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HYPOTHESIS
THE LIVING MATRIX: A MODEL FOR THE PRIMARY RESPIRATORY MECHANISM

R. Paul Lee, DO, FAAO1,#
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Presented here is a physiological model for the primary respira-
ory mechanism, palpable fluctuations in the tissues to which prac-
itioners of cranial manipulation, visceral manipulation, and lym-
hatic drainage attribute healing effects. According to this model,
he primary respiratory mechanism initiates metabolism and as-
ures nutrients and waste products an efficient transit through the
xtracellular space. The extracellular matrix is an open, unstable
ystem prone to changes of ionic concentration and macromolec-
lar organization. The cells imbedded in the extracellular matrix are

unctionally coupled with it through integrins, receptors within the (
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ell membrane. Integrins convey mechanotransduction: activation
f intracellular enzyme systems and DNA through changes in ex-
racellular electromechanical information. Utilizing the primary re-
piratory mechanism, clinicians effect improvements in varied con-
itions, some of which are reviewed.

ey words: Osteopathic manipulative treatment, cranial manip-
lation, extracellular matrix, visceral manipulation, lymphatic
rainage, craniosacral therapy
Explore 2008; 4:374-378. © Elsevier Inc. 2008)
NTRODUCTION
any practitioners utilize a palpable fluctuation in the connec-

ive tissues called the primary respiratory mechanism (PRM).
hose who perform cranial osteopathy, craniosacral therapy,

ymphatic drainage, and visceral manipulation utilize the PRM
n diagnosis and treatment. The PRM was first conceptualized
y William Garner Sutherland, DO. While observing a disartic-
lated skull, he asked himself the question, “What function do
he sutures have?” The answer came as a flash of inspiration:
Made for articular mobility indicating a respiratory mecha-
ism.”1

No one had previously supposed that the sutures display mo-
ion characteristics, and Sutherland initially dismissed the idea.
owever, he could not entirely put it out of his mind, and he

ventually undertook the task of disarticulating another skull to
rove that motion in the skull is not possible. He proved the
ontrary. Clearly displayed before him were monuments in bone
f a respiratory motion carved by a vital mechanism.2 Stimu-
ated by this observation, Sutherland pursued a lifelong study
rom which emerged the discovery of a physiological phenom-
non that is evident in the entire organism. This mechanism
roved to be useful in both diagnosis and treatment of “somatic
ysfunction,” the osteopathic concept that distorted connective
issue—not just joints, but also muscles, ligaments, and especially
ascia—is associated with dysfunction of organs, nerve impulses,
nd the delivery of blood, as well as venous and lymphatic
rainage.
Dr Sutherland named the phenomenon that he discovered

he primary respiratory mechanism, because he wanted to imply
hat it (1) represents in the organism the first evidence of vitality
primary), (2) is responsible for the exchange of nutrients and
aste products such as oxygen and carbon dioxide (respiratory),
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nd (3) displays a pattern of activity (mechanism). Sutherland
eclared that the body primarily depends on this respiratory
echanism for the maintenance of its health, and without it, the

rganism could not live.3(p16)

This paper presents a theoretical model to physiologically
xplain what is evident by palpation as the PRM. In essence, this
odel explains tissue respiration. To explain pulmonary respira-

ion, one would describe the function of the respiratory center in
he brain stem, thoracic motion, and alveolar gaseous exchange.
he model of the PRM presented here explains tissue respiration
y describing pulsatile activities of cells and the extracellular
atrix that surrounds them. Here we find exchange between the
utrient capillaries and cells on one hand and between the cells
nd lymphatics on the other. These exchanges of nutrients and
aste products both must transit the “no-man’s-land” called the
xtracellular matrix, or simply the “matrix.” Therefore, the ma-
rix plays an essential role that determines the health and func-
ion of all the cells of the body. The matrix not only manages
hese exchanges of nutrients and waste, but also “contains” the
ells of all tissues, is the meeting place of nerve endings, blood
nd lymphatic capillaries, immune functioning cells and their
roducts, as well as hormones and many other cell-signaling
hemicals. The matrix is where the action is. Let us look at the
haracteristics of the matrix that are necessary for and that ex-
ress themselves in vital activities.

XTRACELLULAR MATRIX
ithin the structure of the extracellular matrix we find cells,

bers, and ground substance, all of which play essential roles
elative to the performance of the PRM. The fundamental cell of
he matrix is the fibroblast, which produces essential compo-
ents of the matrix—its fibers and ground substance. Other cells

nclude many that wander in and out of the matrix, such as the
arious white blood cells found in the blood stream. Macro-
hages and mast cells take up more permanent residence in the
atrix. These resident cells and the wandering lymphocytes and
olymorphonuclear leukocytes perform the usual detoxifying

ved EXPLORE November/December 2008, Vol. 4, No. 6
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nd immune functions in the matrix with which we are familiar
n the blood.

The most common fibrous product of the fibroblasts is colla-
en. It is ubiquitous serving as a structural protein. It is unique in
hat it is not very distensible and excludes water from its dense
orm, a unique feature giving collagen a special structural char-
cteristic. Dense collagen exists outside the metabolic processes
hat normally occur within a watery medium. It offers stability as
scaffolding around which the rest of the more malleable extra-
ellular matrix and parenchymal cells are organized. Further-
ore, collagen provides essential piezoelectric properties to the
atrix. Along with elastin and other structural proteins like fi-

ronectin, collagen displays polarity within its molecular struc-
ure. One part of the molecule holds a positive charge compared
o another part that is relatively negative. Molecules of collagen
ine up so that the positive charges lie in the direction of the
rganism’s growth, development, and forces for healing.
Another product of the fibroblast, the ground substance has

een found to be anything but amorphous, which was the com-
on belief prior to the invention of more powerful microscopes

nd experimental designs of the last few decades. The largest
olecule in the human organism exists in the ground substance

f the matrix: hyaluronan (or hyaluronic acid). This polymer is
o long that it crosses over itself as it fills the space between cells.
onded to the hyaluronan backbone are proteoglycans. These
re composed of brushlike structures with their own backbones
f core proteins to which the bristles are attached. The bristles
re made of glycosaminoglycans, or GAGs: heparin, keratin,
hondroitin, and dermatan. Glycosaminoglycans are highly sul-
ated, rendering a domain of strong negative charge to the ma-
rix, which attracts water.

In cartilage, the best-known extracellular ground substance,
e can more easily conceptualize some of the fundamental char-
cteristics of the matrix. It acts as a sponge, absorbing great
olumes of water. Because of the water, it serves as nature’s shock
bsorber. It is very slick and gel-like. It also excludes other sub-
tances from its midst, unless influences beneficial to life, as we
hall soon discuss, allow oxygen and nutrients admission.

The extracellular matrix and the connective tissues, in general,
reate the form of the organism made from patterns of structural
terations from the gross physical level to subcellular mechanics.
tructures are created to house functions on all levels of organi-
ation, from gross motor activity to the enzymatic activity of the
ells.4 Although function initially precedes structure, once the
tructure is established by growth and development, the func-
ion becomes dependent on the structure. The extracellular ma-
rix performs the fundamental function of creating structure by
aying down structural proteins, like collagen. The matrix is also
losely allied with function at the cellular and subcellular level,
s we shall see. The matrix influences the parenchymal cells that
t contains. These influences include the activities of morpho-
enesis and metabolism.5,6

The matrix is piezoelectric, marrying electrical and mechanical
unctioning. Applying an electric stimulus to the matrix causes
echanical motion (vibration) and applying physical force (stretch,

ompression, or torsion) generates electricity.5(p111) The matrix is a

emiconductor, that is, electrons are equally shared by all the t

he Living Matrix
tructural proteins and other charged elements in this complex
eshwork. Energy fluctuations spread rapidly through the ma-

rix through changes in liquid crystalline water. The energy
ransmissions are used by the cells as information.5(p53)

Because the matrix is open to outside influences and unstable,
t is prone to oscillation. Matrix macromolecules are capable of
scillation due to their spiral structure.5(p107) Scientists observe
scillations of pH, ion concentration, and degrees of polymer-
zation of the matrix macromolecules.5(p50),7,8

elation and Solation
he extracellular matrix is viscoelastic. Changes in viscosity ap-
ear as variations in the swelling of the hyaluronan9 and other
lycosaminoglycans of the matrix. We can also think of changes
f viscosity in terms of variations in polymerization of the ma-
rix macromolecules and in terms of fluctuations of the redox
otential.10(p2) As these enormous polymers swell or depolymer-
ze, the “pore size” of the matrix permits larger molecules to pass
hrough the extracellular fluid. As the polymers become more
olymerized, molecules are restrained from moving through the
ital space between the nutrient capillaries and the parenchymal
ells. The extreme example of gelation of the matrix, when po-
ymerization is maximal, is observed after vital functions leave
he organism. This state is called rigor mortis.

In life, the matrix is vitalized and liquefied by factors that
ermit the movement of nutrients to and waste products from
he parenchymal cells.5(p54),11(pp142,157) The matrix polymers
ontain sulfated moieties that carry a strong negative charge
hen polymerized in the gel state. This attracts relatively large
olumes of water that bind to the matrix macromolecules and
elp constitute the gel. The concentration of calcium ions is

nversely related to the dimension of the hyaluronan polymers
nd to the amount of water that is bound to the polymers.12

s calcium ion concentration decreases, water binds more
ightly to the macromolecules of the matrix. As calcium ion
oncentration increases, bound water is free to flow. When the
ntensity of the negative charge of the matrix declines with its
epolymerization, calcium ion and water flow to the next nega-
ively charged element in the region—the cell membrane. Dis-
olved in the water are the nutrients that have diffused from the
utrient capillary into the extracellular matrix. The flowing water
elivers the nutrients to the parenchymal cells. This mechanism
f delivery is more efficient than mere diffusion (Figure 1).
The unbound, flowing water decreases the concentration of

alcium ions by dilution, thereby decreasing calcium’s depoly-
erizing function. Therefore, the macromolecules of the matrix

epolymerize once again, increasing the viscosity of the matrix
nd binding relatively large volumes of water. Thus, we observe
n the matrix a palpable cycle between gelation and solation.

echanotransduction
he influence of the matrix over neighboring cells is demon-
trated in part by extracellular cyclic adenosine monophosphate
cAMP) and calcium ions that stimulate intracellular functions
hrough the cell membrane–associated glycosaminoglycans and

hrough cell surface receptors. Integrins are one group of cell
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urface receptors that transmit signal from the extracellular ma-
rix to intracellular structures. Extracellular calcium ions must be
resent for the integrin molecule to perform a process called
echanotransduction. Mechanotransduction integrates me-

hanics and biochemistry at the molecular level.13 Mechano-
ransduction is piezoelectricity in action.

Integrins are located within the bilaminar cell membrane of-
en where focal adhesion complexes are also found just inside
he cell membrane. Focal adhesion complexes are groups of
pecial proteins that act as “spot welds” at strategic places around
he periphery of the cell adjacent to the interior of the cell
embrane. In conjunction with the microtubules, intermediate
laments, and microfilaments, the focal adhesion complexes
ssure the shape of the cell. Microtubules, intermediate fila-
ents, and microfilaments behave as tensegrity elements within

he cell. That is, they determine the size and shape of the cell
hrough tension and compression. Microfilaments, composed
f actin, have contractile properties. Microtubules act as struts
gainst which preset tension of the actin filaments pulls. The

igure 1. A diagrammatic representation of the theoretic model of a
ells on the left require a liquid phase of the matrix in order to receiv
aste to the terminal lymphatic vessel (green structure on the right).
djacent to the parenchymal cells and a liquid phase adjacent to the
eft, which is changing the phase of the ground substance. Reproduc
ctin filaments adhere to these spot welds, but so do the integrins c

76 EXPLORE November/December 2008, Vol. 4, No. 6
hat simultaneously protrude into and out of the cell and func-
ionally connect the cell’s interior to the exterior. Through the
ediation of the focal adhesion complex, actin filaments con-

ract in response to the influences coming through the integrins,
tuning” the cell to a preset vibration. This setting determines
he cell’s response to mechanical and electrical influences to
ollow. Extracellular fluctuations of pH, ion concentration, and
o forth induce waves of intracellular calcium ions, influencing
any intracellular functions, even into the nucleus and its ge-
etic material.14

Further, any subsequent influence on the integrin molecule
ill distort the cytoskeleton by a contraction of the actin fila-
ents through the mediation of the focal adhesion complex.
ike dew drops on a spider web, enzymes that carry out the cell’s
rimary functions are carefully arranged on actin filaments and
icrotubules inside the cell. As movement of filaments of the

ytoskeleton—actin filaments, microtubules, and intermediate
laments—rearrange one chain of enzymes on one filament rel-
tive to another adjacent filament, important sequences of

al phase transition occurring in the extracellular matrix. Parenchymal
rients from the capillary (red structure on the right) and to discharge
phase of the ground substance is depicted in the extracellular matrix
ry. In-between, a wave of calcium ions is seen moving from right to
ith permission, from Lee.22
norm
e nut
A gel
capilla
hemical reactions occur. When separated from each other,

The Living Matrix
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ther sets of enzymes could be activated. By this means, me-
hanics instigates and regulates metabolic functions.

ell Shape
ell swelling and shrinkage has been associated with intracellu-

ar calcium ion concentration.15-17 Waves of intracellular cal-
ium ions are responsible for many metabolic functions in the
ell. Intracellular calcium waves and many other secondary mes-
engers for metabolic functions are also stimulated at the cell
embrane by cyclic adenosine monophosphate (cAMP) and

alcium ions, so waves of calcium ions stimulate other waves of
alcium ions. In this model, the calcium-triggered contraction of
ctin filaments in the cytoskeleton is associated with changes in
ell volume.18-20 Cycles of calcium waves in the cell have been
ecorded at rates from 0.1 to 12 cycles per minute.21 Cycles of
lectric potential having periods of four cycles per minute have
een recorded in anesthetized dogs by microelectrodes in tissues
f various organs: stomach serosa, liver, and kidney.10(p62) Pal-
able cycles of fluid fluctuation are documented in the literature
t rates between 0.1 and 14 times per minute.3,22

ymphatics
he terminal lymphatic channel is also controlled by the matrix.
alcium waves cause contraction of actin filaments that suspend

he endothelial cells of the terminal lymphatic channel, thus
pening the fenestrations between cells. Water that has been
xpelled from adjacent parenchymal cells from contraction of
ntracellular actin filaments flows through the fenestrations into
he lymph vessel. As the calcium wave dissipates, the fenestra-
ions close and trap the waste-laden water inside the lymph
essel. With the next calcium wave, more water flows into the
erminal lymphatic channel, forcing the previous bolus of water
p the channel. Thus, we have a pulsatile movement of lym-
hatic fluid in the lymph vessels.

utonomics
his model further entertains the concept that the whole mech-
nism so far described is controlled by the autonomic nervous
ystem, which is represented everywhere in the matrix by nerve
ndings. Traube-Hering waves, first described in the mid-19th
entury, operate by oscillations of the sympathetic nervous sys-
em. Like a thermostat that responds to temperatures that fluc-
uate above a preset level to turn off the heat and to temperatures
elow the setting to turn on the heat, fluctuations of blood
ressure in the arteries seem to search about a mean pressure.
low fluctuations of the pulse pressure in arteries seem to be
ontrolled by oscillations in sympathetic tone, according to
uyton and Harris.23 It has been shown that the Traube-Hering
ave is consistent with a palpable phenomenon that cranial
ractitioners report as the PRM.24

ummary
n summary, oscillations of the matrix through the interplay of
alcium ion concentration and unbound water move nutrients
rom nutrient capillaries to parenchymal cells and waste prod-
cts from cells to lymphatics. Cell contraction under the influ-

nce of calcium ion initiates metabolism within the cell through

he Living Matrix
he mediation of integrins. Lymph is pumped up the terminal
ymphatic channel by this oscillatory mechanism. The ubiqui-
ous endings of sympathetic nerves control this activity through
scillations of rates of firing that originate in the higher centers.
ll of this fluctuant activity is palpable. Health is delivered by

he fluctuation. Furthermore, palpating this activity offers an
pportunity to influence it, thereby therapeutically affecting the
elivery of health.

LINICAL ASPECTS
his model points out the importance of the PRM, fundamental

o life itself. Without the oscillatory activity of the matrix and
arenchymal cells, metabolism would be stunted or nonexistent.
oreover, the oscillatory activity is manageable by palpation. A

ompression of the fourth ventricle—CV4—has been used to
emonstrate manual effects on the PRM.25,26 Studies show that
ecurrent otitis media is treatable with osteopathic manipulative
reatment that emphasizes the PRM.27-29 In the pregnant female,
steopathy in the cranial field has proven to be beneficial in
everal ways. Fewer cases of preterm delivery and meconium
taining were reported in one study.30 In the newborn, over 90%
f infants examined displayed palpatory findings of alterations
f the PRM in the skull. About a third of this cohort demon-
trated poor suckling ability, excessive crying, reflux, torticollis,
nd other symptoms of palpable strains in their heads, muscu-
oskeletal, and neurological systems. Of this cohort, about one
hird displayed learning disabilities when they grew to school
ge.31 Treatment of children by using osteopathy in the cranial
eld improves their performance in school.32,33 Osteopathic
anipulative treatment is also applicable to children with neu-

ological deficits and seizures.34,35 These are a few examples of
he clinical application of this model.

ONCLUSIONS
illiam Sutherland’s discovery of the PRM places him on a par

ith William Harvey. Harvey was the first to proclaim that by
he action of the heart there is a one-way circulation through the
lood vessels,36 contradicting the popular belief of his day that
lood was circulated by a sort of pulsing action of the arteries
nd a suction of the liver, creating an ebb and flow mecha-
ism.37 Sutherland confirmed the existence of an ebb and flow
echanism, that it is essential, palpable, and useful in returning

ndividuals to a state of health. Thus, both circulation and fluc-
uation are necessary for the maintenance of a healthy organism.
esearch to elucidate the model presented here will be useful in
nderstanding how health is delivered to the tissues. It will pro-
ote a healing model rather than a disease model of medicine.
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