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simple dipole in a fixed location; the thorax does
not have a uniform shape; and the thorax is not
homogeneous.

Going beyond the volume conductor
assumption

There is a detailed literature on the structure and
properties of cellular and extracellular matrices.
Reviews of the literature on the composition of the
*‘ground substances” found in the nuclear matrix,
the cell interior and the extracellular material
revealed that they are electrically charged polymer
networks (Oschman, 1978, 1981). Biomedical re-
searchers rarely reference this information because
the connective tissue and myofascial systems have
not received the same attention as other organ
systems in the body, even though they form the
largest and most pervasive and ubiquitous of all of
the body systems. It can be reasonably stated that
the living matrix is the organ system that all of the
other organs and tissues are made of. The
connective tissue consists of the superficial and
deep fascia, including the myofascial coverings of
muscles, the periosteum of bones, and the bones
themselves.

Blood is considered part of the connective tissue,
as are cartilage, ligaments, and tendons. The tough
layers surrounding the digestive tract, blood
vessels, and nerves are also connective tissue.
Research done in the 1960s revealed that the
intercellular material is composed of polyelectro-
lytes, mostly soluble acidic glycoproteins, which
are cross-linked by calcium ions to each other
and to other carbohydrate groups anchored in
cell membranes. These molecules form a meshwork
upon which various small serum proteins are
adsorbed and/or precipitated. For a review of
this topic, see Oschman (1978). The negative
charges on the carbohydrate chains of the inter-
cellular polyelectrolytes are due to the presence
of sulfate, carboxyl and phosphate groups, which
have as their counter ions Na*, K", Mg*" and Ca™".
Anions may also be associated with positive charges
(e.g. of the basic amino groups) on the adsorbed
proteins. The spatial arrangement of the various
charged groups, their field strengths and their
concentrations are key factors in determining
the conductance and selectivity and diffusivity of
the extracellular domain. The extracellular space
thus has similarities to an ion-exchange resin, a
molecular sieve, a gel filter, and a strongly
adsorbing chromatographic column (e.g. Comper
and Laurent, 1978).

The properties of the matrix can also be
described in terms of its electronic, semiconduc-
tive, dielectric, capacitive, and electrolytic char-
acteristics (e.g. Grimnes and Martinsen, 2000). For
example, it is likely that both the earth’s surface
and the human body connected to the earth
contain ‘‘clouds” of free electrons that are able
to migrate to sites of inflammation. This topic is
beyond the scope of this publication, and will be
taken up in the next in this series of publications on
earthing. However, it is obvious that it is a huge
stretch to equate the interior of the human body
with a simple volume conductor, with charges
migrating only as dissolved electrolytes.

The volume conductor approximation actually
disallows or is incommensurate with certain phe-
nomena that are worthy of study. This is particu-
larly important in the study of inflammation,
which, by definition, is “a localized protective
response in trauma or microbial invasion that
destroys, dilutes, or walls-off the injurious agent
and the injured tissue” (Gallin and Snyderman,
1999). The properties of the inflammatory barri-
cade are key to any consideration of how local
pockets of inflammation can persist, how they can
generate chronic disease, and how they can be
treated clinically. We need to consider some
important questions:

1. What are the molecular permeability properties
of the inflammatory barricade?

2. Can cells of the immune system penetrate
through the barricade?

3. How readily do toxins produced during inflam-
mation leak across the barricade into surround-
ing tissues?

4. How readily do anti-oxidant molecules pene-

trate the barricade?

. Do free radicals cross the barricade?

6. Can electrons, protons or electric currents
traverse the barricade?

7. Precisely how does the barricade form, and what
conditions favor its breakdown after it has
served its purposes.

wun

Hence the simplifying assumption that the human
body is a volume conductor, in which electricity is
conducted by mobile ions, does not apply to
the important physiological problem of inflamma-
tion. From the considerations described here, we
must look at other ways charge can move about
within organisms, with particular interest in the
charges that can neutralize free radicals. This will
be done in detail in the next publication in this
series.
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Meaning of “‘ungrounded” in bodywork,
energetic and movement therapies

Practitioners of bodywork, energetic, and move-
ment therapies often use the term, “ungrounded”
to describe certain patients. This is a whole-person
perspective that takes into account such subjective
qualities as one’s mental and emotional state,
one’s connection with oneself, one’s body and one’s
surroundings. Ungrounded people are sometimes
described as ‘‘scattered” or quietly frenzied or
simply uncomfortable. They may be pale, fatigued,
uncoordinated or injury-prone. They are often
described as disconnected from the earth. Psycho-
logical calmness is sometimes equated with being
grounded (Kapke, 2005; Rose, 2006).

The *‘ungrounded” patient with a substantial
amount of pain and inflammation could be a person
who has become depleted of mobile or free
electrons. As their pockets of inflammation are
reduced during a hands-on therapy session, they
could be drawing free electrons from their thera-
pist who is in electrical contact with them. This
could explain the “"depleted” feeling that body-
waorkers sometimes experience as a consequence of
working on chronic patients. In essence, the
therapist has donated his or her electrons to the
patient during the session. To counter this problem,
most therapeutic schools teach the importance of
rinsing the hands in cold water after a treatment.
Since the water system is in contact with the earth,
it is likely that, among other things, hand rinsing
restores electrons to the therapist’s body. Hence,
the phenomenon of earthing adds depth to the
usual definition and understanding of the term
*ungrounded” as used in the bodywork, energetic,
and movement therapy professions. In many cases,
the term may refer, in part, to the extent to which
an individual has become electrically disconnected
from the earth.

Because the atmosphere is a poor conductor of
charge, the insulated shoe and modern living
environments not only cause a person to become
electrically disconnected from the earth, they are
also responsible for a sustained deficiency of free
electrons on and in a person’s body. A person can
live months or even years without ever coming into
direct electrical contact with the earth. The ability
of the body to hold an electrical charge is well
known, especially in the winter, when a low
humidity environment creates conditions for static
charge build up on the body causing the familiar
spark to jump when contacting a doorknob or other
metal object. The ability to sustain a static charge
(deficiency of electrons) is also well recognized in
the electronics industry. Millions of electronics

workers connect to the earth every day with
electrostatic discharge systems to prevent them
from introducing damaging static electricity into
the circuits they are working on.

Conclusions

Conductive contact between the earth and the
human body during sleep and at other times
appears to be useful for facilitating recovery from
both acute and chronic injury. The effects appear
to be related to the ability of tissues to absorb from
the earth mobile electrons. These mobile electrons
can have a protective effect on healthy tissues and
thereby eliminate or limit collateral damage from
the respiratory burst. It is suggested that mobile
electrons can also traverse the inflammatory
barricade and thereby neutralize free radicals that
have accumulated in pockets of inflammation.
Semiconduction is proposed as the mechanism
of conduction of free electrons within tissues.
This concept requires a revision of an old concept
in physiology: that the human body and the
cells within it are best described as volume
conductors, in which charge is conducted by
dissolved electrolytes.

The findings come at a time when the inflamma-
tion theory of disease is receiving widespread
support from biomedical research. Virtually every
modern disease, including the diseases usually tied
to aging, have been linked with chronic inflamma-
tion. The list includes some of the most serious
epidemics of our times, including Alzheimer’s
Disease (Di Rosa et al., 2006) and Autism (Jepson
and Johnson, 2007). The proposed role of electrons
as anti-oxidants may account in part for the success
of a wide variety of complementary and alternative
therapies as well as therapeutic devices that
introduce electric fields into the body. A reasonable
and testable hypothesis is that these methods
produce some of their therapeutic outcomes by
favoring the migration of clouds of free electrons
into pockets of inflammation, where the electrons
neutralize free radicals, and thereby resolve
chronic inflammation that can be the source of an
otherwise persistent or intractable disease or
disorder. For example, ““hands-off” energy techni-
ques sometimes used in Polarity Therapy, Thera-
peutic Touch, Healing Touch, Reiki and other
methods may involve the movements of mobile
electrons in response to the therapist’s biomag-
netic field. The ways these phenomena may
interact with and influence traumatic emotional
memories (Redpath, 1995; Oschman, 2006) is a
topic for future investigation.
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Appendix A

Health effects of induced voltages

Connecting the body to the earth essentially
insulates the body from the influences of ambient
electrical fields. This may have significant physio-
logical benefits. A technical description of the
phenomena is given in this Appendix, followed
by a simple analogy. In essence, when the body
is in an alternating electrical field, each oscillation
pulls the body’s free electrons in one direction
and then pushes them in the other direction. If the
body is immersed a variety of sources of electrical
fields of various intensities and coming from a
variety of directions (this is common in a modern
environment), it’s free electrons will be pulled
hither and thither in an intricate dance. When
the body is connected to earth, with its
unlimited supply of electrons, nearby oscillating
electrical fields have virtually no effect on the free
electrons within the body, and the electrons will
therefore be more available to carry out appro-
priate functions.

The human body is exposed to household and
workplace 50 or 60Hz electric fields that are
continuously radiated from electrical wiring and
from cords connected to appliances. This is true
even if the appliances are switched off. When the
body is insulated from the earth, it becomes a
*free floating” dipole antenna that attracts and

resonates with ambient electrical fields. The fields
then induce measurable alternating voltages on the
surface of the body (Dolbear, 1901). In terms of
possible health effects, these fields are particularly
significant during the 6-10h period when a person
is sleeping in proximity to energized electrical
wires and cords near their bed. In essence, the
electrons in the body are in continuous motion and
are therefore less available to neutralize free
radicals in inflamed tissues and perform other
functions. The magnitude of the induced voltage
can be determined by touching one terminal of a
voltmeter that has the other terminal connected
to earth.

Electrical contact with the earth creates an
entirely different physical situation in which the
body is shielded from the effects of ambient
electrical fields. Under these conditions, the body
is maintained at the same electrical potential or
voltage as the earth. Ambient fields cannot affect
the potential on the body. In essence, to change the
potential on the body, an ambient field would have
to alter the entire field of the earth, and this is
obviously impossible, given the enormous number
of earth electrons that would have to be vibrated.
The grounded body is not a “free floating” dipole
antenna. Under earthed conditions the free elec-
trons on and in the body are not being pushed and
pulled by external fields. The body’s electrons are
therefore available to participate in various reg-
ulatory functions such as protecting healthy cells
from oxidative stress. Indeed, one significance of
sleep may be to provide an opportunity for the
healing of the minor bumps and bruises accumu-
lated during the day. Sleep in the presence of an
oscillating electrical field may slow this process and
thereby contribute to the General Adaptation
Syndrome described by Selye.

A comparable situation exists for shielding of
electronic cables and equipment by grounding their
housings to the earth. Shielding is widely used to
prevent external electromagnetic fields from inter-
fering with electronic processes. The following
non-technical analogy may clarify the phenomen-
on. Consider plunging your finger up and down in a
glass of water. Each finger movement will cause the
water level to go up and down dramatically. Now
consider plunging your finger up and down in the
water at the edge of a lake or ocean. Because of
the enormous volume of water, up and down finger
movements have little effect on the water level,
either locally or at a distance. Similarly, a body
connected to the earth’s infinite supply of electrons
will be at the same electrical potential as the
earth, and nearby oscillating fields will not affect
the potential on the body.
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Appendix B

Earthing and cortisol

The study of diurnal cortisol profiles by Ghaly and
Teplitz (2004) provided a foundation for subsequent
investigations of earthing that are being summar-
ized and discussed in this series of articles. This
Appendix considers various questions that have
arisen about the Ghaly and Teplitz study and places
it in the context of other studies of cortisol. The
adrenal hormone, cortisol, is widely regarded as
"the stress hormone.”” Chronic elevation of cortisol
can result in disruption of circadian rhythms,
which, in turn, contributes to a multitude of
adverse health conditions, including sleep disor-
ders, hypertension and cardiovascular disease,
stroke, decreased bone density, decreased immune
response, mood disturbances, autoimmune disease,
and abnormal glucoselevels (Alschuler, 2001).
There is evidence that cortisol is involved in
regulating sleep (Follenius et al., 1992). Excess
cortisol secretion has been linked to chronic
insomnia (Vgontzas et al., 2002) and patients with
severe insomnia have high evening and nocturnal
cortisol levels (Rodenbeck et al., 2002). Neurologi-
cal effects of chronic elevated cortisol secretion
include chronic activation of the sympathetic
nervous system (flight-or-fight response) leading
to hypertension and cardiovascular disease. The
status of the hypothalamic—pituitary-adrenal (HPA)
axis and the sympathetic nervous system have been
utilized as objective markers of stress reactions
(Bjorntorp, 2001).

Cortisol levels show a pronounced circadian
rhythm. Lowest secretion levels typically occur
during the first half of night time sleep, referred to
as the quiescent period. There is an abrupt
elevation during the second half of sleep. Peak
levels occur shortly after awakening, and then
decrease over the remainder of the day. While this
is considered a normal profile, various surges in
cortisol levels can become superimposed on this
rhythm in response to stressors (van Cauter, 1990;
Born et al., 1999; Kirschbaum and Hellhammer,
2000). Elevated cortisol levels during the normally
quiescent period interfere with sleep.,

The pilot study of Ghaly and Teplitz (2004)
measured diurnal cortisol levels to test the hypoth-
esis that earthing the human body during sleep
improves sleep while reducing pain and stress
(anxiety, expression, irritability). The purpose was
to quantify earlier reports that individuals with
pain and insomnia benefit from sleeping with their
bodies in conductive contact with the surface of
the earth (Ober, 2003, 2004; Ober and Coghill,
2003).

Twelve subjects with complaints of sleep dys-
function, pain and stress were earthed during sleep
for 8 weeks in their own beds using a conductive
mattress pad. Salivary cortisol tests were adminis-
tered to establish pre- and post-earthing cortisol
profiles. Subjective symptoms of sleep dysfunction,
pain, and stress were reported daily throughout the
8-week test period. Measurable improvements
(normalization) in diurnal cortisol profiles were
observed, with cortisol levels significantly reduced
during night time sleep. Symptoms, including sleep
dysfunction, pain, and stress, were reduced or
eliminated in nearly all subjects. The results
indicated that earthing during sleep resynchronises
cortisol hormone secretion with the natural 24-h
circadian rhythm profile. The findings are signifi-
cant because medicine is being increasingly chal-
lenged to find solutions to the widespread epidemic
of sleep problems and their well-established health
consequences. The intricate relations between
cortisol levels and sleep dysfunction, stress, pain,
anxiety, depression, irritability, inflammation, cir-
cadian rhythms, the immune response, and various
chronic diseases have been the topic of literally
thousands of scientific studies. For example, a
search of the National Library of Medicine data-
base, Pub Med, lists 7605 studies and 708 review
articles with key words ‘"cortisol”” and “‘stress’ and
1348 studies and 179 review articles with key words
“cortisol” and “'sleep.” A summary of methods for
measuring stress can be found in Cohen et al.
(1995). See, in particular, Chapter 8, on measuring
stress hormones, by Baum and Grunberg (1995).
Changes in cortisol levels and their 24h profiles
have broad impact on most if not all systems in the
body. Cortisol is both a mediator and a marker of
the stress response and allostatic load. Allostatic
load is defined as the cumulative toll or load
imposed on the hypothalamic-pituitary—adrenal
(HPA) axis by various stressors (Kim et al., 2007).

There is extensive discussion of the exact mean-
ing of diurnal cortisol profiles and the best ways to
interpret them. For example, the shape of the
curve is considered by some authors to be less
significant than the area under the curve, which is
generally taken as an indicator of the total cortisol
level for a day and therefore an index of allostatic
load. However, the Ghaly and Teplitz study focused
on individuals already complaining of sleep dys-
function, pain and stress. Since subjects were pre-
selected for different aspects of stress, the primary
purpose was not to measure allostatic load; instead
the interest was in quantifying the effects of
earthing on the diurnal cortisol profiles.

Each of the 12 subjects in the study served as his
or her own control, in that the comparisons were
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made between their 24-h pre-earthing cortisol
profiles and their profiles after 6 weeks of earthing
with a barefoot mattress pad. This is referred to as
an uncontrolled field study, in that there was not a
separate control group, and the measurements
were based on samples taken by the subjects
themselves, as opposed to measurements made in
a laboratory setting. The cortisol measurements
were obtained in the same way at the beginning
and at the end of the study, i.e. samples were taken
at 8AM, noon, 4PM, 8PM, midnight, and 4AM.
Subjects were not required to change their sleeping
habits, except that they all had to awaken at the
same time to take the 8 AM cortisol saliva samples
on two days during the study. This is important
because time of awakening can influence the
cortisol awakening response or CAR (Frederenko
et al., 2004).

There is agreement in the literature that
sampling of this type is suitable for establishing
the diurnal cortisol profile (e.g. Stone et al., 2001).
The salivary cortisol samples were obtained by
having the subjects chew a Dacron salvette for
2min. They were instructed to not brush their
teeth before chewing, and they placed the salv-
ettes in their refrigerators. The samples were
picked up the following day and taken to the
laboratory for analysis. It has been shown that
saliva samples obtained in this manner can be
stored at room temperature for more than 2 weeks
without appreciable degradation of cortisol levels
(Kirschbaum and Hellhammer, 1989). The measure-
ment laboratory (Sabre Laboratories, Carlsbad, CA)
reports that five independent facilities have
found that assays of a cortisol sample containing
3.6 ng/ml show a standard deviation of 1.17 with a
range 2.33-5.51 (personal communication from the
laboratory Director, Victor Selerno). Due to an
omission, the units for the cortisol plots were not
given in Figures 1-3 in the Ghaly and Teplitz (2004)
report. The units on the y-axes of the plots should
have been labelled as ng/ml.

A variety of cortisol measurement techniques
have been devised for different situations. There
are various ways of interpreting the significance of
the results in relation to health and stress levels. A
number of confounding variables and methodologi-
cal issues can influence outcomes. For example,
Kudielka and others (2006) identified a number of
confounding variables. However, that study at-
tempted to quantify confrontational psychological
stress by measuring the HPA axis reactivity to
simulated burnout or vital exhaustion resulting
from various stressors including pharmacological
stimulation. The inconsistencies and methodologi-
cal issues raised are not applicable to the Ghaly and

Teplitz study, which examined day-night cortisol
profiles. The scientific literature makes a clear
distinction between these two types of study
designs.

It has been pointed out that the units for the
cortisol plots were not given in the Ghaly and
Teplitz study. The units on the y-axes of Figures 1-3
should have been identified as ng/ml. Note that the
range of 0-60 is appropriate when using the
“conventional” units in the United States; Eur-
opean researchers use the metric or S| unit, nmol/L.

A final concern is the extent to which the
Hawthorne effect may have influenced the out-
comes in the study. Some researchers have ques-
tioned the validity of the Hawthorne effect. In any
case, the convergence of endocrine measures with
subjective behavioural data in the study make a
strong case for the conclusions reached.
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