous texture. For the better viewing
of this membrane into all the tortuous windings of the cerebrum, and
also of the distribution of the vessels through all its inmost
recesses…in a healthy and dry brain (not inflamed) the pia mater is so
closely adherent that hardly anywhere can it be drawn off or separated
with a scalpel…(Swedenborg, 1976a, p.298).
The author notes that the blood supply of the brain is in the pia mater, which covers
the brain in a “vast number of vascular plexuses” (Swedenborg, 1976a, p.297).
Swedenborg also describes pathological thickenings of the pia mater secondary to
some sort of process of inflammation causing a thickening of the pia (Swedenborg,
1976b, p.42). The author also describes the arachnoid granulations which are
identified as a type of ‘gland of the dura mater’ (Swedenborg, 1976a, p.110), and the
arachnoid is considered a container for the CSF which is referred to as a nervous
juice. The arachnoid is discussed as an intermediate membrane most obvious in the
bottom parts of the brain, and likely the author is referring to the sub-arachnoid
cisterns, which contained a liquid that Swedenborg referred to as water (Swedenborg,
1976a, p.371).
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Figures 3.43 , and 3.44 , The first shows the connection between the pia mater and the choroid plexus
(Swedenborg, 1976b, Tab XV, fig. 3). The second figure shows the connection of the pia mater to the
cerebral tissue and the blood vessels intermingled between the two (Swedenborg, 1976b, tab VIII, fig.
4).

The next authors to be briefly discussed are Charles Bell and François
Magendie, who are both given credit for a physiological discovery relating to the
discovery of the motor function of the ventral roots of the spinal cord and the sensory
function of the dorsal roots called the Bell-Magendie Law. Both of these researchers
were interested in neural functional anatomy and physiology. The third author to be
discussed will be Xavier Bichat who was well known as an anatomist and
physiological researcher. Magendie was responsible for several works on the CSF and
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also collaborated with Xavier Bichat on a very notable work entitled A Treatise on the
Membranes, for which he was not given credit in the English translation. In the case
of both of these researchers, Bell and Magendie, their works contain much less of the
previous historical observational dissection, and more modern experimental
methodology. Magendie is generally credited for his physiological experiments on
nerves and the CSF (Various, section Francois Magendie). Magendie also
collaborated or assisted Xavier Bichat on two of his texts, including the one examined
for this thesis.
The information provided by Bell in terms of importance for this thesis is
quite brief and includes only a mention of the state of the brain in the case of persons
with diseased minds “I have constantly found the surface of the hemispheres dry and
preternaturally firm, the membrane separating from it with unusual facility” (Bell,
1966, p.33). He also mentions the CSF, and the falx cerebri, however he and
Magendie are included in this thesis not for the bulk of the information they provide,
but because the theories in their publications signal an end to the observational style
of anatomical discussion. From this point on researchers discuss and experiment in
terms that are more of less similar to contemporary research. The thoughts and
methods of these two doctors signal an end to the kind of associational observations
that made the works of researchers like Swedenborg so valuable to Osteopaths. From
this point in history the philosophy of scientific method and its causality approach to
the criteria of admissibility, appear to become the standard in research. With that in
mind, the works of Xavier Bichat, based on over 600 autopsies before his death at age
31 (University of Virginia Health System, biography Bichat) offer fascinating
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observations based on his interest in tissues, or as pertains especially to this thesis, in
the membranes.
Bichat devoted a whole text to his studies of the membranes, in which he
identified three basic types, mucous, serous and fibrous. The information for all three
is of scientific value, but for this thesis the membrane types of specific interest are
serous and fibrous. The serous membrane of interest to this thesis is the arachnoid
mater to which Bichat devotes a great deal of attention, much more attention than any
of his predecessors. The fibrous membrane category is of interest because that is the
category into which the dura mater falls. Unlike his predecessors Bichat pays
relatively little attention to both the pia mater and dura mater preferring to
concentrate on the arachnoid with all of its subtleties, as he perceived them. Xavier
Bichat and Swedenborg stand among the great anatomists of history for the
originality and brilliance of their works. The implications of their works will be
discussed in this chapter and later in this thesis. Of interest to the anatomical
information in this thesis are the author’s descriptions of anatomical/physiological
facts and relationships such as the dura mater being continuous with the eye by its
continuity with the sclera, and that the dura was continuous with the external
periosteum by the cranial base foramen (Bichat, 1813, p.106), that inflammation of
the dura spreads to the pericranium, and to the sclera of the eye which is continuous
with the dura (Bichat, 1813, p.124). Bichat also mentions that the denticulate
ligaments are derived from the pia mater (Bichat, 1813, p.181), and that the pia
surrounds the brain intimately, which was not new information even in Bichat’s time.
The chief interest of Bichat in this text are the serous membranes, especially the
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arachnoid mater, and the effects of inflammation on the membranes, especially the
serous membranes. Bichat observed the effects of inflammation upon different
membraneous types. The serous membranes react quickly and the fibrous more
slowly. Effects such as thickening, opacity, adhesions and turbidity (et cetera) that
affect the serous membranes are less apparent in the fibrous membranes (Bichat,
1813, p.127). Bichat refers to the serous membranes as lymphatic or cellular
membranes (made up of cells), and had noted certain specific characteristics (Bichat,
1813, p.75). First, they are present in areas where there is motion or rubbing
secondary to motion (Bichat, 1813, p.75), they accompany the fibrous membranes in
their related structures, and they perform absorption and exhalation of fluids (Bichat,
1813, p.78).
The inner surface of every serous membrane is humid, with a fluid
most identical with the serosity of the blood, in the first genus of these
membranes, such as the pleura , the peritoneum, etc…(Bichat, 1813,
p.83).
Bichat includes the synovial membranes as part of the class of serous membranes for
numerous reasons:
Their common exterior disposition in form of a sack without opening;
2. their cellular texture; 3. the alternate exhalation and absorption
which they perform… It is easy to conceive that the serous membranes
are never open to admit to their respective organs, the vessels and
nerves which pass to, or from them, but always form folds to
accompany them to the organ… this hinders the infiltration of the
serosity which lubricates them… It is very well seen in the arachnoids,
a membrane essentially serous (Bichat, 1813, p.78-79).
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In his discussion of the arachnoid Bichat mentions that its recognition has been
relatively recent as it was considered part of the pia mater until about the middle of
the seventeenth century (Bichat, 1813, p.167). The two principal functions of the
arachnoid as a serous membrane, are to allow movement in the area, and to deal with
inflammation.
The difficulty in noticing the arachnoid during dissection, according to Bichat,
is that it tends to associate with the other two layers, making them appear differently
than presupposed. It was found in the dissection performed for this thesis that in
some cases the arachnoid (cisterns) collapsed onto the pia mater causing the pia to
look like a thickened sheet. Bichat mentions an association of the arachnoid during
dissection or vivisection (of animals), in terms of an adhesioning to the
pachymeninges.
Still however one difficulty remains: the dura mater, according to the
common opinion, corresponds, like the arachnoides (sic), to the
cerebral cavity where this fluid is diffused…This manner of
considering the dura mater is not conformable to its anatomical
disposition, and that its inner surface, smooth and polished, is but a
fold of the arachnoids (sic). (Bichat, 1813, p.172)
The collapse and thickening of the arachnoid would give it a whitish appearance,
typically this adhering of the layers of the arachnoid came with a loss of fluid
secondary to inflammation that would leave a whitish tissue behind (Bichat, 1813,
p.174). The thickening and whitish appearance of the arachnoid was noted during the
dissection portion of this thesis (see photographs of leptomeninges in Chapter Eight).
Interestingly Bichat considered the arachnoid as existing in the cranial cavity around
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the brain, but also contiguous with all the extracellular space including that of the
ventricles. He considered the expansion (absorption) and retraction (exhalation) of the
brain to be dependent on the arachnoid mater especially that part existing in the
ventricles (Bichat, 1813, p.173). From the perspective of having done several
dissections, this author would note that it is very difficult to get an accurate idea of
the living processes involved or the exact contents of the ventricles from an
embalmed cadaver. However it should be noted that much of what Bichat mentions
comes from watching operations at the Hotel Dieu in Paris (Bichat, 1813, p.175),
where he taught, and from his vivisection of animals which he mentions frequently
throughout the text. So to describe the arachnoid as Bichat witnessed them:
We have demonstrated in the treatise on the membranes in general,
that every serous surface represents a folded sack without opening,
both the organs to which it belongs, and in the parietes of the cavity
where these organs are found furnishing to their vessels a sheath which
accompanies them, and never opening to permit their entrance; so that
nothing is contained in the cavity it forms…
Now if we compare with this conformation that of the arachnoids (sic),
and follow its passage, it is easy to demonstrate with the scalpel, that
just like these membranes, it is folded over the brain which it embraces
without containing it, and over the external face of the dura mater
which it lines, and over the nerves and vessels which proceed for or
enter the brain, in such a manner that no one of these is contained in
the cavity, which is filled only by its lubricating fluid.
In order to pursue the passage of this membrane, let us consider it, 1.
over the brain, 2. over the spinal marrow, 3. over the dura mater, 4. in
the ventricles…(Bichat, 1813, p.176-77)
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Bichat’s work will be discussed again later in the sections devoted to the research
questions, however it should be noted that his work is filled with observations that
required enormous attention to detail. Likely some of this information would be hard
to replicate since the conditions in which he performed much of his research no
longer occur. The methods of performing neurosurgery now involve endoscopic
procedure, and animal vivisection as he performed it is currently illegal. However he
records these experiences and leaves them for later readers along with his experience
in pathology and dissection.
The nineteenth century was filled with anatomical research and study, and the
result was an explosion of anatomical information, followed by the great gains of
information on histological and embryological information in the twentieth century.
The accumulation of this vast amount of research was recorded by texts such as
Morris Human Anatomy, and Traité Anatomie Humaine (Testut or Poirier) as well as
a few other that will be mentioned. The quality of the information was matched by the
incredible detail of the illustrations allowing the reader a new level in anatomical
experience. The next major advance in anatomical depiction would not come until
the inclusion of photographs in anatomical texts later in the twentieth century. The
analysis of these texts will consist of diagrams with commentary that compares and/or
contrasts these images with each other (with occasional references to dissection
section, Chapter Eight of this thesis). Relevant anatomical descriptives and points of
interest are included. (In general there is a high level of agreement between the
dissection photos taken for this thesis and the anatomical depictions displayed from
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these various texts). It should be further noted that the next subsection will include
MR/CT scans and depictions of the anatomical structures resulting from these scans.
At the end of the nineteenth century the anatomy of the meninges consisted of
well established facts. The three layers of the meninges were well identified
including the basic components, constituents, and roles as well as the adjacent
structures. The dura mater consisted of the internal periosteum of the calvarium
called the endosteal layer/lamina, and an internal/inner layer/lamina or meningeal
layer. The two layers are continuous except where they spit to form the venous
sinuses. There are foldings of the dura mater that form the falx cerebri, tentorium
cerebelli. The two layers of the dura mater may split to create spaces for other
structures such as the tentorium of the Gasserian ganglion or Meckel’s cavum
(Morris, 1900, p.672-73), and the venous sinuses. The structures within dural layers
include the Gasserian ganglion of the trigeminal nerve, the endolymphatic sacs and
the venous sinuses.
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Figure 3.45, The dura mater and related structures, in sagittal section (Morris, 1900, p.675).

Note in the illustration of figure 3.45 the falx’s attachment to the christa galli
anteriorly, as well as the rest of the medial part of the cranium in the sagittal plane,
the middle meningeal artery is indicated however it lies between the dura mater and
internal wall of the calvarium. The diagram indicates the intersection of the falx
cerebri and tentorium cerebelli at the straight sinus, the superior sagittal sinus is
shown emptying into the right transverse sinus (unclear in the diagram). The straight
sinus is shown ending at the inion within the confluence of sinuses and the inferior
sagittal sinus, and the great vein of Galen is shown emptying into the straight sinus.
The tentorium of the pituitary or diaphragma sella is shown with the petrosal sinuses.
The superior petrosal which lies in at the edge of the petrous portion of the temporal
between layers of the tentorium cerebelli and empties into the transverse sinus. The
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inferior petrosal lies at the base of the petrous portion of the temporal bone and
empties into the sigmoid sinus. The exit of the cranial nerves via pori meninges is
shown. The intersection of the falx cerebri, falx cerebelli and tentorium cerebelli in
the area of the torcular sinus or confluence of sinuses is clearly seen. This diagram
compares favorably with photographs from Chapter Eight of this thesis, and the
structures mentioned in reference to those photographs.
Of interest to the anatomist, what ever their discipline, are illustrations that
highlight anatomical relationships that are normally not considered such as in the case
of the following figure. This section of the thesis will attempt to display anatomical
relationships that are infrequently mentioned, or rarely seen.
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Figure 3.46, Cross-section of the cranium at the level of the palpebral fissures, looking inferiorly
(Schultze, 1905, p.47).

The reader should note the thickening caused by the presence of the venous sinuses
within the tentorium cerebelli, as well as the structures related to that plane of the
head including (but not limited to) the orbits, optic nerve and cerebral peduncle.
Present but not indicated is the foramen ovale of Pacchioni, the opening formed by
the tentorium cerebelli for the brainstem’s passage. The proximity of the brain with
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its pial covering, to the dura mater reminds one of the discussion by Swedenbourg of
areas in the cranium where the dura mater and pia mater are especially close.
The connection of the dura mater with the subjacent pia menix and
with the cerebrum. It is connected more especially in four cardinal
planes, namely: (1) In the middle of the occipital bone where all the
superior sinuses of the cerebrum meet together and also the fourth
sinus (straight sinus) which comes in from the lowest viscus. In this
place there are as many little channels engraved in the occipital bone
as there are sinuses, and to these the mater is firmly annexed, while, at
the same time, it holds the fourth sinus suspended on every side, and
this the cerebrum, all the way to the pineal gland…(2) On the opposite
side, around the pituitary gland, the dura mater also connects itself
with the pia, and by the gland itself, with the medullary substance of
the cerebrum. (3) In front, the connection is effected at the christa galli
and the cribiform plate into which enters the gross menix and likewise
the fine, together with fibers of the olfactory nerves. (4) In general,
however, the connection is effected in the great foramen of the
occipital bone, where, anteriorly the dura mater closely binds itself
with the pia…(Swedenborg, 1976a, p.195)
The dissection photographs of the cranial contents and dura mater of the base fairly
represented the structures and relationships mentioned by these authors (see Chapter
Eight).
The dura mater has numerous vascular relationships including both arteries
and veins. Additionally the potential spaces that may occur are also important. One
should note that the meningeal artery does not supply the dura mater despite their
close relationship (Morris, 1900, p.673). In contrast Grey’s Anatomy indicates that
the middle meningeal artery does supply the dura mater, but only minorly since it

162

primarily supplies the bone and marrow (Williams, 1995, p.1520). Regardless the
relationship of the middle meningeal artery with the dura mater is worthy of notice.
Some researchers even opine that the main vascular supply of the anterior and middle
cranial dura mater is from the middle meningeal (Greenberg RW, Lane EL,
Cinnamon J, & Farmer P, 1994, p.456). However during angiograms it has been
observed that most of the meninges arterial supply arises from anterior falcian artery
(artery of flax cerebri). The anterior falcian artery is a derivative of the ethomoidal
branch of the ophthalmic artery. Other branches of the ophthalmic artery such as the
recurrent meningeal forms the bulk meninges arterial supply (Jinkins, 2000, p.405).
The consensus seems to be that the middle meningeal artery does supply the
meninges but that most of the target tissue is bone, and that the principle blood supply
to the meninges comes from branches of the ophthalmic, and branches off the
cavernous carotid (Greenberg RW et al., 1994, p.456). Posteriorly meningeal arterial
supply comes from branches of the vertebral artery called the anterior and posterior
meningeal branches (Greenberg RW et al., 1994, p. 457). The posterior branch is
often referred to as the proper artery to the falx cerebelli (Jinkins, 2000, p.405).
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Figures 3.47 and 3.48 , In the first figure 4.47 ,the pathway of the middle meningeal artery is
demonstrated with the bones intact (Testut & Jacob, 1909, p.58). The later figure 4.48 , demonstates a
hematoma in Marchant’s space or the zone décollable de la dure-mère (Testut & Jacob, 1909, p.56), A
refers to a fracture at the temporal squama, C to the torn middle meningeal artery, B refers to a
collection of blood.

The reader is invited to look at the photo of the middle meningeal artery from Chapter
Eight to compare with the information of the previous two figures 3.47, 3.48. The
arteries are not the only important vascular structure in the cranium.
The cerebral venous sinuses and veins are also important. One of the most
important vascular relationships is a loop from internal carotid artery, to the choroidal
artery to the tela choroidia, then to the choroid plexi, and the return path from the
internal cerebral vein, which exists into the great vein of Galen, which then empties
into the straight sinus just before it joins the torcular or confluence of sinuses (also
called the pressoire d’Hérophile). It was very difficult to show that set of
relationships in the dissection photos, however when one remembers that the tela
choroidia originates from the pia mater, and that the venous sinuses are made of dura
mater, the relationship between structures and layers of tissues becomes more clear.
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Figure 3.49, Great vein of Galen as it empties into the straight sinus (S. Droit) (Poirier & Charpy,
1921a, p.744).

Of course there are other veins which have an equally complex set of relationships
such as the cavernous sinuses, which are connected by the circular sinuses and empty
into the superior and inferior petrosal sinuses. The cavernous sinus is responsible for
draining the venous blood from the area of the pituitary gland as well as the
ophthalmic vein of the eye.
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Figure 3.50, Ophthalmic vein and its relationship with the cavernous sinus (Morris & Lond, 1907,
p.660), sagittal view, lateral to the orbit.
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Figure 3.51 , Venous sinuses of the cranial base, note ophthalmic vein underneath dura mater of
anterior cranial fossa (Morris & Lond, 1907, p.656), oblique horizontal section viewed from below.

The architecture of the cavernous sinus is highly complex, including connections with
the orbit via nerves and veins, to the pituitary which sits medial to cavernous sinuses,
and to the middle cranial fossa and all of its contents.

Figure 3.52 , Cavernous sinus (Schultze, 1905, p.35).
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Figure 3.53, The cavernous sinus again (Testut & Jacob, 1909, p.89). 1 body of pituitary, 2 optic
nerve, 3. temporal lobe of cerebrum, 4. occulomotor nerve, 6. Willis’s opthalmic nerve (CN V1), 7.
Maxillary nerve (CN V2), 8. Abducent nerve (CN VI), 9. internal carotid, 10. cavernous sinus, 11.
sphenoid sinus.

Note the dural fibers that seem to hold the carotid in a web of suspension, and
compare with the cavernous sinus photo of Chapter Eight. The carotid is supported
from compressing the neural and venous elements within the cavernous sinus by the
webwork of supportive dura mater which hold it in suspension. However as seen
during the dissection phase and photographs the mass of the internal carotid within
the cavernous sinus is quite oppressive compared to the other structures that reside
there (see Chapter Eight).
The cavernous sinus with its neural and venous links with the orbit is not the
only connection between the cranium and the eye. The meningeal layers of the
cranium are continuous with the eye via the sheath of the optic nerve. The tentorium
of the optic nerve is a very simple example of that continuity. The dura mater lines
the optic nerve providing it with a sheath that becomes the sclera (white) of the eye.
The pia mater and arachnoid mater line the inside of the dural sheath of the optic
nerve. The subarachnoid space that resides within that sheath is continuous with the
subarachnoid space of the rest of the cranium, and one could argue that the pia mater
is continuous with the choroid of the eye. The choroid of the eye is a venous plexus.
As a vascular network, its relationship with the pia mater is consistent with the pia’s
role in vascular networks throughout the parenchyma of the cranium and the cranial
ventricles.
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Figure 3.54, Eye including its meningeal layers (Woerdeman, 1950, p.576), in horizontal section.

The layering of the optic nerve with the meninges as a sheath is analogous to the
anatomy of the other cranial nerves(Greenberg RW et al., 1994, p.462). It should
interest the reader to note that the intrinsic muscles of the eye attach directly to the
sclera, and thereby attach directly to the meninges of the cranium. The reason for the
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large size of the ocular muscles has yet to be explained in any text that the author has
read.

Figure 3.55,The eye muscles and their attachment to the sclera (Woerdeman, 1950, p.586).

The relationship of the eye to the dura mater is worth considering when
examining the innervation of the meninges. The meninges are innervated by the
trigeminal or fifth cranial nerve, the Glossopharyngeal (CN IX) and the Vagus (CN
X), the top layer of the tentorium cerebelli is innervated by the trigeminal nerve (CN
V). 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 meatus (E Lescanne, 1997, p.1193).
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Figure 3.56, 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).

The bottom layer of the tentorium cerebelli is innervated by recurrent branches of the
superior cervical ganglion. However as mentioned in the preceding paragraph, all of
the cranial nerves are covered with a sheath of pia mater as they leave the brainstem.
They cross the subarachnoid space where they receive an arachnoid covering, and
then exit through the dura mater at the pori dural (dural pores). The pia mater blends
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with the perineureum, and the dura mater blends becomes the epineureum (Waligora
et al., 1976, p.148).

Figure 3.57. Meningeal layers around cranial nerve V at the Gasserian Ganglion. Tente du Cevrelet is
tentorium cerebelli, cavum de Meckel is Meckl’s cave, Gg de Gasser is Gasserian ganglion, trou grand
rond is formamen ovale, epinèvre is epineureum, pia mater is present as a solid black line on edge of
nerve, and becomes perineureum of nerve within epineureum which is formed by endosteal layer of
dura mater (Waligora et al., 1976, p.148).

In the case of the spinal nerves the epineureum and perineureum blend together past
the dorsal root ganglion (Butler, 1996, p.11).
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Figure 3.58. Layering of meninges over spinal nerve (Butler, 1996, p.12), compare with following
illustration.

Figure 3.59. Meningeal layers of spinal nerve root. This diagram adds a little information to the
previous from Butler and illustrates the preceding points about the continuity of the meninges as
perineureum and epineureum. Pie-mère is pia mater, continuous as perineureum. The cul-de-sac
radiculaire is a recess formed between the arachnoid mater and dura mater (Croibier & Barral, 2002,
p.22).

There is no reference for whether this same blending of layers occurs in the cranial
nerves. However one would assume that at some point outside of the bony cranium,
possibly at ganglions, the pia mater of the perineureum blends with the dura mater of
the epineureum (see figure 3.57). Many of these relationships were discernable in the
dissection photos of the spine in Chapter Eight. Some of the more delicate structures
and finer relationships were not as easy to capture on film. The principal method is to
use extrapolation from the orientation and placement of the anatomy is helpful in
understanding the meningeal arrangements of the vascular and neural structures of the
cranium and spine.
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The arrangement of pia, arachnoid and dura mater coverings of the optic nerve
is roughly analogous with the rest of the nerves of the spine and cranium. The pia
forms the perineureum while the dura mater forms the epineureum. The
subarachnoid space ends with the cul de sac of the arachnoid mater.

Figure 3.60, Another example of a spinal nerve root and its coverings, (C.M. Jackson, 1914, p.921)
this illustration compares favorably with those from a contemporary scientific text and contemporary
osteopathic journal. However it should be noted that the pia mater is now considered to form the
perineureum, which in turn does blend with the epineureum past the dorsal root ganglion.
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Figure 3.61, Recurrent branch of Opthalmic nerve (CN Vi) to the tentorium cerebelli (Spalteholz,
1923, p.712).

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. This
arrangement of innervation is a result of the embryological growth and development
discussed earlier in this chapter.
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Figure 3.62, The vagus nerve (C.M. Jackson, 1914, p.955).

Figure 3.62, The top of the vagus nerve, a regional enlargement from the previous diagram. It is very
easy to miss the complex anastomoses between the Glosso-Pharyngeal nerve (CN IX), the Vagus (CN
X – the large trunk in diagram) and the superior cervical ganglion.
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Figure 3.64 on left, The arachnoid sac (Poirier & Charpy, 1921a, p.323). Figure 3.65 on right, The
spine dissected with reflected layers. 1 cervical thoracic spinal cord, 2. dura mater, 3. denticulate
ligaments, 4. posterior root of sixth cervical nerve, 5. inter-vertebral veins, 6. posterior longitudinal
ligament, 7. spinal muscles, 8. ligamentum flavum. The triangle of connective between spinal muscles
at number 7 is the ligamentum nuchae as seen in sagittal section in Chapter 3 (Testut & Jacob, 1909,
p.545).
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The connection of the meninges with the neural tissue of the CNS is well known. The
inner layer of the cranial dura mater is continuous throughout the cranium and entire
spinal column. This applies as well to the subarachnoid space, which follows
between the arachnoid mater and the pia mater as far as the sacral attachment at the
second sacral segment. The continuity is necessary to enable the flow of CSF
throughout the system and to protect the the neural contents via the BBB and bloodCSF barrier.
The sub-arachnoid space ends at the second sacral segment where the dura
mater pierces/fuses to the sacrum. That fusion of the dura mater represents the end of
the intradural segment of the filum terminale. The coccygeal ligament represents the
extradural component of the filum. The filum terminale commences at the tip of the
conus medullaris, where the spinal cord ends. The filum terminale internum ends at
the second sacral segment, where the sub-arachnoid space ends as well. The filum is
continuous with the pia mater, which fuses with the dura mater after the sacral
attachment. The space between the cordlike filum internum and arachnoid mater
forms the lumbar sub arachnoid cistern, which ends with the fusion of dura mater at
the second sacral segment. The meninges continue down as far as the coccyx by way
of the coccygien ligament of the filum terminale. The spinal cord ends at the level of
the first lumbar, continuing afterwards as the cauda equina, this information is
confirmed by contemporary literature as well (Hansasuta, RS., & J., 1999, p.176).
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Figure 3.66, Cross section through cauda equina. Dura mater is blue line, pia mater is red line,
arachnoid is the black line (Poirier & Charpy, 1921a, p.327).The subarachnoid space in this case would
be the lumbar cistern.

The reader might not realize from the preceding that like the brain, the spinal
cord’s intrinsic vasculature, the supply to actual neural tissue, is underneath the pia
mater. The function of the spinal subarachnoid space is analogous with that of the
sub-arachnoid space of the cranium, as a container of the CSF. However there is a
spinal sub-dural space which contains some of medullary veins for the drainage of the
neural tissue, unlike the cranium where there is no true subdural space. There is also
a spinal epidural space which contains fat and the meningeal veins (Morris & Lond,
1907, p.669).
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Figure 3.67, 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 arachnoid, 7.c sub-dural space, 8. subarachnoid space, 9. dura mater, 10. epidural space with meningeal veins or inter-spinal vein, 11.
anterior longitudinal ligament.

Note that item six of previous figure 3.65, the posterior septum of the spinal cord, was
not clearly noted during the dissection portion of this thesis (a hazard with
predissected materials), compare to cross sectional photographs of Chapter Eight.
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Figure 3.68,on left, filum terminal and cauda equina (C.M. Jackson, 1914, p. 910). Figure 3.69, on
right, the coccygeal ligament and dural cul de sac (Poirier & Charpy, 1921a, p.321).

The leptomeninges although not as obvious still were well inspected and
discussed primarily for their links to the vascular structures and the CSF. Areas that
were well understood and well described were the sub-arachnoid cisterns, and the
continuation of the pia mater into the foldings of the neural tissue, and within the
neural tissue as coverings of the arteries and veins. These relationships were also
demonstrated in the dissection section of this thesis in Chapter Eight.
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Figure 3.70 on left, The subarachnoid space and its relationship to the veins and arteries that go
through it. The arachnoid is limited by a thin band of pia mater which itself provides coverings for the
vessels continuing into the neural tissue (Poirier & Charpy, 1921b, p.345). Figure 3.71 on right, the
subarachnoid cisterns (Poirier & Charpy, 1921b, p.348).

By the early twentieth century the relationship of the CSF to the choroid plexi was
established as were the vascular connections of the tela choroidia, itself part of the pia
mater.
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Figure 3.72, Choroid plexus and tela choroidea (toile choroid (Poirier & Charpy, 1921a, p.332).

The continuity of the subarachnoid space and arachnoid mater appears to continue up
to the lumen of the ventricles, but not within the ventricular area itself.
3.2.2.2 CONTEMPORARY RESEARCH INFORMATION ON THE ANATOMY AND
PHYSIOLOGY OF THE MENINGES
Information about the anatomy of the meninges has evolved through various
stages of development. With the arrival of the microscope, information about the
histology was gradually uncovered. With the advent of the electron microscope, MRI,
angiograms, ultrasounds and CAT scans, new information about the anatomy was
discovered outside the context of the anatomy laboratory. With the growth of
information in pharmacology, cellular physiology, and biochemistry, new information
has been added to the reservoir that concerns the meninges and their functions. The
subjects that will be included here are principally those that concern the role of the
pia mater in vascular supply, especially the maintenance of the blood brain barrier,
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and the effects of inflammation on the leptomeninges. The connection of the pia
mater to the CSF will also be discussed. However, the general heading of anatomy
will determine the criteria of alternate discussions. The pia mater has an obvious
anatomical connection with vascular supply to the brain, hence the inclusion of some
information about the BBB, to qualify that relationship [table of acronyms Appendix
A]. The arachnoid mater contains the CSF, but its tissue constitution is very subtle
and delicate, and therefore it is rapidly adaptable. So the more a tissue is composed of
water, the more fluid it is, and hence the more sensitive to pressures and inflammation
it is. The nature of this adaptability is part of its relationship to inflammation. Hence
the effects of inflammation will be examined briefly. The leptomeninges are chiefly
responsible for the creation, disposal and storage of CSF, and that physiological role
of the leptomeninges will be discussed as it relates to the anatomy of the meninges.
However, to stress the essential foundation, all of the examinations will be under the
general heading of anatomy, including the discussion of the innervation of the
meninges and other relevant details not covered up to this point.
To discuss the more recent advances in knowledge requires an overview of the
nature of twentieth century information. Much of this information is not anatomical,
but knowing this information allows a deeper understanding of the anatomy. 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
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their embryological development. The liquid state changes are highly significant
when talking about inflammation, which, as previously mentioned, is very important
when discussing the leptomeninges, especially the arachnoid mater.
In the later part of the twentieth century there was a lot of research into
signaling mechanisms within cell membranes, genetics and the biochemistry of
connective tissues, to name a few. 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, and the matrix can be
further generally divided into different fibre types and ground substance (Williams,
1995, p.75). Another name for ground substance is extra cellular matrix (ECM), also
referred to as simply matrix (Schubert & Hamerman, 1968, p.53). 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 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” (Williams, 1995, p.79).
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
calcification (Schubert & Hamerman, 1968, p.54). “The term extracellular matrix is
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applied to the sum total of extracellular substances within connective tissue”
(Williams, 1995, p.80). Integral to an understanding of the ECM is fact that the
protein molecules involved, called 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. 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” (Williams, 1995, p.80), allowing communication between
cells and the bloodstream (Schubert & Hamerman, 1968, p53). The interfibrillar
material, which consists of proteoglycans consists of a gel (Williams, 1995, p.80).
The interfibrillar material 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 has a high
content of collagen (a proteoglycan), and 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 the
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
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percentage component of fibrillar substance and less interfibrillar substance. “The
collagen fibril controls the surrounding aqueous environment via specifically but noncovalently attached proteoglycan molecules” (Williams, 1995, p.84). 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 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 meninges there is a high amount of
collagen fibre, and some elastin fibre in the dura mater (F Vandenabeele, 1996,
p.417), giving the tissue characteristics of the capacity for movement like those in the
pericardium, skin and psoas (Dunn & Silver, 1983, p.67). The arachnoid mater’s
trabecular fibres consist of collagen rich fibres (Dobrovol'skii, 1984, p.100), as do the
canals and fibres of the pia mater (Baron MA, Maiorova NA, & GF., 1978, p.289).
The presence of mast cells, which have a 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
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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 fluid connective
tissues like blood. Therefore a tissue like an aponeuroses or the dura mater responds
to inflammation by losing water, making the tissue more solid, and 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
dense or organized connective tissue. The relative proportions of liquid between the
two is quite different—the dura mater is much less fluid than the arachnoid mater.
During the embalming process, which essentially dehydrates tissues, replacing the
fluid with formalin, the arachnoid virtually collapses, and becomes almost
imperceptible. The dura mater remains unchanged, and very obvious. This state of
affairs was noted during the dissection portion of the thesis in Chapter Eight. The
most noticeable presence of the arachnoid was in areas where the arachnoid cisterns
had existed, whereas in most of the rest of the cranium the arachnoid was difficult to
detect. The dura was obvious and one could deduce that its basic properties and
responses to mechanical forces would be unchanged, hence its inclusion in several
cadaveric biomechanical studies, such as those of Klein mentioned in Chapter Five.
The discussion of how the dura mater responds to inflammation differently from the
arachnoid was noted by Xavier Bichat, as mentioned in the previous section of this
chapter. However to paraphrase, the dura mater according to Bichat was a fibrous
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membrane, and the arachnoid a serous membrane, and the two respond differently to
inflammation, and have different roles in movement.
The differences in appearance are hard to fathom since it is difficult to
visualize the leptomeninges, especially the arachnoid mater, from anatomical
dissection. The dura remains intact, but the arachnoid is desiccated by the embalming
process. The pia mater lies somewhere between the two, it loses its luster, but its
form remains as a covering of the brain, with its small vessels remaining intact
because of the embalming fluid they contain. It is possible to get a glimpse of the
membranes in situ and in vivo using current technologies. The most obvious way is
by MRI, CAT scans and arteriography. Alternately there are photos taken by
endoscopy or even traditional photography during neurosurgery, and those photos
allow one a glimpse into the inner tissues of the living cranium. Surprisingly some of
these books reference and guide by way of the arachnoid mater, that is to say by
reference to the sub-arachnoid cisterns (Yasargil, Kasdaglis, Jain, & Weber, 1976,
p.298), (Fox, 1989, Chapters 6-8). The mapping of connective tissue as a guide to
surgery is surprising given that most anatomical texts tend to ignore the connective
tissue except for some of the folds of the dura mater in describing the cranium.
Essentially the subarachnoid space can be broken down into cisterns for each
individual structure traversing an area of the subarachnoid, at least for arteries and
nerves (Yasargil et al., 1976, p.298). The location of the cisterns around the major
arteries and nerves of the cranium calls to mind Bichat’s discussion of the serous
membranes, including the arachnoid mater, and their function of facilitating
movements between structures (mentioned earlier this chapter). The cisterns do not
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present a barrier to the movement of CSF because of “their trabeculated porous wall
with various sized openings”, however “these apertures can become plugged”
(Yasargil et al., 1976, p.301). One of the more important membranes in terms of
frequency of mention is the membrane of Liliequist, which allows passage of CSF
from the posterior fossa into the anterior cisterns, from where it goes over the brain
(Fox, 1989, p.94).
The membrane of Liliequist, known as the membrane of Key and
Retzius, is an important arachnoid landmark. The membrane stretches
form the dorsum sellae and posterior clinoid processes upward toward
the mammillary bodies of the hypothalamus (Fox, 1989, p.94).
It is also noted that the membrane often sends an expansion from the base upwards to
surround the pituitary stalk creating a hypophyseal cistern (Fox, 1989, p.125).

Figure 3.73. Contents of carotid cisterns (Fox, 1989, p.96). More subarachnoid cisterns and their
contents are listed in Appendix E.
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Figure 3.74, Intracranial photography of sub-arachnoid space by microscopy and analog camera (Fox,
1989, p.138). Note the liquidity of the tissues. This photo scarcely resembles the photos of the
dissection portion of this thesis. The presence of the liquids within the arachnoid adds a volume to the
space surrounding the neural and vascular structures.

The inflation factor of the arachnoid tissues provided by the CSF allows the reader to
see a new aspect of the three dimensional appearance of the cranial base. Most
obvious are the amount and prevalence of the arachnoid tissue, especially compared
to the same region in cadaveric dissection.

Figure 3.75, In this photo the membrane of Liliequist is seen just below the PCP (C Sen, Chen, &
Post, 1997, p.198).
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Figures 3.75, and 3.76 show expansions of the arachnoid around the stalk of the
pituitary which again demonstrates the prevalence of the arachnoid mater between the
neural tissue, glandular tissue and the dura mater of the cranial base.

Figure 3.76, Arachnoid membranes (M) between and around arteries and optic nerve or optic tract (O
T) (Fox, 1989, p.146).

The obvious presence of liquids and delicate arachnoid membrane surround all of the
structures in the area. Compare this to the following angiogram of venous sinuses,
figure 3.77.
Advances in diagnostic scans have made it possible to display many structures
in their entirety. This is especially useful in an examination of the vascular system of
the cranium, including the arteries and veins of the meninges. Angiograms have made
it possible to display the vascularature of an area or of a system, and even down to the
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level of one vessel system. This type of information is much more difficult to show
by dissection.

Figure 3.77, Angiogram of venous sinuses and tributary veins, compare to following schematic
(Jinkins, 2000, p.383).

The depiction of blood vessels is significant for several reasons. One is to show the
penetration of the pia mater within neural tissue as a sheath of the blood vessels.
Secondly the surface area represented by the meningeal coverings of the blood
vessels is deceptively large. Most deceiving is the presence of the pia mater as a
covering of the blood vessels into the neural tissue. Not only does the pia mater
follow into the folds of the brain but it covers the vascular networks as well. There is
debate however how far into the neural tissue the pia mater extends.
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Figure 3.78, Schematic of venous sinuses system based on angiograms, a much less detailed
appearance than preceding angiogram (Jinkins, 2000, p.382).

The pituitary fossa is covered with a dural tentorium, however one should remember
that the stalk of the pituitary, as an extension of the brain has a sheath of pia mater.
The CSF of the cranium is essentially within the arachnoid mater which appears not
so much as a layer but as a gauzy tissue within the CSF compartment. The CSF
compartment itself the result of numerous compartments called the subarachnoid
cisterns.
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Figure 3.79, Vascular supply of pituitary (Jinkins, 2000, p.424), note relationship of cavernous sinus
to pituitary.

The use of the MRI, CAT scan or angiogram are effective for many gross
anatomical structures, but for a closer examination of smaller structures a microscope
is necessary, or some aid that allows amplification of structures. Some of the
anatomical and physiological relationships that can be more easily detailed with
microscopy are those between the leptomeninges and blood supply to the brain. The

196

earlier photos gave a valuable look at the leptomeninges and their relationship with
the vascular supply, in vivo. Initial investigations into the pia and intrinsic blood
supply to the brain involved casts made of the vascular supply by filling the arteries
with a casting agent, such as such as latex.

Figure 3.80, Leptomeningeal anastomoses. An example of the type of picture available in the mid part
of the later half of the twentieth century (Eecken, 1959, p.47). The picture does successfully show a
leptomeningeal anastomoses within the neural tissue, as well as the fine detail of the vessels, but there
is no information in that image that tells one anything about the condition of regional structures.

Up until recently the meninges, specifically the pia mater was not considered
to be part of the BBB. Despite the appearance of a very intimate relationship between
the pia mater and the brain, as seen in dissection, or in Figure 3.79, it was generally
accepted that the pia was not part of the BBB. Images such as the preceding, showing
anastomoses between pial arteries would seem to indicate that there is a relationship
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between the pia and BBB. It was not until recently that this information was given
scientific credibility. Typically the BBB is attributed to very fine tight junctions
between endothelial cells, and depends on the presence of astrocytes at the terminal
capillaries (Williams, 1995, p.1222). The lack of tight junctions in the pial structure
in the parenchyma of the neural tissue has classically been taken as a sign that it does
not participate in the BBB. However the presence of tight junctions in the sub-dural
epithelial layer (sub-dural mesothelium) of the external arachnoid mater would seem
to indicate a barrier similar to or part of the BBB (Segal, 2000, p.184). These tight
junctions are considered part of the Blood CSF Barrier, and they would seem to
possibly indicate that the entire subarachnoid space is a sealed zone. In the past few
years several researchers have noted the possibility of a pial function within the BBB.
The presence of parathyroid hormone receptors in pial cells as well as in astrocytes
indicates a probable link between the two. There have been suggestions that pial cells
and astrocytes may be involved in the formation of the glial limiting membrane,
which is considered a part of the BBB (Struckhoff & Turzynski, 1995, p.1). Other
researchers were coming to similar conclusions.
These data are consistent with the existence of a general meningo-glial
network…The brain and all the annexed organs (e.g. hypophysis,
pineal gland) are enveloped by meningeal tissues. The possibility that
the meninges comprise anatomical interfaces and not just boundaries
between these organs and the brain is an idea worthy of consideration.
Fenestrations of the basal laminae, even of the subendothelial basal
lamina, may involve direct contacts between any sorts of parenchyma
and extraparenchymal without interfering with the properties of
endothelial tight junctions….There are interesting data in the literature
that relate to the role of adult meninges in the regenerating process (of
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neural tissue)… If meninges, together with pericytes, ependymocytes,
and a population of astrocytes serve physiological functions, the
possibilities of unsuspected functional interconnections that such an
anatomical system may provide are considerable (Mercier & Hatton,
2000, p.462-63).
The authors of the last article suggest that further research will expand on the
functional interrelationships between the meninges and neural tissue. The suggestion
is that since they share many common characteristics with the BBB (Lawrenson,
Reid, Finn, Orte, & G., 1999, p.29), the function of the pial blood vessels is to serve
as part of the protective barrier to the brain, even if it has not typically been included
as part of the BBB thus far. The relationship of the pia and arachnoid maters to the
BBB is secondary to the protective role those tissues have in fighting inflammation.
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 (pia) mater 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 agents (Garabedian, Vernet-der., LemaigreDubreuil, & Mariani, 2000, p.262). 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. The response to inflammation is mediated by properties of the BBB as
mentioned, and the Blood CSF Barrier, which is comprised of the choroid plexi and
the arachnoid mater. “The brain has two fluid environments: the brain interstitial
fluid, which surrounds the neurons and glia, and the CSF, which fills the ventricles
and external surfaces of the central nervous system” (Segal, 2000, p.183). The
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relationship between the systemic circulation, the secretion of the CSF, and thereby
maintenance of the BBB and Blood CSF Barrier is indicated by the presence of
various blood pressure hormone receptors in the choroid plexi. These hormone
receptors include Atrial Natuiretic Peptide, a hormone secreted by the heart, and
vasopressin, a kidney hormone secreted by the posterior pituitary (Segal, 2000,
p.191).
The presence of receptors for blood pressure hormones, including one that is
secreted by the posterior pituitary, would lead one to assume that the system is an
interconnected feedback loop. The receptors and effectors for this loop would include
internal structures, such as the neural tissue and possible innervation of the
leptomeninges, and effectors that would have to be outside of the BBB (the inner
portion of the discrete zone of neural circulation), and that could include the pituitary,
which lies outside of the BBB but within the Blood CSF Barrier. The principle
effector organ would have to be at the boundary of the barriers, and that would be the
ventricles. The effector organ in this case is able to secrete CSF, and the stimulus
would be related to blood pressure. The secretion of hormones would be in response
to stimuli such as changes in intracranial CSF pressure, or to baro-receptors outside of
the cranium, or as some Osteopaths have suggested within the cranial sutures
[Upledger Pressurestat model]. The system would be controlled enough to allow
transport of certain substances such as thyroid hormones (Segal, 2000, p.193), and
glucose into the discrete vascular zone. The significance of the ventricles to this
thesis and for this subject is that they represent a union between the leptomeningeal
pia mater, and the ependyma of the brain. The system as it is set up makes sense
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when one considers that the source of all nutrients comes from the systemic
circulation. There is a buffer zone (Fricke, 2001, p.102), which consists of the CSF,
and a further discrete zone through which the movement of any substances is closely
controlled. The passage of most substances is through the buffer system which is
called the Blood CSF Barrier, which is contained within the leptomeninges. The
most selective filters are at the border of that system and the neural tissue which lies
within the BBB. It is arguable whether or not the pia mater is a component of the
BBB. The release of vasopressin is controlled by the secretion of the pituitary which
lies within the Blood CSF zone. The presence of a hormone for controlling blood
pressure at the border of the BBB indicates the presence of a redundancy system of
controlling blood pressure, obviously a highly prioritized homeostatic factor. The
reader should note that a great deal of this protective zone around the neural tissue of
the brain functions though the action of the leptomeninges. There are many reasons
why such a highly controlled system is in place, most of which have to do with
protection. The most important function of this barrier system is to allow certain
substances into the system while all others including immune function cells are
excluded (JD Huber, 2000, p.H1241), with the exception of antigen specific Tlymphocytes (Jean Merrill, 1997, p.245). Most importantly the BBB and Blood CSF
Barrier prevent inflammation from reaching the neural tissue.
The BBB classically consists of a glial limiting layer made up of a
combination of tight junctions and a lack of fenestrations between cells, such that the
permeability of the membrane is very specific. This specificity insures that the milieu
within the brain is maintained at ideal conditions (JD Huber, 2002, p.H1531).
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Inflammation secondary to various disease states has been shown to cause increased
permeability at the BBB (JD Huber, 2002, p.H1531). The end result of increased
permeability is perturbed homeostasis and reduced neural function. The relationship
of the meninges to inflammation and neural function has been noted in dissection
since the time of Willis, as mentioned in the previous subsection. Contemporary
researchers have noted that inflammation stimulating substances get a very strong
response from the meninges (Garabedian et al., 2000, p.262). The detection of the
inflammation process is characterized by pain states with changes of local and
systemic physiological processes. The cranial circulation is controlled by fibres of
the trigeminal nerve, or the trigeminovascualr system (Peter Goadsby, 1997, p. 252).
However, the trigeminal nerve is not the only nerve supply, since the glossopharyngeal 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 meninges as well (Fricke, 2001, p.97). 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 upon the ethmoidal nerve. “Sensory nerves arise from the
trigeminal ganglion to innervate the cerebral circulation (Peter Goadsby, 1997,
p.247).” 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
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migraine headaches. Stimulation of the trigeminal (Gasserian) ganglion, causes a
decrease in systemic blood pressure with concomitant no change of blood flow to the
internal carotid, but an increase to the cerebral vessels (Peter Goadsby, 1997, p.250).
Possibly these results are from changes in amounts of 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, but there is innervation of the leptomeninges. The nerve fibre types are the
same throughout the pachymeninges and leptomeninges and include A alpha fibres
with “Ruffini like” terminals and C fibres (Fricke, 2001, p.98) (Dan Levy, 2002,
p.3021). The majority of nerve fibres 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 sutures (Fricke,
2001, p.98). 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 loop (Fricke, 2001,
p.99). 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 activated (Fricke, 2001, p.99). The
sympathetic fibres outnumber the parasympathetic fibres, in the autonomic system,
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and are related to arterial supply in the cranium, especially the middle meningeal
artery. It should also be noted that these nerve fibres are aligned with the long axis of
the vessels (Fricke, 2001, p.99), and that the C fibres are unmyelinated, while the A
alpha fibres 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 changes in pressure or tension.
The efferent nerve fibres of the leptomeninges consist of A alpha fibres that
act as mechanoreceptors and/or nociceptors. The afferent nerve fibres of the
leptomeninges consist of two types of nerve fibres, Type I and Type II. The Type I
receptors are chemoreceptors and the Type II fibres are mechanoreceptors. The bulk
of the nerve networks seem to be involved with the production of CSF since they
form networks around the small blood vessels of the choroid plexi (Fricke, 2001,
p.102). There is little information about spinal leptomeninges innervation, most of
which consists of a meshwork of myelinated and unmyelinated nerve fibers that run
longitudinally through the spinal canal. There are Ruffini type mechanoreceptor
terminals in the denticulate ligaments, consistent with their possible mechanical role
in spinal movements.
A description of the anatomy of the spinal meninges does not pose the same
complex discussion as that of the cranium. In terms of the passage of nerves and
blood vessels through the subarachnoid space and out of the bony canal, the
information is very similar. There is one major difference between the organization
of the spinal and cranial meninges, and that is of the layer of fat and venous plexus
that lies in the epidural space. In the cranium the epidural space is only present in
pathology; however in the spine it is present as a layer of mechanical cushioning.
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Classical and early authors have mentioned the spinal meninges, including ligaments
between the dura mater and the ligamentum flavum, or posterior longitudinal
ligament. There is at present a certain amount of dispute over the exact arrangement
of ligamentous attachments between the bony canal and the dura mater in the lumbar
spine. The main dispute has to do with the anterior sacrodural ligaments, sometimes
referred to as Trolard’s ligaments and other times as Hoffman ligaments. However
the anatomy as detailed by Butler is effective in describing the area in general. Some
however have different opinions, but in general one could consider that the Hoffman
ligaments are more lateral than the Trolard ligaments. The term Hoffman ligaments
is used to describe an anterior connection between the dura mater surrounding the
ventral nerve root just before it exits the intervertebral foramen, and the posterior
longitudinal ligament. The ligament of Trolard is mainly mentioned as being at the
lumbrosacral junction and lies in the medial plane as a network of ligaments between
the dura mater and the posterior longitudinal ligament.

Figure 3.81, Diagram of transverse section through lumbar spine, showing Hoffmann’s ligaments and
the (Trolard’s) sacro dural ligament (E. Barbaric, 1996, p.90).

The Sacrodural ligament of Trolard is often described as running from the third
lumbar to the third sacral segment. However as some authors have noted there is a

205

significant amount of variance between subjects in terms of the presence of the
ligaments and their density in certain areas. It was noted in one article that four types
of dural vertebral ligaments may exist in the lumbar spine with varying frequencies.
These ligaments include a criss-crossing between dura and posterior longitudinal
ligament, sagittal filaments, short strong ligaments, and a median septum (E.
Barbaric, 1996, p.88). Probably the best description of the regional anatomy of the
lumbar spine is from Butler, in which he illustrates structures that may or may not be
found in the area, within reasonable variance.

Figure 3.82, Schematic horizontal section of the ligamentous attachments within spinal canal (Butler,
1996, p.17). Note presence of dorsal median septum referred to as septum of Schwab in earlier figure
3.66.

The next area of strong attachments of the spinal dura, excluding the connections of
the dura mater sheath of the spinal nerves, occurs in the cervical spine. There are also
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infrequently described attachments of the epineural sheath, consisting primarily of
dura mater, that attach to the transverse processes of the fourth, fifth and sixth
cervical vertebra (Sunderland, 1974, p.757). Additionally there are tethering
ligaments between the dura mater and ligamentum flavum, and/or the posterior
longitudinal ligament similar to those present in the lumbar spine. The dura mater is
very strongly attached to the top of the third cervical vertebra, and to the body of the
second cervical vertebra, and some researchers have mentioned that the dura also
attaches to the atlas (R. Hallgren, 1997, p.30). However the attachment of the dura
mater to the first cervical vertebra is not generally agreed upon in research literature
(Williams, 1995, p.1212). The dura mater also forms the anterior and posterior
atlanto-occipital membranes. The innervation of the dura mater comes from the sinuvertebral nerve, which also supplies the posterior longitudinal ligament and the
regional blood supply. The sinu-vertebral nerves form a plexus that spreads the
innervation of any one nerve over four segments, with obvious overlap between
adjacent nerves (Butler, 1996, p.27).
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Figure 3.83, Sinu-vertebral nerve diagram (Butler, 1996, p.27).

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 of the venous sinuses, where they actively secrete CSF out of the
subarachnoid space and into the sinus (M. Johnston, 2002, p.227). The venous
sinuses are formed within foldings of the dura mater and are responsible for the
venous drainage of the brain and part of 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 roots (M. Johnston, 2002, p.227), or follows with 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
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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 3.84, MRI of double arachnoid granulation in transverse sinus (James Roche, 1996, p.678).

Granulations, which are collections of villi, appear in childhood. As a person ages
the granulations become larger and more convoluted (James Roche, 1996, p.681).
The granulations may become so large and dense that they make impressions upon
the calvarial bones (James Roche, 1996, p.682). 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” (S Amlashi, 2004, p.172).
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Figure 3.85, 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. The
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subarachnoid space has been mentioned as continuous within the ventricles by
researchers such as Bichat, and Poirier.

Figure 3.86, Lateral choroid plexus in sub-arachnoid space (P Poirier, 1902, p.336). Translated by
author.

The edges of the subarachnoid space are the edge of the BBB, and include the
Virchow-Robins space. The Virchow-Robins space is a tunnel-like extension of the
subarachnoid space surrounding blood vessels that pass into the brain or spinal cord
from the subarachnoid space. The lining of the channel is composed of pia and glial
feet of astrocytes, however, a continuation of the space around capillaries and nerve
cells probably does not occur. It is easy to see how close in proximity these various
layers are, where the sub-arachnoid penetrates into the body of the brain, but not past
the pia to enter the actual brain tissue.
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Figure 3.87, The leptomeningeal layers (Magari, 1966, p.220). The layer immediately below the pia
mater is the glia limitans, part of the BBB proper.

The obvious complexity of the layering belies the liquid vitality of the area as seen in
the earlier figures 3.73, and 3.74. The quality of the layering even in a tissue such as
the dura mater, that is typically described as sheets of collagen fibres, does not
capture the complexity of the tissue, as can be seen.
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Figure 3.88, Cross section of spinal cord with meningeal layers of a child (Butler, 1996, p.15), note
the presence of concentric layers in the dura mater.

3.3

CONCLUSION

To conclude this chapter there will be a table of anatomical attachments of the
meninges, as individual layers, followed by a brief discussion.

Table 3.2, Attachments and Structures of the Meninges

tissue

Dura Mater pachymeninges

cranial

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 sub-dural 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 pituitary
as the diaphragma sellae
– divides the cavernous sinus into cells
- Creates caves including Meckle’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.

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 sub-arachnoid
cisterns in which the majority
of the CSF resides in the
cranium

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

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 atlanto-occipital 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
Attaches to the second sacral segment and blends with the filum
terminale externum to attach to the first coccygeal segment

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

In the Third Chapter there was a discussion of the meninges that focused on their
anatomy and the embryology. The study of the embryology was a method to orient
the reader anatomically. The inclusion of some physiological detail allowed a greater
understanding of the anatomy. There were many points of interest which were
chosen to highlight information that would interest an Osteopath. Some of those
topics included connective tissue fluid relationships, the importance of inflammation
in understanding the meninges, and the evidence that the structure of the meninges is
to allow and encourage movement. That movements related to the meninges can be
vascular, biomechanical or the fluids of the ECM.
There are several research topics that are of interest to an osteopathic study of the
meninges. Despite the initial appearances of this investigation, by the time this
information was written in its more or less final form it became obvious that the
major topics of interest to the physiological workings of this thesis were
interconnected. That includes the mesenchymal origins of the meninges and what
that entails to the way they develop and behave later in life. The continuation of that
is the study of the mesenchymal fluids in the adult, called the ECM. Lastly the
characteristics of inflammation as it affects the ECM, was explored as the basis of
most connective tissue dysfunction.
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CHAPTER 4: OSTEOPATHY IN THE CRANIAL FIELD ANALYSIS
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4.1

INTRODUCTION

To establish an understanding of the basic level of osteopathic knowledge of
the meninges, the text Osteopathy in the Cranial Field (both First and Third Editions)
was chosen. It has been referred to as a “standard text” (Freely, 1998, p.3) of cranial
osteopathic technique by various osteopaths and is frequently referenced. The
information about the meninges in the text was separated into categories and analyzed
in a process that required some historical methodology, and an interpretive editing
method. A distillation emerged that provided a framework for comparing other
osteopathic texts, as well as scientific information. The information in this chapter
was drawn from two editions of one text that underwent significant changes between
editions.
The inclusion and exclusion of certain terms in the texts provide the reader
with an idea of the evolution of cranial concepts, including information on the
meninges. The changes in terms of what information was edited or retained, reflects
a shift in priorities from the First Edition (1951) to the Third Edition (1976). Even
though this paper in itself is not concerned with the evolution of osteopathic concepts,
it is important for the reader to understand that the context in which material was
designated as important or not changed between the times the two books were
published. The change in priority reflects an evolution in attitudes where information
that was excluded was not necessarily wrong, just considered less important than the
material that was included.
The material in the two texts was compared and then contrasted to see how the
two texts differed, to see what they said about the meninges, and to understand what
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they meant by certain terms. There were several topics in the material on the
meninges, including discussions of palpatory experiences, primarily in the First
Edition. The palpatory discussions that were included were chosen on the basis that
they involved the meninges.
4.2

DISCUSSION

The discussion section of this chapter examined the text Osteopathy in the
Cranial Field, both First and Third Editions, and provided an analysis concerning
what the books said in reference to the meninges. The data analysis of this first
section was the editing method, and emersion/crystallization was used to garner a
deeper meaning of the overall material for interpreting what Magoun meant. Dr.
Harold Magoun Sr. DO was a student of Dr.William Garner Sutherland DO, the
founder of osteopathic cranial technique. The text was written to attempt to faithfully
portray the experience of learning cranial Osteopathy.
To analyze the content of a text such as Osteopathy in the Cranial Field is
difficult, given the complexities of the subject matter, cranial Osteopathy, as well as
the manner in which the text was written, especially the First Edition. The analysis
required a combination of methodologies, principally the editing method, as well as
the overall method of this thesis, which was immersion/crystallization. To
understand the text as a whole requires a certain amount of phenomenology, since
some of the material was designed to convey experience, as well as practical technical
advice. The employment of epistemology and interpretation concepts in the analysis
of the texts was required to explain the existential nature of the material, including the
descriptions of palpation experiences. There will not be an attempt to categorize or
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discuss those topics except as they relate to the subject matter of the meninges. Those
themes are mentioned and discussed to a limited degree since they provided some of
the contextual knowledge required to understand the material. The First and Third
Editions will be analyzed with references and quotations included to highlight the
information and the meaning behind the term meninges. The information was
organized with headings or codes consisting of terms like meninges anatomy,
meninges physiology, and meninges palpation. Terms like dura mater, dural
membranes, arachnoid mater, pia mater, were categorized as either leptomeninges or
pachymeninges. Once the information was collected in a general way, then it was
analyzed to determine common topics of discussion. There were three general topics
within which all the material was grouped. These topics were
anatomical/physiological information, PRM discussion, and practical instruction.
The anatomical information was specific, and followed scientific texts of the era. The
PRM discussion contained much of the information on the meninges and involved
some interpretation since material that was experiential was sometimes included. The
practical information consisted of material that was generally not applicable to this
thesis; however the section did provide information that involved some experiential
information regarding palpation of the meninges.
In terms of describing the organization of the information within the text, one
could say that the text is faithful to the emphasis on anatomical knowledge
established by A.T. Still. The general organization of the text focuses on anatomy and
anatomical detail. The biomechanics are based on anatomy, the embryology and
development is focused on anatomical developments, and the organization of chapters
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focuses mainly on anatomical zones. The initial chapters discuss anatomy and
physiology and the first subsection for most chapters is applied anatomy. In the two
editions of the text Osteopathy in the Cranial Field, the information on anatomy was
a priority and accurate in its context. The anatomical knowledge of the texts is
consistent with that of the atlases and literature of the era since those were the
materials used in osteopathic colleges at the time. There were very few texts oriented
toward Osteopaths at the time. It should be noted that histology and embryological
information was the added and enhanced in the Third Edition. Some data regarding
research and other information that is generally non-technique oriented was included
in the Third Edition; it was less overt in the First Edition. Interestingly dissection
photos accompanied by discussion were present near the end of the First Edition, but
absent from the Third Edition. It would seem that with the inclusion of a section on
the “Medicolegal Aspect of Cranial Osteopathy” (Chapter XIV) and another on
“Research in the Cranial Concept” (Chapter XV), that the trend in education had
moved away from technique and concept to an emphasis on medicalization and
scientific research.
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Figure 4.1, Dissection Photos from first edition text (Magoun, 1951, p. 226).
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There had been a change of direction in what was considered to be important to
Osteopaths between the First and Third Editions. The trend appeared to be toward
more medicalization, and away from the roots of Osteopathy. However, there was
also more descriptive anatomy in the Third Edition that although pertinent was less
interactive and interpretive. An overview of the meninges in the First and Third
Editions played a part of the preparation for the pictorial and interpretive section of
this paper. There was a definite shift in educational priority from the First Edition to
the Third Edition and this was most evident in the comparison of the Introduction to
the First Edition text to that of the Third. In the Introduction to the First Edition there
are certain key terms or phrases that are conspicuously reduced in emphasis in the
Third Edition text (the following quotation is formatted as in the original text):
The Cranial Concept is:
The application to the skull of the principles of Osteopathy proclaimed
by the founder of Osteopathy, Dr. Andrew Taylor Still.
*

*

*

*

*

Study of the Cranial Concept Involves:
A

Detailed knowledge of:

1. The structure and function of the meninges.
*

*

*

*

*

C.

Adoption of the premise of the motion between the bones of

the skull which premise must include a mental picture of the total
physiological unit: bones, neural axis, meninges, cerebrospinal fluid
and motivating force. (Magoun, 1951, p.1)
There were some terms in the First Edition that must have made some
members of the osteopathic community uncomfortable, such as the term “motivating
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force,” or “Universal Intelligence.” The first chapter of the Third Edition does have a
section that is similar to the Introduction of the First Edition, and contains much of
the same type of information except for the metaphysical terms. The topic of this
paper is the meninges, but the context is Osteopathy, and it is disturbing to see some
of the changes in emphasis between the First and Third Editions. Notably, references
to A.T. Still were by and large removed in the Third Edition. In addition, information
that would be considered mystical or metaphysical was by and large removed.
Lastly, the interpretive elements, philosophical discussion and dissection pictures
have been edited. The addition of drawings and schematics is thought provoking and
enlightening. The trend to move from individual interpretation, as inspired by looking
at the actual structures (as photographs) had been replaced by someone’s schematic
interpretation that highlights educational tendencies to homogenize thinking about the
material.
4.2.1

MENINGES IN GENERAL

The information about the meninges will be discussed as references within
sub-sections, with commentary by the author. A strictly anatomical discussion occurs
early in both editions of the text. Both editions discuss the meninges as a separate
subsection of the initial chapters of the text, either in the Introduction, Section IV of
the First Edition or in Chapter One, Section III of the Third Edition. The information
contained in both texts is accurate as a brief discussion of the basic anatomy of the
meninges with some discussion of the physiology. There is more information
presented later in the texts during the discussion of the PRM. It is significant to note
that there was some additional anatomical descriptive information presented in the
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Third Edition, while some information has been removed. The edited information is
not necessarily relevant to the topic of this thesis, but reflects changing attitudes
within the community from the First to Third Editions. Of greatest significance is the
removal of quotations attributed to Still, as well as the removal of descriptions of
mystical or metaphysical connotation regarding experiences related to osteopathic
cranial palpation. The information in the Third Edition is more scientific, but the
inspirational element, present in the First Edition is missing. Aside from those
alterations, there were some changes to the material presented regarding the
meninges.
As Osteopathy became more widely accepted within the medical community,
cranial osteopathic material was changed to be more palatable scientifically. Those
changes came with the removal of metaphysical language, but were accompanied by
the addition of more didactic anatomical detail. One should note as an example of
those changes in the Third Edition, that the terms motivating force, tide, and potency
are absent, or are much less frequently used as descriptive terms. Alternately the
venous sinuses have been included as a key part in the cranial concept. Both texts
have a section on embryology that conspicuously does not mention the meninges,
information that was poorly understood at that time and is still unclear, as discussed
in Chapter Three of this thesis. Despite the addition of some anatomical detail in the
Third Edition, there are some omissions as well. Of course the most obvious addition
to the Third Edition is the elaboration on the anatomy of the venous sinuses, which
have only a slight mention in the First Edition, but are given a whole section in the
Third Edition (Section V of Chapter One). One noteworthy exclusion or deletion
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from the Third Edition is mention of the tela choroidea. The tela choroidea that
belongs to the pia mater (leptomeningeal) has an important role to play in the
physiology of the CSF. The roles of the meninges as explained in both editions are
consistent, with some revisions in the Third Edition. To reiterate for the sake of
emphasis, the pia is noteworthy for it vascular connections, the arachnoid for its
relationship to the CSF, and the dura is important not only for its toughness and its
role in distributing tensions, but for what it covers, called the ‘space between the
layers’ (Magoun, 1951, p.12). It should also be noted by the reader that in terms of
treatment the leptomeninges are never mentioned or directly referenced in either
edition. The connections and interrelationships of the leptomeninges to blood and
CSF seem to warrant further inspection.
Significantly there is actually more information about the leptomeninges,
albeit in point form, contained in the First Edition than in the Third Edition. The First
Edition includes a mention of the pia as such; it is missing entirely from the Third
Edition: (quotation in format of original text)
Pia Mater
*

*

*

*

*

*

*

*

*

*

*

*

B. Cranial Portion
*

*

*

1. Forms innermost sheath of nerve roots.
2. Processes enter substance to blend with neuroglia. (meningo
astrocyte loop of recent literature)
3. Transverse vascular duplications.
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a. Into transverse cerebellar fissure. Tela choroidia of fourth ventricle
containing choroids plexus. Layers separated by extension of cisterna
magna and pierced by foramina of Magendie and Lushka.
b. Into transverse cerebellar fissure. Tela choroidea of third ventricle
containing choroids plexus. Layers separated by part of arachnoid and
contain internal cerebral veins which unite to form vein of Galen
(Magoun, 1951, p.10).
C. Spinal Portion
1. Forms innermost sheath of spinal nerves.
2. Forms denticulate ligaments (21) attached to dura.
3. Forms filum terminale (beyond conus medularis).
The Third Edition includes just the following:
The cranial portion forms the innermost sheath of the nerve roots and
has vascular duplications into the cerebellar fissures, forming the
choroids plexuses, as of the third and fourth ventricles (Magoun,
1976a, p.17).
The connection of pia mater to tela choroidea and thereby to choroid plexuses is
conspicuously absent from the more modern edition. One might assume that maybe
the deletion of the material was an attempt at error correction. However, an
inspection of contemporary anatomy and physiology texts indicates that the original
material of the First Edition was correct. There were several trends of development
and change from the time the First Edition was written to the time of the Third
Edition. There appears to have been a revising of topics and material such that more
contentious information and relationships were removed. With this revising process
there was the addition of detail on more general topics, written in a more textual
format in contrast to the point form of the First Edition. There also appears to be a
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trend to remove discussions of metaphysics and spiritual references from the text, as
well as a movement away from referencing A.T. Still. Perhaps the evangelical
overtones of Still’s work, and associated metaphysical references were distasteful to
later Osteopaths and their search for scientific credibility. It is conceivable that as
scientific rationalism became more and more prevalent in Osteopathy, that many of
Still’s statements or beliefs would become embarrassing to Osteopaths. “The soul of
man, with all the streams of pure living water, seems to dwell in the fascia of his
body” (Still, 1899, p.61). Possibly not all of the developments from the First Edition
to the Third were positive, and the trend seems to be toward a better presented format
of information, but of a less sophisticated and much less philosophical nature.
In both texts the discussion of the arachnoid mater is fairly consistent with one
exception. In the First Edition the arachnoid is associated with the CSF, and they
both share the title of the section (Magoun, 1951, Introduction section IV part ii). In
the Third Edition there is a section devoted to the physiology of the CSF (Magoun,
1976a, p.19), which de-emphasizes the connection to the arachnoid mater stating that
the CSF resides within certain areas including the subarachnoid space. Perhaps the
author wanted to more strongly emphasize CSF and gave it a section of its own,
separate from the arachnoid. As one analyzes the differences between the two
editions, it appears that information about the leptomeninges was being reduced or
simplified. One might suggest that since the leptomeninges played such a negligible
role in treatment, that information about them was considered superfluous. It should
be noted that even though the meninges are mentioned in terms of treatment, the
inference is that the author really meant the pachymeninges. The leptomeninges are
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not referenced in the practicum sections, whereas the term meninges are used as a
synonym for the membraneous system of the cranium. On the other hand,
information on the pachymeninges was being increased and enhanced, possibly
because of the priority in terms of treatment mechanism. In the later edition one set
of connections from the pia to the tela choroidia to the choroid plexus was removed,
as was some of the information about the arachnoid. There is very little mention of
the arachnoid granulations in either text, which is a little surprising given their role in
CSF physiology. Note that the granulations of the spinal cord and
cavernous/transverse sinus were not mentioned in the text that contains a simplified
listing of the sub-arachnoid cisterns or waterbeds of the brain. So in the text the
arachnoid is described as a;
Gauzy retinaculum pervading all the spaces it occupies with a spongelike structure containing the cerebrospinal fluid, the subarachnoid
cisterns … The arachnoid further elaborates into the Pacchionian
bodies or arachnoid granulations along the margins of the longitudinal
fissure (Magoun, 1976a, p.17-18).
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Figure 4.2, Diagram of arachnoid cisterns from Osteopathy in the Cranial Field (Magoun, 1976a,
p.17).

The initial discussion of the dura mater in both editions was similar and
accurate, but not excessively detailed. The dura mater is described as the “outermost
envelope of the central nervous system, a tough bluish-white membrane”(Magoun,
1976a, p.18). There are various other details mentioned such that the dura mater's
external surface is the periosteum of the cranial bones, and that it is continuous with
the external periosteum through the sutures and foramen of the cranium. There is a
discussion of the principal folds of the dura mater, falx cerebri, falx cerebelli,
tentorium cerebelli, and diaphragma sellae. The Third Edition gives much more
detail in terms of anatomical description than is present in the point form notes of the
First Edition. The foldings of the dura mater will be discussed in the third section of
this chapter and compared to dissection photographs, however there would be little
dispute as to the accuracy of the information in either edition of Osteopathy in the
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Cranial Field. There is the use of a term that is very osteopathic in its connotation,
the “space between the layers,” descriptive of the dural layers (Magoun, 1951p. 12,
p.19; 1976a). The space between the layers include Meckel’s cave for the trigeminal
nerve’s Gasserian ganglion, the endolymphatic sac, the venous sinuses, the meningeal
vessels, and the nerves of the meninges. The Third Edition contains more
information about the nerve supply of the dura mater and more detail about the major
folds of the cranial dura, the falxes and the tentoriums. As mentioned earlier, there is
a separate section devoted to the venous sinuses in the Third Edition, which presents
information about the venous sinuses that is generally accepted by the scientific
community at large.
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Figure 4.3, Diagram venous sinuses from Osteopathy in the Cranial Field, an example of one type of
the spaces between the layers Figure (Magoun, 1976a, p.21).

In terms of the information of the nerve supply to the meninges, there is very little
information offered in the First Edition, which refers to the nerve supply as “via
somatic afferent nerves”(Magoun, 1951, p. 12), and quite a bit more information in
the Third Edition. The Third Edition states that:
The nerve supply to the meninges. On either side sympathetic
fibers to the blood vessel walls come from the carotid plexus and
superior cervical ganglion. Sensory fibers arise from the fifth and
tenth cranial nerves and the first and second cervical nerves. The first
division of the trigeminal nerve supplies the tentorium and anterior
cranial fossa; the second division, the middle cranial fossa; the third
division, the greater wing of the sphenoid and the mastoid cells. The
ganglion of the root of the root of the vagus nerve supplies the
posterior cranial fossa (Magoun, 1976a, p.19).
Later in the texts there are refinements and explanations of the meninges,
most of which concern the dura mater, but which also involve the leptomeninges.
Later discussion occurs primarily in the sections on the Primary Respiratory
Mechanism, in Chapter One of the First Edition and Chapter Two of the Third
Edition. It should be noted that there is much less information presented in the
equivalent section of the First Edition. Most of the information added to the Third
Edition consisted of descriptive anatomy, and the biomechanical movements of the
cranium as constituent to the PRM. A further observation, although removed from
the general content of this thesis, is the change of language from the First Edition,
which contains numerous discussions of palpatory experience in this chapter, to be
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replaced with anatomical fact and description in the Third Edition. Regardless, the
dura mater, referred to in this chapter of Osteopathy in the Cranial Field as “The
Mobility of the Intracranial and Interspinal Membranes” (Magoun, 1976a, p.27),
plays an intrinsic role in the PRM. However, the discussion of the PRM is two-fold,
part of it anatomical and part physiological.
4.2.2

THE PRM AND THE MENINGES

As mentioned previously, there was only a brief discussion of the roles and
functions of the leptomeninges in either text. The components of the PRM as listed in
the texts were modified to include how all three layers of the meninges are involved.
It should first be noted that there were changes in the order of components as listed in
the First and Third Editions; nevertheless the same components are listed, just in a
different order. The difficulty in analyzing the information presented in the texts
arises from confusion over the biomechanical concepts used within Osteopathy. The
term physiology has evolved into a catch-all phrase that encompasses physiology,
anatomy and biomechanics. Physiology is defined as “the science of body functions”
(Tortora & Grabowski, 2000, p.1), as such much of the discussion of the PRM is
physiological, however some is anatomical and biomechanical. As a clarification
introduced at this point, that will be referenced in an ongoing fashion, the term
physiology will be used in reference to chemical changes. That includes the
movements of fluids and the movements of substances within fluids. Biomechanics
will be a term that will be referenced for the principles and descriptions of
movements of musculoskeletal structures. This description will include movements
that involve bony displacement, including the micro movements of the cranial bones.
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The movements of the cranial bones are not normally considered in a discussion of
biomechanics or kinesiology, since much of the scientific world disputes their
movements. For the purpose of the osteopathic community, the movements of the
cranial bones will be considered under the term biomechanics since they involve a
form of bony displacement, i.e. a movement in space, and since there are principles
behind the organization of those movements. Without a doubt all three terms,
anatomy, physiology and biomechanics are inter-related, anatomy relates to
physiology, and to biomechanics, et cetera. The difficulty lies in trying to distinguish
between physiology and micro biomechanics, but some distinctions must be
attempted to allow clarification. In the discussion of the PRM, an attempt will be
made to identify and clarify those concepts.
The elements of the PRM will be discussed in brief, not as they are presented
exactly in the texts but with aim of displaying how important the meninges are to the
cranial concept. In addition, there will be an attempt to show the prominence of the
different layers of the meninges, individually or as a group. These descriptions
include references to how the leptomeninges are tacitly involved in the process of the
or as a group.
4.2.2.1 BRAIN AND SPINAL CORD
At the onset it appears that the meninges are not related to the inherent
mobility of the brain and spinal cord, since they are not mentioned in that context
within the text Osteopathy in the Cranial Field (Magoun, 1976a, p.23-24). However,
one of the layers of the meninges has a very intimate relationship to the neural tissue.
The pia mater is like a tight skin for the cerebrum, cerebellum, and all of the external
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elements of the brain. If for some reason the pia was very tight the pulsatile
movement of the neural tissue could be impinged since they are so closely
approximated. This would entail a physiological change as well, since the
vasculature of the cerebrum lies underneath the pia mater, including the delicate
choroidal arteries associated with the tela choroidea. An abnormal tension placed
upon the pia mater would influence the circulation of blood in the neural tissue. To
the members of the osteopathic community that follow Still’s teachings, this is highly
significant given the supremacy of the artery in Still’s beliefs. It is significant to note
that there is some information included in the First Edition on this topic that is not
present in the Third. For the purpose of this thesis and its examination of the
meninges, this information is worthy of note.
1. The neural axis shortens towards the junction of the third ventricle
and the evaginating lateral ventricles. The spinal cord shortens
towards the junction and the cerebral hemispheres unfold,
increasing lateral diameter.
2. The brain substance becomes more compact and thins out so that
there is an increase in the size of each ventricle, of the central canal
and the communicating channels. This also increases the capacity
of the subarachnoid space to receive cerebral spinal fluid (Magoun,
1951, p.17).
This quotation tacitly confirms the prevalence and significance of the meninges,
specifically the leptomeninges because of their close approximation with the neural
tissue, and the ventricles. Also there is the mention of the subarachnoid space,
between the pia and arachnoid maters, and its relationship to the CSF. To have an
unfolding of the cerebral hemispheres would require an unrestricted pia mater.
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Conversely, the capacity of the subarachnoid space to receive CSF depends on the
health of the leptomeninges in general. Much of this information will be re-examined
in the following subsection on the fluctuation of the CSF.
4.2.2.2 CSF FLUCTUATION
The fluctuation of the CSF is mentioned at some length in the in the Third
Edition, much more than was devoted to the same subsection in the First. It should be
noted that many of the palpatory sensations listed in the First Edition are not present
in the Third, and this revising process was very obvious in the section concerning the
fluctuation of the CSF. In both texts there is a connection established between the
CSF and the connective tissue of the body. “Clinical results would make imperative
the free communication from the subarachnoid spaces and to the tissue interstices of
the body” (Magoun, 1976a, p.26). Significantly the First Edition includes a theory
concerning why this happens as opposed to a more general, non-committal
observation in the Third Edition:
c. The volume variation which results from the increase in the
size of the ventricles and subarachnoid space as the tissues of the
central nervous system exhibit their inherent motility and express the
fluid.
d. Dispersal of the fluid as the excess fluctuates out along the
perineural channels during the exhalation phase of action (Magoun,
1976a, p.16).
The CSF in general holds a special significance for osteopathic practitioners
since its manipulation is desired to influence potency, hence the use of terms like
‘liquid light’ (Magoun, 1951, p.16). The Third Edition text does mention a
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connection between the meninges in two instances in a later section explaining
hydrodynamic effects. The first reference is to the inelasticity of the dura, and the
second is to “the free communication from the sub-arachnoid spaces to the tissue
interstices of the body” a quote from Sutherland’s work (Magoun, 1976a, p.26).
These two references are important for an understanding of the roles of the meninges
in the PRM.
First, the inelasticity of the dura is important for several reasons in the context
of osteopathic technique and in the concept of the PRM. It is the toughness and lack
of elasticity of the pachymeninges that allows certain fluid and biomechanical
processes to occur. Namely, the inelasticity of the dura allows the dural tube, going
from the ethmoid to sacrum, to act like a closed container. As a closed container, its
internal pressure will be kept roughly consistent throughout, not unlike a sphere.
Pressure on a closed container is expressed equally in all directions or: “Pascal's
Principle - Change in pressure in fluids is transmitted equally in all directions to all
parts of a fluid” (The Big Book - Forces in Fluids Chapter 7, 1998). What is
important to realize is that changes in fluctuation of CSF result in pressure changes in
the system because the pachymeninges lack elasticity. The changes in fluid pressures
result from the lack of spring within the walls of the system. In reality the changes in
pressure are part of the fluid dynamic of CSF. Pressure differentials result in a flow
of liquid from an area of high pressure to one of low pressure, resulting in circulation.
However, to circulate fluids in this manner requires a dynamic interactive system; the
type of system Osteopathy believes is inherent in the PRM.
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The leptomeninges are important to CSF fluctuation as is the storage area of
the CSF that is within the sub-arachnoid space, between the pia and arachnoid. The
cisterns of the CSF, although infrequently mentioned in terms of technique or theory,
are the major areas of storage of the CSF in the system, and are also in
communication with the connective tissue interstices as a whole (Magoun, 1976a,
p.26). Despite the frequent discussion of the importance of the ventricles and venous
sinuses to the CSF, the greatest amount of CSF storage in the body is in the
subarachnoid cisterns. One should note that the leptomeninges in the form of the pia
mater have an important role in the production of CSF. This discussion was the result
of deductions of information about much of which escaped mention in either edition
of Osteopathy in the Cranial Field. That this information is not mentioned or is
barely mentioned is significant for this paper.
4.2.2.3 INTRACRANIAL MEMBRANES
The intracranial and interspinal membranes section underwent a fairly large
expansion between the First and Third Editions. It was in this section that much of
the information about the anatomy and mechanics of the pachymeninges occurs. The
intracranial membranes serve to support the cranial contents, as well as providing
structure for the creation of spaces, and they have a role in transmitting forces within
the cranium (Magoun, 1976a, p.27). The concept of the support and portioning of
neural contents of the cranium is standard anatomical information. The idea of force
transmission however opens up a topic that is integral to the osteopathic cranial
concept of the PRM and also an area of confusing terminology. First, the
terminology must be explained. The term pole was used as the name for an
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attachment of a major folding of the dura mater into the cranium, including the
tentorium cerebelli, falx cerebri and cerebelli, et cetera. The term pole is used to
convey an image that is integral to an understanding of the term Reciprocal Tension
Membranes (RTM), also called the meninges in the First Edition. To equate the RTM
with the membranes is confusing since the RTM and meninges are not equivalent,
because the RTM refers to the dural attachments in the cranium and the second sacral
segment (Magoun, 1951, p.17), that connect together to act as a unit to distribute
forces. In the Third Edition some clarifications and corrections had been made, and
the RTM or cranial reciprocal tension membrane was identified as the three sickles
of redoubled dura mater. The term was applied in the singular indicating a unified
function. The function of the RTM was to guide and limit the cranial articular
movement (Magoun, 1976a, p.30), which according to a stipulation made in the
earlier sections of this chapter, refers to the biomechanics of the cranium. As a
mechanical principle that governs or explains movement, it falls within the criteria of
biomechanics or kinesiology.
An effort must be made to differentiate between applying the term physiology,
which is often used to describe the hormonal or cellular processes existent in the
cranium, from the mechanical movements. The mechanical movements are equated
with living processes, hence the term biomechanics, applied to bony displacements,
not to substance exchange across membranes. Osteopathic cranial theory states that
the bones of the cranium move, and as such there are certain laws that govern that
movement. The discussion of the PRM in this section of the text refers to that
movement as part of the physiology of the cranium. However, maybe it is time to
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start referring to these actions as mechanics, to distinguish them from occurrences
that are strictly physiological. This is not a concept that is remote from the material
in the section on the intracranial and interspinal membranes. There is a definite
mechanical implication to the discussion of the functions or physiology of the RTM.
Here lies a reason for the use of the term pole as well, since the idea here is to convey
the image of a system of force dispersion and modification. The concept is that of
balancing firmly attached guide wires around a central axis, which serves as a
metaphor for the action of Sutherland’s fulcrum. The term pole is applied to the
anatomical attachments of the dural folds within the cranium, and in fact the term
mechanics would describe the movements transmitted by the RTM to be spread
among all of the cranial bones. This should not be confused with the physiological
process that is behind cranial expansion. The confusion seems to lie in the
transduction of the fluid forces of expansion, into the biomechanical movements of
flexion and external rotation. Even though the two are intertwined in function they
represent different manifestations of physical phenomena. PRM expansion results
from a physiological process that involves the systemic circulation and intracranial
blood pressure, among other things. Flexion and/or external rotation are the
mechanical results of pressure differentials in a system that has varying flexibility in
its constituent parts. The mechanical flexibility that the system contains increases the
pressure differentials between different areas, sequentially resulting in a waveform
pattern of flow. The two systems are linked in action of by the RTM.
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Figure 4.4, Schematic of the dura mater’s attachments (Magoun, 1976a, p.29).

The term pole was used was to explain the balancing of forces around
Sutherland’s Fulcrum. Significantly there is a very important anatomical structure
present at the end Sutherland’s fulcrum, the pineal gland. It is worthwhile to note that
the gland responsible for the body’s circadian rhythms is at the centre of the
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membraneous movements of the cranial sphere. In addition, the straight sinus or
Sutherland’s Fulcrum is referred to as the common origin of the tentorium cerebelli
and falx cerebri. The connection of the three sickles of dura mater folds at the straight
sinus is explained as being present for the system “To secure balance effectively in all
directions, they must operate from a fulcrum which is suspended so that it can
automatically shift to meet the changes taking place with the physiological motion of
the skull” (Magoun, 1976a, p.30). The cranial system is linked to the sacrum via the
dural attachments at the second sacral segment so that “the entire complex is a unit of
function in its mobility about the one fulcrum”(Magoun, 1976a, p.30)

Figure 4.5, Schematic pf poles of attachment of the RTM (Magoun, 1976a, p.28).

What is the basis for the concept for the location of the origin of the falx
cerebri and tentorium cerebelli’s at the straight sinus? The statement was an
interpretation based on the anatomy and cranial biomechanics. The tendency toward
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interpretation is part of what makes Osteopathy unique, and was replicated in this text
as well in a later section (Chapter Eight), in keeping with Osteopathic traditions.
To continue the anatomical discussion, the poles of attachment for the RTM
are the following anatomica:


The origin of the falx cerebri is considered to be the straight sinus, continuous
from the inion to the end of the straight sinus. The falx cerebri continues on
either side of the sagittal suture, and the metopic suture to eventually insert on
the crista galli of the ethmoid or the anterior superior pole of attachment
(Magoun, 1976a, p.27).



The tentorium cerebelli also has a point of origin at the straight sinus.
Posterior the tentorium attaches to the internal protuberance of the occiput and
transversely as a fold that contains the transverse sinus, and is called the
posterior pole of attachment.



The tentorium then attaches to the petrous portions of the temporal bones
called the lateral attachments.



The anterior attachment of these lateral borders is called the petrosphenoid
ligament. The anterior edges of the tentorium attach to the clinoid processes
of the sphenoid body. In which the “internal border of the tentorium, through
which passes the midbrain, the free edges run forward, cross of the
petrosphenoid ligaments and insert into the anterior clinoid processes”
(Magoun, 1976a, p.28). The four clinoid processes make up the anterior
inferior pole of attachment. [the petrosphenoid ligaments or ligaments of
Gruber are not typically described as the lateral borders or attachments of the
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tentorium cerebelli as mentioned on page 28 of the text, typically they are
shown as small band-like continuations of the tentorium cerebelli, there is no
indication as to why Magoun indicated the petrosphenoid ligaments as the
edge of the RTM.]
The falx cerebelli extends caudally from the straight sinus to the dura mater of the
spinal cord all the way down to the second sacral segment providing the “all
important link between the membraneous articular mechanism of the cranium and
the sacrum”(Magoun, 1976a, p.29)

Figure 4.6, Schematic of poles of attachment of RTM, other view (Magoun, 1976a, p.27).
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The other dural folds contribute to a lesser degree to the function of the RTM,
including the tentorium of the hypophysis or diaphragma sella. It attaches to the four
clinoid processes and blends with the surrounding dura mater (cavernous sinuses and
tentorium cerebelli). It is also significant to note that Magoun refers to the
denticulate ligaments and other meningeal attachments as being quite fragile. An
additional topic of significance within the chapter of the Intracranial and Interspinal
Membranes was the connection made between the RTM and the cervical fascia, and
thereby to the corpus totum. This connection consists of prolongations of the dura
mater both as the sheaths of the cranial nerves as they leave the skull, and as
coverings of the blood vessels entering and exiting the cranium. However there is no
mention of the connection of the dura mater to the nuchal ligament via the rectus
capitis posterior minor as shown in the dissection information (Chapter Eight).
4.2.2.4 ARTICULAR MOBILITY OF CRANIAL BONES
This section of the text discusses the movements of the cranial bones at their
sutures. In the First Edition of the text much of the articular mobility is described as
occurring as the result of the pull on the bones via the RTM, and as well by pressure
changes from fluctuation of the CSF, called its potency. In the Third Edition there is
more discussion of the articular movements of the sutures with much of the
information about the RTM discussed in an earlier section. It should be noted that
during dissection studies many of the skulls lacked calvarial sutures. However the
sutures of the cranial base in connection with the petrous temporal were still present,
even with very elderly subjects. Sutures or sutural remnants were not found between
the sphenoid and occiput. It should be added that the presence of sutures is quite well
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established in children and young adults. The presence of the dura mater within the
suture is integral to the development of the suture from an embryological perspective,
since the vault bones develop from ossification centres in the layers of the dura mater.
The eventual disappearance of the pachymeninges from the sutures is reported as
being quite variable. However, the presence of the dura mater within a cranial suture
would cause the transmission of the force from the RTM into the sutural area. This
pressure upon a tissue between two bones would result in various movements,
possibly modulating the overall expansion of the cranium from one area to another.
4.2.2.5 ARTICULAR MOBILITY OF SACRUM
Sacral mobility between the ilia is the direct result of the connection of the
dura mater to the second sacral segment. The movement of rotation around a
horizontal respiratory axis occurring between the greater and lesser arms of the
sacrum occurs because of movements transmitted along the dural tube or core link.
As the foramen magnum lifts in the inspiratory phase, the tension placed upon the
dura tilts the sacral base posteriorly. The text notes that there are no strong
attachments from the third cervical vertebra until the second sacral segment except
for light contacts at the denticulate ligaments and nerve roots. However, it was found
during dissection that these connections could be quite strong and durable (Chapter
Eight). It should be noted that the dura mater follows the nerve root out for several
centimetres, and that the denticulate ligaments are not from the pachymeninges but
originate from the pia mater
4.3

CONCLUSION

There are a few significant conclusions to be drawn from the analysis of
Magoun’s text Osteopathy in the Cranial Field, as relates to the meninges. Based on
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a general analysis of inspection, there is much more information on the dura mater, or
pachymeninges in both versions of the text (see Table Appendix F). Secondly, the
information of the first text is mostly in point form, making it appear as though there
was much less information, which is not necessarily the case. In the consideration of
the pia mater, and also through experiential discussion, there is more information in
the First Edition. However, there has been the addition of much more detail, and
scientific research referenced in the Third Edition, especially on the subjects of the
venous sinuses and especially the PRM. It should be noted that several references to
the meninges (Appendix F) in the texts are actually references to the pachymeninges
or the RTM.
There is also a qualitative observation that the author would like to make.
There are two changes worth noting between the First and Third Edition. Initially the
First Edition has more information about and references to the leptomeninges, albeit
in point form, and to experiential or palpatory descriptions (Appendix F Table of
references). One should remember that the CSF and leptomeninges were noted as
highly interconnected in the text. Experiential terms are often indicated when working
the fluids, or the CSF. With the removal of those experiential descriptions, and of
statements by Still, it appears that there was a decision to keep the emphasis of the
Third Edition of the text more heavily weighted on biomechanical subjects. The
pachymeninges is more related to PRM biomechanical concepts. One could safely
assume that there was also an attempt to appear more credible to the scientific
community. Certain discussions were omitted from the text, probably assigned to the
more intimate format of the practical class sessions or study groups. Placing the
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emphasis on the use of the dura mater and the function of the RTM, meant taking
information about fluid work, palpatory sensations and information about the
leptomeninges out of the text, or de-emphasizing that information. The pattern one
notices in the experiential material is that most of it concerns the CSF, and the CSF
belongs to the leptomeninges. If one is removed, then information about the other is
revised to appear consistent. This appears to be the pattern of events in the changes
from the First Edition to the Third Edition.
The biomechanics as explained in the Third Edition are clearer, and the role of
the dura mater is well explained. It is obvious that in some cases terms were used or
created to add a slightly different meaning to some of the vocabulary. The term
meninges is sometimes applied to the dura mater or RTM. The term dural membranes
is used, however, it is pretty clear that the connotation is one in which the dura acts in
a membraneous manner, and not that the leptomeninges are involved. Sometimes
terms like meninges, or dural membranes, or RTM are used as metaphors for the dura
mater. The use of those terms should not be seen to signify that the other layers of
the meninges are implicated, especially in biomechanical conversations. If one
realizes that fluids are in the context and control of the leptomeninges, and
respectively that the dura mater is related to the biomechanics, then the changes from
one text to another become more easily understood. One should note that a fair
amount of information on innervation of and vascular supply to the meninges was
added to the body of knowledge in the Third Edition. In terms of the evolution of
concepts, the Third Edition seems to emphasize the venous sinuses much more than
First. The emphasis on the venous sinuses echoes the discussions of Swedenborg,
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and his statements regarding the role of cranial bone movements in the circulation of
blood out of the brain and how that affects the venous sinuses. As mentioned in
Chapters Six and Seven of this thesis, Swedenborg seemed to have associated the
health of the cranium with movements of its fluids. Blood was the most important of
these fluids for Swedenborg, and also very important for Magoun. The role the
venous sinuses had in terms of the fluctuation of the CSF, as linked to the movement
of the cranial bones, was obviously an area that was decidedly emphasized in the later
edition. Given that the physiology of the CSF includes the ventricles and the venous
sinuses, the additional information on the venous sinuses offered a further explanation
of how osteopathic technique influenced the health of the individual.
Looking from one text to the other it would appear that the later text was
written towards a different audience. The tone of the third edition text is much more
like that of a textbook as opposed to the first edition that appears to be more like
lecture notes. It would appear that in the first edition the author was writing the
material for a group of people that he assumed would know the material and would
need only reminders. In the later text the format is much more similar to that of a
textbook written for students. The first edition on that level appears to be intended
for an audience that was more educated, and more experienced hence the inclusion of
experiential material, the type of material that would perplex an audience of
beginners. In the Third Edition, there is much more explanation of concept, and the
experiential material has been removed. One could suppose that this simplification
process occurred for either of two reasons. The original audience of the first edition
text were persons well acquainted with osteopathic technique, and the cranial
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mechanisms. Hence the brief point form discussions. The audience of the third
edition possibly included more students/novices, or they were more or less
incredulous medical doctors. In either case it appears that Magoun decided to remove
more controversial metaphysical material and stick to more easily explainable
mechanics. Given those considerations it is unlikely that information on the
leptomeninges, or experiential material would be chosen to for inclusion in the later
text. It should be noted that a clarification of some terms occurred, with the term
meninges being substituted for RTM in the First Edition, and then the RTM being
applied as a singular entity in the Third Edition. The clarifications were designed to
reduce confusion, but unfortunately seems to have left out more complex concepts.
There are few direct references to the leptomeninges, and none in the practical
section of the texts. However if for one moment the reader considers that the CSF or
fluids, Magoun was talking of, were manifestations of work performed through or
with the leptomeninges, then one’s perspectives on what Magoun meant by the
inclusion of metaphysical terms changes profoundly. Magoun himself was well
acquainted with the anatomy of the leptomeninges, and for that matter the
pachymeninges as well. Even though anatomical discussions are generally brief,
especially in the first text, they are usually pretty succinct. So Magoun knew about
the meninges, and probably during the time the books were written many theories
about what was happening were being discussed. In the context of this thesis it is the
author’s contention that terms like tide, and fluids were identifying reactions of the
ECM to osteopathic technique, particularly in the compartments of the
leptomeninges. If one agrees with this contention then much of the editing process
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apparent in the later edition makes sense. It is possible that the author was having a
hard time convincing people that the cranial bones could be manipulated, and was
getting frustrated with trying to teach students the concepts. It is quite likely that he
excluded more difficult conceptual material in favor of the biomechanical concepts.
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5

CHAPTER 5: OTHER OSTEOPATHIC INFORMATION
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5.1

INTRODUCTION

For the purposes of this thesis, the writings of certain Osteopaths were selected to
give the reader an overview of significant influences on cranial osteopathic work. The
other osteopathic literature chosen included texts, articles and writings before 1951
(by First Edition publication date) and to the present. The purpose of these
comparisons is to look for trends in changes in thought, development of concepts and
accumulation or revising of the repertoire of information. Essentially, this section
seeks to discern if there has been progress made in the information about the
meninges, and what sort of information has been added to that provided by the
original text. Also the frequency of reference to the texts will be noted to question,
validate or discredit the author’s choice of primary reference text. The texts
examined are not a complete survey of the literature in terms of research trends or
conceptual development, but at least serve to offer a comparison to the information
presented in the Osteopathy in the Cranial Field.
5.2

DISCUSSION

The discussion section of this chapter is focused on understanding what other
Osteopaths said about the meninges. How does it differ from or confirm the
information presented in Osteopathy in the Cranial Field. In addition, the frequency
with which the text by Magoun is referenced will be an indicator of how well that text
represents a textbook of cranial technique for the osteopathic profession. The
literature review for the subject of this chapter included the texts Osteopathy in the
Cranial Field (Magoun, 1951, 1976b), ‘The Selected Writings of Beryl E. Arbuckle,
D.O., F.A.C.O.P.’ (Arbuckle, 1977), and Teachings in the Science of Osteopathy
(Sutherland, 1990). There were articles included such as those by Charlotte Weaver

253

including The Cranial Vertebra, Parts i, ii and iii (Weaver, 1936a, 1936b, 1936c),
Traumatization of the Plastic Basicranium: Other than Obstetrical (Weaver, 1938d),
Etiologic Importance of the Cranial Intervertebral Articulations (Weaver, 1936d),
The Three Primary Brain Vesicles and the Three Cranial Vertebra, Parts i, ii, and iii
(Weaver, 1938a, 1938b, 1938c). All the Weaver articles are stylistically important
because the information is based on anatomical dissection, and not because of their
reference to the dura. Craniosacral Therapy (Upledger & Vredevoogd, 1983) is
reviewed as well.
The purpose of this section is to give the reader an idea about what is known by
Osteopaths as relates to the meninges. William Garner Sutherland’s Teachings in the
Science of Osteopathy was selected not only because of his seminal influence as the
originator of cranial osteopathic technique, but because the text is a selection of
articles that he wrote, not the second hand work of his students. Charlotte Weaver’s
articles were selected because her thoughts and techniques were based on dissection.
John Upledger’s books CranioSacral Therapy and Cell Talk were chosen based on
their popularity amongst Osteopaths and those outside the field. Jane Carreiro’s work
An Osteopathic Approach To Children was selected as an example of contemporary
osteopathic writings. Several theses were included because they contained research
on osteopathic subjects and experiments.
5.2.1

SUTHERLAND

To examine and discuss at least some of Sutherland’s writings or
transcriptions concerning cranial Osteopathy would seem essential to an
understanding of cranial Osteopathy. The text Teachings In The Science Of
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Osteopathy was selected since it is a collection of his writings and contains selections
from his other works. From a casual inspection there are several initial
observations—one was that Sutherland knew his anatomy, anatomical relationships
and physiology well. Another conclusion was that his education with Andrew Taylor
Still was an essential part of his osteopathic development. The author frequently
references Still in the text, which is interesting because other Osteopaths do not, and
as well there are frequent esoteric or metaphysical references, similar to those in the
First Edition of Osteopathy in the Cranial Field.
During the following section of this thesis, excerpts from the text Teachings in
the Science of Osteopathy will be discussed and analyzed. They will be examined,
not only for their discussion of the meninges, but also to give the reader an idea of the
context of cranial Osteopathy as outlined by its originator. In general, there is an
accurate discussion of anatomical detail, physiology and mechanical principles. One
significant observation is that Sutherland appears to understand and discuss material
as a truly experienced teacher. The mechanics are discussed by analogies that are
simple and accessible to the average person, the references to the philosophy and
metaphysics are kept short and direct, and the concepts are developed sequentially.
The author seemed to be concerned that the material be understood and accessible for
the reader.
5.2.2

SUTHERLAND ON STILL AND METAPHYSICS

One note of interest for osteopaths is Sutherland’s references to Still and the
American School of Osteopathy (ASO). There are frequent references to Still
throughout the text, as there is in the First Edition of Osteopathy in the Cranial Field,
but which there were not in the Third Edition of Osteopathy in the Cranial Field. As
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discussed earlier it appears as if the references to and quotations from Still were
edited out in later osteopathic texts, as well as metaphysical or experiential
discussions by Still and others. This discussion of the occurrence of Still’s references
in the text will be kept short, but will serve to demonstrate what Sutherland thought
was important to mention about Still for the benefit of the reader learning about
cranial Osteopathy.
The first quotation of interest discusses dissection materials and their
importance in inspiring Sutherland to discover the cranial concept. One can infer that
the importance of the dissection materials was to give students a mental picture of the
anatomy, to allow subjective interpretation of the anatomy, and to keep them away
from rote memorization or dead fact. Obviously, the presence of anatomical
specimens was successful since it inspired Sutherland with visual inspiration that was
to foment a change in Osteopathy.
Dr. Still spoke often of the design for motion in the articulations of the
bones. Because of this emphasis, anatomical specimens were on view
at the college where the students could study them. Had this not been
so, Dr. Sutherland would not have come to the moment in his life
when he experienced a flash of insight which saw the articulation of
the sphenosquamous suture as a design for motion that implied a
respiratory mechanism, “like the gills of a fish.” Given the statements
in the anatomical texts that the sutures fuse, or ossify, in the adult, he
had much skepticism and reservation about his own insight for many
years (Sutherland, 1990, p.xx, from introduction written by Anne
Wales).
Obviously the anatomical materials were valuable for Sutherland’s education, which
was a direct result of Still’s efforts at inspiring his students. Later on in the text is
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another mention of the need for anatomical study, and also in the same paragraph the
author urges students to re-examine premises, and then mentions a metaphysical
concept.
Do not base your thinking on matters that have been passed down
through the ages without critical scrutiny. Study the animate human
body as well as the cadaver. Study the life principle and come closer to
understanding what I mean by the “Breath of Life.” Dr. Still did his
very best to introduce us to this phenomenon, but we were not ready
for it (Sutherland, 1990, p. 7).
Throughout the text terms like tide and breath of life are frequently used to explain
the experiences of the osteopathic practitioner, palpatory experiences that are
involved in the interaction between the practitioner and the patient. Since the
dynamic is complex, and the experiences involved are at best tenuously described, the
language used to discuss these experiences is metaphysically descriptive. Sutherland
was attempting to lay down information and references about his experience to those
who followed him. There are numerous other quotations, but these two are enough to
give the reader an idea of the type of language in the text, as well as demonstrating
the importance of Still to (cranial) Osteopathy. This mention of Still will set the
backdrop for a comparison with other osteopathic texts, which rarely mention the
founder of Osteopathy. However, suffice it to say that if Still thought that anatomical
(cadaver) study was an important part of the education process of the Osteopath, then
it should be considered important to contemporary Osteopaths.
5.2.3

SUTHERLAND AND LEPTOMENINGES

There is frequent mention of the leptomeninges in the Teachings In The
Science Of Osteopathy. However, one should take note that the leptomeninges, as
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with all other anatomical structures mentioned by Sutherland, are all discussed in
terms of relationship, or interrelationship. Secondly, one should take note that the
text is full of practical examples of the mechanics of cranial technique, meant to give
the reader/student an image of the principle that Sutherland was trying to convey. In
terms of the leptomeninges there are some very clear concepts. One concept is that
there is an important relationship between the leptomeninges and the CSF, and the
CSF was very important to Sutherland. Unfortunately, even though there was use of
the term mechanics, there was still a tendency to mix up physiological activities with
mechanical actions.
See that choroids plexus upon the roof not in the ventricle. I
want you to see that choroids plexus alternately stretching out and
bunching up during inhalation and exhalation.

There is your

mechanical principle for the interchange between the blood and the
cerebrospinal fluid. Realize the motility of the brain and the motility
of the choroid plexus, which is pia mater and a part of the blood
vascular system, not the nervous system… Go back to the fourth
ventricle and see the same mechanical picture (Sutherland, 1990,
p.21).
In this last quotation the connection between the blood, CSF and
leptomeninges is discussed, similar to the discussion in the First Edition of
Osteopathy in the Cranial Field. Interestingly the Magoun text uses physiology
frequently, even for mechanical actions, whereas Sutherland uses mechanical
descriptions, even for physiological activities. This is the case in this quotation where
Sutherland discusses the physiology of CSF secretion, which he refers to as
mechanics.
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There are further discussions of the leptomeninges, specifically the arachnoid,
which are more difficult to categorize and display, either with original thinking or
very close dissection study. It is the contention of Dr. Sutherland that the arachnoid
mater can collapse upon the pia, secondary to trauma. Several times in the text
Sutherland refers to the collapse of the arachnoid upon the pia mater, which of course
has serious consequences for the CSF that lies between the two layers. “The man’s
physical mechanism had been dead, stalled. It was locked in meningeal shock; the
arachnoid membrane was locked down upon the brain” (Sutherland, 1990, p.37).
Sutherland was possibly describing the effects of the collapse of an arachnoid cyst. It
is difficult to say exactly what Sutherland was referring to. However chances are that
what Sutherland was referring to, were relics that are sometimes seen in dissection
(see dissection section of the thesis Chapter Eight), or to the collapse of a
subarachnoid cyst. This material was not mentioned in Osteopathy in the Cranial
Field, however, since it is an area of conjecture one might assume that the material
was deemed to be too speculative to be included. There are some less contentious
observations that are worth mentioning as well.
The brain and spinal cord are of the consistency of soft custard. The
whole neural tube is in the protective surround of the cerebrospinal
fluid, inside and outside. This whole, wrapped in the leptomeninges
(the arachnoid-pia), lives within the osseous neurocranium formed of
bones held together by the dura mater and its specializations
(Sutherland, 1990p. 55).
Sutherland seems to consider the water-beds of the brain or subarachnoid cisterns as
important as well since the brain rests upon them. The brain is supported by the
spaces created by the leptomeninges, as well as being contained itself by the

259

leptomeninges (pia) that are its surface covering and that support the very soft neural
tissue. Sutherland also suggests that it is both the dura mater and the arachnoid that
causes neural dysfunction secondary to membraneous restriction of the cranial system
(Sutherland, 1990, p. 133 and p. 147).
5.2.4

SUTHERLAND ON THE PACHYMENINGES

The pachymeninges are frequently mentioned in the text Teachings in the
Science of Osteopathy in various forms such as the reciprocal tension membrane,
dural membranes, the falx or the tent. The content of Chapter Four of Teachings in
the Science of Osteopathy is on the reciprocal tension membrane, and there is a fair
amount of detail concerning the relevant details of the anatomy and mechanics of the
pachymeninges. In general, the information is the same as that listed in Osteopathy in
the Cranial Field, including the listing of attachments, which is no surprise since
Sutherland makes a reference to Magoun in this chapter. In the various discussions of
the dura, or the RTM, principles of correction are mentioned and theories of the
cranial mechanics as well.
The fulcrum in the action of the reciprocal tension membrane in the
membraneous articular mechanism of the living human cranium is a
still point around which or over which the constantly tense membrane
operates the poles of articular attachment.
You will note that I arranged a schematic way of describing the
attachments of the reciprocal tension membrane – the attachments of
the falx cerebri and tentorium cerebelli . . . These schematic names are
simply to show that all the bones of the neurocranium are attached to
the mechanism that moves the . . . It is the same mechanical principle
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that functions when you are reducing a ligamentous articular strain in
the vertebral column (Sutherland, 1990, p.18).
There are several topics worth noting in the previous quotation: the membranes
connected to the cranium by poles of attachment; and the concept that mechanical
principles are applicable not only to the vertebral column but to the cranium as well.
Mechanical concepts of the vertebral column were not abandoned, just modified to
apply to the cranial dynamic. The use of the term still point is a reference to the
balancing of tensions around a fulcrum; “the rope (RTM) would be under constant
tension. Then, perhaps they would get a balance point, a still point, that would serve
like fulcrum” (ibid). The chief role of the pachymeninges for Sutherland was its role
within the RTM. The combination of the two sides of the tentorium cerebelli or the
two “falx tentorium” (tent cerebelli) with the falx cerebri constitute the bulk of the
RTM.
Note that the three sickles on the inside of the cranium, specializations
of the inner layer of the dura mater, constitute one structure that holds
all the bones together. I call this the reciprocal tension membrane of
the human cranium. It allows a normal range of movement of the
bones at the sutures. The tension in this membrane is emphasized
because you could not have a reciprocal mechanism unless it were
continually tense (Sutherland, 1990, p.42).
Sutherland goes on to discuss the RTM again later in the text with much the same
information as previously, reinforcing the concept that the mechanism of cranial
movement is similar to the mechanics of the spine, including ligamentous strain
(Sutherland, 1990, p. 121).
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In terms of the meninges as a whole, it was emphasized by Sutherland that
proper neural function was the result of several factors, including the RTM, CSF
production and circulation, and the proper movement of fluids into and out of the
cranium, especially blood. The relationship of the meninges to the health of the
whole cranium is emphasized repeatedly throughout the text. The logic of these
comments is straightforward, if the dura is too tight or the RTM suffering a strain
then the venous sinuses cannot drain the neural tissue. If the arachnoid collapses in a
meningeal shock then CSF can’t circulate nor can blood move through the pia mater
to the neural tissue as efficiently. For Sutherland all of the meningeal layers have a
role in the functional health of the cranium and its contents.
Thus, we may reason that membraneous restriction disturbs the
venous flow and fluctuation of the cerebrospinal fluid. While cranial
lesions may be primary, the intracranial membranes, including the
dura and the arachnoid, are the real disturbing causation factors
leading to disease or disturbed function in the brain , , , a
membraneous shock may occur that locks down over all the fissures
and sulci of the brain…I interpret this as a locking of that arachnoid
membrane over the outside fissures of the neural tube. What would
that do to the pia mater that carries blood supply to the perivascular
spaces? (Sutherland, 1990, p.133).
For Sutherland, there are other roles for the dura mater as well, mainly having
to do with connections between the dura mater and other structures in the cranium.
The periosteal dura lines the cranium, and in some areas is redoubled or folded to
give a double layer (Sutherland, 1990, p.24). Certain structures are present within
those doublings of the dura mater, including the venous sinuses as mentioned
previously, as well as neural structures. Magoun refers to these occurrences as spaces
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between the layers, in Osteopathy in the Cranial Field, and although Sutherland does
not attach a label to these overlappings of the dura, he considered them worthy of
attention. “Look at the sleeves of dura mater on the branches of the fifth cranial nerve
as they leave the trigeminal ganglion. Focus your attention on an infinitely small
strain of the dural sleeve on the middle branch (of the trigeminal), the maxillary
nerve”(Sutherland, 1990, p.139).
Comparing this text by Sutherland with the text by Magoun, his student, one
can see a definite influence of the former on the latter. However, it is disturbing to
compare the Third Edition of Osteopathy in the Cranial Field to the First Edition of
Teachings in the Science of Osteopathy. In terms of material, there is a high degree
of similarity, however, when one examines the more insubstantial discussions of
palpation and concepts, the revision process apparent in the creation of the Third
Edition is disappointing. The tendency to follow scientific rationalism in the Third
Edition entails a departure from discussing the roots of Osteopathy (Still), and away
from experiences of palpation and consciousness. The path chosen by Magoun in the
Third Edition is a path that is more scientifically and medically reputable, yet lacking
the essence of the original spark of Osteopathy. Andrew Taylor Still created
Osteopathy not to cater to medicine, but to be different from medicine, and
independent in its thinking. This independence of thinking is present in the writings
of Sutherland and the First Edition of Osteopathy in the Cranial Field, but seems to
be disappearing from later osteopathic thought.
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5.2.5

CHARLOTTE WEAVER

The works of Charlotte Weaver are significant as a counterpoint to the
literature of Magoun and Sutherland, since her material is original and not the result
of Sutherland’s thoughts or teachings on cranial Osteopathy. The development of her
work on cranial technique follows years of dissection studies that contributed to her
research into embryology, cranial osteopathic concepts, and psychology. She was a
student of Still at the ASO and was noted for her knowledge of anatomy. Her
development of cranial technique, both in theory and application, was based
principally upon dissection. The works of this Osteopath, much of which has been
lost to history, are interesting for the purposes of this paper, because of her use of
dissection, especially fetal and juvenile dissection. Her knowledge of embryology
and development was a cornerstone of her Three Cranial Vertebra concept that was
an integral part of her cranial method as is surmised from her literature.
To analyze the few works available by Charlotte Weaver is to attempt to
interpret the thoughts of an intellectual giant. Her writings explode with information,
especially embryological anatomical information. By anatomical information, one
would have to include not only human anatomy and embryology, but comparative
anatomy, and ontogeny as well. The quality of information is comparable to that of
any current scientific researcher. The bulk of her information on the meninges of
interest to this thesis concerns the dura mater, for Weaver the leptomeninges were not
involved in the cranial evolutionary processes that interested her. “The neural tube
membranes are three in number – dura, arachnoid and pia. The arachnoid and pia are
not further pertinent to this immediate article, but the intracranial modifications of the
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dura, on the contrary, are of greatest pertinence” (Weaver, 1936d, p.522). There were
several topics regarding the dura mater that were of interest to Weaver, and to her
studies of the development of the individual in utero. One area of interest was the
dural ‘sheaths’ of the three cranial fossa, which had a role to play in the path of the
cranial nerves and their development in relation to the three cranial vertebra. The
other role of the dura considered important was its plasticity and the movement of
blood through it via the venous sinuses or the passage of arteries, especially the
carotid artery in the cavernous sinus and diaphragma sellae.
The structure of the dura mater is consistent with that mentioned by other
authors, as a bilayered sheet within the cranial cavity. One observation by Weaver
that was significant for her studies is of the middle cranial fossa, and the anatomy of
the cavernous sinus and the sella turcica. Weaver makes a valuable clarification to
the anatomy of the dura mater and the sutures when she points out that the dura is
most strongly attached at the cranial base where the fossae are irregular, around the
margins of the larger orifices, and at the un-united suture where the dura becomes
continuous with the external periosteum of the cranium (also confirmed where
present, during the dissection process). It should be noted that both the First and
Third Edition of Osteopathy in the Cranial Field state that the dura is continuous
through the sutures with the external periosteum, and that this was not confirmed
during the dissection studies (see photos Chapter Eight) and (Magoun, 1951, p. 12,
p.18; 1976a). Subsequently Weaver discusses the elasticity of the dura mater, which
one could assume was an error of nomenclature on her part since it is assumed that
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she meant plasticity. However, the properties of that plasticity allowed for the
flexibility of the relative structures, the venous sinuses and capsule of the pituitary.

Figure 4.7, Schematic of sella turcica according to Weaver (Weaver, 1936d, p.522).Note the presence
of the term dural capsule of hypophysis.

Weaver states that the functional plasticity is integral to proper organ
functioning, but that when the norms of function are exceeded, pathology results from
the physiology. This applies in the case of the venous sinuses and pituitary, as well as
the piercing of the dura of the tentorium and middle cranial fossa by the cranial
nerves as they develop in relation to the bony structures of the three cranial vertebrae.
Obviously the role of innervating the dura mater is a byproduct of the embryological
growth pattern as outlined within the three cranial vertebrae concept (Weaver, 1938b,
p.407). This growth pattern is part of the complexities of development of the
cavernous sinus, which along with the foramen lacernum/internal carotid are
important vascular centres according to Weaver. The drainage of the cerebrum,
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cerebellum and pons via the transverse sinuses, and the anterior/inferior part of the
cranium to the cavernous sinus are linked by the reversible flow of the petrosal
sinuses, a process which is vital in the equilibration of intra-cranial blood pressure.
This suggestion asserted by Weaver, is not mentioned by Sutherland or Magoun, but
is upheld by contemporary research on arachnoid granulations (Weaver, 1936d,
p.523). The cavernous sinus itself is drained by the petrosal sinuses, and/or by veins
that pass via the foramen ovale and the mandibular nerve into the pterygoid plexus,
and/or through the foramen lacernum, and/or the inconstant foramen of Vesalius
and/or through the foramen ovale with the maxillary nerve (Weaver, 1936d, p.523).
The addition of this information to the body of knowledge in Osteopathy may prove
valuable in time since much of this information was not emphasized in Osteopathy in
the Cranial Field except for a diagram (see previous figure). Weaver’s work remains
to be more fully explored, since it offers much thought provoking information. In
terms of the dura and its implications to her concepts, there is the following quote,
which gives the reader a good idea of how Weaver looked at cranial technique.
Conclusions
i. Disarrangements of the normal relationships of the parts of
the cranial vertebral formations which compose the plastic
basicranium will (1) change the intrinsic mechanics of the special
dural arrangements which exist normally in the cranial fossae as a
series of physiologic dynamisms which are of the greatest importance
to the organism; (2) alter the contours of the foramen lacernum.
ii. There are three chief intracranial formations in which the
expectancy of the occurrence of pathology either of (1) function, or of
(2) organic structure, or of (3) both function and structure, as a direct
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result of lesioning of the cranial inter-central articulations is a
legitimate expectancy. These formations are (1) the sella turcica and
its contents, (2) the dural sinuses of the base; the cavernous especially
and it tributaries; but, also the petrosal and other basilar sinuses, and
(3) the foramen lacernum and the petrosal and intracranial portions of
the internal carotids (Weaver, 1936d, p.524).
One should also note that Weaver was talking about treatment of the cranium before
Sutherland published his works, or started teaching cranial technique. Interestingly,
Weaver, despite her advanced education and travels, taking her to Europe to study
anatomy in France for example, continues to quote Still, in keeping with other texts of
her era. She references Still, not because of his metaphysical comments, but because
of his inspirational thought in other areas. She also suggested a large dissection study
as necessary for further research into her findings.
5.2.6

ARBUCKLE

One of Sutherland’s students, Osteopath Dr. Beryl Arbuckle DO was prolific
in her writings, mainly in the form of osteopathic journal articles, most of which are
concerned with pediatric Osteopathy and cranial anatomy. There is a collection
available called The Selected Writings of Beryl E. Arbuckle D.O., F.A.C.O.P. Her
discussions of cranial Osteopathy reference Still and Sutherland frequently, and are
centered on anatomy as it relates to the pathology or biomechanics of the cranium.
In her discussions of the cranium she frequently mentions the effects of labor
and delivery on the cranium of the child, often in relation to the dura mater. The
reduplications of the cranial dura in the falx cerebri and tentorium cerebelli are
described in the adult as intracranial partitions for the purpose of holding the cranial
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contents in situ, but in the infant we find the dural attachment to the cranial bones
much firmer and she attributed this strength of attachment to its function in the
protection of the cranial content from some of the strains of labor.
The tentorium is attached inside the cranium to the place where the
bones, laid in cartilage, give way to those laid in membrane – that is,
to the superior borders of the petrous portions of the temporal bones
and to the margins of the superior surface of the tentorium, thus
pulling it upward anteriorly. The particular strengthening bands in the
construction of these membranes are important in their protective role
in delivery…
… cranial management of the newborn revolves itself into two main
points; first, the normal alignment and position of the various parts of
the occipital bone so as to correct any crowding of the foramen
magnum, and second, the removal of the strains produced upon the
intracranial membranes due to experiences of labor (Arbuckle, 1977,
p.13).
For Arbuckle the intracranial membranes were important in terms of treatment post
trauma, especially post delivery. Later in the text Arbuckle discusses the importance
of the membraneous structure as it relates to labor, especially to the process of
molding or excessive molding secondary to a difficult delivery. The membranes act
to protect the neural contents, however, in so doing they maintain the cranium in a
distorted position especially the calvarium. The adaptive process entails a distribution
of forces along the falx into the tentorium and thence onto the petrous parts of the
temporal bones, pulling them into internal rotation, thereby resulting in an extension
pattern of the cranium. The whole process takes on an even more complicated set of
considerations when one considers that at birth the bones of the newborn’s cranium
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are in pieces as is normal until they unite during the growth process. The following is
a synopsis of the important points in the chapter The Cranial Aspect of Emergencies
of the Newborn (Arbuckle, 1977, p. 15-22):
Let us consider the mechanism of this process of labor and
delivery…In a right occiput anterior presentation there will be…
Due to forces of labor, and to facilitate delivery, the cranial capacity is
reduced by the blood and cerebrospinal fluid being forced out of the
cranium and the hind-brain probably forced low in the posterior fossa
and foramen magnum….
The injuries of birth are, of course, due to failure of fetal tissue to
resist these forces and stains… The earliest result of birth injury is the
possible failure of the infant to breathe (sic)…
There are cases reported where after artificial to initiate respiration
have failed, success has been achieved by osteopathic cranial
technique relieving the pressure of the tentorium on the contents of the
posterior cranial fossa, thus restoring normal intracranial pressure and
alleviating the disturbances resultant upon crowding of the medulla…
Let us consider a moment the functions of the reduplications of the
cranial dura mater in the falx cerebri and the tentorium cerebelli.
Between the layers of these membranes at their attachment to the
bones and to each other lie important veins or sinuses of the brain...
there would be an upward strain on the middle two thirds of the falx
(cerebri), which, in turn, would be transmitted to the tentorium
(cerebelli) thus raising its summit.
This would cause the angulation to be more pronounced at the junction
of the vein of Galen and the straight sinus...
The strain on these latter veins … is one of the most frequent sites of
hemorrhage…
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Most of the excessive moulding is maintained because of the unusual
strains upon the membranes. If the tentorium has been dragged further
upward at its summit by the attachment of the falx because of the
anterior compression of that membrane…
Another lesion not too infrequently observed in the newborn which
will cause a fixation of the tentorium is a buckling of the mastoid
portion of the temporal bones…
So proportionately the intracranial membranes are of far more
importance to the infant than they are in later life…
The theme of her discussion here is clearly a biomechanical discussion of how the
cranial membranes, which one can infer means the dura mater, are implicated in
treating cranial disorders in the infant. The premise of the information here is very
similar to the discussions of Magoun and Sutherland, in terms of the distribution of
forces along the RTM. Her contribution consists of involving the dynamics of labor
into considerations of membraneous mechanics. Nowhere in that discussion is there
any mention of the leptomeninges, which are ignored in the discussion, and
mentioned very infrequently throughout the text. Possibly they have no connection to
the biomechanical processes involved in birth, but a mention of their existence would
probably be in order especially if one is going to mention intracranial hemorrhage.
There is almost no mention of the subarachnoid space, or the relationship of the pia
mater to the vascular supply of the neural tissue except in one chapter on the
Dynamics of the Cerebrospinal Fluid, where the subarachnoid cisterns are mentioned
extensively in relation to the stress bands in the dura. Arbuckle does mention that the
CSF lies between the pia and arachnoid mater and that they are ‘frail membranes’
(Arbuckle, 1977, p.90), and she mentions the subarachnoid space indirectly when

271

talking about the subarachnoid cisterns (Arbuckle, 1977, p.89). Arbuckle also
mentions that the sub-dural and sub-arachnoid spaces end at the second sacral
segment. From there the meninges continue as the pia mater which is prolonged from
the end of the spinal cord up until the coccyx where it blends with the periosteum of
the coccyx (Arbuckle, 1977, p.91). Generally these details are in agreement with
standard anatomy texts of the time, and with the material mentioned in Osteopathy in
the Cranial Field. This should not come as a surprise since both Arbuckle and
Magoun were students of Sutherland. It is obvious that at this point most of the
information about cranial Osteopathy sounds quite similar since everyone writing
until now were students of Sutherland or Sutherland himself. Notable in these
writings however, is the one exception, Weaver, whose writings sound nothing like
Sutherland. Another area of interest for Arbuckle, her other significant contribution to
Osteopathic teachings, is something she called the dural stress bands and she wrote
extensively about them.
When discussing the meninges under the context of the Dynamics of the
Cerebrospinal Fluid (Arbuckle, 1977, chp 15), Arbuckle mentions the leptomeninges
in two sections of about one paragraph each, one on the sub-arachnoid cisterns, the
other on the fragility of the pia and arachnoid maters. However, she discusses
extensively the need for the cranial dura mater to be able to move to allow the proper
fluid dynamic. There is one obvious difficulty in following her reasoning in regard to
her explanation of the CSF dynamic and the dura mater. She mentions the general
anatomy of the dura mater, the stress bands, some of the osteology and development
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of the cranium, but when it comes to explaining how the dura mater relates to the
CSF, there is a very confusing paragraph that yields surprisingly little information.
The possibilities of intercommunication between the ventricles
and carious cisterns mist be envisioned as well as their relationship to
the bony structures with their multiplicity of serrations and bevelings
and the planes of movement of their sutures and also the association of
theses with the buttresses in contradistinction to the more flexible
areas of the skull, and the membranes with their tensile and contractile
properties, all of which have their place in the dynamics of the
cerebrospinal fluid (Arbuckle, 1977, p.91).
It seems that at this point the students of Sutherland were mimicking him and his
explanations but not necessarily understanding how things worked. The lack of
clarity of this last quotation should be compared to her writings on what Arbuckle
called the stress fibers and buttresses (Arbuckle, 1977, p.91).
When one reads Arbuckle’s description of the anatomy and mechanics of the
dural stress bands one cannot but be impressed by her thoroughness and detail. Not
only as relates to the cranial anatomy but how this applies to the corpus totum.
The median plane of the skull may be considered as a
continuation of the sagittal plane of the spine in general postural
consideration of the human as a unit. Just as the pelvis must be
thoroughly aligned to overcome secondary lateral curvatures in the
spinal axis, so must the transverse cranial plane with its various
associations be aligned or balanced to overcome lateral deviations in
the cranial axis… Thus we note a continuity of stress, not only through
the skeletal structure, but also through the membranes.
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Arbuckle nicely ties in the body as a whole with the idea of the cranial dynamic
mechanism. Later she describes the research process upon two hundred cadavers and
some of the results of this very impressive anatomical research, including
observations of growth patterns of thousands of newborn and pediatric heads,
Arbuckle’s work is impressive for the scale of the sample size and the practical
experience it represents, as well as the questions she raises about neurological
functioning. She mentions that the unequal tensions placed upon the dura for
purposes of accommodation limit the regional development of the underlying or
proximal neural tissue. One would be inclined to ask whether she considered the
leptomeninges in this discussion, but she limits the discourse to the dura membranes
(mater) and how they could limit the degree of movement of the brain (Arbuckle,
1977, p.93). She then discusses that the stress bands of the dura mater could be used
in treatment to focus the CSF into an area that suffered from constriction caused by
cramping from the overly approximated dura and bony cranium. Arbuckle also
mentions the loss of tone of the dura mater as a reaction to its being stretched beyond
the limit of its elasticity during the birth process, and interestingly she adds: “With
increasing age it takes more care and patience to overcome the fibrous state of the
dural membranes which may be due to insufficient use” (Arbuckle, 1977, p.93). She
then lists several problematic areas for this type of ‘fibrous drag’, including the
“crisscross” fibers of the sagittal suture, and the “middle fibres of the posterior falx”
group, and also through the middle vertical tent fibres (Arbuckle, 1977, p.161-2).
Later she ties in the balancing of the condylar parts (of the occiput) as a way to insure
that the large cisterna magna is adequately supported by the fibres of the “cerebellar
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tripod”. She also includes the balancing of the basilar cistern using the cerebellar
circular fibres and the superior cistern by using the suspensory petrous fibres. Here
Arbuckle neatly ties in a method of communicating with the subarachnoid space by
manipulating the more accessible thickenings of the pachymeninges. It is significant
to note that this type of work, directly on one group of fibres of a part of a fold of the
dura mater, in order to work directly on a structure like an arachnoid cistern has not
been carried down into current cranial instruction (at least not as the author has
experienced it). It would undoubtedly be a worthwhile experience for many pediatric
Osteopaths in their work on infants if they had the knowledge and experience on how
to work these fibres to correct the specified areas in their practice. Here the literature
of Arbuckle diverges from that of Sutherland and Magoun in that she is discussing an
indirect mechanical method to work on a structure as opposed to the normalization of
the fluids that characterizes so much of what Sutherland and Magoun wrote
(especially Magoun in the First Edition). She further mentions that the horizontal
fibres (of the tentorium) can be used for correcting cerebral symptoms or a convulsive
nature by again working indirectly on the subarachnoid cisterns. Later she mentions
the sphenoid stress fibres and anterior/posterior vertical falx fibres, but for the
treatment of older children and adults. The general discussion in the chapter is that
the subarachnoid cisterns can be individually treated by working through the dural
stress bands that affect their state, either by their proximity, and or because of the
biomechanical movement that was accentuated. This treatment concept, of focused
treatment on the CSF cisterns through the intermediaries of the dural stress bands has
seemingly been lost to cranial osteopathic instruction, at least at a student level.
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Interestingly the trend of research and development of higher level cranial osteopathic
technique has generally been directed toward manipulating a fluid dynamic, not
working biomechanically on fluid spaces through their membraneous relationships.
The stress bands of the dura and the cranial buttress are two areas of obvious
interest in Arbuckle’s writings. The information is highly thought provoking since it
discusses and develops biomechanical concepts that have been largely ignored by
Magoun and were not mentioned at all by Sutherland. Perhaps this information
represents Arbuckle’s personal contribution to cranial research and practice. The
stress bands and the cranial buttress represent the body’s response to patterns of force
passing through the tissues. The stress bands represent the membraneous component
and the buttresses are the bony component, and in the context of the article it is
applied to the neonate particularly. Interestingly there is a little discussion of the
embryology of the meninges in the chapter:
The mesoderm from which is derived from the neurocranium, the
protective case of the brain, is at first arranged about the developing
neural tube as a membrane, the menix primitive.
The confining membrane of the developing encephalon divides
into an inner layer, the endomenix and an outer layer the ectomenix.
According to Hamilton about the time the choroids plexus begins the
secretion of cerebrospinal fluid the endomenix separates into the pia
mater, which very closely covers the brain, dipping into all of its
fissures as the various convolutions develop, and the arachnoid, which
bridges all these indentations, providing space for the cerebrospinal
fluid. The ectomenix, which remains the supporting structure to the
brain in its developing and mature states, divides into an inner layer,
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which becomes the dura mater, and an outer superficial layer, the
membrane in which is developed the bony structure…
The encephalon grows very rapidly. The cerebral vesicles of the
telencephalon, which will form the cerebral hemisphere, grow at first
anteriorly and because of the confining membranes the growth is soon
directed superiorly and posteriorly (Arbuckle, 1977, p.67).
Arbuckle then goes on to outline how the mesenchymal tissue between the cerebri
becomes the falx and that the mesenchyme between the cerebrum and cerebellum
becomes the tentorium cerebelli. The membranes influence and direct the growth of
neural tissue that in turn influences the development of the bony cranium. A
noteworthy point, highlighting the way Osteopaths look at relationships, is the
comment that the tentorium cerebelli is located at the junction between the
cartilaginous cranium [base] and membraneous cranium [vault] (Arbuckle, 1977,
p.68). Arbuckle then discusses the difficulties in researching information about the
embryology of the meninges, which is still an issue in current research, and then
describes the foldings of the cranial dura mater or reduplications. Her description of
the meninges matches exactly the descriptions of meninges in other texts, as relates to
the falx and tentorium except for the use of the term white line for the area of the
straight sinus, a term not commonly used for that area. According to Arbuckle the
protection afforded the fetal brain comes from the arrangement of stress fibres, which
she identifies as white bands within the dura:
In order to understand the manner in which the membranes described
above protect the brain from injury during delivery it is necessary to
understand their general construction in a little more detail. There are
white fibrous strands, known as stress fibers, throughout the otherwise
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yellow elastic tissue. It is a thorough understanding of this fact that
enables us to treat successfully the newborn infants in serious need of
immediate attention. These stress fibers which follow a very definitely
consistent pattern, are arranged in horizontal, vertical, transverse,
circular, and spinal groups (Arbuckle, 1977, p.70).
According to Arbuckle there are white fibrous strands, which she calls stress fibres or
stress bands present in the normally yellowish dura mater (Arbuckle, 1977, p.70).
Arbuckle refers to the dural tissue as elastic, which normally is considered as plastic.
There are two possible explanations for this discrepancy, one is that it is an error in
nomenclature, the other is that she was referring in this case, to infants and neonates,
and possibly the pachymeninges have elasticity at that stage. Maybe that elasticity is
lost early, while plasticity remains longer into adult life? That possibility could only
really be answered after experimental trials in the future. The significance of that
elasticity is that it is supposedly absent in the areas where the stress bands occur and
these bands follow a regular pattern.
The stress bands are one of the topics that Arbuckle frequently wrote about.
Significantly they are rarely mentioned outside of her works on the subject. The
stress bands are categorized in terms of direction, and according to the author they
were very consistent in their orientation. It is possible to discern what could be the
appearance of the stress bands in the photos presented from the Willard and Carreiro
Collection in Jane Carreiro’s book An Osteopathic Approach to Children, but their
presence is not indicated by the author in that text. Arbuckle categorized the stress
bands according to directionality, calling them “the horizontal, vertical, transverse,
circular and spinal groups” (Arbuckle, 1977, p.70). There are also several principal
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locations, the torcular mass or confluence of sinuses, middle cranial fossa, the
tentorium cerebelli and falx cerebri. Each of the fibre types is implicated in the
function of proximal anatomical structures. The stated areas have connections to
other general areas, and regional structures by these stress bands:
From the torcular mass about the confluence of sinuses there
are four diverging groups of horizontal fibers.

One group passes

superiorly and posteriorly in the falx cerebri about the posterior part of
the superior sagittal sinus.

Another very strong group continues

anteriorly and inferiorly in the falx cerebelli and ends in a tripod, the
middle group of which mingles with the middle group of the posterior
spinal tripod. Each lateral group of the cerebelli fibers passes around
the foramen magnum on its respective side crosses the jugular foramen
anterior to the exit of the sigmoid sinus and posterior to the exit of the
ninth, tenth, and eleventh cranial nerves.
These fibers continue posteriorly to and above the internal
acoustic meatus. Some of these fibers along the petrous ridge mingle
with the lateral fibers of the tentorium, this completing some of the
circles of the posterior cranial fossa (Arbuckle, 1977, p.70).
So the torcular fibres, wind around the cavernous or torcular sinus, connecting that
area to the falx cerebelli, and in turn to the tentorium cerebelli and from that
connection to the tentorium cerebelli there are connections to Meckel’s cave, the
petrous temporal, the posterior cranial fossa, the diaphragma sella, [where some of
the fibres actually cross over,] back to the cavernous sinus which has the sphenoidal
stress bands as part of its walls, and through the sphenoidal group a connection with
the superior orbital fissure borders (superior and inferior borders). In other words
[forgive the long-windedness] the fibers circulate tension through every part of the
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cranium. The vertical fibres which are actually more oblique in orientation go from
the white line or area of the straight sinus to the areas connected by the tentorium
cerebelli below, and above. Connections range from the lateral (transverse) sinus and
superior petrosal sinus to the straight sinus, and also from the falx cerebri down to the
straight sinus. There are also some vertical fibres that pass from the metopic
connection of the falx to the crista galli of the ethmoid. At this point the fibres
divide into three groups to form another tripod. The transverse fibres consist of
fibres within the anterior cranial fossa, which have connections with the sphenoidal
groups that are connected to the cavernous sinus (mentioned previously), the anterior
fibres connect to the tripod present at the ethmoid, which connects to the vertical
fibres just mentioned, and the middle fibres of this group connect to stress bands that
are part of the cranial vault and are circular in orientation. The circular fibres of the
vault connect to the metopic, as part of the tripod mentioned before, that also has
transverse and vertical fibres. From the metopic the stress fibres extend outward in a
series of circular patterns that constitute three groups: one goes toward the inferior
lateral angles of the frontal; the middle group descends to connect with the
intermediate fibres of the transverse stress bands; and the posterior group sits
underneath the parietal bones, and is very important for their movement and growth.
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Figure 4.8, Schematic of dural stress bands according to Arbuckle (Arbuckle, 1977, p.72). So this an
example of how Arbuckle discusses the stress bands in terms of their inter-relationships with other
structures and/or each other.

5.2.7

UPLEDGER

The works of Dr. John Upledger D.O., Osteopath and founder of the Upledger
Institute, were chosen because of his popularity, his frequent mention of the dura, and
because of his success in popularizing osteopathic technique in a format he called
CranioSacral Therapy. There are several points of interest in Upledger’s writings
that will be discussed as relevant to this thesis. To analyze the texts used, Cell Talk
and CranioSacral Therapy, a search was performed for terms including meninges,
dura mater, dural membranes, arachnoid and pia. There were numerous references to
the terms in the indices, however most of the discussion and analysis of the texts were
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of the terms dura, dura mater and dural membranes. It should be noted that according
to Upledger the anatomical parts of the craniosacral mechanism consist mainly of the
meninges, the structures they attach to, and those they contain, as well as the CSF
(Upledger & Vredevoogd, 1983, p.5).
Upledger suggested a model for the PRM, which he labeled the craniosacral
rhythm that was a little different than the model suggested by Sutherland. He named
his model the Pressurestat model. In this model the arachnoid granulations,
principally located in the superior sagittal sinus, send a message to the choroid plexi
of the ventricles to stop CSF production once pressure reaches a certain level of
intensity. The CSF pressure falls as the arachnoid granulations continue to secrete
CSF into the lumen of the venous sinuses, and then the choroid plexi resume CSF
secretion (this description is altered somewhat on the part of the author to highlight
the role of the meninges, and in reality the CSF secretion of the ventricles is the
prioritized activity of the system). In the discussion there are two mechanisms that
Upledger cites as responsible for the on/off mechanism of CSF production within the
cranium, one of which is a pressure receptor within the great cerebral vein of Galen,
the other are stretch receptors within the soft tissues of the sutures of the cranium
(Upledger & Vredevoogd, 1983, p.12). Based on the dissection studies up to this
point, the only sutures remaining in the cadaveric craniums are in the cranial base.
There is a reference in the discussion to Appendix A of the text, and this appendix
contains an abstract of an article called The Structures of Cranial Bone Sutures
(Upledger & Vredevoogd, 1983, p.273). The article mentions a study of sutural
anatomy done upon monkeys, with a reference to an earlier study done on sutures of
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human children, the article continues and states that there was little information about
adult human sutures (Appendix G). It would seem then that Upledger’s contention
that sutures remain present until death be qualified by the statement that the sutures
remain present until death at the cranial base specifically around the petrous temporal.
The soft tissue noted during the dissection process were prolongations of the dura
mater into the suture, and were not noted except at the cranial base. At this time it is
not known, in the case of the adult, what part the dura mater has in preventing or
aiding sutural closing, however the sutures do ossify in an outward direction of
ossification, and the sutures around the petrous temporal are the last to ossify. [It
should be noted that the connection of the dura mater to sutural development is well
established in the child as noted in Chapter Three.] In one dissection subject aged
about 44 years old, the cranial vault was fused in an analogous manner to that of the
more aged subjects (>80 years old at the time of death). There are two possible
conclusions for these errors, one is that the state of adult sutural ossification was
ignored to support the theory of the movement of the calvarial sutures; the other is
that an oversight was made based on the study of the presence of sutures in immature
subjects. Be that as it may the information as noted by dissection renders that part of
Upledger’s Pressurestat Model invalid.
The basis of the Pressurestat Model is that the craniosacral system “is a semiclosed hydraulic system (which) is formed by the dura mater membrane and its
contents. The dural membrane is essentially impermeable to the cerebrospinal fluid
which it holds” (Upledger & Vredevoogd, 1983, p.14). He later states that the dural
membranes anchor to the cranial bones, and that there is force transmission between
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the soft tissues external to the cranium and to the dural membraneous system by these
bony attachments. He also states that: “the sutures or joints where the cranial bones
meet each other do not fuse under normal circumstances, no matter what age the
individual has achieved” (Upledger & Vredevoogd, 1983, p.16). The information
presented in the just stated quotations does not agree with either scientific literature
and/or the dissection experience of the author. The dura mater may serve as the
overall container to the system including the CSF, however, the dura is not in contact
with the CSF, which lies in the subarachnoid space. The sutures of the calvarium fuse
and those of the cranial base appear to fuse with the exception of those sutures
present at the petrous temporal. There are no clear reasons given for the disparity
between obvious scientific findings and the claims of Upledger, especially when his
reference for the presence of soft tissues between cranial sutures was based on an
article referencing studies performed on monkeys, and referenced another article
which studied the presence of sutures in human children. However, it should be
noted that in many cases the sutures have been recorded as remaining present into
adulthood. Although there is some literature stating times for sutural growth and
closure there is a certain amount of discrepancy and variability as to those timelines.
However it is unlikely that sutures do remain open until death. There is a need to
perform research to see how the presence or absence of sutures is indicative of overall
health, and what role the dura mater has in maintaining that presence.
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Figure 4.9, CT scan of persistent suture at sphenobasilar junction (Jinkins, 2000, p.85).

The presence of sutures at the Spheno-Occipital symphysis, although established as
being ossified around the end of puberty in some texts, or as late as age 25 in others,
nonetheless may still exist until quite late in life as demonstrated in the previous
illustration. More research has to be done to determine how and why sutures ossify.
Later in the text there is a discussion of the anatomy of the dura mater that is
consistent with that mentioned in many texts and seen in dissection. Included in the
anatomical and biomechanical discussion are the attachments in the tentorium in
which the inferior layers are indicated as attaching to the posterior clinoid process of
the sphenoid and the superior layer attaches to the anterior clinoid processes. He
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basically reaffirms Sutherland’s description of the RTM. The text also includes a
large amount of practical information about how the meninges are incorporated into
treatment methodology and what mechanisms are occurring. However, in a later text
Upledger discusses the meninges in a less scientific manner. The way he discusses the
meninges, the terms he uses, are familiar to the author and others in the context of in
class discussions of the meninges.
The meningeal membranes include the dura mater, the
arachnoid and the pia mater.

These membranes told us a lot of

different things:
1. The dural tube serves as antennae systems.
2. The meningeal membranes project a pulsatile energy
system.
3. You can successfully dialogue with the dura mater from as
far as twenty feet away, obviously without body contact.
4. Caesarean-section delivery may cause the dural membranes
to bunch up, while vaginal delivery sort of smoothes out
the dura mater.
5. Inept or incomplete application of CranioSacral Therapy
may subject the meningeal membranes to excess friction, or
leave restrictions that are unresolved.
6. The pia mater is a seat of consciousness. It’s not the only
one but a significant one (Upledger & Vredevoogd, 2003,
p.161).
Typically some of those comments would be considered quite esoteric in nature;
however those types of comments are often mentioned by Osteopaths or osteopathic
teachers during cranial technique instruction. Perhaps Upledger should be
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congratulated for having the courage to write down comments such as the preceding
ones. Having said that, many of those comments are not scientifically supportable, no
matter how accurate they might be, something that would be probably impossible to
detect scientifically. There has been a tradition of metaphysical discussions since the
time of Still. As well, many of Sutherland’s discussions concerning cranial
technique, using terms like liquid light, or fluid within the fluid, are seemingly not
that different from the comments made by Upledger. Also, Upledger continues to
distance the leptomeninges from their role of containing the CSF, when he again
states that the dura mater contains the CSF (Upledger & Vredevoogd, 2003, p.181).
One could say that the dura mater does in fact contain the whole system so in that
sense it does contain the CSF, however it does not directly touch it in normal health, a
fact ignored by Upledger. Just to observe a referencing trend, Still is not mentioned
in either text (of the two selected), however Sutherland is quite frequently referenced.
In terms of the anatomical information about the meninges presented in the first text
CranioSacral Therapy, there is definitely a high degree of congruency with the
previous osteopathic material. This cannot be said for the leptomeninges that have by
and large been ignored with only occasional mention. In terms of content trends these
texts reverse the trend of removing metaphysical discussion seen in many of the later
osteopathic texts, but it also seems to remove content about A.T. Still as well,
continuing the trend of later osteopathic texts.
5.2.8

CARREIRO

Jane Carreiro’s text An Osteopathic Approach to Children was chosen as an
example of a contemporary osteopathic text. It is a fine example of a good solid
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osteopathic textbook written for the practitioner, well referenced and full of
applicable information. The text combines solid scientific medical information
geared towards the Osteopath, including information about anatomy, embryology and
development as, well as extensive information regarding physiology. Most of the
information about the meninges is contained in the section called the Development of
the Cranium (Chapter Four). To investigate the information in the text, the terms
meninges, dura mater, arachnoid and pia were searched in the index and throughout
the text, yielding references that were all contained in the fourth chapter. The
information in the chapter on the meninges is related to the growth and development
of the cranium and as such is mentioned alongside a discussion of the development of
the osseous and neural contents of the cranium. The section of the text, which is
notable for this thesis, is:
These changes represent alterations in the forces and biomechanics
within the growing child. Any Osteopath wishing to treat children
needs to consider the changes and variations present in their patient’s
anatomy. It is my hope that this description will give the reader a
picture of the dynamics occurring during the pediatric growth and
development (Carreiro, 2003, p.65).
The text’s discussion of the embryological developments of the meninges and
how that relates to the development of the bony cranium and neural tissue is
excellent. The descriptions are clear and concise with appropriate definitions that
clarify the subject matter, and analogies that demonstrate the principles. The material
mentioned in this section of the book will also be examined in the next chapter of this
thesis in the discussion of the embryology and development of the meninges. The text
is written in a scientific manner, with a style that is neither flowery nor philosophical.
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The information is presented without the metaphysical or philosophical commentary
of the texts by Sutherland or Magoun. In addition, there is no mention of A.T. Still
either, so the trend away from mentioning Still and/or metaphysics noted in the
analysis of the First and Third Editions of Osteopathy in the Cranial Field have
continued. The information covers anatomy and biomechanics as related to the
embryological development of the cranium. This text by Carreiro is almost an exact
opposite to Upledger’s texts in which the metaphysical discussions are quite
prominent. These two texts are not the only examples of this divergence in style and
content, however they serve as good examples of that divergence, which is part of the
rationale for their inclusion in this thesis.
The information mentioned in this text will be reviewed and discussed here
and then compared to other research information in Chapter Five of this thesis,
compared to the embryology and development of the meninges as discussed in
Chapter Four. The information is discussed in sections that neatly tie the information
together, however, in this instance those chapter headings will not be followed in
terms of the discussion. There will be an attempt to highlight information that is
more osteopathically significant as opposed to scientifically noteworthy. First, one
has to remember that in a text of this quality all of the information is valuable for
Osteopaths, whether their practices have a pediatric component or not. Secondly,
Carreiro takes great pains to provide clear and useful metaphors to describe how
things work. Thirdly, the author incorporates plastinated dissection models in her text
from the Willard and Carreiro Collection to illustrate the concepts and structures she
is discussing. The use of dissected models is significant for the author, and Carreiro,
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and should be considered significant for the reader. Lastly, the author presents the
information in a manner that allows readers to draw their own conclusions, while at
the same time presenting the information in an easily absorbed manner. Much of the
information in this text, as well as Weaver’s work and Arbuckle’s writings, will be
used as a basis of comparison in the discussions in Chapter Five of this thesis.
The text is formatted in smaller chapters, but the analysis will not follow that
format. A prior knowledge of the anatomy of the meninges, especially the dura mater
appears to be a base level assumption in the text. The term RTM is not mentioned,
nor are discussions of technique that were mentioned by Magoun. However, the text
does answer questions about the whys and wherefores of cranial development. They
will be discussed simply and explored further later on. First, all of the membranes,
including the three layers of the meninges are derived from mesenchyme. The
mesenchyme is a primordial tissue—it is a tissue that becomes other tissues. The
meninges, and the cranial bones are all derived from mesenchyme, but the neural
tissue is not. Essentially the neural tube becomes the brain, and as the neural tube
grows and develops it goes through a series of bends and foldings, and the
mesenchyme that surrounds it follows those foldings. The mesenchyme is described
by the author as a sticky tissue, and it follows the movements of the neural tube as it
becomes the brain, and when the mesenchyme touches something it sticks to it. When
that structure it sticks to moves, the mesenchyme moves with it, and it will be
stretched as the two structures it is attached to, move further apart. As the neural tube
grows and folds, parts of it approximate, and between these parts the mesenchyme
lies, and these areas become foldings and redoublings of the mesenchyme, or the
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mesenchyme’s derivatives. The layer of mesenchyme nearest the neural tube
differentiates to become the endomenix, later this layer becomes the pia and
arachnoid maters. The outer layer becomes the ectomenix. Later on the ectomenix
becomes the dura mater or pachymeninges. The pachymeninges of the vault later
serves as the bed for the ossification of the membraneous bone, so the vault bone is a
derivative of the ectomenix, which itself is a derivative of the mesenchyme. The
membraneous bone forms within the dura mater separating it into two layers, hence
the continuity of the dura mater with the external periosteum of the neonate or child.
The cranial base is another matter. The cranial vault is membraneous in
origin, derived from the mesenchyme. The cranial base is cartilaginous in origin and
also derived from the mesenchyme. The cartilaginous base develops form the
mesenchymal plate, which is the primordial cranial base. However, this does not
answer the question of why the base is cartilage and the vault membrane. The answer
to the question has to do with the forces present in the respective areas, information
that was well detailed by Blechschmidt in his works, and mentioned in brief by
Carreiro in this text. Briefly, in an area where there is compression, the mesenchyme
will densify and later turn into cartilage, where the mesenchyme is pulled or stretched
it will eventually turn into membrane. The base is an area that is compressed, so it
eventually differentiates into cartilage. The vault is made of mesenchyme that is
stretched to accommodate the growing neural tube that is rapidly becoming the brain;
the stretching action causes it to differentiate into membrane, then into bone.
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The mesenchyme attaches to structures of the cranial base, called struts in the
text. The attachment to these struts is quite firm, and when the neural tube and
notochord differentiate, the attachment points for the mesenchyme grow.
The mesenchymal cells… are influenced by the movement of the
developing lobes of the neural tube…As the lobes of the brain move
into their adult positions; they push up the mesenchyme between them.
The mesenchyme pushed up between the lobes is referred to as dural
girdles (Carreiro, 2003, p.52).
There are four lobes of the early brain, and between them is mesenchyme that forms a
dural girdle. According to Carreiro these girdles are like support ropes on a
parachute, and in this case the parachute is the ectomenix of the vault as it grows
upward and outward. This growth pulls on the dural girdles which in turn transmit
some of that force to their attachment points on the mesenchymal plate that is
becoming the cartilaginous cranial base (Carreiro, 2003, p.54). The effect of that
force, which is a stretching force, is combined with the compressive forces applied to
the base from the contents, and the resulting forces cause bumps, tubercles and
grooves in the cranial base. Where the ectomenix is attached, later becomes the very
firm attachment areas of the dura mater to the cranial base, the lesser wings of the
sphenoid, the clinoid processes, the crista galli, and the petrous temporals (and of
course the foramen magnum which the author did not mention). The bones of the
vault start to form within the areas of greatest stretch in the ectomenix of the vault,
and then the bony trabeculae will be laid down in a radiating pattern from those initial
ossification zones, following the lines of force in the ectomenix. The developing
bone splits the ectomenix into two layers, the top one becomes the external
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periosteum, the internal one becomes the internal and external layers of the dura
(Carreiro, 2003, p.55). However that is not all there is to say about the dural girdles,
they still have a role to play in the cranium. The dural girdles exist where ever one
lobe of the developing brain meets another.

Figure 4.10 , Photograph of anterior transverse septum (Carreiro, 2003, p.52)

So the temporal lobe of the brain expands and moves anteriorly, it meets the frontal
lobe, and between the two forms the anterior dural girdle, (the middle cranial fossa is
the accommodation of the cranial base to the presence of the temporal lobe not
mentioned by the author) and this anterior dural girdle eventually becomes the lesser
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wings of the sphenoid, one of the areas where the dura is most adherent to the
cranium (see dissection photos). Further posterior, the bud of the cerebellum meets
the occipital lobe of the brain, and the mesenchymal layers between the two form the
tentorium cerebelli. When the two halves of the cerebrum meet the layers of
mesenchyme, the two form the falx cerebri. The patterns of development of the
mesenchyme, as it follows brain growth changes, and it is stretched or folded, which
explains the structure of the venous sinuses and the innervation of the dura mater and
cranial fossae.
Essentially the venous sinuses are formed wherever liquid pools within the
foldings of the mesenchyme as it follows the growth of the brain. “The fluid (not
identified by the Carreiro) which is dragged along the mesenchyme, pools between
two tissue layers”(Carreiro, 2003, p.54). This pooling of liquid starts the formation of
the inferior and superior sagittal sinuses between the cerebrum. Where the occipital
lobe of the brain meets the cerebellum, at the posterior margin of the tentorium, liquid
pools again and the transverse sinus is formed. It should be noted that the falx and
tentorium start off as one structure, and that the growth of the brain pushes the
mesenchyme outward forming the characteristic shape of the falx, and the tentorium
follows and is altered in shape by the cerebellar bud whose presence defines the shape
of the tentorium. The straight sinus is the result of a pooling of liquid between the
falx cerebri and tentorium cerebelli. (The same applies to the spheno parietal sinus at
the lesser wings, and the transverse sinus at the edge of the tentorium cerebelli, not
mentioned by the author, but an extrapolation based on her premises). The
innervation of the dura mater and cranial fossae follows much the same sort of
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progression. The bottom layer of the tentorium cerebelli is derived from
mesenchyme that is pulled upward from the area of the cervical flexure by the
development of the cerebellar bud. Therefore its innervation is from the cervical
spine, since the innervation of the tentorium commenced when it was located in the
primitive brainstem. The top layer of the tentorium is mesenchyme that originated
from the anterior end of the neural tube. As the developing brain pulled the
mesenchyme backward, its innervation from the trigeminal nerve ophthalmic division
(principally) came with it. Alternately both areas of the anterior dural septum came
from the same area of mesenchyme, and both have the same innervation from the
trigeminal nerve.
One further subject that Carreiro mentions is the five pointed star that is
formed by the arrangement of the attachment sites of the primordial dural girdle.
Those sites, include the lesser wings of the sphenoid, the clinoid processes, the crista
galli and the petrous part of the temporals. The centre of that start is the pituitary
gland that sits in the dorsum sellae. The dorsum sellae is the site where the notochord
ends, and also where development of the brain begins. The pituitary and the area it
sits within is then subjected to all of the forces coming in from all directions of that
five pointed start, which later on in life is made of bone, but for the neonate is much
more soft and adaptable. The pituitary then is the “fulcrum of all forces” of the
embryological cranium, in terms of neural and membraneous development (Carreiro,
2003, p.56).
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Figure 4.11, Dissection photograph of the five pointed start mentioned by Carreiro, CP stands for
clinoid process, and TS stands for transverse sinus (Carreiro, 2003, p.55).

5.2.9

THESES CCO, CEO AND ESO

The theses examined from the Canadian College of Osteopathy (CCO), the
Collège École Ostéopathie (CEO) and the English School of Osteopathy (ESO)
consisted of 5 quantitative theses and one memoire. Only one of the theses was
applicable to this thesis in terms of style, but even that thesis (a memoire) was of
limited value mainly because of the differences in content and method from this text.
Nonetheless, all were examined for relevant information. Of all the works the
memoire from the ESO was most similar to the qualitative method of this thesis (as
far as osteopathic works are concerned), since it consisted of an osteopathic
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biomechanical study done upon cadavers. It was not an anatomical study, even
though there was a section on the relevant anatomy. Its content was limited to the
spinal meninges only, and like this thesis it was neither a pure quantitative method
nor pure qualitative method text, but with elements of both. Unfortunately, there
were no anatomical photos included, but there were schematics that were referenced
from other biomechanical studies.
5.2.9.1 CONTRIBUTION À L’ÉTUDE BIOMÉCHANIQUE DE LA MOELLE
ÉPINIÈRE ET DE SES ENVELOPPES – MÉMOIRE POUR LE DIPLÔME
EN OSTÉOPATHIE (ESO)
The author of this memoire, Paul Klein, performed a study of the
biomechanics of the spinal cord and the meninges (ses enveloppes) of the spine. The
text is similar in nature to this thesis in that it does not exactly fit the mould of being a
purely quantitative or purely qualitative thesis. There is a section of literature review
and a section on the relevant anatomy, as well as the actual cadaveric biomechanical
study including photographs of the cadaver spinal positions and the measuring
positions. The study consisted of determining what occurred to the spinal cord and the
meninges (mostly the dura mater) during the movements of flexion, extension, side
bending and axial rotation. The literature review itself notes how few similar studies
had been performed up to that time (1986), and it is significant to note that the
scarcity of similar studies has not changed since then, almost twenty years later.
However, in terms of the biomechanics of the spine and its contents, most
contemporary studies consist of MRI or CAT imaging studies or ultrasound
examinations. The same of course applies to anatomical studies, the bulk of which
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are technologically based in recent years. There is of course little osteopathic
literature on either subject.
In terms of the literature review for the biomechanics part of the study, Klein
lists six principally relevant authors, none of them Osteopaths, and after the initial
literature review gives a brief overview of what they say. First, Klein notes that there
are contradictions between the claims made by different researchers. Breig states that
there are no displacements involved with spinal movements and that the movement
noted is from the elasticity of the tissues. Illi’s results are that displacements up to
three to four millimetres occur. A study by researchers Reid and Adams confirms
Illi’s work and states that there is a variable slide or glide at each level. Louis gave
precise displacements depending on the level (lumbar, thoracic or cervical), but did
not include the effect of hip upon the spine. The researcher Decker discussed an
antero-posterior displacement that occurred during spinal movements. Last, Tencer
examined the force which the dura mater exerted on the spine during movements,
particulary the anterior aspect of the spinal border with the dura mater. In general
there were three different factors involved in the movements of the spine, the
elasticity of the tissues, and displacements in the cephalo-caudal direction or
anterior/posterior.
Malgré nos recherches, nous n’avons pas pu trouver d’autres études
relatives aux movements de la dure-mère et de la moelle épinière.
Notons aussi qu’aucun auteur n’a essayé de mettre en rapport les
déplacements éventuels de ces structures avec les éléments
anatomiques et biomécaniques (comme par example la direction des
ligaments dentelés, la localization du centre instantanéde totation,
etc)… (Klein, 1986, p.5)
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So the author Klein states that there were no studies on the relative movements
between the spinal cord and the dura mater (meninges), or that there were no studies
explaining what happens to specific structures during certain movements
(paraphrase). The author does include one diagram explaining the movements of the
meninges (principally the dura mater) in relation to the spine during flexion.

Figure 4.12, Schematic of discussion of movements of dura mater within spine (Klein, 1986, p.4).

Note that the author adds his commentary and summary to the original results, when
it is noted that the spine is stretched toward the sixth cervical and fourth lumbar
during flexion, and that the movement is away from the sixth thoracic in both a
cephalic and caudal direction, at which level there is no movement. It should be also
noted that part of the movement of the content of the spine, specifically the meninges
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is because of a combination of movements including cephalo-caudal movements, as
well as a straightening of the folds of the meninges. Typically the author only
mentions the dura mater when discussing the meninges, and the rest of the meninges
are rarely mentioned in the discussion except for the denticulate ligaments. However
the presence of the denticulate ligaments and the close approximation of the
arachnoid membrane entails that the meninges act as a common group during spinal
movements. Klein outlines the various connections of the meninges in an anatomical
discussion that is accurate but does not add new information to the existing body of
anatomical knowledge. Nevertheless, one can infer from reading the anatomical
review of the memoire that the meninges move as a unit, and that in general they
follow the spine but with a little leeway between the spinal and meningeal
movements. This leeway is allowed by the foldings, or is present in the meninges.
However because of the attachments to the spine by the nerve roots and the ligaments
of Trolard (anterior spinal-dural ligaments) to the posterior longitudinal ligament, the
meninges in general closely follow the movements of the spine proper.
The results of Klein’s studies showed that the dura mater moved within the
vertebral column with a combination of four movements, the degree of which
depended on the level examined. The four movements consisted of a gliding
movement, antero-posterior displacement, elasticity and a cephalo-caudal
displacement. There were two zones without displacement, the fourth cervical and
sixth thoracic. The spinal movements below the sixth thoracic vertebra level were
displacements of a postero-caudal movement. The displacements that occurred from
the sixth thoracic up to the fourth cervical vertebra levels, were anterior and superior.
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The displacement of the levels above the fourth cervical was postero-caudal. All of
the previous movements are in relation to the spine with the hips in flexion.

Figure 4.13, Interpretation of movements of spine during flexion (Klein, 1986, p.59).

The reason for these movements as mentioned by Klein varied, depending on the
level examined. For the cervical spine the angle between the spine and dural sac
during flexion closed because of the dural sac attachments to the nerve roots, and the
same applies but in an opposite direction at the level of the lumbar spine. However, in
the lumbar spine the anterior sacral dural ligaments of Trolard also play a role in the
movements of the dural sac within the spine. In the case of the movement of the
neural tissue itself, the denticulate ligaments transmit forces from the dural sac
immediately to the neural tissue. In the cervical spine the orientation of the
denticulate ligaments follows the upward movements of displacement likewise, but in
an opposite directional sense for the lumbar spine where the displacement is
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downward. The neural tissue in itself is more elastic than the dura mater, allowing a
certain measure of protection from rupture during movements. The limit of
movement is due to the tension on the dura mater and meninges and not on the neural
tissue. In terms of lateral flexion and axial rotation the same structures and principles
apply. In considering the meninges, the main considerations are the orientation of the
denticulate ligaments, and the elasticity of the dura mater resulting from the folds.
The behavior of the dura mater within the spine depends not only upon the
movement, but also upon the degree of movement. During extension of the spine the
folds, or more appropriately the wrinkling of the dura mater is more evident since true
foldings never appear. This is especially true in the cervical spine. In the lumbar
spine two mechanisms are at work, the sacro dural ligaments with the coccygeal
ligament and the attachments of the nerve roots. In terms of the gliding action of the
neural tissue within the dural sheath, the conclusion of the author is that the
protection afforded by the relationship of the spine to the dura is essential. The
orientation of the denticulate ligaments is essential to this protective ability of the
dura mater around the neural tissue, allowing gliding movements while at the same
time providing protective tethering.
Comme nous n’avons pas pu déterminer une glissement de la moelle
par rapport à la dure-mère, nous pouvons conclure que le rôle de
protection de la dure-mère est primordial. C’est elle qui s’adapte aux
movements et la moelle ne ferait que suivre. Dans ce contexte, le rôle
des ligaments dentelés est important (Klein, 1986, p.66).
The dura mater will rupture before the neural tissue is torn during extreme flexion, a
protective mechanism afforded by the elasticity of the neural tissue tube. The author
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concludes that more studies have to be done by Osteopaths on the same and related
subjects.
5.2.9.2 INFLUENCE DE LA LIBÉRATION DU CORE-LINK SUR LE TONUS
MUSCULAIRE PARA-VERTEBRAL ET SUR LA MOBILITÉ DES SITES
D’ATTACHES DE LA DURE-MÈRE THÈSÉ POUR D.O.
This thesis, presented in 1993 by Nathalie Camirand and Dino Muzzi was a
quantitative thesis that was dissimilar in format to this thesis, but was examined for
any relevant information either in literature reviewed, anatomical or biomechanical
relationships and/or in the discussion of the implications of the experimental process
and results. There were items of interest to this paper in the anatomical description,
works cited, and in the results discussion. However, much of the information
presented was not pertinent to this thesis discussion. The topic of this thesis was on
the effect of treatment of the Core-Link on the tone of the para-vertebral muscles and
on the sites of attachment of the dura mater. Treatment of the leptomeninges and its
effects are not included in the thesis.
In the description of the anatomy and anatomical relationships, the
information provided did not differ significantly from that mentioned in the basic
osteopathic reference of this thesis, Osteopathy in the Cranial Field, which was used
by the authors as a primary reference. There is a discussion of the continuity of the
dura mater with the extra-cranial periosteum and a reference as well to the text
CranioSacral Therapy, also examined in this thesis. The information presented is
consistent with that discussed in Osteopathy in the Cranial Field, with the exception
of the inclusion of the anatomical area called the “zone décollable de Gérard
Marchant, siège des hématomes extra-duraux”(N Camirand, 1993, p.21). Since there
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is no reference provided for where that term came from, it is assumed that the
reference is from one of the three anatomical texts listed, Gray’s Anatomy, LeGros
Practical Anatomy, or Anatomie Humaine by Rouvière. That area is not mentioned in
Gray’s Anatomy so it must have been derived from one of the other two listed
anatomical references (the authors of this thesis did not respond to email requests for
information, so there is no definitive answer to this question, see Appendix C). The
structure was not listed in Osteopathy in the Cranial Field either. Essentially the zone
décollable of Gerard Marchant (the collapsible zone) is an area where the dura can
become unfastened from the bone of the calvarium secondary to trauma, resulting in
an epidural hematoma. It is located from the tip of the greater wings and back almost
as far as the inion, and comprises the whole of the cranium above the level of the
transverse sinus (Poirier & Charpy, 1921b, p.308). The zone does appear in x-rays
and other diagnostic scans secondary to trauma, however a treatment for that zone is
not included in Osteopathy in the Cranial Field. However, an ability to treat this area
would be beneficial since the clotting of blood seriously limits mobility where
present, as seen in dissection where serious adherences occur where hematomas were
present. The authors of the thesis also list elongations of the dura mater with the
vessels entering and exiting the cranium as a covering of the adventitia, or as the
adventita itself. Furthermore, the authors include the covering of the olfactory nerves
as they pass through the cribiform plate and along the optic nerve as it exits the optic
canal (fente sphenoidal). The authors include the neural and vascular supply to the
meninges as well, at least to the dura mater, and the leptomeninges are not mentioned.
The arterial, venous and lymphatic supply to the spine are included in brief (N
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Camirand, 1993, p.29), as well as the meningeal innervation of the cranium and spine,
including a brief mention of the vessels that supply the leptomeninges (N Camirand,
1993, p.30). It should be noted that the treatment of the leptomeninges is not
included or even mentioned as a possible consideration in the thesis.
5.2.9.3 LA DURE-MÈRE DANS LE TRAITEMENT OSTÉOPATHIQUE DE LA
SCOLIOSE IDIOPATHIQUE DES ADOLESCENTS DE 9 À 15 ANS
THÈSE POUR D.O.
This quantitative thesis presented in 1993 at the CEO concerned osteopathic
treatment of the dura mater for children with idiopathic scoliosis. As a quantitative
thesis the text does not contribute stylistically or methodologically to this thesis,
which is quantitative. The thesis does seek to provide information on the anatomy and
embryology of the meninges, as well as proposing a causative mechanism for the
presence of a scoliosis by suggesting a pathological interrelationship between the
innervation of the spinal dura mater, and the transverse spinalis muscles. The author
includes references to Osteopathy in the Cranial Field and CranioSacral Therapy as
part of the justification for treating the base of the cranium and the membranes for the
treatment of a scoliosis.
The inclusion of the embryology of the meninges is an attempt to provide
much needed information about the topic to the osteopathic field. Unfortunately
much of what is said contradicts the information provided by Carreiro and recent
scientific/medical researchers. However the view that the leptomeninges are derived
from ectoblast and the pachymeninges from mesoblast was a fairly commonly held
theory for many years. The author does make an interesting point that the dura mater
is derived from the same primordial tissue as the blood vessels, heart, pleura, kidneys
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and gonads, et cetera. These embryological connections and their implications are an
area of badly needed research for Osteopathy.
In terms of the anatomy the author cites several sources and provides some
interesting anatomical data. However, upon reading the information provided one is
reminded of the need for more dissection studies to attempt to correlate information
that Osteopaths discuss during practical discussions. For example, the author claims
that the posterior cranial dura mater is equally innervated by the sinu vertebral nerve
and the trigeminal as well as the vagus, whereas some of this information contradicts
commonly held knowledge of the meningeal innervation. “Pour terminer, rappelons
que la dure-mère crânienne postérieure est également innerve par le nerf sinuvertébral et que le trijumeau ainsi que le nerf vague (Philippe Druelle D.O.)
distribuent leur influx au reste du crane (Grendon & Lachance, 1993, p.24).”
However the authors state, with a reference to David Butler, that the nerve that
innervates the spinal dura mater is responsible for between four to eight adjacent
spinal segments. The same nerve also innervates the dura mater, the posterior
longitudinal ligament, the periosteum of the vertebra, the blood vessels and the
annulus fibrosus.
During the anatomical discussion the author mentions an anatomical zone
called the foramen ovale de Paccioni, which is the name give to the area of the
pachymeninges through which the medulla oblongata passes Another interesting fact
presented by the authors is that the dura mater has a rapport with the bones of the face
via its passage through the sutures (for which the author references Gabarel and
Roques, Les Fascias en Médecine Ostéopathique), and also by the aponeuroses of the
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muscles that attach to the calvarium through the cranial sutures. The authors mention
a dural fixation present at the sixth thoracic, as well as another reference that
indicates that there are large attachments at the level of the third cervical, third
thoracic and third lumbar. “D.S. Buthler (sic) parle d’une zone d’attache plus
important à D6 et selon B. Daraillans (D.O.) l’attache serait grande au niveau C3-D3L3 (Grendon & Lachance, 1993, p.22).” The page reference for Butler’s statement
was not provided; however in the text Butler does state that at the sixth thoracic the
neuraxis and meninges do not move in relation to movements of the spinal canal. A
reference to a meningeal attachment site at that level could not be found (Butler,
1996, p.41). The authors later added that tension upon the dura mater acts as a
perturbation factor for the mechanism of equilibrium and postural reflexes, however
no reference is associated with that statement (Grendon & Lachance, 1993, p.55). As
well the authors mention that lesions at the base of the cranium and of the cranial dura
mater are relevant to the process of a scoliosis, for which they reference the text
“Osteopathy in the Cranial Field” (Grendon & Lachance, 1993, p.60). The authors
make some interesting connections in this thesis and offer references both within the
field of Osteopathy as well as to scientific research.

5.2.9.4 INFLUENCE DE LA LIBÉRATION DE LA DURE MÈRE SUR
L’ÉPAISSEUR DES DISQUES INTERVERTÉBRAUX DANS LA REGION
LOMBAIRE THÈSE POUR D.O.
The subject of this thesis presented at the CEO in 1994 was a study to see if
treatment of the dura mater could influence the thickness of the intervertebral disks of
the lumbar spine. It should be noted that the author early on states that most of the
research information comes from two books, Osteopathy in the Cranial Field and
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CranioSacral Therapy. The thesis does discuss the anatomy of the dura mater giving
some information that has not thus far been mentioned, however there are no
references to where the information came from. The author states that there is some
variability in where the dura attaches to the sacrum, either at the inferior or middle
part of the second sacral segment, as well as in a few cases where the dura attaches to
the superior part of the third sacral segment. The information present in the rest of
the text is consistent with the information of the two principal texts, the contents of
which have been described previously.
5.2.9.5 INFLUENCE DU TRAITMENT OSTÉOPATHIQUE DE LA DURE-MÈRE
ET DU SYSTÈME DIGESTIF CHEZ LES GENS SOUFFRANT DE
BRUXISM THÈSE POUR D.O.
The premise of this thesis is that treatment of the dura mater could influence
bruxism. The thesis included material on the anatomy and embryology of the dura
mater, which consisted of a description of the connections between the dura mater
and the exterior of the cranium, for which they reference Magoun. The embryology
is basic and makes the same assertion of an earlier thesis (discussed) that the
leptomeninges are derived from ectoblast and the pachymeninges are derived from
the mesoblast. There is a cursory description of the cranial dura mater that is in
keeping with the description in Osteopathy in the Cranial Field, and does not add
new information to the subject.
5.2.9.6 EVALUATE THE EFFECT OF OSTEOPATHIC DECOMPACTION
TECHNIQUES ON NEUROMENINGEAL LENGTH AS MEASURED BY
THE SLUMP TEST THESIS FOR DOMP
This thesis performed by Hartley and Rotella tested to see if the effectiveness
of osteopathic decompaction techniques could be measured by the Slump Test. There
were several areas of interest for this current test in this thesis from the CCO.
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Included in this thesis by Hartley and Rotella is a discussion of the biomechanical
texts to determine neuromeningeal tension, as well as a discussion of anatomical
relationships. The thesis realistically measured an outcome that showed no significant
change in test results post treatment, however the information and methodology are
valid and valuable.
The discussion of the distal anatomy of the spinal cord was welcome and the
anatomical discussion of the meninges was consistent with that provided thus far
including some information that was reviewed for this thesis. Included in their
anatomical discussion is a description of the cauda equina, with the added
information that unlike the sensory nerve roots, the dorsal root ganglia are not
covered by the meninges or bathed in CSF, in the lumbrosacral spinal area (Hartley &
Rotella, 1999, p.12). In addition, the authors note that structure of the meninges
during the introduction with a mention of the histology, which they reference to an
article by A.R.Tenturi that discusses the elasticity of dog dura mater. However, the
same information is available in Gray’s Anatomy (Williams, 1995, p.1211).
The dura is a dense connective tissue, which is the strongest and
toughest of the layers and is composed of collagenous fibres in
longitudinal bundles which are straight when stretched and wavy when
unstretched. It has a delicate network of fine elastic fibres coursing in
all directions. The elastic fibres allow some stretch but the collagen
fibres determine the elasticity of the dura in its resting state (Hartley &
Rotella, 1999, p.14).
It should be noted that mention of histology is typically rare in osteopathic literature.
The authors also use the term theca to describe the enclosed continuous dura sac, a
term used typically in medical/scientific research, and discuss the contents of the
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epidural space including “fatty areolar tissue, lymphatics, and the internal vertebral
venous plexus” (Hartley & Rotella, 1999, p.14), information that had been presented
previously in the anatomical discussions of the thesis presented to the CEO. The
discussion of the arrangement of the cranial dura mater is largely taken from
Osteopathy in the Cranial Field, and contains information that is consistent with that
text. This includes a listing of spinal dural attachments to the foramen magnum,
posterior part of second and third cervical vertebral bodies, and intervertebral disks.
The strong attachment to the second sacral segment is mentioned where the dural
theca ends, but the dura itself continues as a cord that attaches to the periosteum of
the coccyx posterior surface. The ligaments between the dura and the posterior
longitudinal ligament are mentioned in relation to the lumbar spine only, as well as a
plica or fold that sometimes connects the ligamentum flaum to the dura mater. This
information was corroborated during the dissection process (indicated fold mentioned
in photos). The denticulate ligaments are mentioned, as well as their biomechanical
purpose, as well as the trabeculae from the arachnoid to the pia mater, which it is
suggested may dampen waves of CSF movement down the spine, although it is
unclear why this mechanism would be necessary in a semi-closed or closed hydraulic
system (Hartley & Rotella, 1999, p.24). The information on the arachnoid and pia
mater is consistent with that mentioned in previous theses and texts.
The thesis includes a discussion of the biomechanics of the spine, meninges
and neuraxis that is largely consistent with the information presented by Klein in his
thesis, including the use of the same references, namely Breig. There is also the
inclusion of the effect of movement upon nerves including the peripheral nerves that
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although interesting, and important for their thesis, is unimportant in the case of this
thesis. The text includes the biomechanics of motion of the various areas of the spine
upon the spinal cord, including a reference to spinal movements causing shape
changes to the brain stem and hind brain, however whether this is due to tension on
the neural tissue alone, or because of the tension upon the meninges or a combination
of both is not indicated (Hartley & Rotella, 1999, p.33). However since the dura
mater, according to Klein, goes under tension before the neural tissue, which is more
elastic, then the indication is that the meninges are responsible for shape changes of
the inferior cranial contents. In the section on flexion of the lumbar spine it is noted
that the amount of movement required is beyond the range of elasticity of the
meninges, hence the need for the ability of the nerve roots to slide in their foramina
(Hartley & Rotella, 1999, p.33). The thesis in general contributes areas of information
that have been less discussed in general, including biomechanical tests for dural
tension, or neuromeningeal tension, and histological considerations for biomechanics.
It is interesting to note that the term physiology is not confused with biomechanics in
this thesis that seems to clearly label its areas of discussion.

5.3

CONCLUSIONS

The examination of some of the other osteopathic literature resulted in the
addition of some valuable data to the body of knowledge on the meninges, and
opened up some new avenues of discussion. It was also seen that Osteopathy in the
Cranial Field was very well referenced within the selected literature. A survey of the
theses from the CCO/CEO showed how deep an impact Magoun’s work has had on
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the consciousness of manual osteopathic practitioners. The text was included in the
bibliography of every one of the theses examined for this project, and that includes
theses that were essentially spinal biomechanical studies such as the study performed
by Hartley/Rotella. It is also noteworthy that CranioSacral Therapy by Upledger was
referenced almost as frequently. It is also obvious that the body of knowledge on the
gross anatomy and physiology of the meninges is quite extensive. With that in mind,
it is clear that the knowledge base has been heavily influenced by works such as
Osteopathy in the Cranial Field, and reflects the strengths and weaknesses of that
text. The information in terms of practical technique and concept is very heavily
weighted toward the pachymeninges with much less emphasis place upon the
leptomeninges. The principal inclusion of information on the leptomeninges occurs
during the initial anatomical review, purely theoretical. There is a rational limit to
how much information can be included as relevant to a study.
Of the osteopathic texts selected it is worthwhile to note that the information
presented by Sutherland is very similar to that of Osteopathy in the Cranial Field, and
that Sutherland makes reference to the text. Upledger also makes reference to
Osteopathy in the Cranial Field, in his text CranioSacral Therapy. There is some
information that has been added by authors after Magoun, which is not really a
surprise, given that it is impossible to put every bit of relevant information into one
text. It is significant to note that Carreiro makes no reference to the text in her work
on children. There are a few points worth making that others have added in their
literature that was not present in Osteopathy in the Cranial Field.
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One area of information that badly needs enhancement is on the topic of the
embryological development of the meninges. Carreiro provides some much needed
information in her discussion of cranial development. Of that material it is highly
significant to this paper to note her discussion regarding the functions and roles of the
mesenchyme in cranial development, especially in terms of the embryology of the
meninges. Her mention of the five pointed star formed by the various arches of the
dura mater is significant as well. Another body of information that was omitted by
Magoun, but submitted by another Osteopath was that of the importance of the
relationship between the subarachnoid cisterns and dural stress fibres, as discussed by
Arbuckle. Arbuckle based her information upon numerous paediatric dissections.
Her information is based on first hand dissection information, and she has a unique
contribution to make. Arbuckle’s method consisted of influencing the sub-arachnoid
cisterns indirectly by manipulating the dural stress fibres. These dural stress fibres
were described as being present in the child and then disappearing with age. Her
premise is unique and subsequently has not been commonly perpetuated within the
profession. It is significant to note that as a student of Sutherland she bucked the trend
of focusing her technique on palpating fluids, and instead chose a biomechanical
approach that still resulted in effects upon the CSF. Weaver also has some
noteworthy points to make about the meninges, notably their roles as part of the
cavernous sinus, and their relationship to the pituitary gland. Unfortunately we have
no information about how she worked, since she left so little information behind.
However, there are some areas of thought that are particularly provocative.
Information that Weaver stressed included topics such as her interest in the foramen
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lacernum, the relationship of the dura mater to the development and functioning of
the pituitary and cranial nerves. Her interest in the last topic resonates with the
discussion of the mesenchyme in Carreiro’s literature. The area of embryological
influences on the adult form, and how this relates to osteopathic work will be
discussed in the sections for the research questions. However the fluid work of
Sutherland has a place in the science of contemporary Osteopathy, and the zone in
which the two communicate has to do with embryological development.
5.4

SUMMARY

In Chapter Five the osteopathic literature other than that of Magoun’s Osteopathy
in the Cranial Field was examined. The results of that examination confirmed that
the choice of reference text was sound; it was the most frequently cited cranial
osteopathic reference. The body of information provided by Magoun in the text was
enhanced by the works of other Osteopaths. Some like Arbuckle added new concepts
on biomechanics, others like Upledger added to the experiential discussion. Carreiro
adds information on the embryological development of the meninges. After reading
the literature it would appear that the osteopathic body of knowledge is quite
complete. However, there are some areas of information that could be enhanced.
The following section will offer some information for that purpose.
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6

CHAPTER SIX : RESEARCH QUESTION ONE

315

6.1

INTRODUCTION

There are certain key areas of research information that have been discussed, or
are in the process of being discussed which should be considered as very valuable to
Osteopathy. In terms of answering the first research question ‘What are the other
roles and properties of the meninges, obtainable from contemporary research and/or
historical review that could be beneficial to Osteopathy, and osteopathic education?’,
there are numerous pieces to the puzzle. Of those areas there are pieces of the data
puzzle that were found in the antique literature as well as in contemporary research.
Firstly there is information offered by science that would point osteopathic concepts
and thought in new directions. Secondly the information offered by science allows
one to propose suggestions for the mechanism of osteopathic technique based on
scientific information. This scientific information involves the collection of data and
ideas from varied disciplines, namely connective tissue biochemistry, embryological
development, anatomy and physiology. In general the meninges are connective tissue
and so have traits in common with the other connective tissues by varying degrees.
All connective tissues are of mesenchymal origin, and all have a relationship with
fluids, particularly the ECM. The relationship with the ECM means that to a certain
degree all of the connective tissues are in a fluidic communication with each other,
and that any cell in the body can be influenced by work that affects the ECM. The
physiology of the connective tissues revolves around the gel/sol natures of the ECM,
especially as relates to inflammation. Inflammation is one area that should be of
utmost concern to Osteopaths because of the way it affects the connective tissues
especially the meninges of the cranium, and neural tissues. The meninges of the
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cranium are designed for movement of various types and inflammation interferes with
movement.
The information discussed in this section comes from several principle sources
within the context of scientific research. Principally there will be a discussion of the
properties of the mesenchyme as it relates to the development of the meninges, and
the structures associated with the meninges. The author responsible for contributing
most on the subject is Blechschmidt who wrote extensively on his biodynamic
concepts of embryological development. From antique literature the works of
Swedenborg was included for his discussion on the meninges, and Bichat was
included for his discussion on membranes and inflammation. There will be
information added from contemporary researchers to flesh out the information
presented by the previous authors, or to provide a confirmation of required details.
The contemporary research information that is most significant for discussion in this
research question is that offered by Pischinger and his text Matrix and Matrix
Regulation.
6.2

DISCUSSION

There are several areas where scientific knowledge should be incorporated into
the day-to-day osteopathic database. However before starting there are a few
clarifications to make. The context of this thesis is not to decide whether or not
osteopathic technique and theory works. Anyone who has had treatment can vouch
for the efficacy of osteopathy. However one of the weaknesses that Osteopathy has
been accused of, is not being able to explain how it works. This section of the thesis
does not explain how osteopathy works but it presents material that appears to offer
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scientifically based information that explains part of the mechanism for how
osteopathy works. So information is offered and the reader is free to use it as they
please. There are a few choice pieces of information from science that are especially
valuable for Osteopathy, and its understanding of the meninges.
The body of osteopathic knowledge is pretty expansive. To offer refinements
takes a fair amount of research into various topics associated with the scientific
knowledge of the meninges. So stating chronologically, one has to begin with
Swedenborg’s discussions of cranial anatomical relationships and movement. It
would appear from the writings of Swedenborg and other ancient anatomists that the
movements of the cranial bones was widely accepted scientific information. There is
much that Swedenborg says that is significant for an osteopathic audience to hear, or
for that matter almost any audience. Not that anything he says about cranial
movement is that new for Osteopaths, but it is significant to hear a non-Osteopath say
the things Swedenborg talks about, because those are his unbiased [for or against
osteopathic principles] observations. The next source of information to be examined
comes from Bichat. His discussions on the three principle types of membranes and
how they interact with the process of inflammation is highly thought provoking. From
the contemporary body of scientific information, which represents a vast body of
knowledge, there are a few choice subjects that incidentally are related to those from
antique research. One of the affects of inflammation on the meninges is the
relationship of the Blood-CSF barrier and BBB to the process of inflammation.
Another topic to broach is how the meninges, as one of the connective tissues, are
involved in non-neural communication with the rest of the body, that topic discussion
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involved two sources of information. Those sources involve a discussion of the
embryology and mesenchyme by Blechschmidt, and the ECM by Pischinger. Some
of the benefits that are obtainable from using information provided by science
research are the use of a specific language and contextual knowledge. Research is
geared towards providing explanations. Those explanations allow for continually
enhanced communication and that communication process is involved in the
instruction and practice of Osteopathy.
Of course it is significant to note that researchers have been commenting on
the movement of the cranial bones for centuries, often including their relationship
with the meninges as essential to those movements. Osteopaths were not the first to
describe these movements, and those persons who described the movements did so
based on observation, reason and deduction.
Every membrane should have its filaments or fibers determined
according to use. From their direction is seen what is their purpose,
what the cause of their action, and what the effect. Without accurate
determination of its fibres, a membrane is not an animal membrane.
Moreover, the fibres in the membrane must be interconnected.
Without connection, the particular cannot act with the general, and,
being unconnected, can never respond to living action. Therefore, the
better the direction of the fibres in a membrane, the better its action
and the more distinct the effect from its cause.
The origin of the direction of the fibres of the dura mater is the same
as the origin of its motion, for that which moves also directs, and
creates the form of the direction (Swedenborg, 1976b, p.36).
Swedenborg proposed a very logical explanation for the cranial bone movements he
saw. He noted that the fibers of a membrane are there for a reason, to provide
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movement, and the more clearly visible the fibers, the stronger or more definite the
movement. It is significant to note that Arbuckle indicates the dural stress bands
present in the neonates cranium. The presence of those stress bands in her writings,
represented the primordial forces of tension passing through specific areas of the dura
mater to cause morphological changes in particular fibers of the dura mater. Her
method of treating the CSF amongst other things, was based on that information.
Swedenborg’s discussion on cranial bone movements and the dura mater validates
osteopathic concepts on the subject of cranial movements, and the role of the dura
mater in those movements. However there are some observations made by
Swedenborg that are related to very current discussions on the meninges within
science:
This lacertous [fibrous] substance seems to be a motor fiber of
a peculiar nature such as appears to exist in the sinuses also; for it
seems to be make up not of true nervous fibers as its principles, but,
instead of fibers, of most delicate productions of the pia mater –
productions which, when determined, constitute the first fiber… Hence
it would seem that they can be compared with lacerate [lacerate is a
term used by the ancients to connote a fibrous or tendinous quality,
most often applied to muscle tendons] and can be called a
membraneous muscle so constructed that it is contracted by the action
of the cerebral pia mater alone, just as true muscles are contracted by
the action of the fibers of the nerve (Swedenborg, 1976b, p.40).
Swedenborg seems to have observed a type of contractility of the pia mater. It
should be remembered that there is no contractile apparatus or muscle tissue
associated with the pia mater. However maybe what is being discussed here is the
sensitivity of the pia mater to inflammation, a very much studied topic in
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contemporary research. It should be noted that at least one researcher has suggested a
model that would explain what Swedenborg discusses, however this model has not
gained widespread acceptance.
The fibrous skeleton of the wall consists mainly of collagen fibers.
These fibers are straight, without undulations (sic). In other words,
they have non o he so called “reserve folds”, permitting lengthening of
the collagen fibers, which are virtually unstretchable in vivo. The
straight collagen fibers run in the wall of the canal along its axis in the
form of two spirals, one of which has clockwise turns, the other
anticlockwise.

As a result of the crossing of the two turns, the

collagen fibers are arranged regularly in the form of a lattice…This
fact explains the mechanism of the change in lumen of the canals, in
which, as has been said, there are no muscle fibers…A change in
lumen is produced by rotation of the collagen fibers a the points where
they cross, so that during dilatation of the canal the (sic) turns of the
spirals become less steep and during constriction of the canal they
become steeper (GF Dobrovol'skii, 1979, 292).
The concept of an intrinsic power of contractility of the pia mater, which
Dobrovol’skii refers to, provides an explanation for what Swedenborg describes. In
essence the theory is that the pia mater has contractility via the arrangement of fibrous
elements in its walls, so even though lacking true contractile tissue such as smooth
muscle there is still a capacity to close/reduce a vessel’s lumen. However when one
remembers that as mentioned before the leptomeninges are sensitive to inflammation,
then it is conceivable that there is a structural property that would cause a
morphological change. As one of the connective tissues of the body the meninges are
susceptible to inflammation, the leptomeninges are highly susceptible.
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As mentioned previously the meninges are one of a number of connective
tissues in the body, whose constitution is essentially a mixture of cells types and
ECM. The principle fiber types in the meninges are collagen and elastin which
confer certain mechanical properties depending on their relative proportion in the
tissue. The characteristics of the connective tissue and its reactions to inflammation
contribute the rest of explanation. In essence the process of inflammation attracts
water or matrix fluids into the site of inflammation. The ECM flows within the
pathways of the connective tissue, which of course include the visible fibers of a
tissue, or the lymphatic canaliculi, and smallest blood vessels. The process of
inflammation creates a negative pressure gradient causing fluids to flow towards the
area of inflammation, causing swelling. In the case of the brain the leptomeningeal
arteries in the brain are reversible. The movement of the fluids out of a connective
tissue (towards and area of inflammation) changes the gel/sol ratio of free water to
fibrils within the original connective tissue, thereby increasing the percentage of fibril
elements. The key to the importance of these observations is that they are highly
similar to the palpatory discussions of osteopathic cranial technique.
The value of the observational records of anatomists like Swedenborg is that
they stimulate the reader to proceed in new directions with their thinking. The
observations are noteworthy for the explanations attached and because one is
challenged to create a logical mechanism to explain the observation. In another
example Swedenborg talks about morphological changes to the pia that must have
been the result of long term inflammation. “Moreover, in apoplectic and other
diseased craniums, the pia mater has frequently been observed to be triple in
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thickness (Swedenborg, 1976b, p.42).” Swedenborg attributes growths present in
those brains to a lack of movement in the cranium causing liquid to pool
(Swedenborg, 1976b, p. 42). It should be noted that apoplexy is an ancient medical
term that refers to the person as having a seizure or cerebral vascular accident. So
disease in this case was the result of the loss or inhibition of the process of cranial
circulation secondary to its inherent movements; “continual stretching and loosening,
this liquor is driven to between the meninges”(Swedenborg, 1976b, p.42). It is a
relief to see an anatomist using logic to come to the same realizations that Osteopaths
have about a lack of movement eliciting a disease process.
However Swedenborg was not the only one who discussed movement of the
cranium and contents. Xavier Bichat classified the connective tissues of the body
within three classes of membranes. Those classes were the mucous membranes, the
serous membranes and the fibrous membranes. One the areas in which Bichat’s
thoughts are unique, are those concerning the importance of the serous membranes
especially the arachnoid mater. He is the first anatomist to go into great detail about
the arachnoid. He does discuss the dura mater as well, which he considered a fibrous
membrane, and he mentions the pia mater. There are many significant points in his
text A Treatise on the Membranes, many of which concern the functional properties
of membranes, and inflammation, and of course there are a few references that fit into
the other category. So listing a few excerpts in point form for later discussion:
¾ The serous, or lymphatic or cellular membranes, occupy the outside of most of
the organs…They meet over those, subject to great motions, to reciprocal
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frictions…over all the organs essential to life. The brain…(Bichat, 1813,
p.75).
¾ There is a very great number of serous surfaces … as the pericardium, the
arachnoids, the synovial surfaces of the joints…(Bichat, 1813, p.76)
¾ Does this remarkable attribute (serosity, shininess and slipperiness) of the
serous membranes depend on compression? Their being exposed to continual
rubbing and friction seems to make it credible (Bichat, 1813, p.81).
¾ The inner surface of every serous membrane is humid (Bichat, 1813p.83).
¾ That according to this structure we must regard the serous membranes
disposed, as we have seen, in form of a sack without an opening, as great
reservoirs intervening between the exhalant and absorbent systems, where the
lymph, in passing from the one, remains sometime before it enters the other
(Bichat, 1813, p.92).
¾ A second office of the serous membranes, is to facilitate the moving of the
organs (Bichat, 1813, p.102).
¾ Is there not a real line of distinction between the phlegmasiae [inflammation
or disease] of the serous, and those of the fibrous membranes (Bichat, 1813,
p.127)?
¾ The serous membranes are remarkable… because after their inflammation
their different faces often adhere together; because then they are often
thickened, lose their transparency, and become whitish (Bichat, 1813, p.175).
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¾ After inflammation of the brain…frequently saw the external face of the
arachnoids, and the corresponding face of the dura mater, adhere
together…When in trepanning, the dura mater is divided, the portion of
arachnoides, corresponding to the opening, is inflamed and then adhere to the
cicatrix [scar] (Bichat, 1813, p.175).
¾ When after inflammation, the dura mater is remarkably thickened… we notice
this phenomena only on the inner, and not on the outer surface: but the
inflammation has been everywhere the same; this change is not proper to it,
but to the arachnoides which lines it (Bichat, 1813, p.185).
¾ In the inflammation of the brain and its membranes, it seems that the
arachnoides performs a principle part…This membrane occasions this
inflammation to be referred to that of the serous or diaphanous membranes. If
the dura mater partakes of these affections, it is on account of the inner layer
that lines it (Bichat, 1813, p.193).
One can perceive a few key concepts in these excerpts from this truly remarkable
book. The serous membranes including the arachnoid mater and the synovial
membranes, are present to facilitate movement. Secondly it associates strongly with
liquids, and thirdly it is very strongly affected by inflammation, more so than the
other meninges. This information ties in very neatly with the upcoming discussion on
the Blood-CSF barrier and BBB. There is also one conceptual point that is not
exactly clear form these excerpts but is present in parts throughout the text, and that
is, the effects of inflammation cause a disorganization of the tissues. This
disorganization is referred to as a sticking between tissues especially in the case of the
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dura mater and the arachnoid, or as changes in the morphology of the membranes or
their liquids. The effect of this disorganization is noted by the impairment of
movement. In the case of the arachnoid and dura maters, they loose the ability to
glide in opposition. This gliding is essential to their function. The change from
organization to disorganization reduces the “vital force” of the tissues, in the case of
the arachnoid/synovial membranes, its ability to control fluids and to ensure gliding
movements (Bichat, 1813, p.202). The disorganization that is discussed here is highly
significant because it ties in with modern discussions on the ECM and the
mesenchyme.

This information is highly significant for Osteopaths because they

talk a lot about the presence or absence of movement, but they don’t know why it is
so important, and terms like perverted physiology and lesion are used. The reality is
that it is inflammation preventing movement between sliding layers that is the
problem. Once a capacity for movement is lost to the process of inflammation, the
tendency for further inflammation increases dramatically until a disease process is
apparent. In terms of the brain Multiple Sclerosis is an example or long term
inflammation. In terms of the synovial membranes global postural imbalance is the
long term result. These disease processes do not occur overnight, they are the result
of a much longer period of inflammation.
As mentioned earlier the ECM is a liquid that allows communication between
the cells of the tissues of the body. It is responsible for the communication of
hormones from endocrine glands with their target cells, for the movement of oxygen
and nutrients from the capillary walls to the cells, and the removal of waste products
from those cells. The ECM is a continuum that exists throughout the entire body, for
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example the ECM of the abdomen is in communication with that of the cranium.
This continuum takes the form of fiber pathways of the connective tissue, connecting
muscle to joint, and one joint to another, or to an organ. Therefore the greater the
percentage of ECM/fibril ratio within a tissue, the quicker its response to changes of
the ECM. The more fibrous a tissue is the less reactive it is to inflammation. As
discussed by Bichat, the serous membranes are the most sensitive, and include the
synovium of joints and most importantly for this paper, the arachnoid membrane.
The response of the serous membranes to inflammation is quicker than the other
types, and their recovery to short term inflammation is equally quick, they simply
rehydrate. Their response to long term inflammation is to change their morphology,
to become stuck, disorganized in their movement, and subsequently to have problems
with their liquid metabolism. This concerned both Sutherland and Arbuckle who
mentioned the arachnoid maters in their works. Sutherland discussed arachnoid cysts
and Arbuckle wanted to make sure the CSF in the sub-arachnoid space could move
[see respective sections on these authors in Chapter Five].
The process of organizing movement is not only an osteopathic
preoccupation. It is also a topic of fervent discussion amongst embryologists as well.
As encapsulated by the discussions of Blechschmidt, O’Rahilly and Muller,
Opperman or any other embryologist, the importance of organizing liquids, and of
movements between tissue layers is extremely important in embryology. A slight
disorder in the movements of cells in the embryo can cause disasterous birth defects,
such as the neurocoel mentioned in the embryology section of Chapter Three. Of the
embryologists mentioned, no single researcher has offered information as beneficial
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to Osteopathic concepts as Blechschmidt. The concept of the metabolic fields
involving the mesenchyme closes gaps between osteopathic theoretical concepts and
practice. Most importantly the concepts of forces of movement that act on and within
the mesenchyme explain much of the palpatory descriptives that osteopaths use, terms
like; a pulling inside a tissue, and blocking the movement of a connective tissue are
highly reminiscent of the terminology Blechschmidt uses (as discussed in detail in
chapter Three). That being said, the embryological forces are mostly resolved early
on in life into the adult morphology. However there is a connection between these
embryonic forces and the adult form. The connections lie in the softest connective
tissue of which the arachnoid and pia mater come to mind. “Loose ‘soft’ connective
tissue, which still corresponds to the embryonic mesenchyme, is particularly rich in
extracellular matrix, and is thus particularly reactive” (Pischinger, 1991, p.44). Some
of the areas in which the author noted this soft connective tissue included the
Virchow-Robin spaces of the CNS, serous membranes and leptomeninges
(Pischinger, 1991, p.45). Some authors have noted that the Virchow-Robins spaces
are composed of leptomeningeal cells, but that remains a point of controversy at this
time (Greenberg RW et al., 1994, p.460). The presence of this highly reactive
mesenchymal tissue in and around the brain is significant because it connects to the
observations of Bichat and his discussions of serous membranes and inflammation.
The final area of interest in this discussion, which is really an introduction to
this topic, is the effects of inflammation on the leptomeninges. The leptomeninges,
because of their delicacy, and responsiveness to inflammation, function to protect the
brain from inflammation. The protective function is two fold, one layer is the blood-
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CSF barrier, the other layer is the BBB. The blood-CSF barrier consists of the
ventricles, and the sub-arachnoid space. Within that zone there is only CSF which
has a highly controlled composition. The secretion of CSF by the ventricles ensures
that only certain substances enter that discrete zone. The Blood-CSF Barrier lies
entirely within the leptomeninges, primarily the sub-arachnoid space (Segal, 2000,
p.184). There are many mast cells and other cell types associated with inflammation,
in the pachymeninges (Fricke, 2001, p.96), but there are not many in the
leptomeninges, if at all. In fact the BBB serves as a last barrier to prevent immune
cells and inflammatory agents into the neural tissue. The BBB consists of the subpial space [controversial], the Virchow-Robins spaces and ependymal tight junctions
and possibly the leptomeningeal anastomoses [reversible current arterioles (M
Brozici, 2002, p.2752)]. It has been noted that in cases of chronic inflammation
immune system cells accumulate at the Virchow-Robins spaces (MM Esiri, 1990,
p.5). This observation confirms the earlier statements of this thesis stating that the
leptomeninges protect the brain from inflammation. The outer boundary is the highly
reactive arachnoid mater which forms most of the Blood-CSF Barrier, most effective
for acute inflammation. With chronic inflammation as in the case of measles virus,
multiple sclerosis and other encephalitis (MM Esiri, 1990, p.5), the Blood-CSF
Barrier is overwhelmed. Inflammation and immune cells enter the sub-arachnoid
space. The next barrier is the pia mater and the BBB. The less highly reactive pia
mater (compared to the arachnoid) and BBB are better adapted in dealing with
chronic inflammation hence the morphological thickening in that tissue as noted by
ancient anatomy texts. The cells of inflammation and most immune system cells (T-
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lymphocytes are the only immune cells that can pass the BBB) are blocked from entry
into the neural tissue until overwhelmed leading to pathological changes of the neural
tissue. These changes are morphological and alter the structure of the myelin sheaths
of the neurons: “This phenomenon is probably a subpial astrocyte response to
inflammation and demyelination and may be related to the protection of damaged
white matter against subsequent inflammatory events” (W. Moore, 1986, p.371). The
authors of this article noticed a change in the astrocytes and neurons subsequent to
long term inflammation. In terms of the ECM, basement membranes and related
structures, Pischinger notes that the effects of long term inflammation at the BBB and
the neural tissue cause tissue changes. ”Every alteration of these basement membrane
sections [at the BBB] results in severe organ damage” (Pischinger, 1991, p.51).
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6.3

CONCLUSION

To sum up how the information of the discussion benefits Osteopathy, one
concept comes to mind. All of the information presented in the discussion indicates
that inflammation of the connective tissue is an area of keen importance to
osteopathic technique. It is also an area of disease that Osteopathy may potential to
treat because Osteopathy attempts to work on the connective tissue. The information
that Pischinger presents is fascinating, but it only confirms what Osteopaths, and
others like Bichat have been saying for years. It is highly significant that a medical
doctor like Pischinger is speaking in the type of language that Osteopaths are familiar
with, especially given the publication date of the original German edition (1975).
However the terms Osteopaths have been using are not ones like gliosis, or even
inflammation, but the concepts of interconnectedness, and fluid continuity are very
similar to things that Osteopaths discuss in the context of palpation. Osteopaths talk
about movement, rigidity, and tissue tensions, however after the discussion of the
matrix one realizes that ancient anatomists were talking in much the same language,
at least some of the time. Therefore understanding how inflammation affects the
meninges and why, could prove to be invaluable information for creating and refining
osteopathic technique in the future. In daily practice, knowledge of the effects of
inflammation on the body’s systems should be a standard evaluation concern. A
future in which diseases like multiple sclerosis, cancer, fibromyalgia, and other
connective tissue diseases are more and more prevalent, Osteopathy as a therapy is
going to be in demand.
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On another level many researchers find the discussions that Osteopaths have on
palpation, the terminology used to be non-scientific. In answer to those statements
Osteopaths, in classic epistemological style, reply that the descriptions they use best
suit the sensations they feel, their experience. Upon reading the Pischinger’s works
on the ECM or matrix, and noting what he calls the ‘loose’ soft connective tissues
being still mesenchymal embryonic (Pischinger, 1991, p.45), metabolic fields of
Blechschmidt are called to mind. Blechschmidt’s discussion of how forces are
transmuted by the mesenchyme sound very much like the palpatory descriptions used
by Osteopaths as mentioned in the text Osteopathy in the Cranial Field. Is it too big
a coincidence that the area of treatment where those sensations are most noted is one
which Pischinger notes as having a lot of ‘embryonic mesenchyme’ in the adult? One
is inclined to say that Osteopaths might be tapping into tensions within the connective
tissue of the cranium, the meninges, something they have been collectively claiming
for a long time.
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7

CHAPTER SEVEN: RESEARCH QUESTION TWO
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7.1

INTRODUCTION

The process of answering this research question, ‘Has Osteopathy overlooked the
pia and arachnoid maters, the other two layers of the meninges, in its study of the
dura mater?’ will re-examine some of the information from Chapter Six, as well as
the literature review of the osteopathic material of Chapters Four and Five. The
information presented within the text Osteopathy in the Cranial Field offers
anatomical information on the leptomeninges, but in terms of the practical technique
not much was discussed. However that is not to say that they are completely ignored
by Magoun, but the significance of their roles are marginalized by the importance
assigned to the Dura Mater in the text. During the investigation of the literature
selected for this thesis, Arbuckle is the only Osteopath whose works discussed
treatment of the arachnoid mater. Concerning theory, Sutherland discussed the
significance of trauma causing a collapse of the arachnoid mater in the text Teachings
in the Science of Osteopathy. Regardless the leptomeninges have two significant
anatomical and functional roles. The two most important (in an osteopathic context)
roles of the leptomeninges have to do with blood and CSF. Given the overwhelming
frequency with which the dura mater was discussed in the Osteopathy in the Cranial
Field, and that the leptomeninges were not discussed at all in the practical part of the
text one would be inclined towards a few assumptions. Either the leptomeninges were
considered not important to manual technique, or it was considered that they could
not be influenced by palpation so they were not included in the practical discussion.
However since that time by and large most Osteopaths have not examined manual
work designated to the leptomeninges. There is one other possibility, and that is that
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Osteopaths have been working with the leptomeninges all along and just have not
said it.
There are a few clarifications that must be made at this point about the
information in this section. Firstly the dura mater is very important. Its chief area of
importance however lies in its biomechanical role, a role that has been identified for
centuries and which was well discussed by Swedenborg. It is the contention of this
author that much of the physiological and functional roles of the meninges are within
the context of the leptomeninges, particularly in regards to the BBB and Blood-CSF
Barrier and inflammation. The properties of the ECM offer an explanation for many
of the descriptives that Osteopaths use.
7.2

DISCUSSION
Since the time of Still, Osteopaths have studied anatomy and

secondarily physiology, as central tenants of the education process.
As you contemplate studying this science and have asked me to know
the necessary studies, I wish to impress upon you minds that you begin
with anatomy, and you end with anatomy, a knowledge of anatomy is
all you want or need (Still, 1899, p.16).
For fear that the student will not comprehend what I mean by the
books pertaining to a complete knowledge of anatomy, I will give
something of an approximate list, as follows: Descriptive anatomy, by
the very best and latest authors; demonstrative anatomy, human
physiology, histology, and chemistry (Still, 1902, p.20).
The text Osteopathy in the Cranial Field devotes quite a considerable percentage of
its material to discussions of anatomy, as noted in Chapter Four. There are some
areas of the anatomy/physiology osteopathic database on the meninges that could
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bear re-examination. Given that the volume of the material is quite large the input of
the author of this thesis represents a small percentage of the total amount of
osteopathic knowledge on the meninges. The material in this thesis offers some
explanations for the mechanism of how cranial osteopathic technique works. One
area of concern has to do with the lack of reference to the leptomeninges within the
osteopathic literature. If the literature is supposed to represent the theoretical basis for
practical instruction, then Osteopaths have probably not been paying enough attention
to the leptomeninges. The author contends that the leptomeninges deserve more
attention from Osteopaths for several reasons. The most obvious one is that the
leptomeninges, pia and arachnoid maters are responsible for the physiological
production, storage and disposal of the CSF. The CSF is very important to cranial
osteopathic technique, and CSF is very important for CNS function, as well as the
health of the individual. “A thought strikes him that the cerebro-spinal fluid is one of
the highest known elements that are contained in the body, unless the brain furnishes
this fluid in abundance, a disabled condition of the body will result” (Still, 1902,
p.44). Secondly the connection of the CSF to the ECM of the body proper explains
the systemic effects of osteopathic cranial technique that cannot be explained based
on neural pathways. Additionally the attributes of the ECM allow an explanation for
some of the palpatory descriptions used by Osteopaths. This is as well significant
since the highest concentration of the ECM in the cranium is within the sub-arachnoid
space which is part of the leptomeninges.
First it must be emphasized that the dura mater is very important to
osteopathic cranial technique. As detailed in the discussion of the PRM from the text
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Osteopathy in the Cranial Field, the dura mater is the central constituent of the
biomechanics involved in the RTM, around which much of the osteopathic cranial
technique is based. The validity for the concept, the confirming source of
information comes in bits and pieces from contemporary science, and to a large
degree from ancient anatomists such as Swedenborg and Bichat. Comments from
various authors of contemporary scientific literature lend support to the concept of
cranial articular movement. There are comments like the observations of the
properties of dura mater fibers indicating capacity of movement by Dunn (Dunn &
Silver, 1983, p.67-68). Then there are the statements on cranial biomechanics of
sutural morphogenesis that indicate that tension along the fiber tracts of the dura
mater is involved with sutural construction (Opperman et al., 1993, p.312). The same
author goes on to state that in some clinical situations the bones of a young child’s
calvarium have regrown after removal but only if the dura is intact (Opperman et al.,
1993, p.313). [author’s note: It is the opinion of this researcher that this statement
had a typo, it should read that if part of a cranial bone is removed then the dura will
stimulate bone regrowth, it is well known that total calvarial re-growth can occur in
some animals, which that section of the article also referred to]. These comments and
pieces of information when married to the information of the antique authors like
Swedenborg makes for a pretty convincing argument that cranial articular movements
occur, and that the presence and function of the dura mater is essential to that process.
When therefore the cerebrum expands and fills the whole bony
vault, it extends the process of the falx and the transverse septum
(tentorium cerebelli) both lengthwise and breadthwise…Therefore
when the transverse septum is extended the falx is also
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extended…When the cerebrum has extended the forces of its
animation this far, then, since the cranium prevents it from being
carried further, and since there is no longer an open cavity to which it
can extend its volution, the gross menix and its fibers, lacerti and
muscular glands thereof, become so tense that they have no other
aspiration then to return…to their natural state (Swedenborg, 1976a,
p.138-39).
Within the context of the text Osteopathy in the Cranial Field, the frequent
mention of the dura mater is to be expected given how much of the book is devoted to
biomechanics, and the importance of the dura mater as part of those biomechanics.
As noted in Chapter Four of this thesis the dura mater is mentioned much more
frequently then the leptomeninges. One is inclined to say that the leptomeninges are
very important to the physiology of the cranial system. Herein lays one of the
complications of analyzing a text like Osteopathy in the Cranial Field, because the
term physiology is often used instead of biomechanics. As stipulated earlier in this
thesis sometimes there are times when Magoun is saying physiology, and instead
terms like biomechanics of kinesiology would have been more appropriate.
ALTERATION OF PERMITTED MOTION. It should be emphasized
that mastery of the sense of joint motion involves a thorough
knowledge of craniosacral mechanics, coupled with the willingness to
be guided by a permitted motion within the mechanism. A single bone,
or a group of them, is merely started in a certain direction and then
followed with tactile discrimination as to whether the range is normal
or restricted. It does not take too much time to determine the total
physiology or pathology present (Magoun, 1976a, p.90).
Why the author makes a distinction between the use of the terms physiology and
biomechanics is to clarify the roles of the involved tissues. The term physiology
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probably should be used in reference to the fluidic expansion and retraction of the
cranium from production of CSF, a cellular process. This cellular process of course is
highly dependent on the leptomeninges. The biomechanical process that results in the
bones moving is from the tension on the membranes caused by the physiological
process, not separate from it. The expansion and retraction that occurs causes certain
biomechanical actions to occur as a consequence, and the medium for this force
transduction is the meninges (that is the transduction from expansion into
flexion/external rotation). The physiological process occurs within the
leptomeninges, and the biomechanical action is controlled and transmuted by the
pachymeninges. There is no doubt that the physiology and kinesiology/biomechanics
work hand-in-hand. Of course that is the opinion of the author trying to clarify
material that has come from several sources and trying to present them in a simplistic
fashion. Likewise the movements of the pachymeninges aid the physiological
convection of the CSF, called the “fluctuation of the CSF” by Magoun (Magoun,
1976a, p.42).
So the suggestion is that the physiological manifestations of the PRM are
mostly related to the leptomeninges and the biomechanical actions are a result of the
function and properties of the pachymeninges. If that supposition is accepted then the
earlier statements regarding the ECM and relationship of the leptomeninges should
now be applied to the material from Chapter Six. The zone of transition between the
ectodermic neural tissue, the ependyma, and the mesenchymal meninges, the tela
choroidia, exists at the cranial ventricles. If the term leptomeninges or tela choroidia
was mentioned every time the ventricles were discussed in the text Osteopathy in the
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Cranial Field, then readers would be much more aware of the presence of the
leptomeninges in the cranial mechanism. Or if the term sub-arachnoid space was used
everytime one mentioned CSF then again readers would be much more aware of the
leptomeninges. Both of these suggestions are reasonable when one considers that the
CSF only lies within the subarachnoid space, and that the CSF is derived from arterial
blood, carried to the choroid plexus within the tela choroidia. The question is, can
one reasonably claim to work on those structures? Not only is it reasonable for
Osteopaths to attempt to work on these structures, they have already been influencing
structures like the subarachnoid space for a long time. There are numerous
osteopathic techniques that influence the arachnoid secondary to the movement of the
CSF. Osteopaths frequently mention the CSF during treatment, especially in classic
techniques like the V-Spread, or techniques like the compression of the fourth
ventricle. If the CSF is being effected then so is the arachnoid mater, likewise if one
compresses the fourth ventricle to influence CSF production then one is working with
the tela choroidia, it cannot be avoided. So if the system already is in place why
bother with additional nomenclature or definitions. Does it matter if Osteopaths know
they are working on the arachnoid mater when they are doing a V-Spread? It does
matter because knowledge confers specificity. The phrase ‘art and science’ was
applied to Osteopathy by William Garner Sutherland, and since the inception of
Osteopathy specificity of treatment has been considered fundamental. If one agrees
with the earlier discussion that the leptomeninges have been included in treatment and
discussion frequently, and during almost any cranial technique class. So maybe they
haven’t been ignored, just not referenced. Why is the inclusion of the leptomeninges
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in terms of explanation so important if there is already a system in place that works
well?
With the agreement that the leptomeninges are the physiology behind the
PRM, and the previously established (Chapter Six) concepts that the meninges are of
mesenchymal origin and thereby part of the ECM a very valuable connection can be
made. The leptomeninges as stated in Chapter Six are higher in fluid content then the
pachymeninges. The leptomeninges as stated earlier in this discussion are involved in
the manipulation of CSF. Add to this the intrinsic connectivity of all the ECM in the
body and at the end one realizes that now there is a way to examine some of those
statements from the First Edition of Osteopathy in the Cranial Field. Those
statements like the ‘sheet lightening in the storm’, ‘pull of the dura’, or ‘tide’ which
were mentioned in Chapter Four, are not esoteric. They are palpatory descriptives for
work that is performed on the ECM, and in the cranium the ECM is equated with the
CSF. The leptomeninges are very, very important to Osteopathy, not because they
are not mentioned and should be, not because they offer new concepts of treatment,
but because they are being tacitly used every day in work that is integral to cranial
osteopathic technique.
The cyclic fluctuation of the cerebrospinal fluid would naturally
conform to its container, the ventricular sub-arachnoid spaces or
“water beds”… It should be emphasized that the significance of the
cerebrospinal fluid is by no means limited to the brain. Because of the
physical continuity with the lymphatic circulation, tissue juices and the
interchange in every cell, there can be much influence upon the
biochemical and bioelectric balance all over the body (Magoun, 1976a,
p. 36). (author’s note: It should be noted that Magoun took some of
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that information from a scientific article called The circulation of the
cerebro- spinal fluid through the connective tissue system)
One might wonder what sort of palpatory descriptives would be covered
within the context of properties of the ECM. It is important for the reader to
remember that as the ECM varies from a slightly more liquid state (sol), to a slightly
less liquid state (gel), water molecules are taken up as H+ ions, leaving OH- ions
within the fluid matrix. This represents a very slight change in the acid/base balance
of the matrix. However this slight change is significant because as the matrix takes
on a slightly negative charge it attracts positive ions, Ca++, Mg+, and other organic
positive ions. This attraction manifests as a slight change of polarity gradient around
cell membranes in which a piezoelectric gradient is necessary for exchange of
substances as charged molecules across its cell membrane. The charge difference
caused by the gel to sol alternation is so slight as to be almost undetectable, however
it does involve changes in the kinetic energy transfer throughout the body.
The swelling or shrinking of tissue colloid is regulated by
automatically controlled changes…This leads, on the one hand, to
hypoxia and acidosis of the tissue, with changes of the pH value and
the fluid content of the colloid state of the tissue from the “sol
direction” to “gel direction”.

However this alters the dielectric

constant of the tissue and thus all the bioelectrical functions and values
(Pischinger, 1991, p.110-1).
The charge differential also influences immune processes and tendencies towards
inflammation, as well as altering the kinetic current through the ECM of the body.
However there should be the addition of one more term to consolidate this
discussion and connect to osteopathic concepts. Another name that the ECM or
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matrix has been referred to is ‘crystalline water’, and this term is important because it
carries with it a connotation, because crystals are important energetic structures
because of their lattice work. In other words the ionic interconnections between
water molecules and those other charged particles that float within them, including
the proteoglycans. The connotation here is to realize the interconnectedness of the
ECM. Situations and processes like inflammation affect the ECM, that this effect has
been quantified and that it explains things that Osteopathy talks about. The most
important thing to remember there is how inflammation affects the basic gel/sol
relationship. Furthermore the gel/sol relationship could be likened to the
flexion/extension or expansion/contraction of the PRM.
Every short-lasting stimulus leads primarily to partial depolarization of
proteoglycans, which is eliminated at once in open and functionally
capable systems through charge replacement.

Minimal duration

stimuli from localized inflammatory foci are this the cause of lasting
depolarization processes, which eventually have to lead to structural
changes in the entire ground system; at the end of this degeneration
process, the transformation is in the direction of a gel. This means that
there is an alteration in the direction of biological activity, as in every
other colloid that loses its surface charge.
At the moment there are no experimental results that lead to a direct
analogous conclusion concerning the effect of the stimulus on the
semi-crystalline water fields lying between the molecular filaments,
but it can be assumed that they also alter or lose their polarization,
structure an order (Pischinger, 1991, p.105).
There would be certain characteristics of changes that occur in the ground system. If
there were a fluidic change of the system, of the ECM itself then its process would be
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slow, likely as an amplification of the natural oscillation of the gel-to-sol rhythm, or
as a long pause in the rhythm allowing the requisite chemical shift to occur.
Alternately if there was a change in the potential/kinetic energy balance of the ground
substance secondary to a change in the gel/sol ratio of the ECM, then there would be
a very fast ‘electrical’ change, literally in the blink of an eye.
Of course by now one should realize that all of this information is very
significant to the topic of the leptomeninges. The importance lays in the analysis of
two specific pieces of data. Firstly the ground substance of greatest importance in the
cranium is that which helps form the BBB, of which the pia mater is another
constituent. All the constituents of the BBB work synergistically, ground substance,
tight junctions and the (disputed) pia mater (it should be noted that tight junctions
exist also within the arachnoid mater at the level of the sub-dural mesothelium and so
some authors consider the arachnoid to be part of the BBB, this is not a generally held
theory). Secondly the CSF is the largest collection of the ECM in the cranium, and its
access to the brain, and pituitary (amongst other structures) means that the CSF is
very important to CNS function. Also as mentioned before the CSF lays within the
sub-arachnoid space and so has a special relationship with the leptomeninges. The
roles then of the leptomeninges within the context of cranial osteopathic technique are
truly significant. Not only for their anatomical relationships but also for their
connections with the entire body through the ECM.
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7.3

CONCLUSION

One thing that has to be remembered in the past discussion is that all of the
meninges are important, and one way or another every detail about them is important
as well. The information presented does not necessarily point towards new
techniques, or methods. The point of this information is to help people to understand
(the author’s interpretation of) what they are doing and to what tissue. It is important
to know what one is doing for the sake of specificity, and to be self sufficient.
However something that has to be remembered is that work performed on the
leptomeninges is not new or different. The fluidic concepts mentioned by Osteopaths
during cranial practical instruction, have always been performed with the
involvement of the leptomeninges.
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8

CHAPTER EIGHT: DISSECTION AND INTERPRETATION
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8.1

INTRODUCTION

The next section of material consists of the presentation of dissection studies
on the meninges, with interpretive commentary by the author. The visual information
and analysis is designed to generate thought and stimulate interest in anatomical
structures that are often mentioned but rarely re-examined in detail. The dura is
frequently mentioned in practical instruction, but that is not the only layer of
meninges that is present in the cranium, and most importantly not the only layer to
have roles that interest Osteopaths. In this section the concept that all of the layers of
the meninges are of significance to Osteopathy will be confirmed. There will be a
comparison of the information presented from the earlier sections with the
observations and interpretations drawn from the dissection material. The information
and inspirations gained from that material will be used specifically in answering the
third research question.
It should be noted that most of all this part of the study is rare within
osteopathic literature. There is a precedent within antique dissection studies which
tried to present a view of the anatomical structures discussed, most notably the works
of French anatomists Testut, Poirier and Rouvier. During the dissection process some
anatomical atlases were used for preparation, consultation and post dissection
analyses including; Morris Human Anatomy (C. M. Jackson, 1914), Grant’s
Dissector (Sauerland, 1984p. 126-171), Anatomie Humaine (Henri Rouvière, 1967),
Anatomie Topographique Descriptive et Fonctionnelle (Bouchet & J., 1991), Gray’s
Anatomy (Williams, 1995).
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These are by no means the only examples of great anatomists. However the
frequency by which they are referenced within scientific literature is significant. The
goal of this chapter is to follow in the footsteps of great anatomical illustrators and
writers but by using photographs instead of illustrations. It should be noted that the
photographs presented are but a small sample of pictures taken. Numerous times the
shots that were attempted were not successful. Unfortunately trial and error is the
only method by which to gain the skills necessary to uncover many of the anatomical
structures and then obtain photographs of them. The photographs will include a
discussion and will attempt to clarify the discussion of the meninges from the
previous chapters.
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8.2

DISSECTION RESULTS AND COMMENTARY
Table 8.1, Legend of Abbreviations

D

Dura Mater

A

Arachnoid Mater

P

Pia Mater

T

Tent

Ref

Reflected

F

Falx

SSS

Superior Sagittal Sinus

ISS

Inferior Sagittal Sinus

MMA

Middle Meningeal Artery

SS

Sphenoid Sinus

FS

Frontal Sinus

CV

Cavernous Sinus

ADG

Anterior Dural Girdle

MC

Meckle’s Cave

Car

Carotid Artery

ST

Sella Turcica

N

Nuchal Ligament

R or RCPM

Rectus Capitis Post. Minor
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8.2.1

THE PACHYMENINGES AND RELATED STRUCTURES

The pachymeninges in terms of dissection are easily discernable structures
except for areas around the cranial base, such as the lesser wings of the sphenoid
area and the cavernous sinus. The immediate observation one has upon examining
the dura mater is how tough it is. Secondly, it is a little surprising to see how easily
it is removed from most of the calvarium, at least in the aged cadaver.

Photo 8.1, Calvarium and dura surrounding the brain, looking at superior aspect of cranial contexts
under dural covering and inferior endocranial surface of calvarium.

This photo displays the dura mater after the skull cap is removed. The dura is
easy to separate from the vault but it is more adherent at the superior sagittal sinus. It
should be noted that there are no obvious sutures present in this vault. The sutures
ossify in an outwards direction, and from front to back so this cranium is in an
advanced stage of ossification as is consistent with an elderly subject, but which was
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also noted in a subject of 44 years of age. The findings of these dissection studies do
not agree with some of the assertions from osteopathic texts that the sutures are patent
throughout life. Indeed an examination of skulls conducted at a facility in Ontario
demonstrates cranial sutures in of youths, and young adults and in situations of
pathology. In the last case it was noted that the spheno-basilar suture was only
present in adult skulls if there were a significant pathology present at the cranial base
such as the fusion of the atlas to the occipital bone. There is no doubt that there is a
significant variation in sutural closing between individuals and that regarding the
persistence of the calvarial sutures or of dura mater continuing out through them to
meet the epicranial fascia. It should be noted that both the First and Third Edition of
Osteopathy in the Cranial Field state that the dura is continuous through the sutures
with the external periosteum and that this was not confirmed during the dissection
studies [see photos] (Magoun, 1951, p. 12, p.18; 1976a). However it should be noted
that Magoun provides for variation in that situation, in his reference to an old
osteopathic saying about a man being as old as his cranium. Weaver who references
Piersol, maintains that the dura is continuous with the external cranial periosteum at
the un-united sutures, and at the cranial foramina [including the foramen magnum]
which was corroborated during the dissection studies. It is significant that this
information that was made public in the years 1936-38 at the AOA conventions was
not included or referenced by Magoun or Sutherland.
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Photo 8.2, Endosteal Dura Mater, profile view front of spemen facing table.

The inner dural covering within the calvarium, notice the presence of the
meningeal arteries associated with the pachymeninges.

Photo 8.3, Interparietal suture area. Endocranial view of sagittal suture from below.
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This photo is an enlargement of a picture of the cranial vault of the same
subject showing ossification of the interparietal suture. Note the impression where
the superior sagittal sinus was located as well as the deep indentations of the middle
meningeal artery.

Photo 8.4, Impression of Middle Meningeal Artery, taken from side of endocranial surface.

This photo is an enlargement of a photo taken from the side and again shows
the deep impressions made by the middle meningeal artery in the vault.
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Photo.8.5, Falx cerebri, profile of sagittal plan.

Note in this photo of a sidelying subject the presence of the nuchal ligament
[preserved] and the falx cerebri. The tentorium cerebelli and calvarial dura have been
reflected. Note that the dura is so overwhelming in this photo that one could easily
overlook the pia presence. In a casual glance the pia is more easily overlooked when
compared to the dura mater however the surface area of the leptomeninges is
deceptively large. The pia follows within the folds of the neural tissue, therefore it is
similar in surface area to that neural tissue. The area of the meninges which is
labelled with the P in the photo is significantly thicker than the adjacent pia mater,
but not as thick as the dura mater. This thickening of the meninges is the
combination of the two layers of leptomeninges in the area of the cisterna superioris.
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The arachnoid mater which is membraneous [for not all of it is trabeculae, there is a
mesenchymal layer between it and the dura and the rest associates with the pia
mater], tends to collapse during the embalming process. The thickened meninges that
is seen in this one area of the photo probably represents the adherence of the two
layers of the leptomeninges together. Or this could be the relic of a benign
subarachnoid cyst that had been present in the area before death, and could have
collapsed during the embalming process.
One should also observe the substantial nuchal ligament, an external sagittal
structure linked to the dural system by its connection with the rectus capitis posterior
minor. Here is an example of a key linkage of the muscular system to the RTM, via
the connection of the RCPM to the dura mater on one end and the nuchal ligament
[and occiput], to the other. The cranial nerves as they exit the base of the skull also
are surrounded by the dura mater as a sheath that blends with the epineureum. This
sheath connects to the connective tissue structures on the base of the including the
pharyngobasilar fascia and bucopharyngeal fascia. Allowing the tensions of the
cervical spine and below to travel up to the base of the cranium and be transmitted
inside. Another mode of force transmission is through the substantial vascular
network and their connective tissue sheaths. Lastly the dura mater is present between
the sutures where present at the cranial base, and becomes continuous with the
external periosteum at the base of the skull transmitting forces applied to the base of
the skull to the bony sutures especially to the temporal bone. Sutures were not found
in the cranial vault during this study, but when present one would assume from the
literature that they would follow a similar arrangement to that of the base.
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Photo 8.6, rectus capitis posterior minor and nuchal ligament insertion

Photo 8.7, Occiput with attachment of RCPM included, note spinous process of second cervical
vertebra (C2). Posterior surface of Occiput shown, sagittal plane.

Root of the ligamentum nuchae – observe the fibrous insertion of the nuchal
ligament [N in photo 8.6] that extends down as far as the rectus capitis posterior
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minor muscle [R in the photo 8.6]. The rectus capitis posterior minor muscle attaches
from the base of the occiput dura mater between the occiput and the first cervical
vertebra. Note the distance of the Rectus Capitis Posterior Minor [RCPM in photo
3.6] from the spinous process of the second cervical vertebra [C2 in photo 8.7].

Figure. 8.8, Occiput with falx cerebelli. Picture showing falx cerebelli (FC) and the rectus capitis
posterior minor (RCPM), the indicator is placed slightly posterior and inferior to the muscle. Sagittal
section, profile view.

One should notice in photo 8.8 the continuation of the falx cerebelli up to the margin
of the foramen magnum. The foramen magnum represents another significant
transition zone where vertical forces from structures such as RCPM and nuchal
ligament, and falx cerebelli are balanced within the circular fibers of the foramen
magnum. It is significant to note that the posterior atlanto-occipital membranes
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which are continuations of the dura provide a link to structures outside of the
meningeal border including the rectus capitis posterior minor muscle. Anteriorly the
dura mater as it continues down from the cranial base is called the membrana tectoria
or the anterior atlanto-occipital membrane, which lies between the occiput and the
second cervical vertebra. Caudally the inferior membrana tectoria connects to the
coccygien ligament as an adjunct structure on the posterior surface of the coccyx

Figure 8.9, Dura and Venous Sinuses. Sagittal section viewed from above with Endosteal dura
reflected.

Same subject as photo 8.5 but from a slightly different angle. Note the
intrinsic vascularature of the dura of the falx cerebri. The tentorium (T) has been
reflected to reveal the cerebellum lying underneath. The superior and inferior sagittal
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sinuses have been indicated and the shadow of the straight sinus within the dura is
apparent directly posterior to the P indicator.
Also note the thickness of the leptomeninges (P) lying on the cerebellum and
its intimate relationship with the vascularature of the neural tissue. The subarachnoid
space is a fluid containing space and the arachnoid collapses either towards the pia or
towards the dura mater, or both, during the embalming process as the fluid (CSF) is
removed. Plastination can preserve some of the arachnoid structures as is seen in
atlases (Rohen & Chihiro, 1988, p.94). Some of the arachnoid remains as delicate
strands which typically are easily destroyed during the dissection process. One can
infer the presence of the arachnoid in the area where the P is located because the
arachnoid does not go within the crevices of the neural tissue but lays as a membrane
on top of the pia itself.
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Photo 8.10, Attachments of tentorium cerebelli to occiput, impressions made by transverse sinus.
Endocranial view of occiput.

Notice in this photo the impression made by the artery denoted as A in this case only,
as well as the connections of the tentorium cerebelli, which contains the transverse
sinus proximal to the bony cranium. Notice as well the vertically oriented thickening
of the bone where the falx cerebelli attaches. The pattern of bony formation of the
superior sagittal sinus, with more prominent left transverse sinus indicates blood
probable blood flow of superior sagittal sinus into left transverse sinus as discussed in
the article by Sing and Nagashima (Singh & Nagashima, 2004, p.482).

Photo 8.11, The anterior end of the falx cerebri. Photo taken from below, facing endocranial surface of
the frontal bone, to show anterior inferior path of the falx,

The anterior end of the Falx Cerebri, observe the criss-crossing of layers as
the longitudinal layers continue as a sagittal band on the base of the anterior fossa
overtop of the ethmoid. The sagittal fibers are interdigitated with the tentorium of the
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olfactory nerve, whose fibers are coronal in orientation. Also of interest are the
concretions or calcifications at the base of the crista galli, sometimes these
concretions are embedded in the falx cerebri as well as other areas of the dura mater.
They are typically proximal to fenestrations in the falx when present and are usually
near the anterior part of the falx. The falx cerebri and dura mater in general is very
firmly fixed to the ethmoid in this area.
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Photo 8.12, Falx cerebri and RTM. Hemisected sagittal section of cranium.

Photo showing the falx cerebri (F) and tentorium cerebelli (T ) note the
presence of the straight sinus (S) in this picture. From this vantage point the space
between the tentorium and falx appears as an oval window, or the foramen ovale of
Pacchioni.

Photo 8.13, Other view of falx cerebri and RTM. Hemisected coronal plane view of RTM from above.

From this vantage point it is possible to see the falx cerebri and tentorium
cerebelli. Note that the tentorium is oblique to the horizontal plane. Together the
tentorium, falx and dura of the cranial base form a three dimensional lemniscat
pattern or interlocked mobius strips. Regard following stylized RTM’s portrayed as
tortuous mobias strips.
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Figure 8.1 (Mobius Strip).

Figure 8.2, Mobius strip version of tentorium (small), and falx (larger). The continuity of the
strip is meant to show how the falx is almost an ovale shape, and that there is a continuity
between arch of membrane, and bony cranial base where the posterior part of the
membraneous system attaches, at the clinoid processes.
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Figure 8.3, A mobius strip used to portray the attachments of the tentorium cerebelli to the clinoid
processes.

Figure 8.3, A schematic representation of the RTM as mobius strips, including the ovale shape of the falx,
the double attachments of the two layers of the horizontal tentorium cerebelli to the clinoid processes, and the
vertical falx cerebelli. The falx cerebri in white is continuous with the top layer of the tentorium also in white.
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A mobius strip is defined as a strip with one side and one edge. In other words it is an
interconnected whole. The concept of the mobius strip as seen in the art of M.C. Escher, is one
attempt to explain the space time continuum explored by physicists and astronomers. The
concept of the mobius strip has note been ascribed to the RTM within the literature the author
has seen.
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Photo 8.14, The anterior cranial fossa and the RTM. Sagittal section shown from above, facing
anteriorly.

A view of the inside of the cranium showing numerous parts of the
pachymeninges. Included are the anterior dural girdle (Carreiro, 2003, p.52), the
tentorium of the optic nerve (TO) and the tentorium of the olfactory nerve (Tolf). It
should be noted that anterior dural girdle is not a structure mentioned by Magoun in
the text Osteopathy in the Cranial Field but it is a structure that can be seen in an
embryo, through the membraneous tissue of the calvarium.

Photo 8.15 Quiz: identify structures labeled with a ‘?’

Note the continuity between layers of the different zones of dura mater.
Bonus question: What structures in blue, are just lateral to the thumb?
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Photo 8.16, Answers. The tentorium cerebelli has been covered over by the falx cerebri folded over to
side, matching the course of the tentorium cerebelli very closely.

Note the seemingly mirror image of the falx folded to one side, the posterior
part and anterior part of the photo seem strikingly similar, one in bone the other the
free border of the dura mater that forms the falx and tentorium. Looking at the falx
cerebri and tentorium cerebelli in this photo it is easy to see what Sutherland referred
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to as the ‘falx tentorium’(Sutherland, 1990, p.40). The small strand seen below the
edge of the tentorium is Cranial Nerve IV.
The answer to the bonus question is that the two structures visible beside the
finger are the superior sagittal sinus with arachnoid granulations. However in this
position these structures are lying almost directly on top of two other related
structures, that is the transverse sinus and its (inconstant) arachnoid granulations.

Photo 8.17, Falx cerebelli. Seen from above with tentorium cerebelli reflected up and back, note
connection of falx cerebelli to the margin of foramen magnum.

The falx cerebelli (FC) with the tentorium cerebelli reflected (T ref) to show
posterior cranial fossa as well. The Falx Cerebelli is a connection between the
tentorium cerebelli and the foramen magnum, in the case of photo 8.17, the fibers of
the falx blend with the circular fibers of the dura mater of the foramen magnum. One
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wonders if the whitish fibers visible in photo 8.17 are similar to the dural stress bands
mentioned by Arbuckle in her writings.

Figure 8.18, Lateral wall of cavernous sinus. Cranial base seen from above looking anteriorly.

In this previous photo one can see the covering (MC) of the Gasserian
Ganglion, or Meckel’s cavum, of the trigeminal nerve with fibers of the nerve visible
through the dural covering of the cavernous sinus. The Tentoriums of the optic and
olfactory nerve are also visible as is the root of the falx. Photos 8.18 and 8.19
illustrate the continuity of the pachymeninges from tentorium to cavernous sinus to
the middle cranial fossa and anterior dural girdle. In dissection it is not difficult to
remove the dura as one piece from the previously mentioned structures, however it is
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very difficult to remove the dura past the edge of the anterior dural girdle/lesser wings
of sphenoid (see Chapter Five section on Carreiro).

Photo 8.19, Middle cranial fossa. Subject facing anteriorly.
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In the previous photo one can see the middle meningeal artery’s deep
impression within the calvarial bone, roughly in the curve formed by the anterior
dural girdle that extends from the lesser wings of the sphenoid bone. The external
border of the cavernous sinus is also visible. This photo illustrates the continuity of
the pachymeninges from tentorium to cavernous sinus to the middle cranial fossa and
anterior dural girdle.

Photo 8.20, Carotid artery within cavernous sinus. Cranial base seen from behind.

The cavernous sinus internal aspect (Cav), including the carotid (Car) artery which
takes up most of the space of the sinus. The strands of the dura mater make up small
cells within the cavernous sinus. The relative size of the cavernous sinus should be
noted. The effects of the force of the arterial pulse should not be underestimated.
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Given that the dorsum sellae were often worn away in the models studied, one has to
wonder how much of that bone wearing is due to the continual pounding of the
carotid artery. One also wonders how a lack of flexibility in the system, as a result of
poor health contributes to that wearing away process

Photo 8.21, Cavernous sinus external wall removed. View from side.

In this photo of the cavernous sinus and anterior cranial fossa, from the side, one can
see the optic and olfactory nerve’s tentoriums (T O T olf), the root of the falx cerebri,
the sella turcica (ST), and the dorsum sellae (Dor Sel). With the external border of
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the cavernous sinus removed (Cav indicated on anterior edge of sinus), a dural
covering, one can see the carotid artery and CN VI, which has a tortuous path and at
one point winds between the carotid artery and the petro-sphenoid ligament of Gruber
(see next photo). It is important for the reader to note the presence of the Gruber
ligament between two areas of dural girdles, between the tentorium and the anterior
dural girdle – the presence of this band indicates that there was a migration of these
attachment zones sometime after the Gruber ligament was formed between both
structures, as per the concepts mentioned by Carreiro and Blechschmidt. Superiorly
(on this photo) one can see the trigeminal nerve as it passes underneath the tentorium
of the cerebelli (T) to enter within its cave called Meckel’s cavum. The sixth cranial
nerve (VI) is seen entering the cavernous sinus proximal to the fifth cranial nerve.

Photo 8.22, Close up of cavernous sinus and Dorello’s Canal.

373

Note again the comparative bulk of the carotid within the sinus, taking up the
majority of the space within the sinus. The petrosphenoid ligament crosses both
structures as it traverses the sinus just within the external dural border of the
cavernous sinus. One can see the impression of the abducent nerve on the dura mater
immediately superior, reflected upwards in photo. Dorello’s Canal is the name given
to the dura mater surrounding the abducent nerve (CN VI) as it passes between the
Petrous temporal and the clinoid processes within the cavernous sinus.

Photo 8.23, Eroded clinoid process. View of opposite side internal aspect, right = anterior.

In this photo one can see that the posterior clinoid has been eroded such that it was
maintained in its proper position by the dura mater lying overtop of it. The clinoid
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processes, amongst other structures, were described as poles of the RTM. Looking at
this photo one wonders about the quality of function of the RTM in this person.
However the erosion of the bone would seem to indicate that there was a certain
amount of wear and tear occurring in the area which is consistent with the idea of
cranial bone movement occurring via movements transmitted through the RTM.

Photo 8.24, Diaphragma Sellae. Viewed from above subject looking towards viewer.

Tent of the pituitary or the diaphragma sellae (DS) in situ. Note that is it easy to see
the orientation of the two layers of the tentorium cerebelli as they pass towards the
clinoid processes, the superior layer attaching to the anterior clinoids and the
posterior layer attaching to the posterior clinoid processes. The internal carotid artery
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(cut) lies between the attachment of the tentorium to the anterior clinoid and the optic
nerve, which has been cut just before the optic chiasm.

Figure 8.25, Eroded Clinoid processes (clin) and carotid artery (Car) with walls of cavernous sinus
walls removed.

The reader should note the large size of the carotid arteries in comparison to the small
size of the cavernous sinus. The carotid artery almost fills the entire space of the
cavernous sinus, especially in this subject whose carotid is quite folded. Additionally
the sellae turcica was quite shallow in this individual. The clinoid processes were
often eroded in the subjects dissected, indicating some force that was wearing on
them.
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Photo 8.26, Superior Petrosal Sinus, viewed from inside out.

Of interest in this photo is the superior petrosal sinus (Sup Pet) emptying into the
sigmoid sinus (SS), lying between the superior and inferior layers of the tentorium
cerebelli (T). One should note that the cyclical movements of the RTM could be
assisting the movement of blood within this sinus. The more efficiently blood is
moved through the superior petrosal sinus, the better the drainage of the cavernous
sinus, which in turn drains the pituitary. The hormones secreted by the pituitary into
the blood stream are dependent on the ability to pass efficiently from the cavernous
sinus, through the superior petrosal sinus and from there into the jugular vein.
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Photo 8.27, Split Layers of Tentorium Cerebelli, viewed posterior medial to lateral view.

The tentorium split into superior (TS) and inferior (TI) layers. Note that the inferior
layer ends with a twist at the posterior clinoid, in which the free border ends attaching
inferiorly on the clinoid (base of the clinoid) while the fibers of the tent cerebelli from
the attached border, part of the superior petrosal sinus, attach to the superior portion
of the clinoid. The superior layer of the tentorium cerebelli attaches to the anterior
clinoid. In this example the tententorium cerebelli was split by placing a hemostat
beside CN III and pushing the probe backwards following the orientation of the tent.
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Photo 8.28, Dorsum Sellae,

It is significant for the osteopathic community to look at this area of the
cranium carefully; there is no suture present between the sphenoid and the basilar part
of the occiput in this individual. The dorsum sellae has been eroded away to the point
that it almost loose, only obvious once the dura was reflected off the bone. In the
craniums dissected thus far the only sutures consistently remaining were those around
the petrous temporal, specifically the petrobasilar suture. The sphenobasilar junction
in this cadaver has long been just one fused bone with not even the hint of a suture
present. During the dissection process the author attempted to bend the base of the
cranium to assess the flexibility of the bone. The most flexible area appeared to be
centered at the sellae turcica area and not between the sphenoid and occiput.
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Although the testing process seems a little un-scientific it is a very realistic
assessment of the possible movement in that area.

Figure 8.29, Cranial Base Sutures. Cranial base viewed from back to front.

Photo 8.30, Close-up Cranial Base Sutures. Side view of internal surface of petrous temporal.
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Photo 8.31, Spheno-Petrous Suture. Internal surface viewed from inside.

In this last photo one can see a small suture still remaining between the
Sphenoid and Petrous Temporal. It appears to be a trend to have sutural remnants
proximal to arteries and not along the lines of force as would be expected from
traditional cranial osteopathic theory. In Osteopathy in the Cranial Field the sutures
were attributed to allowing bony movements for the global movements of the cranial
bones as their structural priority. However noting that the sutures of the vault were
fused in these specimens, as well as the sphenobasilar junction, one has to wonder if
the movements were to allow global bone mobility, or maybe the mobility of the
temporal bone and carotid artery. The priority as it appeared during the dissection
process, was that the sutures proximal to the blood vessels, especially the large ones
(and we can infer that that includes the most active ones), fused last, if at all. The
wisdom of Still’s dictum, that the rule of the artery was absolute appears to be just as
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valid in this context as anywhere else in the body, maybe more so. Furthermore the
dura mater continues within those sutures as can be seen in the previous photos. It
would appear that the dura has a role in preventing sutural fusion based on these
dissections of the cranium. Given that it appears that cranial bone movement occurs
primarily at the temporal bones within the cranial base, then the concept of the
movements of flexion and extension between the sphenoid and Occiput must be reevaluated. A possible motor for temporal bone movements would have to include an
arterial mechanism as well as a dural mechanism. The arterial mechanism is inferred
from the presence of sutures at the entry points of arteries into the cranium. The dural
mechanism is inferred because of the strong dural attachments proximal to these
sutures, primarily the tentorium cerebelli as part of the RTM, and also the presence of
the dura within those sutures would be included. Compare the following photos one
from the vault and the others from the cranial base. It is worth considering the fact
that most of the cranial circulation occurs at/through the internal carotid arteries
which have a much more variable flow at any given time depending on the activity of
the brain. The vertebral artery primarily supplies the brainstem, pons and medulla,
areas which get a more or less steady rate of circulation over the course of the day.
“Event-related rapid changes in blood flow are characteristic for cognitive and
emotional cerebral functions whereas brain stem functions need a continuous blood
flow independent from behavioral states”(Fricke, 2001, p.100) The conclusion here
is that the presence of blood vessels appears to be and dura mater appears to be a
major determinant of sutural ossification.
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Photo 8.32, Dura at SphenoPetrous Suture. (same view as 8.32 but enlarged)

Photo 8.33, Dura at Petrobasilar Suture. Endocranial side view of petrous temporal.

The previous two photos show the sutures as presented before with some more
magnification, the following photos are of the cranial vault, the last photo of this
section uses 4x magnification or more. “Sig Sinus” represents sigmoid sinus.
A further observation for the reader to make, as a continuation of the last
topic, is the impression made by the venous sigmoid sinus in the bone. The reader
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will be encouraged to take notice of where the sutures occur, or do not occur. It
should also be noted around which structures they occur, or when a structure leaves
an imprint on the bony calvarium. All of these cases involve an understanding of
relationships and certain realizations that will be discussed throughout this thesis.

Photo 8.34, Calvarial Fusion. Cranial vault from inside.

The reader should notice in this photo of the vault the lack of sutures, as well as the
presence of deep impression made by the meningeal arteries.
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Photo 8.35, Close up of calvarial fusion of parietal bone from previous subject.

It should be noted by the reader that the scientific community as a whole believes that
the cranial sutures in general ossify by early adulthood. However there are instances
where this has been shown not to happen. There are no comprehensive studies to
discern whether or not the sutures close and at what time in one’s life they fuse.
Notably none of the cadavers in this study were those of healthy people who had died
of trauma, typically the subjects were either of advanced age or had died after
prolonged severe illness.

385

Photo 8.36, Nasal Cavity. Sagittal section.

Observe the sizes of the frontal and sphenoid sinuses, the boundary between
the sphenoid sinus and the sella turcica is so thin that it is almost transparent. The tip
of the falx cerebri is indicated, and one should note how dura appears to cross the
order of the cribiform plate and be continuous with the nasal mucosa of the nasal
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cavity. The Christa Galli is indicated GC, the D indicates the edge of the dura. It
should be noted by the reader that during development the dura mater extends
through the foramen cecum, and then pulls back, in utero. The dura mater also forms
a sheath for the olfactory nerves as they pass through it the cribiform plate, making
the anchoring of the dura mater to the area of the cribiform plate very strong. The
size of the frontal sinus should be noted, the paranasal sinuses continue growing
throughout life. However in individuals in which the metopic suture remains patent,
about ten percent of the population maintain their metopic suture, the frontal sinuses
do not develop. An individual with an existent metopic suture was not found during
the dissection study, however some individuals had very large frontal sinuses. There
is no generally accepted explanation for the differences in size although the presence
of chronic inflammation of the mucosa has been suggested as a possible cause.
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Photo 8.37, Nasal Cavity part 2. Nasal mucosa (NM) slightly reflected and the Vomer is indicated, the
* indicates Crista Galli of Ethmoid
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Photo 8.38, Third of series of nasal cavity and cranial base.

The Christa Galli is indicated with a * in this photo. The nasal mucosa has
been reflected in this photo to show the perpendicular plate of the ethmoid (PPE).
The para-nasal sinuses continue to grow throughout life expanding outwards into
their resident bones. The frontal bone shows a ridge similar to the crista galli of the
ethmoid.
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Photo 8.39, Dural Attachment at the Foramen Magnum. Looking obliquely inferior from behind.

In this photo the specimen displayed a dural cul-de sac that went down as far
as the third cervical vertebra. One should note the thickened ring of tissue that makes
up the connective tissue of the foramen magnum. The presence of thickened fibers,
as well as the overlapping of perpendicular fibers (horizontal and vertical or
longitudinal) suggests a need for reinforcement against movement.
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Photo 8.40, Superior Cervical Spine. Viewed from behind, longitudinal plan.

Here is an example of the thickness of the ring of dura at the foramen magnum; below
the ligamentum flavum is reflected to display the external layer of the spinal dura
mater.
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Photo 8.41, Foramen Magnum. Looking down onto posterior internal face of occiput inclined
posteriorly.

The anchoring of the dura mater to the foramen magnum is very strong with several
layers of tissue blending to allow a very strong hold, including the ligamentum
flavum and posterior atlanto-occipital membrane, as well as the dura mater. The
reader should notice the impression of the artery upon the occiput seen to the right of
the FM indication.
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8.2.2

THE SPINAL PACHYMENINGES
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Photo 8.42, The Spine. Posterior and inferior view whole spine.

This photo shows a dissected spine and cranium, calvarium removed as well
as laminectomies down the length of the spine. The patient had a scoliotic pattern
through the length of the spine, and into the cranium reflected in the shape of the
cerebral hemispheres. Is this a case of scoliosis cerebrus that migrated outwards? Or
did the spinal asymmetries migrate into the cranium and meninges?

Photo 8.43, Dura Mater of Spine From The Side. View of spine from posterior and side.

In this photo of the spinal dura mater of the cervical and upper thoracic spine
one can see within the dural tube a crease or impression (indicated by probe) that
continued most of the length of the spine. Also indicated is a nerve root (NR) with its
dura covering extending out of the spine and eventually blending with the
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perineureum. Note impressions made upon the dura mater by the contact with the
disks. See later picture for imprint on the arachnoid in the cervical spine as well.

Photo 8.44, Dural Cul-de-Sac.

Present in this photo is the dural thickening at the foramen magnum. The * stands for
a dural cul de sac that was present in this specimen down to the level of the third
cervical vertebra.

Photo 8.45, Dura and its lateral anchoring. Posterior view of thoracic level of spine.

Note in this photo of the spinal dura mater, the strength of the attachment of the dura
mater covering of the nerve root to the surrounding tissues. The dural coverings of
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the nerve roots are not the flimsy attachments mentioned in Osteopathy in the Cranial
Field, but are very strong and probably have a biomechanical/protective role. The
dural sheath that covers the nerve roots is just one part of the tethering of the
meninges to the musculoskeletal structure. The ventral dura ligaments are another,
although as seen during the dissection process they are not nearly as strong as the
nerve roots with their dural sheath. There is even occasional mention of dorsal dural
ligaments but that was not noted during this dissection process, however that may
have been a result of the method of performing laminectomy to access the spinal
contents.

Photo 8.46, Sacral attachments. Posterior view of sacrum after laminectomy.

Photo of dura is area of sacrum and coccyx, after sacral laminectomy.
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Photos 8.47, Ventral Dural Attachments, distant view from behind and the side.

Photos 8.48, Ventral dural attachments proximal view, from the side and posterior.

Anterior cervical dural ligaments, and the impressions made upon the dura by the
vertebral bodies and disks. If one could assume that Klein in his memoire is correct
in associating pleats or folds in the dura to allow it to lengthen with flexion, along
with other mechanisms. Then in normalcy the dura would be in a more or less
slackened state and would rest against the margins of its containment, possibly
accounting for the impression seen here, that can also be seen in the arachnoid (later
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picture). The presence of the pleats or folds at the level of the cervical spine but not
necessarily in the rest of the spine could be expected when one considers how much
more the cervical spine can move, and tends to move in many individuals especially
the elderly. See transition from cervical to thoracic spine in subsequent photo.

Photo 8.49, Morphological changes in the dura mater from cervical to dorsal spine. Directly posterior
view left = cephalad.

One should note that this person had a strong scoliosis and that this is reproduced in
the dura as a longitudinal pleat following the spinal curve.
The presence of the folds, similar to an accordion (slightly) in effect allowing axial
rotation, side bending and flexion/extension movements of the spine, particularly the
cervical spine which tends to be much more mobile and used in movement than the
rest of the spine, simply because of weight and mass dynamics.
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Together with the denticulate ligaments and the nerve roots the spinal cord remains
tethered to the meninges which surround it, however free to be allowed some sliding
dissociation movements between the two structures.

Photo 8.50, dural attachments to ventral part of canal.

Anterior dural ligaments anchoring in upper thoracic spine

Photo 8.51, Close up of spine’s dural ventral attachments.
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This photo displays ventral dural attachments, between the posterior longitudinal
ligament (PLL), and the dura mater of upper thoracic spine, also note the nerve root
(NR).

Photo 8.52, Dural Sleeve Around Spinal Nerve. Photo taken from side and obliquely caudal.

Dural Attachments in the lumbar spine, the anterior sacral dural ligaments of Trollard

Photo 8.53, Dorsal Dural Ligaments Inconstant. View from side.

In this photo one can see the dura indicated by the D and the ligamentum Flavum
denoted lig Fl, and it appears as though there are ligamentous attachments between
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the two of them. There are conflicting reports of these attachments in the literature
surveyed.

Photo 8.54, Other view of posterior dural ligaments. Viewed from the side and posterior.
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8.2.3

THE LEPTOMENINGES AND THEIR RELATIONS

Photo 8.55, Leptomeningeal structures on cerebellum, under the falx cerebri. View from side.

The Leptomeninges are rarely referenced in Osteopathy however as can be
seen in this photo they do have important relations. In this photo one can see how the
pia mater is very closely related to the vascularature of the neural tissue. The pia
surrounds the blood vessels holding them closely to the neural tissue, and following
the capillaries into the neural tissue as a sheath. Where the P is located on the picture
is a band of thickened leptomeninges which is the remnant of the sub-arachnoid
cistern, in this case cisterna superioris.
The following photos portray close-ups of the neural tissue with its covering
of pia. It appears that the pachymeninges is thicker, more obvious to casual
inspection. But when one considers that the pia mater covers the neural tissue and
follows its folds, one realizes that the surface area of the pia mater is quite large.
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During the preservation process most of the arachnoid seems to associate with
the pia mater, causing it to appear as thickenings except at the arachnoid granulations,
which associate with the dura mater. The arachnoid is visible in surgery as a mesh
between the dura mater and the pia mater, in actuality there is a layer of mesothelium
between the dura mater and the arachnoid mater, separating the two.

Photo 8.56, Close Up of Cerebellum and Leptomeningeal Covering. Enlargement of previous photo.
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Photo 8.57, Pia Mater As It Invests Neural Tissue.

Photo 8.58, Three Layers of Meninges. View from posterior, left = cephalad.
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Note in this photo that examples of all three membranes are present. The area
proximal to the brainstem where the A is located is part of the cisterna magna
subarachnoid cistern. The pia closely attaches to the brain such that it takes real
substantive effort to peal the pia off the neural tissue.

Photo 8.59, Spinal Arachnoid. Viewed from behind.

The Spinal Arachnoid with darkened impressions left by the bodies of the first
(C1) and second (C2) cervical vertebra. The spinal dura mater has been reflected;
note the stress band fiber directions of the dura mater near the foramen magnum. As
mentioned earlier at the photo of the spine, note the darkening of the arachnoid
membrane from the contact with the body of the vertebra, through the dura mater.
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Photo 8.60, Impressions of spine, from behind.

The spinal arachnoid mater appears as a membrane during dissection, easily
discerned. The fibers of the nerve roots are discernable through the arachnoid
membrane. Note the space between the dura and arachnoid. In the cranium however
the arachnoid mater is much more difficult to discern. It is apparent during cranial
dissection as fibers crossing the subarachnoid space, however those fibers are
extremely hard to capture on film since they are quite fragile.
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Photo 8.61, Strands of Leptomeninges. View of foramen of ovale, proximal to the cerebral peduncles.

A photo displaying some strands of arachnoid between the pia and the dura
mater, the quality of preservation was reduced in this specimen allowing arachnoid to
be visible. Typically the arachnoid is almost indiscernible in a well fixed specimen
except as an opaque thickened membrane on top of the pia.
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Photo 8.62 on left, Arachnoid. Brain lifted out to show inside of cranial cavity Photo 8.63 on right,
arachnoid granulations in falx cerebri, side view of falx cerebri.
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Note strands of arachnoid connecting to pia mater and dura mater in the previous
photo #55. The second picture shows the superior sagittal suture with arachnoid
granulations AG, the granulations occur in several spots, some of which are seen as a
frondiform arrangement of tissue on the edge of the sinus, seen in this photo #56,
slightly inferior to the AG indicator, on the medial border of the sinus.

Photo 8.64, Denticulate Ligaments in Cervical Spine. Viewed from posterior and lateral side.
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Photo 8.65, Denticulate ligaments cross section in cervical spine. Cross-section of cervical spine.

In this photo it is easy to see the dura D, some strands of the arachnoid mater A
within the subarachnoid space, and the denticulate ligament DL coming off the pia
mater which surrounds the spinal cord SC. The nerve roots as well have a layer of pia
which coats them and lies underneath the arachnoid and dura maters which surround
the nerve as it exits the spinal foramen. The pia mater ends up as the epineureum and
the dura mater later blends with the perineureum as mentioned in the thesis
concerning the dura mater treatment of adolescents with scoliosis (Grendon &
Lachance, 1993, p.7).
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Photo 8.66, Denticulate ligaments and Posterior Nerve Root Upper Cervical Spine. Posterior view
with dura and arachnoid maters reflected.

In the previous photo the arachnoid mater is reflected A ref, to show the nerve root
NR and denticulate ligament DL.
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8.3

DISCUSSION

One of the demands that Still placed upon his students was that they had to
know their anatomy. This did not mean for them to know their anatomy a little bit, or
certain parts of the anatomy, or just the musculoskeletal anatomy. He insisted that
they know all relevant human anatomy. Secondly Still wanted Osteopaths to be able
to relate that precise anatomical knowledge to the living form.
We teach you anatomy in all its branches, that you may be able to have
and keep a living picture before your mind all the time, so you can see
all joints, ligaments, muscles, glands, arteries, veins, lymphatics, fascia
superficial and deep, all organs, how they are fed, what they must do,
and why they are expected to do a part, and what would follow in case
that part was not done well and on time (Still, 1899, p.15).
When one reads about the cranium one is struck by the complexity of the subject, the
interconnections, and the subtleties. However those texts do not convey the dynamic
simplicity of the cranium. That is, the cranial bones and dura are tough, not just a
little tough, pulling on the dura of the cranial base or other areas where it is fastened
strongly can literally pull periosteum off the bone. The brain in reality is soft, seen in
plastinated models the brain appears to be quite tough. However, the truth is that the
brain is very delicate, but the brain is held together by the pia mater, which provides
substantial support. The pia mater holds the brain together by intimately following
into its tissue, supporting the neural tissue. The pia mater’s role in supporting the
brain is erroneously applied to the pachymeninges. The reader should be reminded
that the pachymeninges do not touch neural tissue. The supporting action provided to
the brain by the meninges is principally by the leptomeninges. Secondly the dura

413

mater does not make contact with CSF. In reality the intrinsic support of the brain is
from the pia mater and the buoyancy gained from floating in the CSF, on the
waterbeds of the brain within the subarachnoid space. So for an average size brain
that weighs about 1500 grams the support from the buoyancy of the CSF reduces its
effective weight to about 80 grams.

Figure 8. 5, Brain with pia mater remaining, and some arachnoid (Rohen & Chihiro, 1988, p.87).

The previous photo, figure 8.5 is of a plastinated brain with the leptomeninges
intact. There is something that should strike the Osteopath when looking at the
second photo figure 8.6, as a comparison using a plastinated model which has had the
leptomeninges removed. The vascularature is gone. Much of the visible bulk of
neural tissue is from the blood supply that lies within the pia mater. Removing the
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pia mater removes that intrinsic blood supply. By extrapolation one could conclude
that something that affects the pia mater would likewise influence the brain’s blood
supply.

Figure 8.6, Brain with pia removed (Rohen & Chihiro, 1988, p.70).

One could say that what Still would want an Osteopath to consider when
contemplating the cranium is - how does one facilitate blood flow to and from the
brain? The brain which makes less than 3% of body mass can receive up to 20% of
the blood supply depending on the circumstances. The best way to facilitate efficient
blood supply directly to the brain, in the context of cranial osteopathic treatment is by
assisting the pia mater. The pia mater is the tissue that is most intimately connected
with the vascular supply of the CNS. However there is another reason why an
Osteopath should be interested in the pia mater and its relationship with blood. That
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is, the circulation of blood to and from the pituitary. Herein lies the mechanism to
rationalize a connection with the body as a whole. The hormones secreted within the
hypothalamus are carried by the hypophyseal portal venous system to the
adenohypophysis or anterior pituitary. The hormones secreted by the hypothalamus
then regulate the hormone releasing hormones that the anterior pituitary release into
the blood stream. Remember intrinsic vascular supply of the brain is through the pia
mater. If the internal carotid cannot effectively transmit blood into the inferior
diencephalon, than the ability of the hypothalamus to release hormones destined for
the anterior hypophysis will be reduced. The adenohypophysis hormone releasing
hormones include hormones that control the thyroid and adrenal cortex (Marieb,
2001, p.618).
One has to remember that the pituitary lies outside of the BBB, but within the BloodCSF Barrier. It is bathed in the CSF of the sub-arachnoid space. The hormones that
the pituitary produces are released into the blood stream via the cavernous sinus
which in turn typically empties into the superior petrosal sinus. The efficient
functioning of the Hypothalamic-Pituitary Adrenal Axis is totally dependent on the
proper circulation of blood into the neural tissue, away from the pituitary and into the
cavernous sinus. It should be noted that nature has placed a further redundancy
system into the movement of the blood into and out of the pituitary. The proximity of
the internal carotid to the pituitary gland, as seen in the dissection photos is highly
significant for several reasons. One could assume that the internal carotid artery
forms in the proximity of the pituitary to insure a strong blood supply to the pituitary
and hypothalamus for several reasons, namely as a supply of arterial blood and the
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surveillance of homeostatic parameters of the blood (including the acid base balance,
oxygen, carbon dioxide and other solutes levels). Secondly, it is the author’s opinion
that the internal carotid within its cavernous sinus cave of dural suspension, transmits
the beating force of it pulsation into the pituitary. The pulse force is transmitted by
the dural fibers surrounding the carotid, to the cavernous and circular sinuses which
then transmit that motion to the pituitary. After looking at the area during dissection
the author would suggest that in a sense the pulse of the carotid is rhythmically
pumping the pituitary gland. Some of the secretions of this gland are released into the
blood stream of the intrinsic blood supply of the pituitary, and end up in the
cavernous sinus. It is difficult to convey the complexity presented by the cavernous
sinus. However it should be noted that its connections to the eye by the ophthalmic
vein, to the pituitary by the intrinsic vascularature of the pituitary or hypophyseal
blood supply, and to the pterygoid venous plexus is highly significant. The
relationship is complex and still poorly understood in its inter-relationships. The
architecture of the cavernous sinus is as complex as its various roles. Cranial nerves
traverse it, including CN III, CN IV, CN V, and CN VI, and the internal carotid fills
much of its space. The concept of the carotid arteries pumping acting as a part of the
mechanism of the pituitary’s function, probably applies to the other structures
associated including the ophthalmic vein.
The cavernous sinuses drain the entire venous blood of the orbit. Their
relative capaciousness, ability to stretch and their interconnectedness
are essential elements on which the hydrodynamics of the fluid filled
anterior and posterior chambers of the eyeball thrive. The fluid
turnover in both the chambers has to be rapid, fairly constant and at
highly controlled pressure (Goel Atul, 2005, p.139).
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The size of a detailed study of the cavernous sinus would require a thesis of its own.
It should be noted that it remains one of the most complex structures of the cranium,
and is generally poorly understood. The cavernous sinus acts as part of the venous
sinus system of the cranium by absorbing venous blood and CSF. The absorption of
the CSF is related of course to the rest of its physiology. The CSF originates in the
ventricles, and flows throughout the subarachnoid cistern in the cranium to be
secreted into the venous sinuses by the arachnoid villi within the arachnoid
granulations. Some of the CSF is re-absorbed by the lymph after is travels along the
spinal and cranial nerves.
The chief extrinsic support of the neural tissue of the brain is by the CSF and
whenever one discusses the CSF, one is in the terrain of the arachnoid mater. The
brain essentially is supported by floating on the subarachnoid cisterns.
Cerebrospinal Fluid (CSF) found in and around the brain and spinal
cord, forms a liquid cushion that gives buoyancy to the CNS organs.
By floating the jellylike brain, the CSF effectively reduces brain
weight by 97% and prevents the brain from crushing under its own
weight. (Marieb, 2001, p.455)
The subarachnoid cisterns or waterbeds of the brain (Magoun, 1951, p.11), are the
primary structures that support the brain extrinsically. The CSF circulates within the
subarachnoid space and provides a hydraulic buffer to the brain from forces passing
through the cranium. This buffer comes from the ventricles, which are a union
between the connective tissue of the pia mater and the ependymal cells of the
cerebrum. However there is information here that is important to everyone who
ponders the role of the meninges in the cranium. Since the CSF comes as the result of
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active secretion from arterial blood, the pia are involved as the connective tissue
covering of the blood vessels of the brain. The pia mater structure that is involved is
called the tela choroidea a structure that was mentioned as part of the pia mater in the
first edition of Osteopathy in the Cranial Field (Magoun, 1951, p.10). The tela
choroidea was not mentioned in the third edition of Osteopathy in the Cranial Field,
and has not generally mentioned by other cranial books since that time. There are no
prescribed osteopathic treatments of the leptomeninges except for the stimulation of
the CSF by compression of the fourth ventricle, and other techniques to enhance
potency. Given the importance of the leptomeninges, and their reactivity to
inflammation it is possible that they deserve a little more attention from Osteopaths.
Technique like compression of the fourth ventricle do influence the ventricles and
hence the proximal pia. It is this pial component of the choroid plexus, the tela
choroidia that is so important as a consideration within the scope of osteopathic
technique because of its intimate relationship with the secretion of CSF.
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Figure 8.7, Arrangement of choroid plexus in lateral ventricle (Bouchet & J., 1991, p.63). 1. is
ependymal membrane, 2. is ventricular cavity, 3 is internal ependymal membrane, 4. is choroid plexus
and 5. is tela choroidea.

The purpose of this section is not to say that the pachymeninges are
unimportant to Osteopathy. There are many roles for the dura mater, and its
evaluation and treatment is integral to cranial practice. When one looks at a picture in
an atlas the first thing one sees is the dura mater, it is very conspicuous for its strength
and dramatic patterns. However if one were able discern the surface area covered by
the pia mater the size of that area would be a shock to many practitioners. Given that
the pia mater covers the neural tissue, following it into its folds and convolutions,
then one could assume that the surface area of the two tissues is about the same. This
is not a groundless assumption, one has to remember that the ‘bark’ of the brain, the
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cerebral tissue is about 3 mm thick. So the pia mater would have a very similar if not
exactly similar surface area. The surface area of the average brain is about 2250 to
2350 cm. The dura mater as a tissue does not follow within the convolutions of the
brain. Its surface area would roughly be analogous to that of the volume of the inside
of the skull. The dural folds spread out could be estimated as being in surface area
about one half of the volume of the skull. For a male skull of average shape
[assuming a roughly spherically shaped endocranial surface] applying the formula
(SA = 4piR2), while assigning a value to R [radius] = 6 cm [that would actually be a
large skull with an endocranial breadth of twelve centimeters] would result in a
surface area of about 450 cm2 [actually more like 452.57 cm2). So for all of the dura
mater of the cranium [assuming that the folds of the dura would cover at least half of
the interior of the cranium if they were unfolded] it would be 1.5 x 450cm2 = 675
cm2, much less than the 2250 cm2 that was given by the author to the pia mater as the
covering of the neural tissue. So the surface area covered by the pia mater is over
triple that covered by the dura mater, if not more. It is worthwhile for the reader to
note that even though the dura mater is much more conspicuous there is a lot of pia
mater present in the cranium then one would assume.
The danger in a cursory glance of the anatomy is that subtle detail is lost, and
this is very easy when looking at a text. The reason why this happens is that the
leptomeninges are subtle, easy to overlook, and difficult to depict. It would seem
however to be apparent from re-examining the discussion of the PRM in Osteopathy
in the Cranial Field that the leptomeninges are important to the smooth function of
the mechanism. When one considers that if there is a disease state inhibiting the
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proper function of the leptomeninges, the ability of the brain to expand and retract
would probably be reduced, therefore restricting the intrinsic movement of the brain.
The fluctuation of the CSF would be impinged as well since it circulates in the subarachnoid cisterns. These are the first two phenomena of the PRM as listed by
Magoun (Magoun, 1976a, p.23), and are examples of the level of interaction of the
leptomeninges within the context of the functioning of the PRM in the cranium.
There are more subjects that need to be addressed aside from the attention
paid to the leptomeninges. On a very basic level Osteopaths must examine some of
their other widely held beliefs. For example both Magoun in both edition of
Osteopathy in the Cranial Field, and Upledger in his work CranioSacral Therapy talk
about the dura mater being continuous with the external periosteum of the bone,
through the sutures. As seen during dissection, with photos supplied for this paper,
the sutures for almost the whole cranium are obliterated at the time of death. It takes a
long time for sutures to become solid bone, so this does not occur at the moment of
death. Of course four skulls does not constitute a statistically significant
representation of the adult population. However given how many osteopathic texts
mention the patency of the sutures until death, one would suggest a re-examination of
that information (see Upledger reference Appendix G). Yet there must be some
explanation for cranial movement, and the presence of disarticulated skulls would
seem to indicate that the cranial bones can move at their sutures. It should be noted
that the skull is disarticulated using beans that are placed in the skull, which is then
filled with water. The expanding beans cause the skull to explode along suture lines,
sometimes. Sometimes the bones themselves rupture (Ferré & Barbin, 1991, p.170),
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not along the suture lines but along lines of weakness in the bone. This not a well
known fact because these specimens are not for sale, however when doing dissection
one can see that many times there are no sutures left in the head except the
petrobasilar and sphenobasilar joints. It seems that the topic of sutures and their
absence/presence should be addressed. One possible explanation is that the presence
of sutures indicates health, the less healthy a person the more obliterated the suture,
calling to mind the old osteopathic adage that “a man is as old as his cranium
(Magoun, 1951, p.51).”
One area that should be considered is the importance and power of blood
flow. Possibly a large part of the palpable PRM is from vascular changes that are
somehow affecting the cranium causing a cycle of change (see Appendix H).
Another possibility is that the movement of the membranes causes intrinsic bony
movement, manipulating the flexibility of the bone. Given how hard cranial bones
are this concept is difficult to accept. Here is a concept to ponder, if an artery or
membrane can leave an imprint in the bone maybe they can make it bend? The
deepest impressions in the cranial vault are from the venous sinuses, especially the
transverse sinus, and the meningeal arteries.
It is important for the reader to understand the other qualities of the meninges that
cannot be understood from reading a book. The meninges have certain qualities that
are best experienced, either by dissection or by examining the living processes they
are involved in. Pictures and photos are useful tools so as to begin to understand the
meninges. Every type of image has different qualities so variety is beneficial. That
being the road towards understanding the meninges is paved with experience. In the
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upcoming discussion there will be an exploration on how one gains an understanding,
because in this section there will be a discussion of the concepts of looking and
seeing. This discussion is a lead-in into another exploration. The discussion of
perception, of seeing and looking is an important step towards building an
understanding. The goal of this discussion is to make the meninges information come
alive for the reader as it did for the author. The various details of the connections and
relationships of the meninges are significant because it allows one to understand their
systemic functions, and to formulate a theory based on the implications of all the
information. The various properties of the meninges, the implications of their
anatomical and physiological relationships have been demonstrated, on a macroscopic
level, to be powerful.
In this thesis there has been a lot of discussion of nuance, minute anatomical
detail, precise physiological mechanism etc. However a concept that has been
overlooked in an attempt to satisfy academic requirements is the concept of
impression, and of seeing versus looking. The reason behind the use of so many
descriptions previously in the thesis is to try and paint a picture for the reader, the
picture of the meninges. To get the most comprehensive picture of the meninges one
needs to study as many different types of pictures, illustrations, and schematics as
possible.
I will now define what I mean by anatomy. I speak by comparison and
tell you what belongs to the study of anatomy…You want some
standard author on descriptive anatomy in which you learn the form
and places of all the bones, the place and uses of ligaments, muscles
and all that belong to the soft parts.

Then from the descriptive
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anatomy you are conducted into the dissecting room…From the
demonstrator you are conducted to another room or branch of anatomy
called physiology, a knowledge of which no Osteopath can do without
and be a success (Still, 1899, p.16-17).
Every drawing or picture etc is an attempt by the author to convey an understanding,
a personal moment of clarity about some anatomical structure. Illustrations are one
way to gain an understanding of the anatomy, but they are not the only way. The
principle that the author wants to communicate is that the details of the minutiae are
very important, and these details require multiple sources of information. Why are
the details so important? The details are important because it is through the study of
minutia that the observer gains an intimacy with the subject allowing an
understanding of the entirety, the macrocosm. To understand something as complex
as the meninges one has to become intimate on some level with every little fiber,
strand, vessel, and interaction of the meninges. This type of study confers an
intimacy that is necessary for the very personal work that Osteopaths do. In this
section, the author wants to convey to the reader how an in-depth study of the
meningeal anatomy or of any anatomical area is important. It’s not just important for
the details. An understanding of the details is important because of how that
knowledge changes the way the one’s mind works.
In this thesis there was the presentation of different types of information, much of
it pictorial and some descriptive. The discussion in this section borrows heavily from
epistemology, within the context of the immersion/crystallization method of
qualitative research. In the process of attempting to convey an experience it is often
necessary to present as many different perspectives as possible. There is never one
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method to communicate an idea, and the reality is that communication is a two-way
street; the observer has to participate as well. The key to communicating experience
is to find a common ground on which to communicate with the observer, and that
often takes more than one approach. So when studying anatomy it is impossible to
learn everything from just one picture, or illustration, or photograph. One might learn
the order of certain structures but not understand the depth. In light of those
considerations the author now intends to discuss how different visual aids impart
different information.
To study a group of structures as complex as the meninges is very valuable for an
osteopathic student. The dura mater is a fundamental tool within osteopathic cranial
technique. It is within the context of cranial work that the higher palpation skills are
honed. The palpation skills honed through cranial technique, and the sensitivity
entailed allows one an understanding of the mesenchymal derived ECM. Typically,
along with the development of those skills comes a change in consciousness which
occurs because of the process of searching, of learning how to look at an image, and
to see the vital essence within an image. The nature of understanding a visual aid,
like a picture, is encapsulated in learning how to observe. The observer has to gain a
depth of perception, the use of the term look is appropriate to a beginner. It conveys a
sense of searching, in the case of the meninges that would be a search for a basic
knowledge. However with experience and an open mind the observer starts to see,
implying a recognition and understanding of the subject. Once that depth of
perception skill has been discovered by the individual then the information of any
figure comes alive. That is the key to understanding the meninges, that one must
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learn how to absorb information from a visual aid. Most importantly, not all visual
aids present the same quality or quantity of information. The shortcomings of
contemporary diagnostic scanning media are that they provide information that is
highly quantifiable. However osteopathic knowledge is contingent upon information
that is qualitative in nature. That is not to say that Osteopaths are not interested in
quantifiable information, but much of what they search for in information, especially
in discussing osteopathic cranial work, is qualitative in nature.
When studying the meninges an osteopathic student is often exposed to
schematics, such as those contained in Osteopathy in the Cranial Field.

Figure 8.8, RTM concept schematic (Magoun, 1976a, p.37).
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The preceding schematic conveys some very practical information about the RTM
and cranial articular movements. It is intended to give the observer, a student, a
working model or concept. The concept is one that is espoused by the author or his
association or school. With the emphasis on certain information is the loss of other
information, much of which is valuable. Most importantly there is minimal
interpretation available to the observer in a schematic like the previous one (figure
11.1). Now comparing that previous figure with the following there is a definite shift
in perception about the complexity of the area. Figure 8.8 works because it simplifies
the information. There is a time and a place for simplified information, that is, it is
best at an introductory stage. The paucity of detail is effective at an introductory level
because there is a limit to what the reader can absorb in the initial stages.
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Figure 8.9, The structures of the RTM in the sagittal plane (P Poirier, 1902, p.309).

There is a different quality to this illustration from an older anatomy text as compared
to the previous schematic (figure 8.8). There is of course more subtle detail,
including fenestrations in the falx cerebri, and other inconsistencies. However the
real difference is a quality of vitality present in the illustration, it conveys more
information, but also other less tangible qualities. With this type of illustration the
observer begins to have an idea of the complexity of the area. This type of image is
still suitable for the novice; however without experience some of the subtle detail
may be lost.
There is certain information that the previous two figures contain that is
biased by the subject matter. In other words a certain dimensionality is lost. In order
to understand some of parts of the structures, some information is emphasized and
some marginalized. With the introduction of new technologies however a structure
can be isolated by itself. This type of information risks causing myopia of perception.
However recent technologies do teach anatomy, albeit by breaking the anatomy into
one structure by itself. This type of image is useful for understanding very specific
information, but it does not convey an appreciation of the inter-relationships between
structures. Osteopathy since its inception has been very interested in interrelationships between structures or between structure and function.
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Figure 8.10, An arteriogram of middle cerebral artery (Jinkins, 2000, p.313). The information
provided is highly specific and quantifiable, but offers no qualitative information about the area.

The information that is provided by photographs, although difficult to analyze in a
quantitative context is very valuable for leaving the observer with an impression of a
structure or an area. The information that an Osteopath values, is that which occupies
the senses, and does not offer easily absorbed quantifiable information. For a novice
memorization is important, but an adept who has learned to see, to perceive through
the lens of experience, impression is highly desirable. The use of photography and
artistic illustration is invaluable for that person.
In the following photo, the information provided is of a much different nature
and impact than the previous figures. The inflation of the arachnoid tissues provided
by the CSF allows the reader to see a new aspect of the three dimensional appearance
of the cranial base. The difference between the appearance of the cranial base in life
to that a drawing is striking. Most obvious are the amount and prevalence of the
arachnoid tissues, the fluidic appearance of the area and how the connective tissue
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provides connections between vascular and neural structures. The quality of the
image of this liquid environment is invaluable information for an Osteopath.

Figure 8.11, In this photo the membrane of Liliequist (M) sends a reflection around the stalk of
pituitary (P), proximal to the optic chiasm (O C) (Fox, 1989, p.141).

Comparing the two previous pictures, 8.10 to 8.11, is an exercise in perception and
the differences between quantity versus quality. The impact of the first image figure
8.10 on the viewer is far different than that of the second, figure 8.11. The second
picture is a photograph and has a much higher qualitative impact on the viewer. The
first earlier image does not allow one to gain an understanding of the liquidity of the
inside of the cranium, and the intricacy of structural relationships whereas the second
picture does just that.
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Figure 8.12, Dural venous sinuses, an angiogram showing venous sinus drainage (Jinkins, 2000,
p.383).

The angiogram of figure 11.5 is a perfect example of highly quantifiable information,
however in displaying relationships between connective tissue and venous sinuses, or
between nerves, meninges and vascularature it is not very useful. On a qualitative
level something like an angiogram leaves much to be desired, because the viewer
does not receive inspiration on what the atmosphere in the area is like, or the quality
of the state of the fluids in the area. The benefit of this type of diagnostic scan is its
precision, and ability to show the pathway of a structure, or the presence of a
physiological function.
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Figure 8.13, MRI of falx cerebri (Jinkins, 2000, p.256).

A display showing an MRI of the meninges gives the viewer much less tangible
qualitative information about the appearance of the structures than a dissection study
on the falx cerebri. The use of diagnostic scans, because of their precision, allows a
type of information that is highly precise, improving the ability to isolate and identify
the presence of structures. The appearance of the structures of 11.6 and the following
11.7 are totally different even though there are some similar structures. The type of
information one obtains from the two pictures is very different but both have a part to
play in the process of understanding anatomy.
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Figure 8.14, Falx cerebri and cranial contents (Pernkoff, 1980, p.115).

The preceding illustration from a Pernkoff text has many similarities to the dissection
materials of Chapter Eight in appearance and presentation. Compared to the previous
MRI of the falx cerebri it seems to provide quite different information. However
when it comes to precise mapping of a structure there are few methods that parallel
recent diagnostic scans for their precise information.
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Figure 8.15, on left (Testut & Jacob, 1909, p.56), and figure 8.16, on right (Flower &
Folio, 1990, p.28), both show epidural hematomas.
There are some key concepts in the previous discussion that are necessary to
understanding the rest of this discussion section. The most important is to realize that
two types of experience are involved in the process of understanding the meninges, or
any other anatomical structure. That is one must understand the process of looking or
searching for information, and seeing which recognizes information.
It is hard for the author to convey the power effect of anatomical dissection.
Initially one looks for structures to orient oneself with an area. With experience one
starts to see connections, and nuance. It is the nuance that is so vital to understanding
dissection because it is the little details that give one the clues towards a larger
understanding. The importance of anatomical dissection is not just an appreciation of
the layering involved, or of the potential interactions between adjacent tissues. It is
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the process of touching and feeling associated with seeing that is so valuable. That
value lies in how the mind works after that process. As mentioned earlier the tactile
sensations of cranial dissection are very powerful, and unfortunately difficult to share
with the reader. However the searching and seeing process allows one to make
connections of comprehension previously unavailable. Some of those observations
are in the form of questions because as one does a dissection, a sense of the purpose
of structures comes to mind. So after one has done dissection, studied anatomy and
physiology and gone back again to do dissection there are some realizations that are
invaluable to the development of palpation.
One could say that palpation is a process which has no one basic component
except touch. Everything else aside from that is conjecture, however to develop
palpation is a process that requires experience and time spent in learning anatomy.
However to learn anatomy is not simple, it is a process that is complex and
interactive. As such the interaction between learning palpation and understanding
palpation are linked. Precision is the key. The key to precision is the development of
a knowing, by experience gained through time and by the variety and intensity of
experience. That is one area where anatomical dissection is particularly vital, in its
intensity. There are few tools as effective at generating osteopathic thought and
palpation consciousness as anatomical dissection.
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8.4

CONCLUSION

In this chapter there was the presentation of visual material that fairly
represents the meninges. There are certain relationships that were emphasized that
was atypical of other anatomy atlases. The theme that the author wanted to
communicate to the reader was that of the inter-connectivity between structures
through fiber directions. Later there will be the discussion of how the fiber
directions, as organization of layers, is important for the flow of the ECM. More
importantly understanding the anatomy as shown in this chapter will help clarify the
significance of concepts in the rest of this thesis. To clarify, anatomy is the road map
for developing palpation, and the fiber directions and continuity between structures
resulting from the fascial connections are the landmarks for the Osteopath to use in
orientation in exploring the body of the individual, not the recipe from an atlas. The
way that one looks at an image, is tied into how they study the topic of anatomy.
Anatomy must be studied as the process of becoming intimate with the microcosm,
but with a deep appreciation for the beauty of the macrocosm. The study of anatomy
is facilitated by the use of dissection. If dissection is not available to the Osteopath,
then the next best choice would be books written from an osteopathic perspective.

9

CHAPTER NINE: RESEARCH QUESTION THREE
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9.1

INTRODUCTION

There are many reasons why a detailed study of the meninges is important to
Osteopathy or Osteopathic instruction hence the third research question, ‘How does a
detailed study of the meninges benefit osteopathic practice or instruction?’ Most
obvious of course are the biomechanical roles of the pachymeninges within the PRM.
Secondly there is the role of the leptomeninges in the fluid dynamic of the PRM.
However as a generality there is one very significant reason for the Osteopath or
student to develop a detailed knowledge of the meninges, or of any anatomical
structure. It is to assist in the development of palpation. Anatomy is the roadmap for
developing palpation. There is a need to have a very clear understanding of the
meninges to insure that very precise palpation of the meninges can be conducted.
There is a need for a very refined palpation at the level of the meninges due to the
sensitivity of the leptomeninges. Also a crystal clear anatomical knowledge of the
meninges helps with the ability to detect disease process. The more clear the picture
of anatomy the easier it is to be more focused in palpation and to detect imbalance,
With a correct knowledge of the form and functions of the body and
all its parts, we are then prepared to know what is meant by a variation
in a bone, muscle, ligament, or fibre or any part of the body, from the
least atom to the greatest bone or muscle (Still, 1902, p.20-21).
As a follow-up to the last research question there will be a discussion of the
relationships of the fine anatomical structures that Pischinger referred to as being
embryonic mesenchymal in the adult. The significance of those tissues as “loose
connective tissue”(Pischinger, 1991, p.44), is that include certain some epithelial
linings, including the Virchow-Robins spaces of the BBB, and the more delicate of
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the meninges or “soft brain membranes”(Pischinger, 1991, p.44). It is significant
that Still considered fascia as important. Fascia that Still sometimes referred to as
the meso-system included connective tissue, especially the mesenteries as well as
epithelial linings (Stark, 2003a, p.687). The use of the term meso-system calls to
mind the interconnectedness of the ECM in the context of osteopathic concept,
present since early on in the formation of Osteopathy. For such similar concepts to
come from such differing sources, the founder of Osteopathy on one hand, and a
researcher into connective tissues on the other confers a high degree of validity to this
discussion. In terms of the discussion of palpation there are few methods that better
educate the hands and the mind then dissection. Subsequently there was the
examination of some very specific structures in this chapter, as there were in the
previous chapter which included dissection materials (Chapter 8). The reason for this
discussion is to make the picture of the meninges in the mind of the reader ever
clearer.
9.2

DISCUSSION

To comprehend the complexity of the anatomy of the meninges requires a dual
perspective. Anatomical knowledge is a process and to more truly understand the
anatomy of any structure one must know its fine details as well as its generalities, the
microcosm and the macrocosm. The essential classification of the meninges is that of
being part of the nervous system. In various treatises, encyclopedias and texts, the
meninges are always described within the chapter devoted to the nervous system.
Despite the fact that the meninges consist of connective tissue and do not transmit
neural information (as far as we know), they are classified as belonging to the

440

nervous system. Why would that be so? The meninges are unique in that they are
somehow part of the nervous system in a functional way. On a chemical level this is
well known, terms like BBB, and Blood-CSF Barrier are familiar terms at this point.
There may be other levels to the functional relationship of the meninges, hence the
need to understand them in great detail. An improved understanding of the detail of
specific structures might help one better understand the global function. One clue to
the significance of the meninges might have to do as well with the Osteopathic
concepts of treatment. For this treatment to be specific, one must have a razor clear
image of the meninges in their mind and that requires a detailed study. One of the
best ways to study the anatomy is via anatomical dissection because it constantly
challenges the dissector to question what it is they are seeing, to identify and to make
connections. The process of learning dissection is very similar to that of learning
palpation. The development of palpation is an essential part of osteopathic practice.
As mentioned previously an understanding of the detailed structures is
essential in understanding the whole system better. For the purposes of this section
there are a few select meningeal structures and principles that should be examined to
better understand the whole system. Those structures have been mentioned before,
and in detail, but will be examined once again with the intention of using the
information to understand the general structure. The clue to the meninges significance
lays in the mesenchymal, specifically their neuroectodermic origin of the
mesenchyme and of most of the telencephalon which becomes the cerebrum. The
plasticity of the mesenchyme and its relationship with the ECM is appropriate to set
up the fluid protection system of the brain. The adaptability and sensitivity of these
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mesenchyme derived structures is well suited in their filtering role as part of the
choroid plexus, the BBB and the Blood CSF Barrier. The examination of the choroid
plexus demonstrates a union between the ependymal cells of the nervous tissue and
the pia mater’s tela choroidia. As mentioned earlier the tela choroidia of the pia
mater is the connective tissue within which very tiny blood vessels enter into the
choroids plexi. In choroid plexus is the union of two tissue types, the neural and
connective tissues. The resulting fluid secretion, the CSF, is absolutely essential to
the functioning of the CNS. The union of tissues, one mesenchymal in nature the
other ectodermic is an analogue for the functional relationship between the meninges
and the neural tissue.
The principle role of the meninges is in protection and secondarily in support.
The pachymeninges offers obvious physical protection; the leptomeninges offers
chemical protection in the form of filtering. However there is another type of
filtering necessary. The dura mater as protection actually acts as an insulator as well.
Accompanied by the cushion of the CSF in the subarachnoid space the
pachymeninges insulates the brain from movements and shocks. But there is one
other thing as well, and understanding the anatomy and physiology of the meninges in
detail as discussed in the previous sections allows one to follow the author’s
reasoning. The ECM gel/sol alternation is an ionic alternation; hence it is electrical
as well. The imbalance is managed within the context of the slight alternations of cell
membrane transport. However there is one area of the body where most ions are
filtered out, the Blood CSF Barrier. In other words there is the potential for a buildup of electrical imbalances. This potential problem is managed within the body by
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the homeostatic maintenance of certain ionic concentrations. One has to realize that
the brain is a lot like the hard drive of a computer, it is easily damaged by static
electricity or other electrical imbalances. The brain would be easily harmed by static
electricity, or in terms of body chemistry, ionic imbalances. Hence the delicacy and
sensitivity of the leptomeninges, they are designed to filter out the small current
differentials and ionic imbalances that could build up to larger imbalances. The dura
mater acts as an insulator protecting the system and allowing the process inside to
function with minimal interference. The nervous system works via the electrical
signaling of the neuron, dependent on voltage gated ion channels along the axons of
the neurons. The myelin sheath protects and assists that transmission. The same with
the meninges around the CNS, they protect and encourage the transmission of
electrical impulses of nerve impulses as they pass along the neurons that make up the
spinal cord and brain.
Within the context of the previous discussion one can see how a detailed
knowledge of the meninges can be instructive in terms of their functions.
Understanding their functions is integral in detecting dysfunction. By deduction then
he ability to detect dysfunction by palpation, works hand in hand with the knowledge
of what that dysfunction entails for the whole system. So when one detects an
abnormal tension during palpation the background knowledge of the physiological
implications and anatomical relationships is integral to understanding how to work.
The better the quality of knowledge the more efficient the treatment, and in the case
of the meninges, with such important roles, the need for the highest possible quality
of knowledge is absolute. By examining the preceding paragraph it became obvious
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that the meninges are essential to proper functioning of the nervous system, which
itself is a very sensitive system. The sensitivity of the CNS is mirrored by the
sensitivity of the most proximal of the tissues surrounding it, the leptomeninges. It
has to be remembered that the leptomeninges are very intimately connected to the
neural tissue. The intimacy of the connection is very obvious at structures like the
Virchow-Robins spaces of the BBB and the choroid plexus of the ventricles. Both the
Virchow-Robins spaces and the ventricles are related to the pia mater. The system is
understandably very delicate, requiring extreme sensitivity to detect any sort of
imbalance. For the Osteopath the only way to detect such an imbalance would be
through an education in which one understood the mechanisms of function of the
meninges in health and disease, and knew the precise anatomy. The precise anatomy
is necessary because one needs a high level of palpation to accurately access any sort
of internal cranial structure. However as stated earlier Osteopaths have been
palpating these tissues for a long time, they do not necessarily identify those
structures, but they are aware of them. As mentioned before terms like using “the
cerebrospinal fluid wave or ‘tide’ ” (Magoun, 1951, p.16), and discussions about the
cranial ventricle treatment are part of osteopathic cranial technique and theory, as
discussed in Chapters Four and Five of this thesis. The technique of compression of
the fourth ventricle, “was originated by members of the profession…to illustrate the
functional mechanism of the fourth ventricle as a compressible agency utilized in
normal fluctuation of the cerebrospinal fluid” (Magoun, 1951, p.81). So given that
Osteopaths are already working with tissues like the arachnoid mater, or pia mater,
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indirectly through the choroid plexus, then one could conclude that maybe further
developments and refinements are possible.
The key to those further developments are a detailed knowledge of the meninges, and
with that knowledge develop a more refined palpation. Of course the knowledge of
the anatomy is the absolute basis for developing better palpation. If one considers the
anatomy as a road map for navigating the body, by palpation. Then one realizes that
without a map, fine tuned steering is almost impossible. However if someone has a
map and is on the road, then slight refinements in the course are easy. Detailed
anatomical knowledge is the map of the body. Osteopaths are already traveling down
the road, so with the addition of further detailed anatomical study, changes along that
path are easy to effect.
The reasoning behind suggesting a detailed study of the meninges comes from the
examination of the previous discussions. The meninges are part of a connective
tissue continuum in which the fluids contained, the ECM, have a profound
relationship to the health of the individual, “responsible for all basic health functions”
(Pischinger, 1991, p.8). Osteopathic technique that influences the meninges thereby
influences the entire ECM. On a local level the meninges protect and support the
brain, and have an especially intimate relationship with the brain. Part of that role of
protection involves acting as mechanical protection as well as acting as a chemical
and possibly an electrical filter. The meninges’ role of protecting the CNS from
damaging substances, ions and other types of imbalance is integral to the health of the
CSN and the body proper.
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9.3

CONCLUSION

As mentioned earlier there is a need to study anatomy from different perspectives,
although some methods are more efficient than others. The use of dissection as a
method of learning is very valuable because it endows the dissector with a concept of
the layering and depths involved in cranial work. The complexities are obvious,
especially when discussing the physiological mechanism involved. But the need for
perception of the cranium and its mechanisms in its entirety requires an understanding
of the dimensionality of the area. To understand the dimensionality in terms of
palpation requires an understanding and appreciation of the meninges. That
appreciation leads one to a truly intimate relationship with the human body.

10 CHAPTER TEN: SELF-CRITIQUE

10.1 INTRODUCTION
The author feels that there were numerous errors and shortcomings in this
project and the way it was conducted, despite his best intentions and significant
effort. The author hopes to adequately represent the shortcomings in this thesis
effectively. The sources of error fall into several categories. Notably the size of
this project in its scope is too large for one thesis. Early on in the process it was
suggested to the author that an investigation into the dura mater, should be
replaced with an investigation into all three layers of the meninges. This
suggestion although correct made the scope of the project incredibly large. The
material that was most statistically and conceptually important, the cadaveric
dissection was limited in cost to the point where the data obtained did not
constitute a reasonably size to obtain statistical significance.
A topic such as the meninges should be broken down into several topics. The
data spectrum from a scientific perspective is quite broad and so requires an
inordinate amount of time just to select articles worth including or excluding. The
classic data although fascinating depends on a certain amount of luck in finding a
resource since much of the material is not referenced frequently. Fortunately the
author was effective in discovering much significant data during the data
collection process.
The author was limited by language in accessing many of the most
interesting materials. Even thought the author has a limited facility in speaking

and reading French, and can cope in a very limited fashion with written Spanish,
those languages represent only a small part of the available material. Most
significantly was the high frequency of Russian articles that the author found
using Pubmed. Few of the Russian articles have been translated into English, but
the ones that were translated proved to be valuable.
The limitation in literature access was notable in terms of expense and
time. The reality is that collecting information could go on ad infinitum. The
same applies to the dissection materials. Given that the number of cadavers to
constitute a reasonable statistical study would be much higher than the four (over
the two years), it would take quite a long time to get a statistically significant
selection.
The author also has a certain amount of reservation towards the protocol
presentation of this thesis. Certainly a better formulated protocol would have been
useful, including a longer literature review at the onset. Given the number of
changes and different directions this thesis has taken, it is unlikely that any one
could have forseen or planned for the way this thesis turned, based on the initial
research process. That is one of the inherent difficulties in an iterative process
that involves subjective interpretation. The path taken in answering a research
question is not necessarily a straight one.

10.2 MAIN DISCUSSION
The discussion will consist of a review of the most pertinent topics relating to the
thesis research and writing process. The use of the immersion/crystallization
method of qualitative research was well suited to the subject mater, and the
information available. However the conclusions the author drew from the
information were interpretive and therefore subjective. The areas that the author
noted as being a concern in terms of the reproducibility of this investigation will
be discussed.
10.2.1 LITERATURE COLLECTION AND REVIEW
The available literature was extensive yet the number of articles that were
used ended up being relatively small. This state of affairs is consistent when
analyzing literature and collecting data in an immersion/crystallization process,
because often as an idea starts to evolve, it requires new data to foster it. So there
was a cycle of literature review, data analysis and idea formation. This process
was repeated over and over again as clarifications came and went and concepts
were explored and abandoned. One has to consider that literature review is an
effective way to gather the information required for a subject like the meninges.
The author expended a notable amount of time, money and energy conducting the
data collection. In addition he also was fortunate to have a few lucky breaks, and
discover a few chance finds. There is a significant amount of literature available
about meninges and the cranium. Some of the information is more scientific,

older information is notable for the quality of study and observation involved.
The author was successful in finding a lot of very useful information.
The lack of Osteopathic literature involving cranial dissection studies was
frustrating, and made for difficult choices in terms of the direction this project
would take. The author assumes that the choices he made were the best suited for
the situation but another research may disagree, or make alternate choices.
The cost of purchasing articles limited the author’s access to materials.
The author was able to get many articles for free from the University of Toronto
medical science library. However many of the most recent articles are only
available on the internet with a pay-per-viewing policy of between 7-30 USD cost
per article. It is unlikely that the author was able to collect every single valuable
article. However, if the author had free access to articles from research journals,
maybe more, or other significant articles would have been obtained, and thereby
included in the research process.
It is also unfortunate to realize that some information has been lost, and
that the loss of information is a continuing process. One Osteopath of
considerable note is Charlotte Weaver. Her method was based strictly on
dissection, her specialty was embryology, and she was also a highly accomplished
anatomist. Sadly there are only a few of her articles available, the vast bulk of her
work has been lost. Her works represent a collection of information that was very

valuable, and would still be valuable and yet is inaccessible for research. There
are other instances of this as well. There are texts by authors like Swedenborg
that have almost completely disappeared from public access and consciousness.
The author was lucky to find two of his texts, however there were other useful
texts for this thesis written by Swedenborg but they were essentially unavailable.

10.2.2 DISSECTION
The dissection material was very valuable but using only four cadavers,
was not statistically significant. To be of real statistical value the sample size
would have to be much larger. To do statistically valid study of one small
demographic group would require as little as fifteen-twenty cadavers. To do a
study applied to the general population would take hundreds of cadavers
especially if a pediatric population were to be included. The cost of doing such a
study for an individual is prohibitive. It should be realized that the approximately
$2000 cost per cadaver is actually negligible compared to the costs of maintaining
a facility. The author was fortunate to be able to access a laboratory in the US
(Laboratories of Anatomical Enlightenment) for the reasonable cost of $200 USD
per day. Despite the per diem costs the author still had to use cadavers that had
been pre-dissected to various degrees. Fortunately only two of the four had the
skull caps removed before the author’s investigation, but every one of the
cadaver’s spines had been dissected to a degree, making a study of that area much

less valid. Additionally there had been some previous spinal dissection so some
of the more caudal structures were lost, or indiscernible.
The author has also found that the art of dissection has slowly been lost.
Several well respected anatomists from several North America universities were
informally consulted on this product. The author was amazed to find that they
were largely uninformed on the subject of meningeal dissection. However given
that anatomical dissection is being conducted at less and less universities and
medical schools, maybe the author should not have been so surprised at the lack
of information on the subject. It becomes obvious that there is a need to
perpetuate anatomical dissection skills because that information is being lost.
The dissection photography process was highly successful in depicting
many of the structures sought after especially the dural structures.

10.2.3 DATA ANALYSIS
The analysis of the data for this thesis proved to be a complex process,
which involved collecting data, analyzing it, rejecting/including it, thinking about
it, repeating the whole process again, discussing that information and then
distilling the resulting information to answer the research questions. The most
difficult part of the data analysis was taking linear quantitative scientific data and
rendering it useful in a thesis that was complex, qualitative and based on

relationships. The author is not sure if he was able to transduce the information
successfully. That is, he is not sure if he was successful in taking information that
is highly quantifiable and trying to make it applicable for an audience in which
nuance and subtlety are extremely important.

10.2.4 VALIDITY
It is impossible to absolutely assess the validity of the research in a
process like this, because there is so much room for subjective interpretation.
There was no way to unequivocably say that every excerpt that was chosen was
the best one on the subject, or that every figure included would show the structure
as it was meant to be seen. By including as many different types of visual
material as possible, it was hoped that most of the information was conveyed.
The author cannot say without reserve that every choice about an article or a piece
of information to include, was the right choice, without bias or excess
interpretation.
Many anatomical photographs did not develop well, some structures were
lost in the dissection process. Numerous dissection photos did not show the
anatomy as it was seen. It should be noted that the preservation process
irrevocably destroys much of the fine fluidic structure of some tissues, especially
the arachnoid mater.

In terms of writing and referencing material the author feels that he
successful managed the fine line between interpretation and imagination. The
citations and references supplied adequately supports much of what the author
says.
In terms of following the author’s conclusions from the data, the author
maintains that the steps taken and results discussed are not overly interpretive. By
inspecting another article that was obtained after the cutoff date for information
inclusion one can see that others are reaching similar conclusions using similar
data. The article by Dr. Paul Lee DO called “The Primary Respiratory
Mechanism Beyond the Craniospinal Axis” (Lee, 2001), contained several similar
finding to those discussed in this thesis. Given that the article by Lee was not
examined prior to the writing of this thesis, one could assume that since there
were some similar findings, then reasonable assumptions and conclusions had
been drawn in the writing of this article.

10.2.5 REPRODUCIBILITY
It is highly unlikely that this thesis is reproducible by another researcher.
There are several reasons why. The element of luck makes it unlikely that
another researcher will be able to discover exactly the same material that the
author did. Secondly it should be noted that no two dissections are the same, each
cadaver reveals something different from another. In a general sense it is possible

to reproduce structures from one dissection to the next, but when examining detail
it is almost impossible to reproduce exactly the same results with each subject.
That is part of the value of dissection. The individuality of one’s life is reflected
by the dissection process, and the discovery of that individual’s uniqueness of
structure. Hence part of the benefit from doing dissection.
As mentioned in the research collection section, the author has noted that a
certain amount of literature is unavailable. Again the element of chance is
apparent. Some information is simply so rare that it is practically unavailable.
Some authors of very valuable texts have simply been forgotten about over time,
their works are not lost, but they might not be available until rediscovered.
Swedenborg and Bichat were close to being included in that group. If one were to
ask most Osteopaths if they had heard of Swedenborg or Bichat, the answer most
of the time would be no. However, if one were to read those same Osteopaths
excerpts from Swedenborg or Bichat those same Osteopaths would most likely
consider the information valuable. It is impossible for the author of this thesis to
know every important text on the subject. It is possible that a very important text
on the same subject could be discovered at any time, or never. That limits the
reproducibility of this investigation, since there is no guarantee that the next
researcher will be able to access the same information. Alternately there is no
guarantee that another researcher will not find information that refutes parts of
this thesis.

Of course the same applies to contemporary text review. There is no
guarantee that the author did not miss a very valuable addition to his subject. The
only policy that works is to give it one’s best attempt.
10.3 RECOMMENDATIONS FOR FUTURE RESEARCH
There has been a lot of research on the meninges, and there is a lot more required.
One area that requires a lot of research, and it is an area that is very valuable for
Osteopathy is that of the embryology of the meninges. There is a real shortage of
information on the embryological development of the meninges, in fact there is
really less than a handful of researchers who have explored the issue. The reality
is that information on the embryology of the meninges, or the cranium in general
might benefit from being conducted from an osteopathic perspective.
Blechschmidt comes very close to that in his works, but he is the only whose
works approximate osteopathic interests.
The lack of osteopathic dissection studies indicates a need for that type of
research. Cranial dissection studies should absolutely be included in that context.
The benefits of that type, on various topics in the cranial context would be
extremely beneficial to the osteopathic researchers and to the community as a
whole. There are certain subject areas that require dissection studies:
¾ Cranial sutures of the base and vault

¾ Sheaths of cranial nerves and expansions of the meninges within those
sheaths
¾ Health history based dissection, in which a health history of a subject is
provided, ad then a study performed on that person to see how their health
history is reflected in their tissues.
¾ Morphology of cranial vault in comparison to the spine. To determine if
cranial patterns always reflected in the spine, and the meninges of the
CNS.
¾ Pediatric and embryological dissections from an osteopathic perspective.
There is very little literature that discusses the connective tissue patterns
and changes related to developmental growth. The most pertinent areas of
interest for this research are, documenting changes in venous sinuses from
fetal period until puberty, documenting sutural changes from fetal period
until puberty. Comparing spinal and cranial morphological patterns of
developmental change from fetal life until puberty.
Research into these listed topics would yield much valuable information for the
osteopathic profession to work with. Additionally there is a need for further
qualitative research upon the following subjects:
¾ The cavernous sinus, its roles and relationships within the cranium.
¾ The physiology and biochemistry of the cerebrospinal fluid and its
relationship with the fluids of the amnion, the ECM and neural tissue.

¾ Charlotte Weaver and Beryl Arbuckle, two significant Osteopaths whose
works should be re-investigated. Both of these two Osteopaths stand out
for several reasons, their concepts were based on dissection experience,
the uniqueness of their theories, and their understanding of biomechanics
and anatomy. Both of these Osteopaths were themselves the students of
two of the great Osteopaths in history, Still and Sutherland.
¾ There needs to be an investigation to discern and clarify the interrelationships between ionic exchange, the piezoelectric process, and tissue
changes. The significance of researching that information would be to try
and distinguish how the state of an individual’s ECM influences states of
health and tissue condition over the long term.

10.4 CONCLUSION
The author sincerely hopes that the shortcomings in this process have been
adequately discussed and that it is helpful for those who read it. There were a
number of short comings based on time and finances. The project should have
been broken up into several projects. The dissection portion of the thesis should
have been expanded because it offered a lot of useful information. The topic of
the meninges offers a lot of valuable information and worthwhile research for the
profession.

The author’s experience in dissection has been incredibly valuable in
learning anatomy and understanding osteopathic concepts. He earnestly hopes
that other people can share in that experience and reap the benefits of anatomical
dissection. With the advent of computer assisted learning and virtual dissection,
the art of dissection is quickly disappearing. It is in this area in which Osteopathy
can perpetuate very significant skills and information. Osteopathic technique and
theory has been pretty well described, or perpetuated. However, the access to the
experience of learning anatomy by opening it up and looking at it is quickly
disappearing.
The author hopes that the self-critique assists those who are contemplating
a similar study, and facilitates their research process.

11 CHAPTER ELEVEN: CONCLUSION

11.1 INTRODUCTION
This thesis was conducted to reveal more information and ideas about the
meninges. During the process of analyzing the scientific information, the author
discovered new meaning and power to the concept of the interconnected
wholeness of the body. This concept that is discussed by many Osteopaths was
confirmed by scientific research, particularly in the areas of fluid biochemistry.
Surveying the osteopathic literature only re-affirmed earlier realizations. The
body of the whole text will be briefly recapitulated in this chapter in order to
solidify the statements and concepts in the reader’s mind. This thesis was a
qualitative investigation that drew upon osteopathic and non-osteopathic
literature.
There were many influences and resources that contributed to the final
conclusions of this thesis. However, none were a more powerful influence than
the dissection material. The bulk of the thesis information comes from the
literature review, but the process of dissection was the factor that allowed the
author to realize the implications of the material, and to draw conclusions from it.
Those conclusions will be restated in the following discussion section. The thesis
centered on the three layers of meninges, pia mater, arachnoid mater and dura
mater. The first two layers mentioned belong to the classification of
leptomeninges, and the dura mater belongs to the pachymeninges.

11.2 DISCUSSION
This thesis consisted of an exploration of information on the meninges to
clarify and add new insight into their roles and functions in the body. The topic
of the meninges was chosen because of the frequent mention of the dura mater
during cranial technique instruction while attending an osteopathic college. After
going through the education process, the author wanted to understand more about
the meninges. This statement is not completely accurate, since the term that is
typically used in practical instruction is dura and not meninges. During the initial
investigation for the research proposal, it became obvious that a study of the
meninges was necessary, not just upon the dura mater. Since Osteopathy’s
earliest formative stages, anatomical knowledge has been esteemed as the basic
and most essential tool with which to understand the body. Still, the founder of
Osteopathy repeatedly stressed that the study of anatomy was integral to the
development of skill, technique and a mechanical understanding of how the body
worked. “The osteopath should be thoroughly educated by books…and in my
reference to books I mean those that are essential for a complete knowledge of
anatomy (Still, 1902, p.20).” It would seem a logical extrapolation from this
thought to conclude that Osteopaths should produce their own books to serve the
unique needs of the profession. One of the most famous osteopathic texts that
also discussed the meninges extensively was chosen to represent a base level of
osteopathic knowledge on the meninges. Osteopathy in the Cranial Field, by Dr.

Harold Magoun Sr., was chosen to represent a base level of what was known
about the meninges by Osteopaths. Other osteopathic texts were examined later
and compared to that first text as a base of comparison on the assumption that
Osteopathy in the Cranial Field was a good choice to represent the base level of
osteopathic information on the meninges. It was decided that a qualitative
research project would be the best way to collect and organize the amount and
type of information required to produce a text worth reading for an Osteopath.
The method of investigation used in this thesis is a type of research that has not
been conducted before in science or Osteopathy. A dissection study was the
element added to this investigation to make it truly unique within the spectrum of
qualitative research. There was not enough osteopathic literature available to
complete the study. To research the meninges required more than just an
examination of the osteopathic literature.
It was then decided to use three sources of literature for information. The use
of multiple information bases was to ensure validity through triangulation. It was
believed that most of the significant information would be collected by using the
three sources. In addition, the assumption was that if two or more sources
mentioned material then that material was truly significant and worthy of
inclusion. The recurrent appearance of information in different sources was
considered a reasonable base level of saturation. Much significant information
was found during the process. The collection and distillation of that information

into a useful and informative text was consistent with the data analysis and textual
construction of immersion/crystallization methodology within qualitative research
using both editing and historical methods. To ensure validity and as much
reproducibility as possible, the process of the literature review and data analysis
was outlined so that others would be able to understand and reproduce the
research choices that resulted in the content of this thesis. The bulk of the data
collection revolved around literature review. The analysis of that material was
based on the immersion/crystallization method of qualitative research. The author
attempted to follow the basic concepts behind performing qualitative research. In
the end the analysis of the material was condensed into three research questions.
The three research questions were used as a means by which to analyze the
collected information and present that information in an easily digestible form
that would be as informative as possible. By following a specified
methodological process the author attempted to insure that transparency,
confirmability and reproducibility would be maximized to yield greater validity in
the findings.
The first research question consisted of: What are the other roles and
properties of the meninges, obtainable from contemporary research and/or
historical review that could be useful to Osteopathy? The analysis of classical
and contemporary research information proved to be highly rewarding. Aside

from a plethora of anatomical and physiological details on the meninges, some
interesting concepts emerged. To get to the point where those concepts could be
adequately developed meant that a wide-ranging literature review had to be
conducted. That literature review included works of interest from English and
French researchers. There were several significant findings that started to become
apparent early on in the data analysis process. Classical researchers and
anatomists became aware of the meninges anatomy over a period spanning
several hundred years. It appears that up until the middle of the nineteenth
century the movement of the cranial bones was assumed to exist. It was therefore
concluded by Swedenborg and other researchers that the anatomical structure of
the meninges, especially the dura mater and its venous sinuses were important as
part of a greater physiological mechanism. It was also noted by Bichat that the
arachnoid mater was very important as a structure that allowed mobility around it,
and that this mobility was prevented by the effects of inflammation. With those
conclusions in mind there was much contemporary information to confirm those
findings, except for the movements of the cranial bones. Contemporary
researchers do not confirm those findings. However, what was offered by
contemporary researchers was greater physiological knowledge, and as well
connective tissue biochemical knowledge. Information on the extra cellular
matrix or matrix and its properties was a very powerful component of the
information that confirmed the interconnectedness of all connective tissues. The

information on the movements of the cranial bones, although disputed by modern
science, was confirmed by osteopathic concepts and theory.
Osteopaths have been discussing the movements of the cranial bones in terms
that are highly reminiscent of researchers such as Swedenborg (1688-1772) and
Bichat (1771-1802). However the difference noticed between those two groups,
Osteopaths and classical researchers, was that most of the osteopathic discussion
was centered on the pachymeninges, while some classical authors were very
interested in both pachymeninges and the leptomeninges.
The second research question addressed those different interests. Has
Osteopathy overlooked the pia and arachnoid maters, the other two layers of the
meninges, in its study of the dura mater? By asking this question it was hoped that
a fresh perspective would be offered on osteopathic premises. The text chosen to
represent a knowledge base to convey the osteopathic perspective, Osteopathy in
the Cranial Field, did not discuss the leptomeninges to nearly the degree that
some classical anatomists and theorists had. An evaluation was then conducted to
see if the information on the leptomeninges in the chosen text adequately
represented the osteopathic literature. An analysis of the osteopathic literature
confirmed that there was a disproportionate amount of discussion centered on the
pachymeninges. With that information in hand, the information from the text
Osteopathy in the Cranial Field was compared to the research information. The

results of the investigation were that the text by Magoun is in general centered on
biomechanics, and that the dura mater is disproportionately involved in those
processes because of its morphological traits and anatomical connections. The
scientific material would seem to indicate the predominant involvement of the
leptomeninges in ECM dynamics, which in the context of the cranium refers
primarily to the CSF. The relationships of the CSF to the ECM, explains much of
what is discussed in terms of the palpatory experiences that Osteopaths refer to. It
would seem then that much of the experiential discussion of the First Edition of
Osteopathy in the Cranial Field was centered on the fluid dynamic contained
within and controlled in one way or another by the leptomeninges.
At this point in the thesis it was decided that conclusions could be drawn by
examining and answering the third research question based on the information
provided by the previously mentioned discussions, and as well by the inclusion of
the dissection study. How does a detailed study of the meninges benefit
osteopathic practice or instruction? By revealing the interconnectedness of the
body as a whole through the relationship of the ECM of the connective tissue with
the meninges through the synthesis of diverse bodies of information, a greater
understanding was revealed. The connections of the ECM, and the way in which
the connective tissues react to inflammation were seen as a confirmation of much
of what Osteopaths have been saying throughout their history. The results of the
investigation into the meninges showed that they were a type of connective tissue,

that they followed the behavior of the rest of the body’s connective tissues, and
that thereby some of the experiences that Osteopaths describe are explainable. It
was also noted that even though Osteopaths have been working with the
leptomeninges they have not necessarily been indicating that clearly. Some
osteopaths like Weaver have mentioned work performed on the leptomeninges,
but that is a rarity in the field.
The dissection study was seen as important for several reasons, one of which
is how the process influences the mind of the observer, and how those changes are
integral to the development and understanding of a palpation consciousness. That
is not to say that dissection directly improves palpation, but that the process of
dissection enhances an education process that is centered upon learning palpation.
However certain key phrases or terms are applicable to palpation, and these same
concepts surfaced through this qualitative investigation. One of the most
important, which was a consideration in the formative process of this thesis, is the
concept of enhanced precision as a consequence of improved knowledge. The
author wants to make one stipulation on which states that the real concept is, a
better knowledge makes for greater specificity. This applies especially to
palpation, but it also applies to the research process in general. The process
behind this thesis was one in which more information on the meninges was
collected and analyzed to be more precisely suited to the osteopathic profession.
Not all of the information on the meninges is needed or suitable in an osteopathic

study, but some of the information is very valuable. It was not the collection of
information that was so important, but the way that information from different
sources was associated to develop a better quality of knowledge that was truly
significant.
The inclusion of dissection material was well suited to the
immersion/crystallization method of qualitative research. The complex
interpretive nature of dissection mirrors the crystallization of ideas following the
synthesis of large amounts of data from diverse sources. Unfortunately, the
results of the dissection study, for various reasons, do not constitute statistically
significant data. However in terms of detailing experience and developing a
comprehension of the implications of the data on the meninges, the dissection
material was powerfully significant. The author attempted as best he could to
conduct a study that would be reproducible and valid. However, there were
factors beyond his control and contingent on the element of chance that prevented
this investigation from being easily duplicated by another researcher.
Nevertheless, the author maintains that he effectively married data from the
various sources to provide a valuable synthesis. The author made suggestions for
further studies; however the area that requires the most investigation is that of
interpretive dissection.

In essence this investigation discovered that the meninges are continuous with
the ECM of the whole body. The layers of the meninges are analogous to the
layering of the whole organism and that inflammation prevents the free
independent movement of these layers in relationship to one another. The work
done by Osteopaths on the meninges is important because they are attempting to
re-establish health by working at the source of systemic dysfunction. It is also
important to realize that Osteopathy does not work in a vacuum, and that the way
it works is not a scientific mystery, but rational and observable.

11.3 CONCLUSION
In this thesis there was the presentation of information on the meninges
that would be informative and useful to an Osteopath. The thesis distilled
information from various sources to provide a document that contained
information that was scientifically valid and philosophically sound. The need for
detail has to do with the precision required for an osteopathic practice. The
author holds the firm conviction that a higher quality of knowledge leads to
enhanced abilities and greater specificity of treatment. The specificity is required
because of the proposed impact of osteopathic work upon the ECM.
Inflammatory processes lead to adhesioning between connective tissue layers
which inhibit their function. The function of the connective tissue is to deliver
solutes through the ECM and into the cell. With that in mind it is obvious that the

osteopathic method could have powerful consequences throughout the whole
system, as well as the area being palpated. The goal of this thesis was to take
information on the meninges and turn that data into a synthesis that is accessible
and valuable for the osteopathic reader. That goal was reached and this thesis is
that product.
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APPENDIX A: GLOSSARY OF ACRONYMES

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

CCO

Canadian College of Osteopathy

CEO

Collège d'Études
Ostéopathiques

ECM

Extra Cellular Matrix

APPENDIX B: SEVERAL EXAMPLES OF ARTICLES ON MEDICAL SCHOOLS
WITH NO DISSECTION

ANATOMICAL DISSECTION: WHY ARE WE CUTTING IT OUT?
DISSECTION IN UNDERGRADUATE TEACHING.
ANZ Journal of Surgery. 72(12):910-912, December 2002.
PARKER, LISA M. MB BS, MM

Abstract:
Anatomy teaching and, more specifically, the use of dissection in undergraduate
anatomy teaching is undergoing a sea change in Australian medical schools. Until
as recently as the 1970s, all medical students in Australia underwent an extensive
course in dissection, taking up as much as 700 hours of curriculum time. Today,
dissection is compulsory in only a minority of anatomy departments. There has
been much discussion about the use of dissection in anatomy teaching, and both
sides of the argument have considerable merit. Less widely discussed have been
the other benefits of anatomical dissection, such as the development of surgical
skills, an appreciation of whole-body pathology, and the teaching of ethical and
moral issues that are central to the development of the professional doctor.
Dissection still has an important role to play in undergraduate medical education.

(C) 2002 Blackwell Science Ltd.
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Abstract

A 2000 Survey of Australian medical schools showed that the use of
anatomical dissection and autopsies for teaching has declined. Opinions
vary between schools as to the effect on teaching of anatomy and
pathology. However, exposure to the dissected human body may have its
benefits beyond this teaching, including inculcating the trait of “detached
concern”, teaching about medical fallibility and uncertainty, raising issues
of death and dying. (MJA 2002; 176: 74-76)

DISSECTION OF THE DEAD human body has been central to medical education since
the Renaissance. Anatomists of the past went to great lengths to obtain cadavers
for student use, justifying even ethically dubious practices by extolling the
extreme importance of dissection.1 2 Early in the 20th century, all Australian
,

medical students were expected to participate in the complete dissection of one or
two bodies, in up to 700 hours of work.3 5 Similarly, student attendance at, or
-

performance of, hospital autopsies has been widely used by pathology
departments to teach pathological concepts. Early Australian medical students
were expected to attend both routine hospital autopsies and weekly teaching
presentations.3

However, anecdotal evidence suggests a decline in use of human dissection and
autopsies for teaching in Australian medical schools. This decline was confirmed
by my survey of the 11 Australian medical schools in 2000 (Box). I discuss this
change in medical education and its potential impact on the doctors of the future.

Declining use of the cadaver for teaching
The first medical school in Australia to offer a curriculum without compulsory
anatomical dissection was the University of Newcastle school, which opened in
1978 with a radical new problem-based learning approach. Since then, eight of the
11 Australian medical schools have opted to dispense with compulsory
anatomical dissection (Box). This change is partly due to philosophical changes in
educational styles,6 and also to increased competition for student time.7 8
,

Medical student attendance at autopsies is compulsory in five of 10 Australian
medical schools, with one curriculum currently under preparation (Box). The
major reason for the decreasing use of autopsies by university pathology
departments is the decrease in the hospital autopsy rate, which declined from 45%

in the 1970s to about 10% in 20009 11 (unpublished data). Other cited reasons
-

include a general decreased emphasis on practical laboratory work; the growing
field of non-autopsy pathology, including molecular and cellular pathology; and
decreased interest in the autopsy among specialist pathologists.11 Other
curriculum pressures may be another important factor in Australian medical
schools.

Attitudes to dissection and autopsy
The despair of academics about the decreasing use of anatomical dissection and
autopsies in medical education is widely quoted.7 8 12 14 Many academics vocally
,

,

-

support dissection of the human body as a teaching method. However, the
attitudes of Australian academics vary (Box).

Less widely expressed are the attitudes of medical students and recent
undergraduates to use of the dead body in medical education. Results of the few
studies on student opinions are conflicting.7 15 16 The emotional responses of
,

,

students to the dissected body are more widely reported; several studies suggest
that some students suffer stress reactions, which significantly impair their learning
of anatomy and possibly even their ability to empathise with patients.8 17 These
,

reactions could perhaps be avoided by sufficient exploration of student emotions
at the time.8 18
,

Effects of declining use of the cadaver
Anatomy

Many anatomists are adamant that dissection is the best way to learn anatomy,14
although there is little hard evidence for this. In fact, many studies have suggested
that medical students who learn human anatomy by prosections and audiovisuals
perform just as well in anatomy examinations as those who learn by dissection.19

-

21 Newer tools, such as plastinated models and computerised images, should also
help compensate for a lack of "hands-on" dissecting experience.

Nevertheless, it is arguable that experience with dissection gives students a better
appreciation of the three-dimensionality of the human body22 23 and better
,

understanding of normal variation in human anatomy.24 These are important
lessons that should not be overlooked.

Pathology

The autopsy has been used extensively for teaching pathological concepts,
clinicopathological correlation and gross and microscopic anatomy, as well as for
enhancing understanding of disease entities.25 However, if autopsies are to be the
primary means of teaching pathology, then students must witness many cases. As
no Australian medical school requires students to attend more than six autopsies
(Box), it seems obvious that other methods of teaching pathology have become

widely accepted. The medical literature reports much sorrow about the decreasing
hospital autopsy rate and the limited exposure of medical undergraduates to the
autopsy,11 and a significant number of Australian pathology academics believe
this has adversely affected pathology learning (Box). However, I was unable to
find any studies investigating the relationship between student experience with
autopsies and understanding of pathology.

Other lessons from the dead body

Arguably, anatomy and pathology can be taught effectively without student
contact with the dissected human body. However, this does not mean that the
human cadaver has nothing to teach medical students. Autopsies often uncover
difficulties with clinical, radiological and in-vivo pathological diagnoses, and
unsuspected major clinical conditions are still found with astounding regularity.11
The autopsy therefore teaches the student about medical fallibility and
uncertainty,12 13 25 26 vital lessons for future doctors.
,

,

,

In addition, attending an autopsy gives first-hand understanding of the procedure
— what it entails, how the body is likely to appear afterwards, and the benefits
and limitations of the examination. Students also gain an understanding of the role
of the autopsy in quality control13 27 and research, and learn how and why to
,

request permission for autopsy13 16 28 and to discuss the procedure
,

,

knowledgeably with relatives. These lessons are so important that it has been
argued that lack of understanding of the autopsy by recent medical graduates, who
have never attended one, has contributed to the decreasing autopsy rate.13

Finally, what of education about death? Medical students need to learn to deal
with patients facing death, with grieving relatives, and with their own feelings of
inadequacy, guilt and helplessness when confronted with dying patients. Few will
have had close personal contact with death. Not all medical schools have formal
teaching on death and dying (Box), and students report little experience with
death during their medical school years.29 In Australia, students in four medical
schools can conceivably progress through their entire training without seeing a
dead body (Box).

Is this important? Fox argues that the experience of viewing the dead body is an
important tool in teaching medical students the trait of "detached concern",26 an
attitude that enables them to practise medicine efficiently and empathically,
despite constant exposure to disease, suffering and death.18 Others agree that the
dissected body is a significant influence on student attitudes to death,30 but are
less enthusiastic than Fox about the lessons learnt. As mentioned earlier, contact
with the cadaver can be highly stressful for some students,8 14 16 18 31 32 and
,

,

-

,

,

may result in their becoming "dehumanised"33 — more "detached" than
"concerned". However, this should not be used as an argument for withdrawing

exposure to the dead body from the medical curriculum, but rather should
encourage schools to introduce formal courses on death and dying.16 18 29 31 34
,

,

,

,

The anatomical dissection or the autopsy are ideal focal points for discussion of
these topics.18 35
,

Clinical competence

Perhaps the fundamental question is whether exposure to the dissected body, in
anatomy, pathology or another course, contributes to the making of better doctors.
In general, academics are unable to produce hard facts about the value of the
dissected body in medical education. It has proved difficult to measure the
success or otherwise of problem-based learning in producing "better"
doctors,36 37 and measuring the importance of one component of a medical
,

course, such as student experience with anatomical dissection and autopsy, is
similarly unrealistic. Cahill admits: "We [would] be more persuasive in
convincing sceptics [of the value of anatomical dissection] if we [had] hard data
that demonstrate[d] whether or not knowledge obtained by dissection is key to
proper patient care . . . Who would fund a study to compare the clinical skills of
physicians who dissected, versus those who did not?".14

I believe that students who have experience with the dead body will be better
equipped to deal with issues surrounding death and more aware of medical
uncertainty. This will make them better clinicians.

Conclusions
The responsibility for exposing students to the many lessons taught by the dead
human body is poorly defined and appears to lie with neither the anatomy nor
pathology departments. Consequently, such exposure may be overlooked. Perhaps
an overseeing committee needs to consider this possibility and review policies
within separate departments that have led to such an event. The live human body
can teach students a great deal and is a constant focus in both new and old
medical education philosophies. Surely, the dead human body should not be so
completely overlooked. Even in busy undergraduate curricula it should be
possible to find a place for the dead to teach the living.

Survey of use of human dissection and autopsies for teaching in Australian
medical schools
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APPENDIX C: INFORMATION REQUEST LETTERS (SAMPLES) AND LIST OF
PERSONS WHO RESPONDED

Date

Hello Mr. Osteopath/Researcher:
I am a thesis writer with the Canadian College of Osteopathy in
Toronto. I am doing my research on the anatomy and roles of the Dura
Mater (as well as the associated Pia and Arachnoid Maters) and I am
interested in any information or references you may have regarding these
subjects. I am particularly interested in anatomical connections and
relationships. However I am interested in all or any information you may
be willing to disclose. Any assistance would be very much appreciated.
Thanks
Eric Sanderson

Mobile:

416-91-9090

Email:

ericsanderson@rogers.com

Address

340 Lonsdale road Apt# 401
Toronto, Ontario
M5P 1R2

LETTER TO CCO/CEO STUDENTS AND TEACHERS
Hello Everyone:

My name is Eric Sanderson, some of you know me (or have met
me) others do not. I have a request for everyone and anyone. I am doing
a thesis on the Dural Membranes for the Canadian College of Osteopathy
and I am looking for thesis on the dural membranes or for any references
regarding dura mater (as well as the pia and arachnoid). For those of you
who did a thesis regarding the dura I would like to purchase a copy
(including paying for shipping). I am also interested in any or all
references regarding the dural membranes that people may know of. I
appreciate all and any direction in this matter.
Sincerely
Eric Sanderson

Bonjour à tous,

Mon nom est Eric Sanderson. Certains d'entre vous me connaissent
déjà (ou m'ont déjà rencontré), d'autres non. Je travaille présentement à
rédiger une thèse sur les Membranes Dure-mériennes au Canadian College
of Osteopathy de Toronto et je suis à la recherche de documents ou
références sur la dure-mère, ainsi que sur la pie-mère et l'arachnoïde. Pour

ceux dont le sujet de thèse portait sur la dure-mère, je serais intéressé à
acheter une copie de votre thèse (incluant aussi les frais de transport).
Toute information qui me sera fournie sur le sujet sera grandement
appréciée.
Veuillez noter qu'il m'a été suggéré par l'administration du C.C.O. de
communiquer directement avec les personnes concernées afin d'obtenir
une copie de leur thèse.

En vous remerciant à l'avance,
Eric Sanderson

RESPONSE RESULTS LIST FROM CONTACT ATTEPMTS
Name
Contact method
Philippe Druelle
Numerous
(Can)
emails, personal
contact and letter
by proxy
Dr. Michael
Email, letter by
Patterson (US)
proxy and
personal contact
Anne Hartley and
Email and
Joe Rotella (Can)
personal contact
Dr. Paul Dart
Email and phone
(US)
Dr Stephan
Hagopian (US)
Jane Stark (Can)

Email and phone
and letter by
proxy
Email, personal
contact, phone

Result/Response
none

none

Information
supplied
Considerable
Information
supplied
Limited
information
supplied
Frequent and
considerable

contact

Email

supply of
information
Information
supplied
none

Letter by Proxy

none

Email

Information
supplied

Email

none

Numerous
Emails, letter by
proxy

none

Emails, person
contact
Email

Information
supplied
Response but no
information
supplied
Information
supplied
Information
supplied
none

Dr. Bruno Chikly
(Fr)
Dino Muzzi and
Natalie Camirand
(Can)
Yury
Moskalenko
(USSR)
Annie Lebrum
and Benoit
Yergeau (Can)
L.P. Desjardins
(Can)
Prof. Othmar
Gaber and
Prof. Karl-Heinz
Künzel (Austria)
Michèle Pépin
(Can)
Robert Schleip
(Germany)

Email

Dr. Fred Mitchell
(US)
Cathy Edyt (Can)

Personal
conversation
Phone Call

Dr. Joe Grasso
(US)
ESO/Paul Klein
(FR)
Dr. Steding
Dr. Willard (US)
Dr. Gaber
(Germany)
Dr. Jealous (US)

Email

Dr. Hasbon (Fr)
Dr. J Pickar

Email
Email
Letter by proxy
Letter by proxy
Email by proxy
(Tari Sargent)
Email
Email

Information
supplied
none
none
none
none
none
Information
supplied

APPENDIX D: EMBRYOLOGICAL STAGES IN BRIEF

Table of Embryological Stages
Stage

Size

Age

Stage 1

1 cell

Stage 2

0.1-0.2 mm
diameter
0.1 -0.2 mm
diameter
0.1 -0.2 mm
diameter
0.1 -0.2 mm
diameter
0.2 mm
diameter
0.4 mm
length
1-1.5 mm
length
1.5-2.5 mm
length
1.5-3 mm
length
2.5-4.5 mm
length
3-5 mm
long
4-6 mm
length
5-7 mm
length
7-9 mm
length

1 post
ovulatory day
1.5-3 post
ovulatory days
4 post
ovulatory days
5-6 post
ovulatory days
7-12 post
ovulatory days
13 post
ovulatory days
16 post
ovulatory days
~18post
ovulatory days
~20 post
ovulatory days
~22 post
ovulatory days
~24 post
ovulatory days
~26 post
ovulatory days
28 post
ovulatory days
32 post
ovulatory
33 post
ovulatory days

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

11-14 mm
length
11-14 length

37 post
ovulatory days
41 post
ovulatory days

Characteristics and
appearance of
structures
1 cell
More than one cell but
no blastocust
Free blastocyst
Attaching blastocyst
Free but previllous
Chorionic villi and
primitive streak
Notochordal process
Primitive pit and
notochordal canal
1-3 somitic pairs
4-12 somitic pairs
13-20 somitic pairs
21-29 somitic pairs
At least 30 somitic
pairs
At least 2 branchial
arches, clear limb buds
Nasal pits, hand plates
and early appearance
of intestines (cecum)
and bronchi
Mesentery appears 3rd
branchial arch recedes
External ear, fingers
rays, face proper

Stage 18
Stage
19-23

13-17 mm
44 post
Cervical and lumbar
length
ovulatory days
flexures
After stage 19 it becomes much or difficult to attribute characteristics
to age and size

APPENDIX E: SUB-ARACHNOID CISTERNS EXCERPTS FROM ARTICLE
(YASARGIL ET AL., 1976)

Anatomical observations of subarachnoid cisterns
2. the ninth, 10th, lith and the
Cisterna Interpeduncularis
12th
cranial nerves;
The cisterna interpeduncularis contains
3. the lateral medullary and
1. the bifurcation of the basilar artery;
postolivary
2. peduncular segments of the posterior
veins; and
cerebral arteries;
4. the choroid plexus.
3. peduncular segments of the
Cisterna Prepontis
superior
cerebellar arteries;
The cisterna prepontis contains
4. perforating branches of the
1. the basilar artery and origin of anterior
posterior cerebral arteries, one
inferior cerebellar artery;
meningeal branch, and the artery to the
2. the origin of the superior
third cranial nerve;
cerebellar
5. posterior communicating arteries
arteries;
that connect with the midpoint of the
3. the sixth nerve; and
peduncular segments of the posterior
4.
the
anterior
and
cerebral arteries;
anteromedian pontine
6. the basal vein of Rosenthal;
veins.
7. the interpeduncular vein and
Cisterna
posterior
communicating vein; and
Pontocerebellaris
8. the third cranial nerve which is
situated
on each side in the lateral wall
The cisterna pontocerebellaris'
of Crura/is
the cistern and passes between the
Cisterna
contains
posterior
cerebral
and
superior
1. the seventh and eighth nerves;
Thecerebellar
cisterna cruralis
contains
arteries.
2. the anterior inferior cerebellar
1. the anterior choroidal artery;
artery;
3. the lateral pontine veins; and
4. the fifth nerve and the petrosal vein.

FIG. I. Artist's concept of the subarachnoid cisterns at the base of the brain. Left: Relation of
cranial nerves to cisterns. Right: Relation of arteries to cisterns. The cranial nerves are designated
by Roman numerals. I = Olfactory cistern; 2 = Callosal cistern; 3 = Chiasmatic cistern with I and II
nerves;
4= Carotid cistern; 5 = Sylvian cistern; 6 = Crural cistern; 7 = Interpeduncular cisterns with III
erves; 8 = Ambient cisterns with IV nerves; 9 = Prepontine cistern with VI nerves; 10 =
Cerebellopon~e cistern on each side with VII and VIII nerves; II = Lateral cerebellomedullary
cistern on each side 1lth IX, X, XI and XII nerves; 12 = Cervical subarachnoid space; 13 = Cisterna
cerebellomedullaris.
Neurosurg. / Volume 44/ March,
1976

2. the medial posterior
choroidal artery;and
3. the basal vein of
Rosenthal.
Cisterna
Chiasmatis
The

cisterna

chiasma

tis

contains
.

1. the anterior aspect of the
optic chiasma
and optic nerves;
~
2.
the
hypophyseal
stalk;
~

I

FIG. 2. Cisterns encountered in surgery of
cere bello pontine angle tumors. I = cisterna
and
quadrigemina;
2
=
ambiens
cerebellopontine angle cistern; 3 = lateral
cerebellomedullary cistern with choroid
plexus; 4 = fourth ventricle; 5 =

hemispherical cistern (cerebellar); 6 =

3. the origin of the anterior
cerebral arteries; and
4. the anterior communicating
vein.
Carotid
Cistern

The carotid cistern contains
superior vermian cistern; 7 = cisterna
1. the internal carotid artery;
magna; 8 = cervical subarachnoid space.
spca = superior cerebellar artery; aica =
2. the origin of the anterior choroid artery.
anterior inferior cerebellar artery; pica =
And….
posterior inferior cerebellar artery; B =
3. the origin of posterior
basilar artery; V = vertebral artery; Vp =
comunicating artery.
petrosal vein; mV = medullary vein; FI =
foramen of Luschka; PI = choroid plexus.
The cranial nerves are designated by Roman Cisterna Lamina Termina/is;
Sylvian Cistern
numerals. Solid black lines represent the
definite extent of subarachnoid space.
The cisterna lamina terminalis
The Sylvian cistern Dotted
contains
lines represent the probable extent of
contains
subarachnoid
1. the middle cerebral
artery; space.
2. middle cerebral (Sylvian) veins;
3. fronto-orbital veins; and
4. collaterals to the vein of Rosenthal.

1. anterior cerebral arteries; the A-I
segment and the proximal part of the A2segment; .
2. the anterior communicating artery;,
3. Heubner's artery;
4. the hypothalamic arteries;
5. the origin of the fronto-orbital arteries
6. the venous system of the lamina
minalis.
Quadrigeminal Cistern
The quadrigeminal cistern contains
1. the vein of Galen;
2. the posterior peri callosal arteries;
3. the third portion of the superior:
bellar arteries;

FIG. 3. Subarachnoid cisterns of the
anterior fossa. Note the thickened fibers
over the Al and MI segments. I = medial
basal part of Sylvian cistern; 2 = olfactory
cistern; 3 = carotid cistern; 4 = lateral upper
part of the interpeduncular cistern; 5 =
crural cistern; 6 = chiasmatic cistern; 7 =
cistern of lamina terminalis; 8 = callosal
cistern.

:

4, perforating branches of the
post
cerebral and the superior
cerebellar arteries and
.
.:

5. the third portion of the
posterior cerebral arteries. The two
arteries approach.,;
other and then continue posteriorly
bel the splenium corporis callosi to
the apex of…

Anatomical observations of subarachnoid
cisterns
the isthmus gyri fornicati to divide into
two cortical branches, the calcarine and
parietooccipital branches.
Cisterna
Crura/is
The cisterna cruralis contains
I. the anterior choroidal artery;
2. the medial posterior choroidal
artery and
Cisterna 3. the basal vein of
Rosenthal.
Chiasmatis

bellar arteries;
4. perforating branches of the
posterior cerebral and the superior
cerebellar arteries; and
5. the third portion of the posterior
cerebral arteries. The two arteries
approach each other and then continue
posteriorly beneath the splenium
corporis callosi to the apex of the
isthmus gyri fornicati to divide into two
cortical branches, the calcarine and
parietooccipital branches.
Cisterna Ambiens

The
supratentorial
compartment of the
contains
cisterna ambiens contains
I. the anterior aspect of the
I. the basal vein; and
optic chiasma
2. the posterior cerebral artery.
and optic nerves;
The infratentorial compartment contains I.
2. the hypophyseal stalk;
the superior cerebellar artery; and 2. the
3. the origin of the anterior
fourth nerve.
cerebraarteries; and 4. the anterior
Although
the
clinical
communicating vein.
pathophysiology of the subarachnoid
space is well known (as in cases of
subarachnoid hemorrhage, meningitis,
circulatory disturbances of CSF, and
tumors), it is surprising that the
topography of the basal cisterns has not
been
adequately
worked
out.
Sylvian
Knowledge of the neural and vascular
Cistern
contents of each of the basal cisterns is
of particular value in the planning and
The Sylvian cistern contains
execution of intracranial surgery.
I. the middle cerebral artery;
The surgeon may chart his
2. middle cerebral (Sylvian) veins;
intracranial
approach like a road map
Cisterna
Lamina Termina/is
3. fronto-orbital
veins; and
in terms of the basal cisterns. The
4. collaterals to the vein of Rosenthal.
release of CSF from the basal
The cisterna lamina terminalis contains
cisterns provides effective reduction of
1. anterior cerebral arteries; the A-I segcerebral
volume
and
facilitates
ment and the proximal part of the A-2
intracranial surgery. A good example of
'segment;
2.
the
anterior
this is the opening of the lateral
communicating artery;
cerebellomedullary cistern prior to
5. the origin of the fronto-orbital arteries; ;
exploration of tumors, aneurysms, or
6. the venous system of the lamina ter
angiomas in the cerebellopontine angle.
tminalis.
The Sylvian, carotid, chiasmatic, and
interpedun
iQuadrigeminal
cular cisterns are opened for surgery of
aneurysms and parasellar tumors.
Cistern
Although
often
considered
as
3. Heubner's artery;
anatomically distinct compartments, the
. 4. the hypothalamic
basal cisterns are, in fact, only separated
arteries;
from each other by a trabeculated porous
The quadrigeminal cistern contains
wall with various sized openings. These
I. the vein of Galen;
apertures can become plugged and
2. the posterior pericallosal arteries;
partially or totally obliterated after
. 3. the third portion of the superior cere
subarachnoid hemorrhage and in cases
of basal tumor. The arachnoid fibers and
membranes are noted to be regularly
thicker
The

'

cisterna

chiasmatis

APPENDIX F: TABLE FROM OSTEOPATHY IN THE CRANIAL FIELD

Table Summery of Leptomeninges and Pachymeninges from Osteopathy in the Cranial
Field
Structure
Pia Mater

First Edition
A. Structure (p. 10)
1. A thin membrane which
envelopes and adhere to the
central nervous system
2. High vascularity due to plexuses
B. Cranial Portion
1. Forms innermost sheath of nerve
roots.
2. Processes enter substance to
blend with neuroglia.
3. Transverse vascular duplications
a. Into transverse cerebellar
fissure. Tela choroidia of fourth
ventricle containing choroid
plexus. Layers separated by
extension of cisterna magna
and pierced by foramina of
Magendie and Lushka.
b. Into transverse cerebral fissure .
Tela choroidia of third ventricle
containing choroid plexus.
Layers separated by part of
arachnoid and contain internal
cerebral veins which unite to
form vein of Galen.

Third Edition
The pia mater. (p.17) This is a thin
membrane which encloses and
adhere to the brain and spinal cord.
It has a high vascularity due to the
plexuses of blood and vessels
included in its substance.
1. The cranial portion forms the
innermost sheaths of the
nerve roots and has
vascular duplicatins into
the cerebral fissures,
foming the choroid
plexuses,as of the third and
fourth ventricles.
2. The spinal portion
forms the innermost
sheaths of the spinal
nerves, has lateral
extensions which form the
delicate denticulate
ligament and is spun into a
tubular filament at the
caudal end, the filum
terminale.
Lining cranial ventricles p. 35

Arachnoid
Mater

Arachnoid Mater and Cerebrospinal Fluid
(p. 11)
A. Structure.
1. Gauzy reticulum, pervading the
space it occupies.
2. Mesothelium covers surface and
all intercommunicating spaces of
sponge like structure. All contain
cerebrospinal fluid
B. Cranial portion
1. Fills the irregularities of the
encephalon
2. Makes up sub-arachnoid cisterns
or water beds of the brain.
a. cisterna basalis
(chiasmatis and
interpedunculus).

The arachnoid. (p. 17) This is a gauzy
reticulum pervading all the spaces it
occupies with a sponge-like structure
containing the cerebrospinal fluid, the
sub-arachnoid cisterns or “water beds “
of the brain. The main divisions are as
follows: the cisterna basalis at the base
of the cerebrum, the cisterna pontis
about the pons, the cisterna superior
between the corpus callosum and the
cerebellum and the cisterna magna
between the cerebellum and the medulla.
The arachnoid further elaborates into the
Pacchionian bodies or arachnoid
granulations along the margins of the
longitudinal fissure. The cranial
arachnoid is similar to the cranial.

b.

C.
D.

Dura
Mater

A.
1.
2.
B.

Cisterna Pontis
(Hilton’s waterbed)
c. Cisterna Magna
d. Several smaller ones
3. Pacchionian bodies (arachnoid
granulations).
Spinal portion. Structure as in cranial.
Denticulat ligament partly divides.
Cerebrospinal fluid
1. Transparent, slightly yellowish
fluid.
2. Surrounds Central Nervous
System
3. Carries secretions of posterior
lobe of pituitary (discussion)
4. Produced by choroid plexus and
ventricular ependymal cells.
5. Escapes via arachnoid
granulations to sagittal sinus.
Also perineural and perivascular
channels to lymphatic system.
Structure (p.11)
Resistant, bluish white membrane. Dull
and even outside.
Smooth, glistening mesothelial lining
inside (subdural layer?)
Cranial Portion
1. External layer serves as the
periosteum for cranial bones.
Continuous with external
periosteum thru (sic) sutures and
foramina.
2. Internal layer forms subdural
space with arachnoid.
Duplications or folds form the
following:
a. Falx cerebri. Sickle-shaped fold
between the hemispheres
b. Tentorium cerebelli. A double
sickle-shaped transverse fold
between the cerebrum and the
cerebellum. The falx and the tent
join along the straight sinus,
which juncture is called the
“Sutherland Fulcrum”
c. Falx cerebelli. Sickle-shaped fold
between the hemispheres.
d. Diaphragma sellae. Horizontal
circular fold with central foramen

This is the outermost envelope of
the central nervous system, a tough,
bluish-white membrane which is
dull and even on the outside but
smooth and glistening on the inside.
(p.18)
1. The cranial portion is made up of tow
distinct but closely associate layers
which are adherent in the adult but easily
separated in the child.
a. The external layer serves as the
internal periosteum for the cranial bones.
It is continuous with the external
periosteum through the sutures and
foramina and is firmly adherent at these
areas where it blends with the investiture
of the vessels and verves.
b. The internal layer has several
duplications or folds of great significane
to the cranial concept
1) The falx cerebri is a sickle-shaped
fold between the hemispheres attached to
the crista galli in front to the superior
surface of the tentorium cerebelli
posterioly, where it encloses the straight
sinus. Its convex superior border is
bifurcated and joins the outer layer along
the metopic and sagittal sutures to

covering sella turcica
3.
a.

Spaces between the layers.
Meckel’s cave for the Gasserian
ganglion of the 5th nerve
b. Space for the ductus
endolymphaticus
c. Venous Sinuses (see below)
4. Blood supply via meningeal
arteries
5. Nerve supply via somatic afferent
nerves
C. Spinal Portion
1. One layer only, continuous with
the internal layer of cranial dura.
2. Extends as tube form the foramen
magnum and attaches to the
bodies of second and third
cervical vertebral. No firm
attachment below until it fuses to
the posterior surface of second
sacral segment.
In reference to development brief p. 177
In reference to development of occiput p.
195
In reference to core link in development of
foramen magnum p. 196
In reference to development p. 208-10 and
distortion of the membranes

enclose the superior sagittal sinus.
2) The tentorium cerebelli is a double
sickle-shaped transverse fold ith its
concavity anteriorly. It lies between the
cerebrum and the cerebellum. Its outer
convex border attaches to the posterior
clinoid processes of the sphenoid; the
petrous ridges, where it encloses the
superior petrosal sinuses; the mastoid
portion of the temporal bone; the
posterio-inferior angle of the parietal;
and the transverse ridge of the occiput,
where it encloses the transverse venous
sinus. Its inner concave border forms the
Tentorial notch enclosing the midbrain.
Its anterior extremities are attached to
the anterior clinoid processes.
3) The falx cerebelli is a small, sickle
shaped triangular fold between the
hemispheres of the cerebellum. Its base
is attached to the tentorium cerbelli at
the straight sinus and its apex to the
foramen magnum.
4) The diaphragma sellae is a small,
circular, horizontal fold covering over
the hypophyseal fossa of the sella
turcica.
C. The space between the layers
contains several important structures.
1) Meckel’s cave for the semilunar
ganglion of the fifth cranial nerve on the
anterior surface of each petrous apex.
2) The endolymphatic sac,
protruding from the aqueductus
vestibuli, on the posterior surface of the
petrous temporal, close to each internal
acoustic meatus.
3) The venous sinuses of the dura
which are described in section V.
4) The meningeal vessels which are
the terminal branches of the external and
internal carotid arteries.
5) The nerve supply to the meninges.
On either side sympathetic fibers to the
blood vessel walls come from the carotid
plexus and the superior cervical
ganglion. Sensory fibers arise from the
fifth and tenth cranial nerves and the first
and second cervical nerves. The first
division of the trigeminal supplies the

tentorium and the anterior cranial fossa;
the second division, the middle cranial
fossa; the third division, the greater wing
of the sphenoid and the mastoid cells.
The ganglion of the root of the vagus
supplies the posterior cranial fossa.
2. The spinal portion consists of one
layer only and is continuous with the
inner layer of the cranial dura. It forms a
tube which is firmly attached at the
foramen magnum, and on the posterior
aspect of the bodies of the second and
third cervical vertebra, but then only
lightly until it reaches the level of the
second sacral segment. Here and below
the attachment is again firm.
As part of PRM. Mobility of
Intracranial and Intraspinal
membranes p.27
The intracranial membranes
have been called a partition
between, and a support for, the
cerebral hemispheres and the
cerebellum, with some additional
shock-absorbing and stress-meeting
function. However, in the cranial
concept they play a much more
significant role.To properly evaluate
them it is necessary to revise the
description given in the texts and
consider them in terms of living
physiology-not laboratory ~on. The
falx cerebri and tentorium cerebelli
should be thought of as three sickleshaped agencies, all of which arise
from a common origin at the
straight sinus, named "The
Sutherland Fulcrum" in honor of its
discoverer, ..and have their
secondary insertion into the various
bones of the cranium. This view
point is necessary to properly
understand their function.
Considering first the falx
cerebri we start from its point of
origin along the straight sinus
and follow the superior or
attached border, running from
the
internal
occipital

protuberance,
upward
and
forward, along the sagittal ridge
to the occiput. This border
continues along the interparietal
and metopic sutures, in a V shaped insertion housing the
superior sagittal sinus. It finally
curves forward, downward and
then backward, to insert in the
region of the crista galli of the
ethmoid, the so-called anterior
superior pole of attachment.
The other two sickles, which make
up the tentorium cerebelli, also have
the straight sinus as their point of
origin. The posterior border is
attached to the occiput, at the
internal protuberance and along the
transverse ridges. This is the
posterior pole of attachment. It
should be noted that, because of
close contiguity, the mastoid angles
of the parietals and the membranous
investiture of the sigmoid sinuses
are all involved in these areas on
both sides. Tracing the lateral
borders of the tentorium further
forward, we find them attached at
the ridge along the top of the
petrous portions of the temporal
bones again with a divided insertion
to house the superior petrosal
sinuses. These areas are the lateral
poles of atttachment. The anterior
termination of these borders on
either side is called thepetrosphenoid ligament. The two
converge upon the body of the
sphenoid to insert into the posterior
pair of clinoid processes. From the
curved hiatus or internal border of
the tentorium through which passes
the midbrain. the free edges run
forward, cross over the converging
petrosphenoid ligaments and insert
into the anterior clinoid processes.
"Clinoid" can be defined.
philologically, as "resembling a
bed." Obviously there must be four
of these "bed posts" on the four

corners of the sella turcica.
Together, they make up the anterior
inferior pole of attachment
The other reduplications of the
inner layer of the dura participate
to a degree in the overall function
of this reciprocal tension
membrane. The diaphragm a
sellae is of interest because of its
relation to the pituitary gland.
Attached around the margin of
the sella turcica in the region of
the clinoid processes, and
blending with contiguous dura
mater, it binds the hypophysis
down in the fossa.
The falx cerebelli extends
caudally from the straight sinus
and makes a connection with the
intraspinal membrane below,
which forms the all-important
link between the membranous
articular mechanism of the cranium and the sacrum. It is in the
form of a tube surrounding the
spinal cord. It is firmly attached
to the foramen magnum and the
bodies of the second and third
cervical vertebrae.Below this
area the dentate ligament and the
dural investitures of the spinal
nerves are relatively fragile.
However, at the level of the
second sacral segment, and
below, the attachment is again
quite firm. Before discussing the
significance of the mobility
involved it seems pertinent to
relate these membranes with the
cervical fascia, and the rest of the
body, as described by Page 27
"With in the skull the dura mater,
with its prolongations, forms a
support for the brain. . ., At the
various foramina at the base of
the skull, the dura becomes
continuous with the extracranial
fascia and may thus become
involved in tensions arising from
without the skull. . . . Traction

may be produced by . . . tensions
upon the sheaths surrounding the
blood vessels and nerves as they
enter or leave the skull. Tension
of the latter variety may be
produced by abnormal pull upon
muscles attached to the base of
the skull. . .. There is direct
continuity of the fascia from the
apex of the diaphragm to the base
of the skull. . . . The continuity
extends not only to the outer
surface of the sphenoid, occiput
and temporal bones but proceeds
further through the foramina in
the base of the skull around the
vessels and nerves to join the
dura. . .. It has been observed that
traction
upon
intracranial
structures may be influenced by
the position of the head in flexion
or extension."
With this picture in mind
we may proceed to a general
consideration of the significance
of the intracranial, as well as the
intraspinal membranes, leaving
the details to be added later.
Perinatally, the falx cerebri
and the tentorium cerebelli are
the main element, as a unit of
function,
responsible
for
maintaining the integrity of the
preosseous components of the
skull. These cartilaginous and
membranous forerunners of the
adult bones have little stability
and
no
interlocking
articulations. But they are held
in position, although perhaps
not in contact, by the tough,
fibrous envelope of periosteum
and dura which encloses them.
In the adult, the three sickles
of the dura occupy so commanding
a position in the cranial hypothesis
that they, collectively, have been
named, the cranial reciprocal
tension membrane. This term, in the
singular, refers to their function in

guiding and limiting the motion of
the cranial bones, as these
participate in the unitary motion of
the primary respiratory mechanism.
To secure balance effectively in all
directions, they must operate from a
fulcrum which is suspended so that
it can automatically shift to meet the
changes
taking
place
with
physiological motion of the skull or
with trauma thereto. The fulcrum in
this mechanism-a point of rest on
which a lever moves and from
which it gets its power-is located
somewhere within the straight sinus,
the bifurcated junction of the falx
cerebri and the tentorium cerebelli.
As noted above it has been called
the Sutherland fulcrum in honor of
its discoverer. It is an imaginary
point and not a detectable structure,
just as is the center of gravity of the
human body.28
The meninges of the cord
constitute the spinal reciprocal
tension membrane, serving to link
the cranium with the sacrum. The
entire complex is a unit of function
in its mobility about the one
fulcrum.
PRM discussion p.36-40
In the meninges of the brain and cord,
meanwhile, there is a synchronous,
coordinating alteration, which is slight in
amount but none the less significant.
During the inhalation phase, the falx
cerebri shifts anteriorly in the arc of its
sickle. In so doing it lowers, and the
curled-under, forward tip, attached to the
crista galli or anterior, superior pole,
moves posteriorly to influence the
motion of the ethmoid on its transverse
axis (see Chapter X). The tentorium
cere- belli shifts anteriorly and flattens
but is in no sense relaxed. Its anterior
extremities, attached to the anterior
inferior poles on the clinoid processes of
the sphenoid, circumduct posteriorly and
superiorly, thus influencing motion of

the sphenoid on its transverse axis (see
Chapter III). The lateral poles of
attachment, on the petrous ridges of the
temporals, move superiorly imd
anterolaterally, somewhat altedng the
position of the temporal bones (see
Chapter VIII). The posterior poles,
across the occipital squama, move
anteriorly, with a shift in that osseous
structure. Meanwhile the venous sinuses,
encased in the bifurcated attachment of
these membranes, are changed in shape
from a "V" to a more ovoid contour,
with increased capacity for drainage.
This is very possibly part of the
mechanism for blood propulsion,
judging from clinical results. Tributary
veins, such as those entering the superior
sagittal sinus against the current, become
aligned for better drainage. Their walls
are not slacked but the tension changes
for more copious emptying.
This synchronous, coordinated
alteration of position takes place over
the
fulcrum in the area of the straight sinus. A
fulcrum can shift without in any
way changing its action. It continues to
be the point from which the lever
operates and gets its power, in this case
to maintain balance in the cranial
mechanism. Motion produces motion. If
this fulcrum moves, either in the
physiological respiratory arc, or to meet
the strain of trauma, the membranous
articular mechanism must move with it.
The reverse is also true. All parts operate
as a unit of reciprocating function,
including the spinal reciprocal tension
membrane. This is sometimes referred to
as the "core link", connecting the
articular mechanism of the cranium with
the sacrum to coordinate action.
In
the
cranial
articular
mechanism, it must be remembered that
the vault of the skull is formed in
membrane to accommodate for the
articular mobility of the base, which is
laid down in cartilage. This adaptive
function persists throughout life, to some

extent. In addition, the articular surfaces
are normally opposed under a balanced
working tension, as in all other joints of
the body. There is ample and irrefutable
clinical evidence that this law of balance
applies in the cranium where the dural
membranes guide, control and limit the
motion of the whole mechanism through
their various poles of attachment.
A restriction limiting movement in
the cranial articulations is probably the
most easily recognized evidence of
dysfunction in this mechanism. It is the
approach most used in diagnosis and
treatment. Simple to-and-fro pathways
of reciprocal tension are converted into
special patterns of responsive action by
either local or general interference with
their normal physiology. They mean
much in interpreting the pathology
present. In the inhalation phase of the
primary respiratory mechanism, the
midline bones 'of the skull (occiput,
sphenoid, ethmoid and vomer) are
moved physiologically into flexion,
about a transverse axis. At the same time
the paired bones of the periphery
(frontals, temporals, parietals, maxillae,
palatines,
zygomae)
are
rotated
externally. Extension and internal
rotation follow in the exhalation phase.
Details will be given in the chapters on
the individual bones.
The overall effect of the
changes taking place during the
inhalation phase is to lower the
vault, lessen the anteroposterior
diameter of the skull and
increase the breadth, slightly.
This is a change of shape but
not of volume which requires
rather astute palpation to detect.
In the involuntary or
physiological motion of the
sacrum between the ilia, a
cephalad pull of the spinal dura
is
induced
because
the
attachment of these membranes
around the foramen magnum is
being elevated. This causes the

sacrum to rotate so that its base
moves posterosuperiorly while
the apex moves in the direction
of the pubic symphysis. This is
respiratory flexion of the
sacrum, occurring during the
inhalation phase. The motion
can be palpated.
It remains to correlate the two
phases of the primary or internal
respiratory cycle with observable
but
subsidiary
pulmonary
respiration. The rate of the cranial
rhythmic impulse, palpated or
electronically recorded in normal
adults, is between ten and fourteen
two-phase cycles per minute.
While the rate of pulmonary
respiration in a normal adult, at rest,
may often be synchronous with the
cranial rhythmic impulse, they
nevertheless are two separate and
distinct phenomena. The primary
respiratory mechanism is probably
the most cogent manifestation of
life itself. It continues as long as life
exists, even when the breath is held.
It is the last evidence of life to
disappear since it has been observed
to outlast all other signs by as much
as fifteen minutes. Within its
omnipotence function all the
physiological centers of the body,
including that of pulmonary
respiration.
However, as Speransky has
said32 "It is permissible to think that
alteration in depth and rhythm of
breathing are capable of altering
temporarily the velocity and
sometimes the direction of flow of
the cerebrospinal fluid within the
adventitious spaces."
Because of this possible
influence; because there may be
some coincidence in time as well as
mechanical effect on body structure
between the inhalation phase of the
primary respiratory mechanism and
pulmonary inhalation; because chest

expansion, with its effect on the
circulation, may to some degree
augment and correlate with the
changes taking place in the bones of
the skull and throughout the body
during the positive phase of the
primary respiratory mechanism,
normal or exaggerated breathing is
used to some extent in the treatment
of cranial lesions. This will be
further elaborated in Chapter V.
However there should be no
misconception as to the interrelation
of the two.

Venous
Sinuses

1)
a.
b.
c.
d.
e.
f.
2)
a.
b.
c.
d.

Venous Sinuses of the dura: (p.12)
unpaired
superior sagittal
inferior sagittal
straight
basilar plexus
occipital
cicular
Paired
cavernous
lateral (transverse)
superior petrosal
inferior petrosal
Part of RTM p. 39.

General Considerations.
Changes in skull contour have already
been mentioned. Venous drainage is
accelerated during the flexion phase
because the sagittal sinus tends to change
from a V shape to an ovoid and the
capacity increases, encouraging the
emptying of its tributaries.
Principals of treatment p.65
Drainage of eye p.160
Sinuses in reference to veins p. 196
Veins. Ninety-five percent of the venous
drainage from the cranium passes through

The structure and Function of the
Venous Sinuses: (p.20)
Ninety-five percent of the venous
blood, collected by the sixteen
named sinuses… There are six
median, unpaired and four lateral,
paired sinuses.
A. Midline Sinuses.
1. Superior sagittal, lying in the
attached margin of the falx cerebri,
and running from the foramen
cecum to the internal occipital
protuberance with its confluence of
sinuses (Torcular Hirophili). The
superior cortical veins open in a
direction opposite to the flow and
pass for some distance in the walls
of the sinus before opening into it.
The superior sagittal sinus empties
into the transverse sinus, usually the
right.
2. Inferior sagittal, lying in the
posterior two thirds of the free
margin of the falx cerebri. It
empties into the straight sinus.
3. Straight, lying in the attached border
of the falx cerebri with the
tentorium cerebelli. It is formed by
the union of the great cerebral vein
of Galen and the inferior sagittal

the jugular foramina. The close
relationship of the occiput and the
reciprocal tension membranes with the
large sinuses leading to these exits is
obvious. The route of the basilar plexus to
the anterior vertebral plexus should be
mentioned. Attachment of the dura is
particularly strong around the foramina
thus exaggerat ing tissue strain. This
may be evidenced at the junction of the
falx
with the free edge of the tent by
compression or even tearing of the vein of
Galen

practical
reference

RTM p.32
RTM p.32
Pull on RTM p.39
RTM in torsion lesion p.43
RTM in Sidebending lesion p.47
RTM assessment child p.57
RTM is membraneous strain p. 58
Dura Principals in of treatment p.65
Membranes and tension p.66
Membranes and tension p.68
Balance the membranes p.88
Membranes p.94
Pull on the membranes p. 108
Core link p.112
Dura stress on cranial nerves p.119-120
RTM p.120
Tension on the membranes p.126
Drain venous sinuses p. 125
Membranes p.137

sinus. It empties into the transverse
sinus, usually the left.
4. Occipital, lying in the attached
border of the falx cerebelli and
extending from the foramen
magnum to the internal occipital
protuberance. It empties into the
confluence of sinuses.
5. Circular, surrounding the
hypophysis. It is made up of the
two cavernous sinuses and
communicating branches. It
empties into the superior and
inferior petrosal sinuses on either
side.
6. Basilar plexus of veins, overlying
the basisphenoid and basiocciput
and connecting the circular sinus
with the internal vertebral venous
plexus.
B. Bilateral Sinuses
1. Transverse, running from the
confluence at the internal occipital
protuberance to the exit at the jugular
fossae. Each lies in a groove in the
occipital squama and the mastoid angle
of the parietal, within the bifurcated
attachment of the tentorium cerebelli.
Pediatric considerations p.76
RTM P.40
Lesion implications p.41
RTM in reference to articulations
p.59
RTM in Torsion lesions p.64
Spinal dural as set of cables p.70
Membranes in palpation p. 87

Dura relating to parietals p.143
Irritation of cranial nerves by dura p.160
RTM p.165
Membraneous pull in treating children
p.190
RTM and tension p. 197
Reciprocal Tension Membranes. Being so close to
the fundamental elements of the primary
respiratory mechanism, disturbance to the
condylar area of the occiput and consequently
the posterior pole of attachment of the
membranes can have profound repercussions on
the fluctuation of the cerebrospinal fluid and the
action of the membranes. The falx cerebri and
falx cerebelli may be considered as one structure
functioning in the midline. The tentorium
cerebelli should be thought of as two separate
halves. These three parts or sickles relate
structure and function at the Sutherland fulcrum
along the straight sinus. Thus strain or distortion
at the posterior pole of attachment will affect all
parts of the membranous articular mechanism,
since a shift in one pole requires a shift in the
others also. The reciprocal influences upon all
the peripheral attachments to the articular
mechanism are functionally balanced at the
Sutherland fulcrum, the fulcrum of a three
dimensional unit of structure. It is through this
agency that mobility in the cartilaginous base is
interrelated with mobility and compensation in
the membranous vault. If we add an inferior pole
of attachment at the sacrum, likewise greatly
influenced, the full significance of compression
of the condylar parts becomes clear.

Surarachnoid
space,
arachnoid,
and
granulatio
ns
RTM,
dural
membrane
s

Subarachnoid space increased in
inspiration. – p. 17
Subarachnoid cisterns “Waterbed” p.18
Principles of Treatment p.65
Subarachnoid p.69

The cyclic fluctuation of the
cerebrospinal fluid would naturally
conform to its container, the
ventricular sub-arachnoid spaces of
“water beds”. p.36

The Meninges or Reciprocal Tension
Membranes: p.17 which are the agencies
for articular mobility of the cranial and
craniosacral mechanism, securing balance
in all diameters, aiding, controlling and
limiting motion. (seems to include all

Dural membranes p.42
Dural membranes p.49

meninges) During the inspiratory phase:
1. The anterior end of the flax
cerebri moves slightly psoteriorly
and inferiorly while the tentorium
shifts anteriorly.
2. The cranial articular mechanism
moves the the position of
respiratory flexion, the motion
being assisted and restricted
within certain limits by the
membranes to maintain balance
3. The craniosacral mechanism
functions to that the spinal dura
lifts the sacrum around its axis
into the position of respiratory
flexion with the base superior and
the apex anterior.
The articular mobility of the cranial
mechanism produced by: (p.18)
1. Fluctuation CSF
2. The action of the reciprocal
tension
membranes (falx and tentorium) working
through their attachments.
a. Anterior superior pole. The
attachment of the falx cerebri to the
frontal crest, Crista galli, median
ethmoid ridge and ethmoid spine.
b. Anterior inferior pole. The forward
reaches of the tentorium cerebelli to
the four clinoid processes.
c. Posterior pole. The attachment of
the falx and tent to the internal
occipital protuberance and lateral
crests.
d. Lateral poles. The attachment of
the tent to the superior border of the
petrous portion of the temporal bones.
e. Fulcrum. (Sutherland) The complete
junction of the falx with the tent.
3. Such contacts as the pituitary in the
sella turcica, the frontal lobes in the
anterior cranial fossa, the temporal lobes
in the middle cranial fossa against the
temporal squama and the gfreat wings of
the sphenoid, the cerebellum against the
occipital squama, etc
K. RECIPROCAL TENSION MEMBRANES.
(p.39)
As explained in Chapter I these are a

factor in movement of the articulations
but at the same time they regulate and
limit the normal range of articular
mobility. They are continuously under
tension and may be likened to a wire
stretched between...two upright poles.
Pull on one pole and the tense wire
pulls on -other pole in the same
direction and to the same degree. They
may also be compared with the tension
spring of the baance wheel of a watch
which regulates and limits the to-andfro movement of the balance wheel.
They are very important intracranially
because of their bony attachments and
their relation to the cerebrospinal fluid
fluctuation and venous drainage.
In visualizing their action think of the
junction point as a suspension fulcrum
along the straight sinus where the
posteroinferior border of the falx
adjoins the ridgepole of the tent. This
full contact has been appropriately
called
the
"SUTHERLAND
FULCRUM", since Dr. Sutherland has
called attention to its significance. It
should further be noted that it is a
relatively fixed fulcrum and, while the
center of fluctuant motion, it remains
relatively still to furnish the leverage
about which the membranes exert their
reciprocal tension. Each half of the tent
makes up a sickle, like the falx. When
the head is erect, the two sickles of the
tent are suspended from the falx. When
lying on the side, the two sickles of the
falx and the lower half of the tent are
suspended from the upper half of the
tent. Operating from this leverage point
as a part of the membranes" assists in
the following movement of the poles of
attachment.
1. THE ANTERIOR SUPERIOR Pole
moves posteriorly with the crista galli. The
flax lowers slightly.
2. THE ANTERIOR INFERIOR POLES
move posteriorly and superiorly.
3. THE LATERAL POLES move superiorly
and anterolaterally, rotating

4. THE POSTERIOR POLES shift
relatively anteriorly with the occiput.
The junction of the free borders of the falx
and the tent move anteriorly as the notch
widens.
Dural sac p.69
RTM p.71
Membranes in tension p.76
RTM p. 112
Dura and RTM p. 199
In lesion diagnosis and treatment p. 203
Membranes p.205
Tense the membranes p. 206

A.T.Still

Supreme Intelligence p. 15
“Withering fields”, p.17
Principles of Osteopathy laid down by Still
p. 65
Principles of Osteopathy p.1
Lesion correction p.68
Perineural and perivascular channels p.72

Experienti
al/
palpatory/
esoteric/

“Breath of life” p.15
“Fluid within a fluid”, “liquid light”, “juice
in the electric battery”, “the sheet lightning
in the cloud” p.16
Innate intelligence of CSF p. 59
Potency and directing the tide p.72
Fluid fluctuation p.73
Transference of energy p.73
Moment of stillness p.73
Confusion in the fluctuation p.73
Fluid wave p.74
Tide at the full p.74
Wave intensity p.74
Directing the potency p. 75
CV4 movement of water in a vibrated
glass p.82
Meeting of two tides p. 88
Directing the tide p. 61
Fluid wave p. 74
“Great river of life” p. 82

APPENDIX G: UPLEDGER REFERENCE ON SUTURES (UPLEDGER &
VREDEVOOGD, 1983, APPENDIX A)

The Structures of Cranial Bone Sutures
ERNEST W. RETZLAFF, Ph.D., DAVID MICHAEL, D.O., RICHARD ROPPEL.
Ph.D., FRED MITaIELL, D.O., Department of Biomechanics, Michigan State
University-College of Osteopathic Medicine, East Lansing, Michigan*
outermost layer is a zone of connective
There are few studies on cranial bone
tissue which bridges the suture and is
sutures which have utilized modern
designated the sutural ligament. The next
histologic techniques. One of the most
layer consists of osteogenic cells. These
informative studies on the structure and
two layers appear to be continuous with
the development of mammalian cranial
that of the periosteum of the skull bones.
sutures was done by Pritchard, Scott, and
This modified periosteal layer, the
Girgis in 1956.1 Their primary concern
sutural ligament, is found on both the
was the development of the suture, so
outer and the inner surfaces of the
there was limited discussion of the adult
suture. The space between the ligaments
structure. However, this report provided
is loosely filled with fibrous connective
us with a starting point for our
tissue.
investigation.
The reticular connective tissue
Much of the initial work on this
project has been the development of
portion is seen in the space with
suitable histologic methods. This is
extensions into the sutural ligament. This
reported in a paper by Popevec, Biggert,
may provide an inner and outer binding
and Retzlaff.
structure which serves to hold the
Previously reported studies on cranial
sutures but still permits some movement
bone mobility (Eighteenth Annual Naof the skull bones.
tional Osteopathic Research Conference,
In addition to the connective tissue
March 15-16, 1974) were based on
seen in the central space, blood vessels
physiological studies using the squirrel
and nerve fibers are evident. The
monkey,
function of these nerve fibers is not
Saimiri sciureus. Histologic studies are
known but it is possible that they may be
being performed on the same animal.
involved in the physiological effects of
It is of particular interest to note that in the 10
cranial therapy.
adult monkeys from which the bone tissue was
The
question
whether
suture
removed there was no evidence of suture
obliteration, by ossification, ever occurs
ossification.
in man cannot be answered by this study.
The general pattern of the suture was similar to
We do know that the sutures between the
parietal bone and adjacent bones in the
that reported by Pritchard et aLl In each sample
Journal
of theadult
American
Osteopathic
squirrel monkey
show no Association
evidence
studied the sutures Reprinted
displayed fivefrom
distinctThe
layers
of
(JAOA),
75, Feb.
pp. 607-608,
by permission
of the
of closure
in the specimens
weAmerican
have
cells and fibers between
theVol.
articulating
edges1976,
of
St., Chicago, IL 60611.
the bones. The Osteopathic Association, 212 E. Ohiostudied.
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APPENDIX H: OSTEOPATHIC CRANIAL ARTICLE, WITH GOOD REFERENCES
(FARASYN, 1999)

APPENDIX I: LETTER FROM ANATOMICAL LAB

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.
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Research Question

WHAT IS THE ANATOMY OF THE DURA MATER, AND HOW IS THE
KNOWLEDGE OF ITS ANATOMY RELAVENT TO OSTEOPATHY?
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Abstract
The purpose behind this research into the anatomy of the dura mater (herein
referred to as the dura), is to show that there are numerous interconnections between
the dura and other structures within the spinal cord, cranium, and the rest of the body,
and that the knowledge of these structures is important to manual osteopathy.
One may be tempted to question why an anatomical study of the dura is
relevant to Osteopathy. The purpose of this study is to determine, clarify and confirm
the presence of anatomical connections between the dura and other important
functional structures which may be neural, vascular and/or skeletal (via ligamentous
connections) elements. Secondarily I propose to describe how the knowledge of
these inter-relations is valuable for Osteopathic treatment concept and technique.
My research will be based on an analysis of several general sources. I will
examine the various teaching reference materials listed by Osteopathic organizations
or colleges, I will examine Osteopathic texts that mention dural anatomy and/or its
use in treatment, and I will examine medical texts, journals and articles referring to
dural structure and function (as relevant to medical treatment). Additionally I will
examine ancient texts and writings about anatomy and the dura from various
European writings of the 16th to the 19th centuries.
By utilizing multiple sources (some modern others antique, some medical
others Osteopathic) I hope to enlarge the information and resources available to
Osteopathic education as well as to provide clarity to Osteopathic technique so as to
facilitate communication between Medical Professionals and Osteopaths. The goal
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of this thesis is to validate and correlate the anatomical structures that are addressed
by Osteopathic technique as a means of lending authenticity to manual Osteopathy.
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Abstract Français
Cette recherche de l’anatomie du dura vise a démontrer qu’il y a de nombreuses
connexions avec le dura et les autres structures dans le cordon médullaire, le crane et
le corps entier. La connaissance de ces structures est importante pour l’Ostéopathie.
On pourrait se demander pourquoi une étude anatomique du dura serait pertinent a
l’Ostéopathie. Le but de cette étude c’est de découvrir, clarifier et confirmer la
présence de connexions avec le dura et les autres structures fonctionnelles soient
neurales, vasculaires et/ou squelettiques (via les connexions ligamenteuses).
Deuxièmement je propose de décrire comment la connaissance des rapports entre ces
connexions est importante pour le concept et l’exercice de l’Ostéopathie.
Cette recherche sera fondée sur l’analyse de plusieurs sources générales.
J’examinerai les ressources pédagogiques des collèges et institutions d’Ostéopathie
ainsi que les textes d’Ostéopathie qui traitent de l’anatomie du dura et/ou son utilité
dans le traitement. Je consulterai aussi des textes médicaux qui traitent de la structure
et le fonctionnement du dura. En plus j’examinerai des textes historiques qui datent
du seizième au dix-neuvième siècles.
En utilisant les sources modernes et anciennes de la Médecine et de l’Ostéopathie,
j’espère élargir l’information et les ressources disponibles a la formation des
Ostéopathes. Aussi j’espère démontrer la validité anatomique a la base de l’exercice
de l’ostéopathie. Et ainsi j’espère promouvoir et faciliter la communication entre les
Médecins et les Ostéopathes dans l’exercice de la médecine.
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Introduction
The study of anatomy and anatomical inter-relationships has been a cornerstone of
Osteopathy and Osteopathic education since its inception. As time passed
Osteopathic technique evolved as well as the education process, varied influences
were incorporated and research was organized. One area of research was into the
various physiological mechanisms at play in Osteopathic technique. Another area of
interest was in anatomical study which ranged from laboratory dissection to available
historical texts by ancient European authors such as Swedenbourg.
Since Osteopathy’s inception, as a healing science based on anatomical
knowledge, (manual) Osteopaths have practiced manual medicine techniques based
on the anatomical inter-relationships between functional structures. A.T. Still
demanded that his students have an in depth knowledge of anatomy as the chief prerequisite in graduating from Osteopathic College. A.T. Still had many reasons for his
emphasis on anatomical knowledge most of which have to do with his discussion
about the need to follow connections within the body as the basic Osteopathic
biomechanics or mechanics. To A.T. Still the body was a vital machine, and the
Osteopath a mechanic. Within this context the tools of the Osteopath were his
knowledge of anatomy and his dedication to the detail of inter-connections. In
“Philosophy and Mechanical Principles of Osteopathy” Still frequently mentions his
treatment methodology and it always consists of a global assessment and treatment of
the area addressed in relation to the sum of its parts.
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On the opposite end of the spectrum was the reductionistic rational of
occidental medicine which divided areas into specialities and specialities into subspecialities. The result was the current system in which a practitioner develops a
hyper detailed knowledge of a particular speciality with a concomitant tunnel vision
approach to treatment, the human body is viewed as a group of independent parts.
The approach taken by traditional western medicine and science has resulted in a
superfluous supply of fact. Be that as it may the Osteopathic community can benefit
from this repository of information as regards anatomy. This thesis will draw upon
this accumulation of detail to be accessed for the benefit of the Osteopathic
community provided that Osteopathic philosophy remain uncompromised (this is a
corollary discussion outside of the realm of this paper). The strength of the
Osteopathic method is the global approach to treatment via the use of anatomical
interconnections, why should Osteopathy not take advantage of the available
information to be used in an Osteopathic manner.
A further resource for investigation is the anatomical research of antiquity.
As was communicated colloquially to the author on several occasions “there has been
almost no gross anatomical research done in North America in decades”. As one
university anatomist informally communicated to the author, there is less and less
interest in gross anatomy and anatomical dissection research as time goes by. Current
methods of investigation centre around the involvement of technology such as the use
of MRIs, CT scans and computer imagery. However there is a wealth of information
locked within the research of great anatomists of centuries past.
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Why should the modern student of Osteopathy turn his back on another great
resource, should the value of research and methods of the past not be included in
modern study? It would appear to be prudent and efficient to take advantage of
modern academic research (albeit with a very different goal and philosophy then
Osteopathy) as well the efforts of study from a different era (using somewhat
different methods such as fresh cadavers which are a significant improvement over
embalmed desiccated cadavers present in so many laboratories of today). The goal of
this paper is to present fact and observation of dural structure to lend credence to
Osteopathic work, to qualify the clinical experiences of Osteopaths and to induce
further research into the possibility of new or enhanced manual technique.
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Justification

As a gross simplification one could say that A.T. Still DO, as founder of
Osteopathy had a passion for anatomical knowledge. His basic premise for the
inception of Osteopathy was by anatomical relationships between structures and their
role in maintenance health via proper function. In the text ‘Philosophy of
Osteopathy’, A.T. Still DO devotes a whole chapter to a discussion of fascia to which
he places a great importance; “By its action we live, and by its failure …we die.”
(p.164 Philosophy of Osteopathy) Speaking generally, fascia is connective tissue.
Dura is also a connective tissue and is very similar to fascia; arguably one could call
the dura a type of fascia. The dura and fascia are both connective tissues and have the
same components although in differing amounts. The relevance of this comparison is
not to call dura fascia, but to underscore the importance attached to connective tissue
by Osteopaths including the founder of Osteopathy, Andrew Taylor Still. Still
dedicated a whole chapter of his text (chapter X) “Philosophy of Osteopathy” to a
discussion of fascia because he believed that a knowledge of this connective tissue
(or connective tissue in general) was important to the Osteopathic community. One
has to realize that terms like fascia and connective tissue are loosely interchangeable
since an analysis of the composition of the two terms up remarkably similar
definitions (see further discussion). (Please note that terminology has changed since
AT Still’s times, what Osteopaths consider fascia has a differing connotation as to
what MD’s or scientists consider fascia.)
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As Osteopathy evolved the importance of connective tissues became more and
more apparent especially with the development of Cranial Osteopathy by William
Garner Sutherland. The dura’s structure and numerous attachments is integral to an
explanation of the cranial sacral mechanism as explained in the text “Cranial
Osteopathy”, a text written by Magoun Sr. DO to chronicle the work of Sutherland
DO in the development of Cranial Osteopathic technique. The dura is mentioned in
the text “Cranial Osteopathy” as integral not only to the mechanism of cranial
mobility (to be mentioned further) but also to the proper development of cranial
function and structure in the growing child (also mentioned by Grey’s Anatomy
p.1212). The minutiae of the anatomy will be mentioned later but to continue the
theme of this paper one could examine the need to know the anatomy of a structure
that previous Osteopaths have valued so highly. Osteopaths after Sutherland, such as
John Upleddger, would also see the dura as important to Osteopathic treatment. So a
detailed discussion of what the dura is, and its anatomy would seem to be useful
information for all Osteopaths. Not only in the realm of cranial treatment but also for
spinal mechanics and the dynamics of the whole body, a goal of this paper is to seek
to explain via anatomical relationships some of the effects Osteopaths claim to have
on their patients.
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Presentation of Content
Physiology, Histology and Embryology (all Summarized)
To discuss the histology, and physiology one could start by a cursory glance at
the embryology of the dura mater. The dura embryo logically is a form of connective
tissue. It derives from the neural crest cells which are derived from mesenchymal
cells, which are derived from the primordial mesodermal cells (The Developing
Human, p.407, p. 67). Mesodermal cells that leave the surface of the primitive streak
become embryonic connective tissue called mesenchyme or mesoblast (after which
they differentiate into other cells types of the connective tissues). In actuality all
connective tissues are derived from mesoderm, and all of the fascial type connective
tissues (here-in referred to as fascia) are derived from mesenchymal cells.
Mesenchyme cells differentiate in-utero into fibroblasts, chondroblasts, and other
cells of the connective tissues (Developing Human, p.68) after leaving the primitive
streak.
The dura mater proper has a mesodermal origin and yet the arachnoid and pia
maters have a probable ectodermal origin. The pia and arachnoid or leptomeninges,
are believed to be derived from ectodermal cells of the neural crest cells that migrate
out into the mesenchyme and later are believed to form the leptomeninges, in contrast
to the dura mater or pachymeninges which is (disputably) formed from mesenchymal
cells. (Note, several bones of the vault including squamous temporal and occiput,
parietals and frontals are also derived from neural crest cells as are the leptomeninges,
where as the bones of the base or chondroncranium are mesenchymal in origin and
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related to the pachymeninges in terms of origin (Greys Anatomy, p 274-5) Be that as
it may there is a close relationship between the development of the bones of the vault
and the dura mater (ibid, p. 274), in which case there is an interaction between tissues
from two different origins, one ectodermic the other mesodermic, similar to the
opposing origins of the leptomeninges and pachymeninges.
The histological relationship between fascial types tissues grouped under the
heading of ‘connective tissue’ in Grey’s Anatomy and Physiology is obvious. In that
standard text it is noted that connective tissues are composed primarily of matrix
(intercellular material) and cells, in other words what defines connective tissues is the
cellular environment composed of ground substance and fibers the composition of
which are controlled by the secretions of the resident cells (p.75). Connective tissues
have numerous function such as defensive, structural, and trophic or morphogenic
roles (in which the tissue has a role in guiding the development of the surrounding
tissues).
The cells which compose ‘fascia’ (connective tissue) are fibroblasts,
adipocytes, mesenchymal stem cells, macrophages, lymphocytes, mast cells,
inflammatory response cells (histamines) and extra-cellular matrix. Surprisingly it is
the matrix which holds the authors interest because it is here that the fascia allows for
structural adaptability. Alternately it is the gel to sol reactions that occur here which
explain the dramatic vitality of fascial type tissues as well as the variation between
the fascial type tissues. All three tissues, connective tissue, fascia, and dura mater
have the same embryonic origin, composition and role explained by the authors or
“Grey’s Anatomy”. The difference between ‘fascia’ and dura or between other types
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of connective tissues lies in the relative mixtures of collagen and elastin, the two chief
structural proteins of the extra-cellular matrix. Collagen resist pulling pressures
whereas elastin provides resilience, the interfibrillar (between the fibers of collagen)
material formed of proteoglycans and hyaluronic acid, which alternate from a gel to a
sol in terms of physical state, resist compressive forces. The difference between
tissues as listed in part by “Grey’s Anatomy”“ (p. 80, and p. 88) is related to the role
of the tissue and the types of mechanical stresses placed upon it explaining the high
percentage of collagen in the dura mater, and the higher relative percentage of elastin
that forms the aponeuroses of muscles. (note for the purposes of this paper ‘fascia’
will be considered as a general heading similar to ‘connective tissue’, allowing a
global scope of description and comparison, as well as a lending to a comparison and
inclusion of Still’s concepts of fascia and as well Sutherland’s work with fascia and
dura. Within this pretext fascia would be a general heading and dura would be
considered a type of fascia. This assumption allows for a functional understanding of
the dura as a continuation of the embryonic relationships mentioned earlier, as a form
of fascia in function and structure.
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Anatomy (Summarized) and Relationships
Divided into two general headings, cranial dura and spinal dura, the dura in
general is described as a dense inelastic membrane (Grey’s Anatomy, p.1210). The
cranial dura consists of two layers the meningeal (inner) layer and endosteal (outer)
layer, which are in general adherent except at the venous sinuses. The endosteal layer
is attached to the cranial bones especially at the sutures, the cranial base and the
foramen magnum (ibid. p.1210). The dura is continuous with the external epicranium
via the cranial sutures to which the dura attaches firmly as well, and to the periosteum
of the orbit via the superior orbital fissure. The dura also provide protective sheaths
for the exiting cranial nerves melding with the epineurium, including the optic nerve
where the dura becomes continuous with the ocular sclera (ibid. p.1322).
The cranial meningeal layer of the dura is complex in structure and
organization. It is comprised of four bands of membrane that divide the cranial space
into compartments serving to support and protect the delicate neural tissue within.
The falx cerebri a crescent shaped membrane that runs from the Crista Galli of
the ethmoid to the tentorium cerebelli. It attaches to the parietal bones superiorly and
is unattached inferiorly. The fiber directions are pennate and bidirectional, broader
posteriorly and narrowing anteriorly. Within the superior aspect is housed the
superior sagittal sinus, formed between folds of the dura, and in the inferior aspect is
housed the inferior sagittal sinus. Posteriorly the straight sinus lies within the
junction between the falx cerebri and the tentorium cerebelli.
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The tentorium cerebelli is also crescent shaped double layer of dura mater that
roughly lies in a horizontal plane (where as the falx cerbri lies within the sagittal
plane). Posteriorly the tentorium cerebelli is attached to the Occiput at the level of
the transverse sulcus, at which level the transverse sinus is enclosed within dural
folds. The tentorium is also attached to the posterior lateral (inferior) margin of the
parietal bones and most laterally it curves downwards to attach to the superior portion
of the petrous part of the temporal bones at which point its folds contain the petrousal
sinuses. Proximal to the petrous sinuses is a recess formed in the middle cranial fossa
between endosteal and meningeal layers, called the trigeminal cave or Meckel’s
cavum, which contains the trigeminal roots and ganglion. The most anterior
attachment of the tentorium is at the anterior clinoid processes and to the posterior
clinoid processes, causing a spiral form to the fibers of the dura anteriorly.
The falx cerebelli is similar in orientation and organization to the falx cerebri,
starting below the tentorium cerebelli and attaching to the occiput at the inion
allowing for the occipital sinus between its folds.
The diaphragma sellae is a small patch of dura that covers the sella turcica in
which the pituitary lays, there is a tiny hole through the diaphragm allowing the
infundibulum and pituitary stalk to pass.
There are numerous connections of the dura to the cranial nerves especially in
the middle cranial fossa. The cavernous sinus (with a dural covering) which lies from
the superior orbital fissure to the apex of the petrous portion of the temporal bone, has
several cranial nerves running through it including the abduscent, oculomotor and
trochlear nerves. In addition there is a tentorium of the optic and olfactory nerves, as

18

well as the previously mentioned trigeminal tentorium. It should be noted that the
dural covering of the cavernous sinus mingles with the diaphragma sellae, such that
the two dural sheets become continuous with the capsule of the pituitary gland.
In terms of the spinal dura mater, the arrangement and number of attachments
is much less complicated than that of the cranial dura mater. The outer endosteal
layer becomes continuous with the periosteum of the vertebral canal and there is a
space between it and the meningeal layer. The dura of the spine is like a tube that is
attached to the foramen magnum and second and third cervical vertebra at the top,
and to the second sacral segment where it splits to become the filum terminali which
attaches to the periosteum of the coccyx. The spinal dura also has ligaments that
pass to the posterior longitudinal ligament, which tend to be more numerous
inferiorly (lumbar spine).
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Biomechanics (Summarized) Osteopathic Considerations
and Implications
There are several roles for the dura mater, it provides structural support for the
cranial contents, it allows passage for the cranial nerves, it separates layers to form
the venous sinuses and most importantly for Osteopathy is the role of the dura within
the mechanism of the Primary Respiratory Mechanism or PRM. In the text
“Osteopathy in the Cranial Field” the author Magoun DO, describes the components
of the PRM one of which is the reciprocal tension membrane formed by the dura, and
its attachments.
“The meninges or reciprocal tension membranes which are the agencies for the
articular mobility of the cranial and craniosacral mechanisms, securing balance in all
diameters; aiding, controlling and limiting motion. During the inspiratory phase:
The anterior end of the falx cerebri moves slightly posteriorly and inferiorly while the
tentorium shifts slightly anteriorly.
The cranial articular mechanism moves into the position of respiratory flexion, the
motion being assisted within certain limits by the membranes to maintain balance.
The craniosacral mechanism functions so that the spinal dura lifts the sacrum around
its axis into the position of respiratory flexion with the base superior and the apex
anterior.” (Osteopathy in the Cranial field, edition 1; p. 17)
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One may accuse the author of this paper of making a logical fallacy in
equating the dura to fascia, however there may be numerous reasons one could make
this assumption such as this statement by Still DO, “The (spinal) cord throws out and
supplies millions of nerves by which all organs and parts are supplied with the
elements of motion, all go to and terminate in that great system, the fascia.”
(Philosophy of Osteopathy, p.166) One may see the pertinence of the preceding
statement to the premise of this paper when one is reminded that the dura covers the
spinal nerves as they pass through the inter-vertebral foramina, and then blends into
the epineurium of the nerve as it continues on its path (Greys Anatomy and
Physiology. p1212). The end of this path is the fascia which blends with the
epineurium at the various receptor sites and aponeurosis of the body, or even along
the course of the nerve. The relevance of this discussion to Osteopathy is clarified by
a discussion of the cranial sacral mechanism and the connection of the movements of
the PRM to the movements of all the fascias of the body.
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Research Methodology (Summarized)
The methodology of this project will be to investigate the information of the
dural anatomy so as to clarify the information and make it accessible to Osteopaths
and Osteopathic training. Be that as it may it is necessary to look at varied sources of
information, within the confines of availability of material. Therefore I will use the
various sources as mentioned previously that is current medical and scientific
research via the medical search engines upon the internet specifically PubMed and
Medline. I will examine Osteopathic literature including texts and internet resources
such as Ostmed, as well as suggested reading from Osteopathic training programs.
Thirdly I will investigate anatomical research performed in centuries previous by
such pioneers as Lushka, Swedenbourg and Testut, etc. Some of these texts I have or
will purchase others will be accessed by interlibrary loan, or by visiting various
libraries.
There is a vast amount of information about the dura mater and its anatomy.
The goal of this paper will be to clarify the information, to categorize it
Osteopathically so that more study of a quantitative nature can be pursued after this
thesis is completed.
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Conclusion
There are numerous anatomical oddities and enigmas in the structure of the dura and
possibly this article will uncover a few possible explanations that could later be
investigated in a quantitative manner. Some of the observations made by Osteopaths
(not excluding other scientists or medical professionals) that I would like to
investigate for corroboration or to disprove would be:
Can one differentiate a functional difference between the roles of the dura mater and
the pi and arachnoid. There is the distinct possibility that further investigation of the
dura will reveal more about the synergistic relationship between the two.
The muscles of the eye are many times stronger than necessary for controlling eye
movements, it has also been noted that at least one of the sub-occipitals attaches to
the dura, creating a ‘sling’ with the various membranes of the RTM lying between.
Does this influence the Osteopathic concept of “dural tension”?
Osteopaths frequently mention ‘tight dura” as a description of their palpation of the
cranium (or other areas), is it really the dura that is tight? Is this tension related to the
dural sheath that surrounds the spinal nerves, or the calcification of the spinal dural
ligaments?
Would an enhanced knowledge of the dura improve communication between
Osteopaths and neurologists or neurosurgeons?
Is it possible to palpate the dura segmentally, given that it is a balanced membranous
system, the converse of that is can a change in one area of the dura influence the
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whole unit mechanically (balance of membranous tensions) or because of the fluid
pressure changes.
Could Cranial Osteopathic technique benefit from an enhanced knowledge of the dura
in terms of specificity or in terms of diagnosis/prognosis of various syndromes.
One has to realize that the aim this research is not to conclusively prove any of these
topics, the intent of this project is to show that there is an anatomical basis for further
testing based a compilation of various types of information. My research begs a
question that has plagued the rivalry between Osteopathic and Occidental medicine
the whole of the twentieth century, that is does more knowledge produce better
treatments?
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