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Introduction
This international project – “Comprehensive multi-professional approach to
the treatment of patients focusing on the use of less frequent methods” – is primary
educational. As part of the European Union program Erasmus+, it has ambitions to fill
current gaps in educating health professionals in possibilities for quality and com‑
prehensive healthcare using less frequent methods in medicine. Such care is possible
in both standard and emergency conditions, and the authors believe that, as such, it
will also bring major benefits to everyone in contemporary medicine.
Evaluating possible benefits of multi-professional approaches in today’s
medicine we must account not only for historical contexts, but also for current med‑
ical practice. Historically, modern medicine has developed within a relatively short
period of time because from a broader perspective some 200 years is not a very long
time. Previous historical eras in medical development grew in stages over centu‑
ries and millennia. Its emergence in several historically dominant cultural centers
around the world dovetailed with developments in medical philosophy. This all plays
into an extremely important role in modern medicine and speaks to its future de‑
velopment. Today, the need for a multi-professional approach is becoming more and
more evident. This is related to a major increase in quantitative needs, but also in
terms of a need for quality knowledge as well as expert opinions and influence. This
requires a fundamental shift in approaching and working with knowledge. In pre‑
vious eras, healers and physicians were polymaths in today’s sense of the word rath‑
er than narrow experts, and in this sense the problem of comprehensive care was
not part of the discourse. But this was a different time. The extent of knowledge and
its types was substantially different, and science was not yet pierced through with
many outside influences. Moreover, the understanding of the body was more complex
and different. From a global perspective, European or the traditional Chinese med‑
icine – similarly to Egyptian or Indian medicine – understood the human body as a
comprehensive system analogous to the cosmos. For medical practitioners, a strictly
medical knowledge was sufficient. A broader education was necessary. Using today’s
view, we could assess such medical philosophy as mostly indeterministic, accepting
the transcendent and the spiritual. A view of transcendence developed in stage. This
was true for both Eastern as well as Western medicine, regardless of specificities
within each.
A more clear differentiation and substantial differences in the philosophy
of medicine of the West and the East occurred in recent centuries. It is not possible
to speak only of medicine but one must also take into account social changes and the
prevailing thinking of the given time in terms of developments within society. De‑
velopments in medicine mirrored these changes. A certain idea “fermentation” and
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thought development could be observed since antiquity, since the time of Plato and
Aristotle, and stretching throughout historical eras and social developments, includ‑
ing developments in understanding knowledge and religion. However, fast-paced
acceleration is more visible only in recent centuries with the development of new
knowledge not just in the field of natural sciences – especially biological sciences –
but also in theology, psychology, cosmology and other disciplines. Of course, power‑
ful interests entered the “game” throughout history, but in recent years – under the
influence of fundamental socio-economic changes in society – this interference of
power structures in science has steadily increased just as science has gained a status
of becoming one of the most effective tools of power.
Major growth in knowledge – both quantitatively as well as qualitatively –
occurs in the 19th century. In medicine, the Church is gradually losing its dominance
and, under the influence of Cartesian and neo-Cartesian ideas and socio-political
changes, positivism and materialism are gaining ground, especially in the last three
decades of the 19th and 20 th centuries. In medicine, a Cartesian view of the world is
formed, which is mechanistic and deterministic. The human being and the whole of
nature is understood as an organism that is essentially a machine, though a complex
one, but ultimately understandable. The same is true for all of nature as well as the
cosmos. René Descartes essentially conducted “research” on animals by vivisection,
arguing that they were just complex machines without a soul of their own. During
this time, spirituality was pushed aside, together with the psyche, and it is under‑
stood only as essentially just a material product of the brain. The materialistic view
of the world explains it mechanistically and spirituality, and transcendence becomes
an unnecessary relic in a “scientific” understanding of the world. The importance
of science grew with new knowledge. Essentially becoming a modern religion with
God replaced by lab evidence with potential clarification power over everything. The
laboratory is becoming a “temple of science” and science gradually becomes a statebacked instrument of power. New knowledge in natural science and mathematics on
the one hand – and growth in understanding cognition and overall knowledge on the
other – lead to their absolutization. This strongly supports the above development, in‑
cluding developments in molecular biology and genetics.
Here, dualism come on stage and becomes applied (soma and psyche).
This is based on the fact that somatic, i. e. material, is what is bears scientific inter‑
pretation, and psyche is only viewed as the product of primary material, i. e. soma.
Such an orthodox materialistic view inevitably impacts the philosophy and develop‑
ment of medicine. Significant developments in natural sciences and pharmacy lead
to the dominance of pharmacological knowledge in medicine, pharmacy gradually
becomes dominant. Instead of supporting diagnosis and treatment it becomes their
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overlord. Such development gives it enormous economic power and control over
medical discourse, which gradually becomes problematic in further development of
meaningful medical practice. Here, trends based on other perspectives and knowl‑
edge are ostracized and suppressed by power structured as seen in recent develop‑
ments at the beginning of this millennium. Objectively speaking, these trends and
such developments are on one hand very beneficial in the development of new drugs
and for understanding the somatic correlation of individual pathological conditions.
But on the other hand their absolutization leads to many misconceptions about the
body and its disorders. The solution is a multidisciplinary approach as well as coop‑
eration, because today there is no one single science. Science has been disassembled
into many separate disciplines. By 2011 there were approximately 25,000 scientific
journals (Sheldrake) in the world, and almost every scientific discipline has its own
specific, scientifically acceptable criteria for exact research processes. Therefore, only
multidisciplinary cooperation can foment a more comprehensive view of knowledge
and our project, “Comprehensive multi-professional approach to the treatment of pa‑
tients focusing on the use of less frequent methods” implemented within the Euro‑
pean Union Erasmus+ program for training and education is a special opportunity
to study possibilities in mutual cooperation in medicine. This project focuses on an
issue that is currently very important, including the participation of departments,
which belong to the area of dominant physical rather than dominant pharmaco‑
logical approaches. This is by no means an alternative to one or the other dominant
approach, but an effort to understand one other more, build bridges, identify and
clarify common professional issues and the way to mutual benefits. This includes ac‑
upuncture, sound therapy and music therapy, mathematical symbology and neuro‑
science in relation to one another and in their relationships with other disciplines.
Certainly, this is more or less a pilot project endeavor. We believe to arrive to a point
of potential expansion to include other disciplines, with deepend mutual knowl‑
edge and continued collaboration. This particular project is primarily educational
in nature. It is designed for doctors, health professionals, physiotherapists, acoustic
experts, symbologists, neuroscientists, biologists, physicists and other professionals
who are somehow affected by this issue and are interested in future cooperation. As
a professional guarantor of this project, I take pride in this joint effort. It has been
a distinct honor and privilege to convene renowned world experts and experienced
researchers for this project and to create a high-quality international team as the
foundation for our further international collaborations. I hope and believe in extend‑
ing the importance of these issues above and beyond the confines of this particular
project.
Gustáv Solár, M. D., PhD.
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Chapter A

A.1

Some Problems of Contemporary Science and Medicine

(Solár, Gustáv; Solárová, Zlatica; Solár, Juraj)
Science and “scientific opinion” possess such an important status in society
that science is becoming a power instrument and a political force. Sometimes, “sci‑
entific opinion” is purposefully preferred according to current power and economic
interests. There are even demands for “faith in science”, which pushes science into
religious discourse with consequences in contemporary society. At the same time,
scientific knowledge is often presented as infallible, and experts who question some
theses come to the position of heretics. With the current way of financing science and
investing in it this essentially means a very serious intervention. Naturally, the de‑
velopment of society cannot exist without the development of science because scien‑
tific and technical progress and thus progress in technologies depend on it. Science
must be an instrument of knowledge and not an object of faith and hence a kind of
new “religion”. Its authority cannot stand on the foundations of power, but on the
power of knowledge as such. As medicine in all its dimensions is in its growth direct‑
ly linked to scientific knowledge, it quite naturally reflects developments in science
with all its associated problems and pitfalls.
To better understand these contexts and pitfalls – which also have grave
impact on the opportunities and prospects in multidisciplinary synergies, dive deep‑
er into these issues.
If we view science as a way for humanity to understand the world by sys‑
tematizing knowledge and seeking its objectification and interrelationships, then we
can say the foundations of contemporary Western science in our civilization have
their roots in Greek culture and philosophy. The term philosophy comes from Greek
(philo = love and sophia = wisdom) and means love of wisdom. The first philosophers
who lay the foundations of Western philosophy were in ancient Greece (Plato, Aris‑
totle and others). Ancient Greek philosophers focused on their own observation, ex‑
perience, critical thinking and logic. Later on, all areas of science gradually evolved
from its original foundations in philosophy. Science in today’s sense of the word is
not formed until the 17th century. At that time, experiments begin to appear as scien‑
tific methods. Until then, transcendental influences dominate all the cultures of the
world, later the influence of the churches dominates all discourse, and anything that
contradicts their teachings is rejected. Of course, some self-correction is required of
scientists. In the 18th century the requirement for clarity and dependence of studied
phenomena is already evident within science. Here everything is seen as an exclu‑
sively material matter. The question of transcendence is pushed aside, and all con‑
nections are understood as mechanical. There is a prevailing belief that all phenom‑
ena studied are mechanical and, ultimately, recognizable. This essentially Cartesian
— 13 —
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mechanistic determinism, formed in the middle of the 17th century, influencing sci‑
entific thinking until today, is based on the premise that everything can be under‑
stood as the movement of bodies in absolute space, while the forms of this movement
have qualitatively different form structures. During this period, figuratively speak‑
ing, the pendulum swings from spirituality in science toward mechanical material‑
ism. Influence of the churches in science is gradually lessened and the spiritual as‑
pects of Being are minimized. Nevertheless, this process is not entirely clear, as the
opposite of mechanism – especially in biology – vitalism is created as a direction that
requires a life force (vis vitalis in Latin). This is a prerequisite for the manifestations
of life” which is immaterial, and life processes certainly cannot be reduced to me‑
chanical ones. In essence, it returns to Aristotle and his entelechia as the intangible
principle of life that conditions and completes every stage of development. Matter is
divided into living and non-living; organic and inorganic.
Jöns Jakob Berzelius (1779–1848) – a prominent Swedish professor of medi‑
cine and chemist and one of the “fathers” of inorganic chemistry – suggested calling
substances of “inanimate matter” as inorganic, using the term organic substance for
“living nature” substances. This division is still accepted today. The psycho-regula‑
tory plane of Being and the acceptance of the transcendent plane of Being and the
associated problems of consciousness, its limitations and other issues are also key
to contemporary science and specialty medicine, where the so‑psyche dualism still
persists until this day. At the beginning of the 20 th century, the Austrian positivist
philosopher Otto Neurath (1882–1945), as well as other authors, create the concept of
physicalism, according to which all natural phenomena can be reduced to physical
principles, meaning they are physically explainable. This is the first concept of phys‑
icalism, while the second concept of physicalism is logical positivism (developed by
the German-American philosopher and logician Rudolf Carnap). According to him,
a scientific statement that cannot be reduced to the language of physics has no sci‑
entific value. According to this concept, physics, as far as the language of physics is
concerned, is the only language of science.
Concerning the psycho-regulatory and spiritual level, there is the key phe‑
nomenon of consciousness. Consciousness is characterized as a state in which an in‑
dividual is aware of oneself – that is, one’s own self – and is able to relate his psychic
functions and other stimuli to the self.
The 20 th century was characterized by the search for a material substrate
for mental functions, the existence of which was presumed in the brain. Despite great
efforts by scientists, a material trace of memory could not be found or identified. Nev‑
ertheless, the American materialist philosopher Daniel C. Dennett in his 1991 book,
Consciousness Explained,[A12] states that consciousness arises from the interaction of
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physical and cognitive processes in the brain. Here, consciousness is a description of
various calculations in the brain at almost the same moment. His model, known as
the “Multiple drafts model” is based on cognitivism, which understands thinking as
information processing. It can be said very simply that the materialistic understand‑
ing of psychological processes a product of brain activity remains prevalent in sci‑
ence to this day.
It seems that through consciousness we presumably also process stimuli
and penetrations from the transcendental plane. English anthropologist and biologist
Thomas Henry Huxley (1825–1895) was a convinced Darwinist of the 19th century. He
developed the philosophy of agnosticism. Its essence is the thesis that human knowl‑
edge is limited to the external sense form and material manifestations of things, and
the existence of God cannot be proved or disproved. However, agnosticism is not
atheism as agnostics usually do not deny a priori the existence of God the existence of
an absolute and determining transcendent being.
One could discuss this at great length beyond the scope of this space here.
The only purpose of our excursion is to point out a kind of “thought yeast” in which
“scientific medicine” has been formed since the outset of establishing science as we
understand it today. Also, it may help us understand the factors that have had and re‑
main in possession of significant impact today.
If science is to develop its scope, and if medicine is to precisely articulate a
scientifically verified reality, it is necessary to tackle several fundamental issues and
address in our discourse and in our process of building a multidisciplinary collabo‑
ration.
At this point, to illustrate and better understand, let us quote, in full, Dr. Ru‑
pert Sheldrake and his literal description of the creed of contemporary science as stat‑
ed in the book The Science Delusion Freeing the Spirit of Enguity.[A33] Most of today’s sci‑
entists take these fundamental beliefs for granted, according to R. Sheldrake.
1.

Essentially everything is mechanical. Dogs, for instance, are more complex mechanisms than living organisms with their own goals. Even humans are machines,
“cumbersome robots,” with brains that resemble genetically programmed computers,
as Richard Dawkins put it.

2.

All matter is unconscious – it has no inner life or subjectivity and no personal view.
Even human consciousness is an illusion created by the brain’s physical activity.

3.

The total amount of matter and energy remains always the same (except for the Big
Bang when all matter and energy appeared all of a sudden in the universe)

4.

The laws of nature are unchanging and fixed. Today, they are the same as they were
in the beginning and will remain so forever.

5.

Nature has no meaning and evolution has no purpose or direction.
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6.

All biological progeny is material and transmitted through genetic material, DNA
and other material structures.

7.

The mind is located inside the head and contains nothing else than the exclusive activity of the brain. When we look at a tree, the image of that tree is not “out there”
where it appears to be, but inside our own brain.

8.

Memories are stored in the form of material fingerprints inside the brain and disappear after death.

9.

Unexplained phenomena, such as telepathy are a common illusion as well as a delusion.

10. The only effective treatment system is mechanistic medicine.
Let us examine these points first from the view of “scientific” medicine.
Contemporary Western medicine relies primarily on pharmacological therapy and
some physical forms of therapy, and simply looks at the body as a very complex ma‑
chine; one we will at some point the future fully understand. Diagnostics uses repro‑
ducible laboratory techniques. These are strictly standardized and do not take into
account e. g. the uniqueness of each organism. All problems are explained and inter‑
preted within the parameters set by biochemistry, chemistry and physics. Although
the psycho-regulatory level of Being is not formally denied, it is still viewed as sepa‑
rate from “serious” medical science which maintains the dualism in understanding
the soma-psyche relationship. At the same time, the vast majority of contemporary
psychology considers psychological processes to be the exclusive product of brain ac‑
tivity.
However, advances in epigenetics partly shake the belief in the omnipo‑
tence of genetics, a field in which so much has been already been invested. The om‑
nipotence of genes and gene therapy has suffered significant cracks, including eco‑
nomic ones (huge investments in biotech have not yielded or matched their financial
forecasts). The existence of dissipative structures in biology has shaken the validity of
the second law of thermodynamics in biology. We could go continue down this path,
but suffice to say, the 10 core beliefs in the creed of science, as described by Rupert
Sheldrake,[A33] still remain prevalent, even if they have nothing to truly rely on in
terms of reliability. They seem to possess a character of erroneous axioms.
Even in modern scientific medicine, the only scientific evidence required,
is the reproducibility of the given phenomenon, regardless of the observer or other
influencing facts. And, therefore, in the second half of the 20 th century, i. e. in psy‑
chiatry, there is a new direction of “biological psychiatry” as a relatively independ‑
ent line of thought, looking for biological (somatic) causes of mental illness. These are
in the sense of current medical beliefs necessarily expected and followed by rapid
development of psychopharmacology. For example, the criteria of the so‑called evi‑
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dence-based medicine (EBM) – based almost exclusively on the demands of drug re‑
search and essentially ignoring the latest knowledge of current science (i. e. quantum
mechanics) – is becoming a barrier to medical research and progress. Many sci‑
entists and physicians are beginning to realize this. The philosophy of medicine is
predominantly influenced by materialism and economics, the pharmaceutical lobby
groups, and more recently, political trends and interests. These are manifested most‑
ly through their carriers, people without medical education but with strong medical
interests and ideas. The cause of a significant rift in this development is quantum
mechanics. It has been around for about a hundred years, and, based on the known
laws of physics, practically justifies the unsubstantiated deterministic error of mod‑
ern science, including mechanistic ideas, which still persist in contemporary medi‑
cine. Despite the fact that the task of quantum mechanics was never to confirm the
existence of the transcendent and the resulting need and existence of spirituality, it
opened up a discussion of its own; mainly in philosophy. The most relevant issue –
that interferes mechanically with the approach to experimentally determining given
facts – is the proof of the observer’s influence on the result of an objective physical
experiment. The well-documented fact that the observer can influence not only the
causal relationship of the physical phenomenon but also its temporal sequence – that
is, the observer’s influence causes an “opposite time flow” in the experiment where
cause and effect change their linear order) – provides clear evidence that our real‑
ities are dominated in a major way by higher levels of Being; precisely on the basis
of conscious or unconscious communication with our self. This is clearly not a “ful‑
fillment” of the observer’s request or idea, but a “response” to his interaction. By this
term I mean all aspects of consciousness in the broadest – and hitherto unexplored
and objectively unexamined sense – including transcendental, external and inter‑
nal aspects, and especially those that cannot be described as being the products of
brain activity. That is, what Orthodox materialism does not know and denies and
on which modern science has grown since its inception in lockstep with medicine.
Every experienced doctor knows how important the patient’s spiritual setting is and
how it affects the course of disease. This setting is not always in line with the pa‑
tient’s ideas and desires but such an “external influence” is evident and sometimes
cannot be articulated. On the other hand, it must be objectively recognized that enor‑
mous developments in medical knowledge have had a very significant and, for the
most part, positive effects on human development, including longevity, curability of
many diseases and other benefits that are far from negligible. But on the other hand,
it has creates and brought to bear new problems that could be avoided, or at least sub‑
stantially mitigated through a comprehensive multidisciplinary cooperation efforts.
However, the orthodox “scientific” approach marginalizes and, in a sense, ostraciz‑
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es “unscientific” practices. Orthodox science cannot grasp these and interprets them
in its own way and thus excludes them from equivalent research, allocating neces‑
sary resources strictly to its own research and development. All the while the exact
research in orthodox science, based on precedent experience, will invariably lead to
understanding and knowledge of its own facts. It would certainly make a significant
contribution to the expansion of comprehensive knowledge new and very essential
forms of multidisciplinary cooperation could be broadened and deepened. One must
remember that the quantitative as well as qualitative development of science and
knowledge, which necessarily requires increasing specialization – leading to diver‑
gence among various disciplines – simply paves the way for disintegration of science
as such. This can only be prevented by intensive development of multidisciplinary
cooperation.
Our brief overview indicates historical pitfalls in scientific development
and these inevitably influence the multidisciplinary views on individual problems
in science and medicine. These may also be different in each relevant discipline. At
the same time, we cannot fail to point out other problems, the successful solution of
which will require multidisciplinary collaborations and approach.
Before we deepen our analysis one must stress an important fact. Rapid de‑
velopment of new knowledge in recent centuries has not only brought a lot of new
knowledge within science, but its very wide scope has also led to a certain disintegra‑
tion of science – in a positive sense of the word – away from being one single disci‑
pline. Its division led into the formation of a number of scientific fields, each with its
own specifications as well as specificities. One cannot compare evidence from quan‑
tum mechanics, for instance, or to compare evidence from technical sciences, social
sciences or biological sciences, to posit a kind of generally valid universal principle of
existing proof. Just as there no longer is a single compact science but a set of sciences
with their specifics, so can there no longer be universal evidence for all phenomena
in every scientific discipline. This also applies to medicine, which today is composed
of different medical sciences with different orientations and different kinds of exact
evidence. Many years of development confirm that the EBM cannot be applied exactly
in its current form because it does not solve some problems, e. g. methodically, fac‑
tually, physically and philosophically defined placebo in accordance with the latest
knowledge of current science, etc. and requires a new serious and scientific re‑eval‑
uation. Moreover, this is not suitable for scientific categorization in acupuncture, for
instance, where those criteria would be largely inapplicable, as we will see below.
However, this creates a fundamental problem in medicine; it is already so differenti‑
ated in its individual disciplines that new exact criteria need to be re‑developed, and
these must be specific to each medical discipline so that they correspond to the cur‑
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rent state of scientific knowledge. Such knowledge should be free from mechanistic
or another one-sided view and at the same time acceptable in the light of knowledge
of other sciences within the framework of multidisciplinary as well as multi-profes‑
sional cooperation. However, it must be said that the problem is not that medicine
should not be evidence-based because exact evidence is an obvious requirement in
the study of each science. However, it is essential to reconsider the notion of “exact
evidence” so that its substance is in line with current scientific knowledge and does
not contradict the findings in other sciences. Without the establishment of such an
evidentiary situation, unambiguous and, as far as possible, fully compatible and gen‑
erally understandable terminology, multidisciplinary cooperation is self-evident and
hence this publication has ambitions to significantly contribute to contemporary dis‑
course on the subject.
It is equally necessary to respect that the principle of causality, as de‑
scribed, and it cannot be understood absolutely. In essence, the “unwanted child” of
atomic physics and chemistry – quantum mechanics – has dealt two fundamental
blows to Cartesian thinking – the principle of uncertainty and the impossibility of
absolute knowledge of a given phenomena. It should not be forgotten that this also
applies to medicine and seriously questions the continued and universally enforced
“scientific” criteria of EBM evidence and, hence, the entire medical philosophy to
date. It follows that it is also necessary to respect the unknown higher levels of Being,
that is, the transcendental levels. The term “causality” and the term “chance” may
need to be redefined. It is a highly complex issue, one which currently represents a
certain breakthrough in the hitherto common ideas across the entire scientific com‑
munity. The processing of all new knowledge – unlike in the past – exceeds the pos‑
sibilities of one individual and a certain specialization of experts is necessary. This
process continues within the individual disciplines – even those not strictly medi‑
cal – and includes an ever-smaller range of topics with increasing depth of penetra‑
tion into individual details. In addition to the general knowledge dissemination, such
practice has its downsides. From a philosophical point of view, medicine gradually
became a practically materialistic science focused on morphological, biochemical,
physical and other aspects of new knowledge. Sufficient attention is not paid to oth‑
er levels of personality – psycho-regulatory, energy-informational or transcendental,
within which the basic etiopathogenesis of health disorder is primarily hiding. We
look at the disease as a set of somatic and morphological changes that can become
more and more reliable with the development of laboratory methods. One example
is the development of the so‑called telemedicine, which in today’s understanding is
almost exclusively mechanistic. At the same time, it unacceptably reduces the nature
of each being to a set of morphological and laboratory components. This returns the
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philosophy of medicine to the Cartesian period and practically reduces the full and
necessary contact between the doctor and the patient. Society as a whole is secular‑
ized and the spiritual level is marginalized in the medical community and is rele‑
gated to the almost exclusive competence of churches and spiritual movements. The
term energy information level, commonly used in other disciplines, remains prob‑
lematic for today’s medical schools. Matter itself is only one of the manifestations of
energy change, i. e. it is a form of information. In evolutionary ontology, information
means order, that is, anentropia, which is the fundamental property of living matter;
information is a measure of the reduction in uncertainty in the occurrence of ran‑
dom events. Officially, man is medically characterized as a bio-psycho-social being,
although it is obvious even at first glance that such an understanding of the human
being is quite insufficient and incomplete even for contemporary medical practice.
No matter how one views this concept or understands it or interprets it, what is clear
is that the material plane is not the only form of Being, and, certainly not one which
is independent from everything else.
As a result of such development, the philosophy of medicine is currently
moving in an unfortunate direction. It is very intensively focused on the determina‑
tion and treatment of a specific diagnosis, and is losing a comprehensive view of the
ill person as a complex and unique being whose integrity is compromised compre‑
hensively regardless of localization of specific and current pathology. Such a devel‑
opment is directly derived from the current state and philosophy of the whole society
and the whole Western civilization and the development of its science, and especially
technology. It is not in the power of one person to absorb the whole influx of new
information and to use it effectively. Therefore, medicine – and not as the only field –
gradually atomizes itself and grows in individual specializations. Not only does spe‑
cialization in medicine increase, but it also affects the overall view of the human be‑
ing. The original Hippocratic order required the doctor to view a patient as an equal
partner. But this has been replaced by a growing number of specialists assessing the
individual parts and essentially only the patient’s somatic functions. As a result, the
uniqueness of the medical profession as the authority of the protector and guardi‑
an of health is has been lost, and the personal doctor-patient relationship is chang‑
ing. Technology has gained the upper hand. Hence it affects the doctor’s standing and
status in society. Even the most modern trends in medicine, the so‑called telemetry
medicine, is only an added way of remotely collecting diagnostic data. This is a huge
step forward, especially when individual data are further processed by so‑called
artificial intelligence, or rather highly developed automation, which does not even
come close to the concept of intelligence in its full meaning. The modern, misleading
and unfortunate notion of “artificial intelligence”, introduced in 1956 by American
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computer scientist John McCarthy (1927–2011), has very little in common with intelli‑
gence, as we know it from a human being and other living beings. It is simply a high‑
ly developed automation process, one without empathy, emotions or relationships
which could be “inserted in” by an external agent as a program to be run natively.
In addition to emotions and other qualities, natural intelligence also includes tran‑
scendental elements, which are beyond the reach of our knowledge, but are part of
the intelligence equipment of every being, which is artificially unconstructable and
non-programmable. Intangible factors cannot be classified any material technologies
and thus the so‑called artificial intelligence is different from natural intelligence. AI
can help natural intelligence in processing material data and thus speed up or even
expand its possibilities, but no technology can ever fully replace it. Direct and per‑
sonal contact between the doctor and the patient is an immanent part of full-fledged
diagnosis and therapy practice. It is greatly unfortunate that such a transformation
and degradation of the doctor’s role is easily accepted by some physicians and society
with the resulting consequences for the patient and medicine as a whole and even
considers it part of human progress. The final verdict when it comes to recommend‑
ing and formulating solutions for an individual patient is always the exlusive role
of the physician. All the mentioned conveniences can replace his quick orientation
in databases, evaluation of individual combinations, but they will never replace the
individual medical evaluation of the patient by an actual doctor. The human being
is not an object or output of technology, it also represents the uniqueness of the be‑
ing, its emotions, relationships, cognition, experience, energy information factors,
spirituality, transcendental and, importantly, the trust the patient extends to his or
her doctor. In addressing the patient’s mental challenges, today it is predominantly a
matter of applying psychotropic medication, which unfortunately often unnecessari‑
ly replace that hippocratic view. This “looking one in the eye” is, of course, a symbolic
manifestation of the irreplaceable personal doctor-patient relationship. Technology
can measure emotions, like love, in terms of its hormonal, organ, muscular or neu‑
rotechnological manifestations, but do so only partially and and very schematically
as part of the physiological plane. However, the spiritual plane, motivation, morality,
empathy, bonding and other factors can only be statistically assumed because intan‑
gible factors cannot be directly measured and comprehensively evaluated on an indi‑
vidualized basis. At the same time, the patient’s attitude toward his or her disease, is
also multifactorial, but in relation to the disease it is a key and often completely deci‑
sive factor in therapy practice.
New developments in knowledge and medical technologies and the conse‑
quent atomization of medicine and the associated growth in specializations have led
to the weakening of the complex understanding of the organism. Moreover, this has
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resulted in a philosophical, ethical and technological shift in understanding health
and disease. At the philosophical level this has meant a significant materialization
within medical discourse regarding patient. At the technological level, this has led
to the solutions of evidence-based medicine (EBM) and at the ethical level it meant
a shift from the Hippocratic model through the Paracelsian model to today’s deonto‑
logical model. The ethical imperative based on the principles of “do no harm” (Hip‑
pocrates) through the emphasis on the emotional and psychological understanding
of the patient (Paracelsus) is shifting to today’s emphasis on adjusting the doctor’s
responsibilities to the patient, his human rights (but no longer duties), the patient’s
right to information and other roles of the physician (deontological model). All these
aspects have their consequences, especially in the gradual dehumanization of med‑
icine and its degradation into its technological subsets. This includes the economic
effects of degrading the human being into an object, or a good, and the application of
market laws in medicine, which are gradually becoming a defining element of it.
Today, more than ever, there is an urgent need for a formulating a compre‑
hensive approach, one which is essentially a return to the period of polymath physi‑
cians. Today, such a polymath must be replaced by a team of specialists who respect
the specialization but also the need to integrate knowledge and a comprehensive
understanding of the given issues. It should be emphasized that this is not simply a
problem of medicine, but a general problem of a real scientific approach, which is, for
example. much better accepted and used in technical fields for many reasons.
The fundamental understanding in offering comprehensive health care is
to offer a more comprehensively conceived care even within one given medical field,
including its sub-specializations. For example, in oncology, this should cover the ne‑
tire oncological spectrum; including prevention, comprehensive diagnostics, con‑
servative and operative care to aftercare and palliative care. Of course, this includes
both outpatient and inpatient care as well the taking into account of the patient’s
current needs. This form of comprehensive health care can be provided in top-notch
medical compounds and facilites which also carry out research in the relevant fields
and are closely interconnected organizationally and logistically. This could also hap‑
pen at individual facilities which are organizationally interconnected into a territo‑
rial unit in the given state. The extent of such care depends on the size, characteris‑
tics and type of medical field in question. The various subsets and levels of expertise
in such comprehensive care would be determined by the possibilities of offered by
the given society. The definition of the health care system and the medical field con‑
cerned would be hence defined by national and international professional associa‑
tions as well. As for the physician, the specialist in any field of medicine, such a com‑
prehensive outlook in his field of specialization is expected and assumed. Of course
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in larger fields, such as in internal medicine or in surgery, such a detailed overview
is assumed rather within subspecializations such as cardiology, nephrology, thoracic
surgery and other medical knowledge from other fields at least at the general theoret‑
ical level. Unlike in the past – when there was significantly less information – it is no
longer possible to absorb all existing and ever-increasing levels of information, and
therefore it is necessary to select and systematize it. In real practice, it is possible to
ensure complexity through teamwork and the creation of databases within medical
facilities of various types. However, there is a basic set of information, technologies,
procedures and skills that are absolutely necessary for the basic specialization in
each field of medicine. Management in each medical department must provide com‑
prehensive health care within their units. This level of complexity is the result and
image of professionalization within relevant medical fields.
The intermediate level of comprehensive health care is based on interdis‑
ciplinary cooperation and collaboration among all medical disciplines. Its quality
naturally depends on the level of individually-cooperating fields of medicine. In this
context, it should again be emphasized that every person is a comprehensive and
unique multi-level and multi-functional system, and every illness or disorder is al‑
ways reflected, albeit to varying degrees, in all its parts. It follows from the general
theory of systems that every failure of a system affects all of its parts. For medical
theory and practice, it logically follows that no medical department can fully cover
all the issues in the overall condition of the given patient. This includes the overall
state of his or her entire system. This also follows from the definition of health as
defined by the World Health Organization (WHO).[A52] Each medical department deals
with only a certain part of the whole system. It is a part of the entire organism as a
whole, and this is directly connected with other parts of the system. And these are
addressed through other medical departments. In this sense, interdisciplinary coop‑
eration based on a unified philosophical foundation is a necessity in medicine. The
scope of new knowledge, the dynamics of their acquisition and the need to imple‑
ment them in medical theory and at clinics far exceed the capabilities of one person,
be they a historical polymath or their contemporary counterparts. Unfortunately, nei‑
ther the patient – who very often sees the disease only as an obstacle to their activ‑
ities or a current threat – nor a large part of contemporary medical establishment,
which tends to see the patient’s problem only through the lens of their specialization,
is aware of this. This problem has at least two levels. On the patient’s side, unless his
integrity or life is immediately threatened he understands disease only in its visible
part and based on his or her own subjective limitations, mostly without realizing the
broader laws and contexts. Such a patient then understands health care as a service
and therefore considers knowledge of the deeper contexts of his disorder to be un‑
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necessary and, in this sense, considers such care a waste of time and does not call
for it. On the other hand, the physician is not sufficiently prepared for a comprehen‑
sive analysis of the patient’s situation due to the complexity of his education or in‑
terests, nor there time to offer such a comprehensive and interdisciplinary approach
unless there is a serious risk to the patient or a severe difficulty in identifying his or
her etiopathogenesis. It is not a general, but at least a major part of both the patient’s
and the doctor’s understanding and expectations of any given situation. What strong‑
ly determines such trends in health care are: the significant shift in medicine to a
less personal level, new technologies that mostly limit the immediate human contact
between the doctor and the patient as well as a significant real-time deficit on both
sides. Despite these tendencies, health care is not possible in real practice without in‑
terdisciplinary cooperation of medical departments even in routine medical practice.
Therefore, despite the aforementioned pitfalls, such a practice is systematically on the
increase and requires very effective cooperation and collaboration among individ‑
ual fields in medicine, including its clinical, theoretical and paraclinical aspects. It
also dictates a significant development of highly sophisticated diagnostic and ther‑
apeutic techniques and technologies, requiring cooperation among various medical
specialists. This seemingly formally covers the entire spectrum in modern medicine,
ensuring the application of all current medical knowledge and information, as well
as procedures and skills, in prevention, diagnostics, therapy and research. This level
of comprehensive health care is necessary today and gradually deepens. However, it
also has its problems and pitfalls. This activity is covered, managed and coordinated
in individual states and regions; legislatively, organizationally, professionally, eco‑
nomically at the regional, national and supranational levels by professional organiza‑
tions, professional societies and national-political and supranational power-political
components, because it concerns health policy strategy. A certain challenge in trans‑
national health strategy and policy adoption is the unequal legislative and strategic
standing among areas of medicine between individual states. The intermediate level
of comprehensive health care is a reflection of the health care strategy. The actual lev‑
el of comprehensive health care is a reflection of this strategy and overall health poli‑
cy at all levels; including the individual, territorial, national and supranational level.
The highest level of comprehensive health care is the multi-professional
level. Even at the level of interdisciplinary complexity in medicine it is necessary in
some medical disciplines to apply experts from other disciplines. These include bi‑
ochemists, molecular biologists, physicists, mathematicians, physiotherapists and
other experts not only from among the natural sciences, but also among sociologists,
psychologists, lawyers or electrical engineers and computer scientists. In some med‑
ical disciplines – especially where special technologies are used in diagnostics and
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therapy – these experts have their legislative classification as so‑called “other health
professionals.” These professionals are grouped within each medical discipline with
more or less pre-set competencies. However, if we return to the characteristics of (not
only) the human being as a unique multi-plane and multi-functional system, then it
is necessary to study it in this way in examining disorders. This means that almost
all fields of knowledge and science have a direct or indirect connection with disor‑
ders of living organisms and, therefore, it is necessary to evaluate them from multi‑
disciplinary perspective. The opposite holds also true. Health is directly or indirectly
linked to almost all areas of scientific study and, therefore, a two-way, multi-profes‑
sional cooperation is necessary in the full range of scientific knowledge. This, of
course, requires an adjustment of the current medical paradigm and the correspond‑
ing educational training of doctors and health professionals. Medicine is inherently
more conservative, but the assumption that it is based on latest scientific knowledge
could try to prove itself. Some organizational adjustments will also be necessary to
allow for multi-professional cooperation, but a longer time horizon could be envis‑
aged. This way, cooperation can be created, strengthened, course-corrected and
shaped gradually as needed. Overall, however, full-fledged multi-professional coop‑
eration means not only a shift in the level of development of individual medical disci‑
plines or health care strategies and policies, but also a significant change in the phi‑
losophy of medicine, in need of becoming more open to the most current knowledge
in modern science. Organizational and technical adjustments need to be gradually
set up and tested in practice, perhaps over a longer time period, but terminological
and competence-setting will be important. Above all, it is necessary to unify our ter‑
minology so that it is multi-professionally understandable and unambiguous. Many
technical terms have more meanings and will need to be specified. Therefore, a se‑
mantic dictionary must be a natural part of multidisciplinary publications. The same
practice should be the case in consultative communications among individual disci‑
plines, as far as the necessity in establishing clear and comprehensive understanding
professional conclusions is concerned.
Involving multiple disciplines in processes which have been thus far re‑
served only for medical sciences introduces new elements into methodology, logistics,
organization, strategy and philosophy of medicine, but also calls for solutions. The
first and most basic question is competence. Non-physicians and experts from oth‑
er professions in individual fields of medicine are already participating, but their
competence is determined within these fields. A complete and comprehensive multi‑
disciplinary healthcare requires significantly broader adjustments. However, re‑
sponsibility for the patient rests with the physician whose education and mission is
directly aimed at providing quality health care and who must have the final and de‑
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cisive say in the application of individual knowledge and conclusions to patients. Of
course, in the diagnostic process and support of therapy, all experts will participate
as far as their scientific disciplines are concerned, whether in laboratory diagnos‑
tics, instrumentation and information technology, safety standards, etc. This means
a significant expansion in the category of “other health professionals” by defining
their competencies and content. The widest application of all actors in comprehen‑
sive multidisciplinary health care is in research, which has already been confirmed
in current practice. Evidence-based medicine (EBM) will need to reassess the weight
and information value of evidence that cannot be “tailor-made” for pharmaceutical
research alone. And also, this reassessment must include statistical indicators that
do not respect the uniqueness, multi-complexity and multi-functionality of each per‑
son and which are the greatest weaknesses in today’s understanding of EBM. This
is undoubtedly a long process in which all stakeholders will have to take part and it
will be require a shift in current medical thought and understanding of science. Of
course, it will be necessary to develop education and training not only for doctors
and health professionals, but also for all the various professionals who are involved
in providin a comprehensive and multi-professional health care.

A.2

Theoretical Part

A.2.1

Acupuncture

A.2.1.1

Historical Notes
The history of acupuncture contains many myths and conjectures and

is described in almost all comprehensive acupuncture textbooks, in some places in
more detail and at other times less with less complexity. It usually begins with the
period of mythical emperors, for later periods there are already historically ver‑
ified emperors and dynasties. The whole story is described as if the mythical em‑
peror Fu‑Xi discovered trigrams, compiled the bagua, and is, in short, the de facto
author of the foundations of Chinese philosophy. His basic bagua “how things are”,
which he allegedly found on the tortoise’s armor, was extended several centuries af‑
ter him by the mythical King Wen of Zhou by other bagua characterized “as things
go”, thus bringing dynamics to the static bagua according to Fu‑Xi. It is remarkable
in this myth that, in the language of modern science, it has essentially described
the second circular causality that acupuncture still accepts today, and is one of its
basic tenets. The second remarkable fact is that the construction of these two bagua
has obvious, perhaps at first glance, unknown laws. Since nowhere in the available
sources did we find any logical connections about the mutual relationship between
bagua according to Fu‑Xi and according to Wen, we chose our own methodology
for the study of these connections. If classical sources say that one octagram (Fu‑Xi)
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expresses “how things are” and the other octagram (Wen) “how things go” it is ev‑
ident that there must be some regularity and logical connection that may open the
way to other hitherto unknown facts. After a deeper analysis of these basic bagua
through the system of triplets and their logical connections, we have identified two
other bagua in our practice, which are not mentioned neither in mythology nor in
available professional acupuncture literature. One complete bagua cycle consists of
4 octagrams or bagua, while this cycle is then constantly repeated and has its own
logic and regularities. These also have their support in our clinical practice, which
will be explained in more detail in the following chapters. We present them in this
section only as they are facts that cannot be inferred from the tortoise’s armor and
must be part of a deeper understanding of relationships and contexts. The whole ba‑
gua cycle, consisting of four parts, makes sense and logic only as a whole. Thus, the
actual authors of the original information also had to know these connections and re‑
lationships. The mythical discoverer obviously did not know them or did not under‑
stand all the information, so the rest of the information has probably been lost to the
present day. There are more such examples in the history of acupuncture, although
most of the pillars of acupuncture today are confirmed by modern science. However,
this does not detract from its credibility, because knowledge shifts with the devel‑
opment of new knowledge. The fact remains, however, that the theory of acupunc‑
ture is based on logical and mathematical contexts, which quite obviously had to be
the source of this knowledge, regardless of its origin and history. However, when we
try to delve deeper into the history and origins of this knowledge, we get lost in the
depths of antiquity, because apart from myths and legends, we have nothing to rely
on. The history and origin of acupuncture is interpreted as having originated as an
empirical knowledge supported by mythical figures, i. e. as folk medicine in the ter‑
ritory of ancient China. Many may even get the impression that there is an effort to
incorporate into today’s medicine some very old knowledge, widespread throughout
the world, but still considered to be some kind of folk medicine based on myths and
religious ideas. Modern medicine somehow cannot take them to be its equal partner.
At the same time, historical connections between Mayan, Chinese and other cultures
are quite evident (i. e. in the existence of the fifth elements). A deeper analysis of this
issue would be very comprehensive and certainly goes beyond the scope and pur‑
pose of this publication. It is therefore clear that this knowledge also comes from one
common source, and the circle that has survived in ancient China forms the basis
of what we call acupuncture today. The exact origin of this knowledge is also sup‑
ported by the work of one of the co‑authors of this publication, the world-renowned
Russian mathematician and symbologist professor Sergei Petukhov, DrSc., who cal‑
culated the genetic code from the oldest known Book of Transformations (I‑Ching)[A22]
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and the table of 64 hexagrams contained in it. This history book therefore contains
and encodes very important knowledge, misunderstood at the time, also apparently
from the original sources of this knowledge. It is quite significant that to this day,
some researchers consider this book to be a fortune-telling book, because the ancient
Chinese already foretold it according to well-defined rules. Often the results of such a
“divination” have led to very important information, probably based on certain laws
and contexts, which are not yet quite clear. In this connection, it is necessary to men‑
tion the often repeated and unsubstantiated claim, which is even considered by some
theologians as a religious reason for rejecting acupuncture in the Western world. It is
the belief that acupuncture is based on the Taoist polytheistic religion. In doing so, it
is sufficient to take into account historical facts. Taoism as a philosophy dates back to
the 4th century B. C. when Lao Tzu lived, whose book Tao Te Ching is the basis of Tao‑
ist philosophy. Taoism began to function as a “religion” in the 2nd century A. D. In any
case, the first historically documented references to acupuncture appeared about two
and a half thousand years earlier.
But let us return to acupuncture, in which since the beginning of known
history, elements of the original exact knowledge of the time have been evident, some
of which are already accepted by modern science today. For an objective assessment,
it is necessary to admit a certain disillusionment, i. e. historical ignorance of the na‑
ture of the very many facts that are the body of knowledge from which acupuncture
derives its essence. It is only essentially a medical expression or application of this
knowledge that goes beyond modern medicine. Acupuncture, or originally Chen-Chiu
therapy in known history, has always been medicine and one of the pillars of tra‑
ditional Chinese medicine. Today, however, modern acupuncture already transcends
this framework of the TCM component and is an inspiration for modern science and
medicine, although it is not yet accepted everywhere as part of modern medicine.
This in no way calls into question or weakens the undeniable historical and irre‑
placeable role of the whole Chinese culture and tradition in preserving this knowl‑
edge. The described situation of acupuncture has many causes, i. e. also a large par‑
ticipation of medical lay people in its operation, while these are mostly based only on
historical texts. Another reason is the relatively minimal share of multi-professional
and serious research into this issue, which is to the detriment of all potential stake‑
holders. Nevertheless, more and more people in the world are treated via acupunc‑
ture than through “classic” medicine.
Let us now look at where the footprint 5,000-year-old has been lost since
antiquity. We shall view the history of acupuncture in ancient times slightly differ‑
ently and unconventionally from the usual perspective. The well-known history of
acupuncture, including myths and legends, can be traced back to the time horizon of
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3,000 years B. C., about 5,000 years ago. The life of the first of the mythical emperor
Fu‑Xi dates in historical sources to the years 2,852 to 2,737 B. C., which fits that time
horizon. Here, however, these traces are essentially lost without any satisfactory an‑
swer to the questions of when or how. Especially, the essential sources of acupunc‑
ture-related knowledge are obscure. The question of the origins and development is,
or at least should be, important for every field of knowledge, because in a historical
context we will better understand its development, pitfalls, successes and mistakes.
Let’s look at this lost historical footprint in a somewhat broader context. When we
compare the age of individual old cultures, we get such an approximate chronologi‑
cal comparison of the known and accepted age of individual cultures (Tab. A.1).
Tab. A.1

The age of individual cultures

Around 3,760 B. C.

Jewish culture

Around 3,150 B. C. Old Kingdom

Egyptian culture

Around 3,114 B. C. (4 Ahau 8 Cumbu)

Mayan culture

Around 2,852 – 2,737 B. C. Early acupuncture (Fui period)

Chinese culture

Around 2,500 B. C. Harappan period

Indian culture

Of course, each of these important cultures, not only Chinese, brought with
them their own understanding of health and disease as well as their own forms of
treatment, although perhaps not in such a sophisticated form. This occurred around
the same time; about five to six thousand years ago. At the time of their discovery,
they were relatively mature and we found many common elements among them.
From this, one can infer that, at least in some of the original aspects, they are based
on the same source. We must take into account that the emergence of these cultures
dates back to the end of the Stone Age (Neolithic and Eneolithic boundary), which had
already lasted around 3 million years and ended in time timeframe. Just for illustra‑
tion, this period represents approximately 116 Platonic years, or precessional cycles.
Thus, one can posit that during the entire Stone Age, about 116 complete cycles of
all periodic changes on Earth passed into the emergence of ancient cultures, which
fundamentally but periodically change all natural, developmental and civilizational
conditions on it. These changes include what we refer to as global natural disasters
that have wiped out entire civilizations, even if they had developed over thousands
of years, regardless of their technological sophistication or potential hypothetical im‑
pact on these cycles. These civilizations may take various forms, including includes a
civilization of giants; human beings of other dimensions different from our current
real notions. The findings of the remains of such people, but also advanced technolo‑
gy described by Professor E. R. Muldashev, M. D., Dr. Sc.[A25]–[A30]
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But let us turn to the history of acupuncture. We shall ask ourselves how
it is possible that at the time of the first mention of acupuncture – which already
contained a relatively sophisticated system and one that is possible to be interpret‑
ed by modern scientific means – there was a need and importance for the institution
and existence of “mythical emperors” who were the ones to have it revealed in the
markings on the back of a tortoise. If we take into account the symbol of the tortoise –
a symbol of wisdom, eternity and power, and on whose back the Earth rests – it is
essentially an emphasis on the significance and unquestionability of this claim ac‑
ceptable to the current population at the time. Moreover, as we have said before, the
latest findings confirm that, although it is a very sophisticated but incomplete sys‑
tem, it does not make full sense without completion. The most plausible explanation
is that the person who passed this information on to the mythical characters had to
have possessed in a comprehensive form, or must have at least taken it from that kind
of source. We know that many of the claims of the “old masters” are now confirmed
by state‑of‑the-art scientific methods, and many other explanations are being sought.
Why are the philosophical theses of these ancient cultures similar to one other, de‑
spite their differences?
We shall to look at the possible causes of information loss, which can be
gleaned from records that are 5,000 to 6,000 years old. Across the planet, there is
factual evidence for the existence of ancient, technologically advanced civilizations.
This includes megalithic buildings, pyramids and others that are built with technolo‑
gies that we would have problems with today. For example, precisely cut stone struc‑
tures without traces of carving, and also, the results of acoustic and electromagnetic
studies of the pyramids still have no generally accepted explanation to this day. From
the position of “mystery” it is necessary to move on to the study of these old, but very
advanced technologies, which would still significantly enrich our knowledge today.
Despite controversies, most of these buildings date back over 12,000 years. And al‑
most all of them show signs of external damage not only by vandals and robbers, but
also by heat and pressure. This topic is addressed in the well-known American writer
and director Brien Foerster,[A14] who among others studies the culture of the ancient
Incas and states that all over the world there are clear signs of global cataclysm dat‑
ing back more than 12,000 years, marking the beginning of our current precession
cycle. This cataclysm exterminated almost all of humanity at the time, including the
very advanced Atlantean civilization. Myths around the world, which are strikingly
similar, address this. However, it is not our role to examine these events and evaluate
them, pointing to the many necessary corrections in assessing our prehistory. From
a historical perspective relating to acupuncture, but also relating to other necessary
aspects of our discourse, it is necessary to take into account these following facts:
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1.

Based on known documents relating to the history of acupuncture it is not pos‑
sible to find a relevant history of acupuncture other that one based on myths
and legends.

2.

Early historical interpretations – which are attributed to magical and mytho‑
logical origins and whose authors are considered mythical emperors – surpris‑
ingly contain important information and interpretations, which, despite their
mythological interpretations, correlate with the findings of contemporary sci‑
ence. The level of this knowledge is so high that in the historical period from
which it dates, it was not possible to obtain it on the basis of knowledge and
technology of the given time period. (However, one must admit that even this
statement is based only on our current knowledge and may not contain the
whole truth.) This means that we must state that this knowledge is older and
comes from that unknown and lost historical footprint. Contemporary interpre‑
tations of acquisition of that knowledge – and the way in which it is interpret‑
ed – show that the supposed mythical authors did not fully understand them.
Hence, they can therefore be more pertinently referred to as interpreters, but
not real authors.

3.

It is a very sophisticated and logically elaborated system, which had to evolve
over a substantially long time period, as was probably the case. All of this cer‑
tainly could not have arisen at the time of mythical emperors or empires.

4.

There is very strong evidence all over the world of the existence of megalithic
and other structures dating back more than 12,000 years with technology and
knowledge far beyond our current capabilities.

5.

In many parts of the world, there is credible evidence of a global cataclysm,
which destroyed the previous (according to several authors, probably Atlante‑
an) highly developed civilization with a high technological level of advance‑
ment and wiped out up to 80 percent the entire population. The original au‑
thors of this knowledge in its most complex form – with a high probability or
near certainty – must be sought in the preserved remnants of this civilization
for which this medicine, based on highly developed knowledge, was common‑
place. This could also explain similarities among many ancient cultures and
their chronological sequence.
How can we correlate causal historical thought with this discourse? Per‑

haps, a surviving member of the previous highly advanced “Atlantean” civiliza‑
tion transmitted their knowledge to the members of the newly formed civilization,
which, however, was not prepared for this level of advanced knowledge. Therefore,
this knowledge had to be mediated through myths and legends. Acceptable and fun‑
damental knowledge for the recipients of this knowledge has been passed down
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through several generations both in writing (like the I‑Ching; Book of Transformations)[A22] and in the form of the teachings of the “old masters”. This would also ex‑
plain the current gaps and the lack of sources among some facts related to causation,
like the bagua.
However, a cataclysm of global proportions with such devastating conse‑
quences has legitimately marked the evolution of humanity on Earth and most likely
“revolutionized” it to launch a new evolution, partly built on the values and knowl‑
edge of the previous civilization. As several authors have stated, those who survived
the cataclysm have oriented the early growth of our civilization strongly towards
an understanding of calendar knowledge, and most importantly, toward the perio‑
dicity of cosmic phenomena so that they could actually predict the next catastrophe.
Subsequently, it took several millennia for the original and new knowledge to be re‑
cordable in some way. Such a development may not be particularly exceptional in the
context of the great periods of history. Regarding acupuncture, its historically first re‑
cords as well as the historical “dark vacuum” in the current history of acupuncture,
could be quite clear. Then, we can have at our disposal historically provable records
of the origin and development of what we call acupuncture today. This certainly does
not only apply to acupuncture as a whole, but also to the whole foundation of knowl‑
edge on which it is based.
Let us now examine analogies. Among the megalithic buildings, there are
pyramids, and not only these, located under the oceans all over the world as well.
Naive notions that these were tombs are already obsolete today. However, it would
also be very naive to assume that such technologically demanding buildings were
the work of folk architecture, which somehow entered mainstream empirical knowl‑
edge related to the pyramids today. Their construction must have been preceded by
deep knowledge, which probably in its time exceeded the level of our knowledge to‑
day. And also, the development of such knowledge could have been – and probably
was – different than the kind of development of knowledge know to our current civ‑
ilization. This is why there is such a problem in understanding the context in which
existing data does not correlate to a complete body of information, as is the case in
acupuncture. However, no one can doubt that this is a kind of knowledge from which
we still have much to learn, and can help us in developing contemporary science and,
above all, the entire scope of contemporary knowledge, not just areas of knowledge.
This is evidenced by new knowledge about construction, technology or even acoustic
manifestations or energy information phenomena in the pyramids. At the same time,
we do not even understand many phenomena and we have to correct our originally
naive ideas. It is also made more difficult by the fact of considering long periods of
time, around 12,000 – 13,000 years. The pyramids themselves underwent a change
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due not only to the considerably long time frame, but also due to mudslides, natu‑
ral phenomena, vandalism, robbers, etc. It would be equally naive to assume that
what we call acupuncture today is the work of some folk healers and empires. Some
of the knowledge of acupuncture is too sophisticated for this, and some we may not
even know or understand yet. It is still an indisputable fact that most of the original
knowledge has been preserved in China and spread to other areas not only in the Far
East. However, the “modern” development of acupuncture over the last millennia has
been marked and determined primarily by Chinese culture.
Even in recent centuries, even in China itself, acupuncture has not been
easily embraced or adopted. Let us look at some of the facts when acupuncture and
traditional Chinese medicine have been put under very severe pressure in China,
and we shall state some of them:
• In the 19th century, pressure began to take over the scientific values of the West
in the countries of the East. (It is interesting that this pressure to take over the
scientific values of the West appeared at a time of Cartesian material-mechanis‑
tic understanding of the world in the West, which was certainly incompatible
with the understanding and knowledge of Tradition, even though we encoun‑
ter such attempts to interpret phenomena in the body (Therefore, the mutual
confrontation of this knowledge would necessarily represent a practically
insoluble problem at the time, the relics of which we still encounter to pres‑
ent day.
• In 1911, with the fall of the Manchu dynasty and the birth of the republic,
a strong reaction against tradition has intensified.
• In 1914, the then Chinese Minister of Education declared, “I decided to end Chi‑
nese medicine and no longer use Chinese medication.”
• With the growth of Maoism it became “incompatible with the scientific princi‑
ples of Marxism.”
• In 1954, the official propaganda stopped labeling traditional medicine as “feu‑
dal” and began calling it a “medical legacy of antiquity.”
• In 1958, Mao called the TCM a “great treasury” and personally used it.
• At the time of the Cultural Revolution, the theoretical principles of TCM were
adapted and Yang and Yin were described as a “model of dialectics”, but the
Theory of Wu Xing “inevitably led to a fall into idealism and metaphysics.”
To date, acupuncture is not universally accepted and we cannot sufficient‑
ly reconcile the theses, i. e. in research and in the interpretation of acupuncture. We
will deal with this in the following chapters. Nevertheless, acupuncture is develop‑
ing around the world and its interdisciplinary and multi-professional potential is sig‑
nificant. If we consider historical facts from another point of view, it is very highly
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probable that what we call acupuncture today is not the original and traditional folk
medicine developed mainly in China, but that it is – analogously so as far as the pyra‑
mids are concerned – a knowledge from the originally highly developed civilization
and its medicine, which can significantly advance our current medical knowledge
if we give it appropriate and deserved research and clinical attention. Much knowl‑
edge of acupuncture may be hidden from us, because we simply cannot know it by
our contemporary means yet. Archaeologists, discussing civilizations 12,000 years
old wonder why we have not yet found traces of the infrastructure of these civiliza‑
tions. We may have found something, but we didn’t know it. The Czech writer Lud‑
vik Soucek[A49] asked a very interesting question: if our descendants found tapes –
which were used by tape recorders – in a few hundred year, what would they think
it was? Here may be a clue to a possibly key answer. Therefore, let us not be afraid
to approach acupuncture without prejudice, to examine multidisciplinary and mul‑
ti-professional knowledge and to confront it with our current knowledge, and it will
certainly be to the benefit of everyone concerned, to our knowledge and our contem‑
porary medicine. Even exploring the true history and historical context of acupunc‑
ture has certainly not had its last word. Perhaps, new knowledge in this area will
significantly enrich our current knowledge.

A.2.1.2

Acupuncture and Western Medicine
In the context of acupuncture as an area of medicine, which is – unlike

almost all other medical disciplines that are based on biochemical foundations – al‑
most exclusively founded upon physical and energy information and whose position
in modern medicine still differs from other medical disciplines, some fundamen‑
tal philosophical, ethical and scientific questions are very relevant. To explain and
clarify the physical and energy information basis for acupuncture and its incorpo‑
ration into a real multidisciplinary cooperation within medicine, we have included
a chapter on basic physical concepts and principles to facilitate communication be‑
tween multidisciplinary teams now and in the future. Their solution is necessary
mainly because acupuncture, by its very nature, possesses a natural medical basis
for a multi-professional as well as comprehensive approach to research, diagnosis,
therapy and prevention. Built on a physical and energy information basis, its philos‑
ophy, research potential and other attributes most intersect with physics, quantum
mechanics, philosophy, psychology, rehabilitation and other scientific disciplines. On
the other hand, there are open questions between it, other medical disciplines and
some representatives of science, which partly stem from their different history and
development, but which require serious analysis and acceptable solutions that are in
the interests of everyone involved. We shall examine this more closely.
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Acupuncture has a tradition that stretches back several thousand years all
the way down across the entire history of this civilization. It can be considered one of
the oldest medical disciplines of all time. Over millennia, it has gone through several
stages of development, predominantly in the Asian environment of the Eastern cul‑
tural tradition, to spread in recent decades in a Western cultural environment with
a different history, different socio-social norms and different ways of thinking. And
of course with different terminology and understanding of Being. Under such condi‑
tions, it has begun to integrate into Western medicine in recent decades. From today’s
point of view, although it has the foundations that today’s science has only uncov‑
ered and confirmed in recent decades, Western medicine still opposes its acceptance
in many ways. To date, it is not a generally integrated part of medical education in
the West. In some places it is possible be performed by laity and non-physicians, and
in other places it is part of most post-graduate or supplementary education. Although
it is formally and legislatively established as a medical field, it is virtually tolerated
by lay people without a medical background, or “Chinese healers,” which seems to
be some kind of automatic qualification, even without properly validated medical
background. This therefore puts acupuncture into a field of a different medicine. It is
fortunately not the subject of interest from the omnipotent and medical-controlling
pharmacological complex, because it is economically unattractive for it. Almost noth‑
ing or only negligible resources are invested in its research, with very rare excep‑
tions. Of course, all these circumstances have a very negative impact on its profes‑
sionalization and systemic integration, although the interest among professional and
patient public is constantly growing, especially in the West.
On the other side of the spectrum in Western medicine, there is a consist‑
ent declaration of medical science as a support structure for latest and most contem‑
porary scientific knowledge. Its economic potential is completely incomparable with
acupuncture, it has an extensive research base, a sophisticated organizational, edu‑
cational and legislative system. In particular, the declared emphasis on the science of
Western medicine is supposed to distinguish it from the “non-scientific alternative,”
i. e. acupuncture, which “has something to it” nothing much to do with solid scientific
foundations.
Therefore, what are the scientific foundations of the latest findings in mod‑
ern science and in Western medicine? For the last hundred years, quantum mechan‑
ics has been developing within science and penetrating virtually all areas of science,
but modern Western medicine still rests on soma-psyche dualism, which is funda‑
mentally incompatible with quantum mechanics, and continues to accepts the divi‑
sion into functional and organic disorders. The question remains; where in quantum
mechanics is the boundary of morphology or organicity? EBM criteria, based on pos‑
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itivist and statistical criteria incompatible with state‑of‑the-art knowledge, are un‑
sustainable in the light of current knowledge and require a fundamental correction;
taking into account the current scientific knowledge, which was already discussed
in previous chapters. It is definitely necessary to take into account that Western med‑
icine is also a set of medical disciplines with different criteria for the possibilities of
objective evidence and therefore it is not possible to create universal criteria, but just
take into account current scientific knowledge and technical possibilities and prereq‑
uisites for obtaining what we call “objective evidence” taking into consideration oth‑
er planes of Being. In fact, Western medicine still focuses on the disease and not on
the patient, as evidenced by the valid and generally accepted International Statistical
Classification of Diseases and Related Health Problems. Overall, we can relatively pre‑
cisely define a particular disease at the level of symptomatology and syndromology,
but we cannot define a particular patient who ever remains a complex, multidimen‑
sional, and multi-plane being or entity, one which is unique and unreplicable. Let us
ask the question: is this really in line with the latest knowledge in current science? In
experiments and clinical studies, we create so‑called experimental or control groups,
but based on what criteria? The only apparent principle seems to be the one that the
so‑called control group does no possess the symptoms as the so‑called experimen‑
tal group? In large and randomized studies, the individuality of each person is not
and cannot be respected by their very nature and the way they are organized. Then
there is the methodological question of who and why is “blind” in the evaluation of
the so‑called blind or blinded studies? Are such studies scientifically acceptable in
the light of quantum mechanics at all? We assume a truly definitive recognizability
of the phenomenon with all the consequences and we support the priority of labo‑
ratory results over the entire clinical view, which is not in line with the findings of
current state‑of‑the-art science. Some positivist-mechanistic ideas about processes in
the organism still persist. We could substantially expand on this, but that is not the
purpose of our discourse. This is simply to illustrate Western medicine as the one de‑
claring compliance to and with its latest scientific findings. However, those are not
necessarily relevant in tackling the actual problem. Nevertheless, many researchers,
for lack of information related to modern scientific knowledge – including quantum
mechanics but also other sciences – are really honestly convinced of this claim. In
this process, too, we must take into account the great inertia of thought in the scientif‑
ic community, which, for objective reasons, is no longer compact and is way too spe‑
cialized, as we have said in the above sections.
Only by way of illustration – let us look at bio-rhythmological factors that
are very important for acupuncture as it is understood by Western medicine, even if
it is only a marginal way of understanding this area. At the same time, biorhythms
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can also objectively and fundamentally influence the results of experimental studies
in other medical disciplines as well.
We analyzed a group of over 2,000 patients at our clinic over seven select‑
ed and consecutive years. This set is relatively homogeneous in the long term, con‑
cerning diagnostic distribution. At the time of entry, each patient underwent a stand‑
ard electroacugraphic (EAG) examination at that time in two modes PE (biorhythm
points) and SU (consent points). Based on the measured values in the EAG, we calcu‑
lated for each year the so‑called statistical patient, which were averaged values found
in one year among all examined patients. We spanned the years from 1998 to 2004,
according to the characteristics of TCM (including the years of Tiger, Rabbit, Dragon,
Snake, Horse, Goat and Monkey). We asked ourselves the question that if each year
has a different characteristic in the TCM, whether it would be reflected in the char‑
acteristics of the average patient. We found that the results found in individual years
are also incomparable according to EAG results. Despite the fact that, as mentioned
above, these were relatively identical diagnostically each year, the values were quite
incomparable to one another. Based on the characteristics of the group, these differ‑
ences had to be caused by external biorhythmological factors according to character‑
istics of the TCM. Interestingly, the two EAGs were relatively commensurate in each
year and the differences stem only from differences in methodology and informative
value of the different EAGs, which strongly supports the conclusion that the differ‑
ences in the years are due to externalities. See the below Graph A.1.
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Statistical patient – female
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Statistical patient – periphery
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Statistical patient – SU points
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EAG analysis of acupunctural data

In spite of the fact that this analysis was published at the World Congress
of Acupuncture in Prague in 2005, it had not been met with a special response at that
time even in the acupuncture community, which at least in principle accepts bio‑
rhythmology. What can one expect from the rest of the medical community? Would
it not be at least worthwhile to consider this issue? And most importantly, if there is
such a statistically evoked clue, are the peer reviews or other parameters in different
years relevant at all in other areas? Research attention must certainly be given to this
issue as well. The basis of serious scientific study must be a constant confrontation of
knowledge and research, especially those facts that call into question the exactness
of previous procedures and constantly correct our procedures so that we eliminate
their shortcomings and look for new procedures without the identified errors. It can
rightly be argued that this is the only study of its kind, which has not yet been con‑
ducted at other places. It is possible to search for it and probably also find method‑
ologically problematic procedures. We only worked with values measured from the
retrospective analysis of the obtained data and not from the analysis of the current
clinical picture. Our goal was only to verify whether the biorhythmological pillars
of acupuncture theory have a really relevant basis, because many theoretical foun‑
dations of acupuncture have already been scientifically verified. At the very least,
this study suggests that the biorhythmological rules of acupuncture are relevant. It is
clear that confirming these findings would have far-reaching consequences in health
statistics and its interpretations, but also, it could ultimately lead to new contexts and
a new understanding of knowledge. The freely interpreted thesis of the Russian phys‑
icist and chemist and Nobel Prize Laureate Nikolay Nikolayevich Semyonov (1956)
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states, that facts are the most important in formulating a theory. But not those which
are in line with the theory, but those that contradict it and testify against it. This is
the dialectic in scientific knowledge. This is why we need to examine these contexts,
which bring us deeper knowledge and understanding of acupuncture. Exactness and
scientific procedures are in the interest of the entire medical community. But even
the latest knowledge of modern science, including quantum mechanics, should be‑
gin to accept medicine in the interest of science and to integrate it into its theoretical,
clinical and research concepts. After all, quantum mechanics has been expounded
for one century already.
Therefore, what is the development of contemporary medical thought in
recent decades and how is it influenced by objective historical facts? If we take the
textbooks of internal medicine from the beginning of the last century, they describe
the symptomatology and syndromology of classical internal diseases, and there is
no doubt about the accuracy of the description, whose authors were renowned ex‑
perts of the time. But if we look at symptoms today, it is obvious that it is no longer
accurate. The understanding of symptoms has changed. What could be attributed
this to? Undoubtedly, other factors have also changed, including lifestyle. Since the
beginning of the last century – and the advent of radio, television, radar and other
waves – their energy-information character has been spreading more broadly. This
has certainly had an impact on the image of the so‑called “civilizational diseases,”
but and not just that. The impact of these technologies in the energy information en‑
vironment is indisputable. But changes in medicine are not just about these factors.
The massive growth of the pharmaceutical industry, including antibiotics, vaccines,
laboratory methods, has significantly affected the medical thought and discourse. But
it has also modified the impact of medical technologies and practices on the popu‑
lation. After all, pharmacological lobbies also dominate medical education. All this,
of course, has an impact on the development of Western medicine and its criteria of
science.
Mutual trust between the therapist and the patient is certainly deteri‑
orating, and medicine is essentially in the process of dehumanization and increas‑
ingly becomes a set of modern technologies without a comprehensive knowledge of
the unique, multidimensional and multi-plane object of its interest; the patient. The
“chair of Hippocrates” is no longer looking the patient in the eye, and the exagger‑
ated and glorified “telemedicine” – without direct patient contact, event if presented
as a modern substitute for direct doctor visits – is just another dehumanizing factor
in medicine and its shift toward technology. These are also factors that participate
in a comparative discourse addressing acupuncture and contemporary Western me
dicine.
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However, if one looks at current “scientific” acupuncture objectively, one
must state that even here the findings of current state‑of‑the-art science do not domi‑
nate, although in theory there would be greater preconditions for a strict study of the
principles on which acupuncture is based. However, there still remain myths about
near and distant points, that with the predominance of the Yang setting, it is enough
to strengthen the Yin and the situation will adjust; a scientifically absurd thesis
about “fake acupuncture” or “placebo acupuncture” is being expounded in an effort
to accept the currently unsustainable criteria of EBM and make acupuncture studies
more “scientific”. Even in acupuncture, “traditional Chinese ideas” are declared at the
expense of scientific criteria, especially without efforts to translate these “traditional
ideas” into the language of modern science. The conventional Western diagnosis is ac‑
cepted, but not the patient. Using slang, so‑called “cookbook” – the set of recommend‑
ed points in Western diagnosis – does not correspond to the acupuncture classifica‑
tion of disorders and their application. Repetition of the same “set” of points during
the “course” without change – i. e. 10 times, regardless of the dynamics of the process
and the patient’s body – is often a common practice in acupuncture therapy. And we
could go on.
A critical examination covering all angles of the medical spectrum is essen‑
tial if we really want to move our knowledge further and understand that we have
a common set of goals; not only in medicine itself, but also in multidisciplinary co‑
operation. At the same time, it is necessary to accept the limits of our knowledge and
the exclusion of absolute recognizability of phenomena that result from a fundamen‑
tal knowledge of quantum mechanics. Somewhere in the development and postula‑
tion of medical philosophy is an objective problem that we must all address together
while respecting and taking into account all the specifics of each discipline. So let us
try to find it and look for ways to solve it. To do this, it is necessary to understand and
overcome many old relics – not only in medical thinking – by precisely accepting the
latest knowledge of current science. Clinical experience, current multidisciplinary
knowledge confirms the need to perceive, to understand and to realistically accept
the spiritual as well as the transcendental plane of humanity and to re‑examine the
values in the doctor-patient relationship considering these aspects. It would also be
appropriate to re‑evaluate the position of the doctor and his dynamics in current sci‑
entific and social events.
Let us examine science again. In its history, science has accumulated vast
amounts of partial knowledge among the gradually evolving fields of science, and the
amount of this knowledge is beyond the power of one individual to absorb or eval‑
uate it. In modern times, it is clearly true that science inherently works with prob‑
ability, because any knowledge is only probable and limited by the role of the ob‑
— 41 —

Chapter A

server and the limits in terms of the laws of quantum mechanics. Although it is still
true that general laws, especially in the natural sciences, including medicine, are
universally applicable and the main tools of science are to test scientific hypotheses
as objectively as possible – to create and verify them in the cognitive process – the
existence of universal polymaths is already ruled out. Therefore, specialization and
teamwork are required. However, this results in a gradual quantitative narrowing of
the range of knowledge for individual scientific disciplines and not only quantitative,
but especially the qualitative specializations. This process, which is now relatively
long, leads to a situation where it is practically impossible for individual specialized
disciplines to retain the entirety of scientific knowledge. This means that no scien‑
tist can cover all scientific knowledge, and this also applies to specialized scientific
teams. If we add the universal limits of knowledge, the situation is very complicated
and the quantitative integration of knowledge is at least very problematic. Therefore,
the practical and real application of all current scientific knowledge requires a longterm process. It is also necessary to overcome a certain conservative inertia within
the field, often to change paradigms and to reconsider or change entire thinking al‑
gorithms, including those that are determined by lobbies. This necessarily requires
a particularly arduous and long-term process for broad and increasingly specialized
disciplines, such as medicine. In addition, quantum mechanics changes the gen‑
eral paradigms of thinking, the degree of abstraction as well as relativization and
limitation of knowledge. It is therefore quite understandable that medicine has not
yet been able to cope with this. The only possible solution is a multidisciplinary ap‑
proach in research, prevention and clinical practice. At the same time, therapy based
on thorough multidisciplinary study and knowledge must remain in the exclusive
competence of physicians and therapists, because the personal and complex relation‑
ship between the physician or other therapists and patients cannot be fully replaced
by anything. This, in the intentions of quantum mechanics, also applies to the role of
the observer, where all participants in the process belong, including the patient.
Based on physical and energy information which has overtaken our civili‑
zation and been passed on to it in some way, acupuncture is perhaps the best founda‑
tion and interface for multidisciplinary cooperation. Of course, only if it will serious‑
ly and in the light of the most modern knowledge study and evaluate the knowledge
that has already been given to its when acupuncture was incorporated into contem‑
porary civilization. Not because it is the best, but because it was originally built on
the foundations that are, from today’s point of view, the closest of all branches of
medicine to the knowledge of modern quantum mechanics. This should be – and we
would like to believe it would be – its main contribution to today’s knowledge, only in
the area of medicine. In order to be better able to situation oneself in physical terms
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and subsequently in evolutionary contexts pertaining to acupuncture, we shall ad‑
dress them in the following chapter.

A.2.1.3

Physical Terms Important for Acupuncture

(Solár, Juraj; Solár, Gustáv; Solárová, Zlatica)
Since acupuncture uses direct inputs and interactions into the energy in‑
formation network at the level of medical applications, it requires a broader perspec‑
tive and puts greater demands on knowledge involving other natural sciences. Acu‑
puncture is thus the most suitable medical field for multi-professional study, because
it monitors, like no other, the entire system and its changes during each examina‑
tion and treatment. Today, the body’s energy information network can be described
by using physical principles. Therefore, for a comprehensive multi-professional ap‑
proach, it is necessary to get acquainted with the basic physical concepts, of course
with emphasis on the acupuncture point of view. However, this does not preclude the
need for a multi-professional and comprehensive approach in the other medical dis‑
ciplines mentioned in part in this publication. Much of modern medicine, including
the way of medical thinking, is based on biochemical-morphological foundations,
which suppress the complex view, and also, physical context is limited to instrumen‑
tation.
This chapter is certainly not intended to be a textbook of physics. Our task
is to bring together the physical concepts and knowledge needed for a full under‑
standing of the concepts used in acupuncture. It strives to create bridges between the
views of physicists and doctors on the issue, without which a full understanding of
acupuncture principles based on energy information networks is not possible. The
chapter should also be an inspiration for technicians and physicists or experts from
other fields for the needs of multi-professional research and cooperation. The role of
multi-professional cooperation is essential for understanding as well as developing
acupuncture, and not just internally within its own discipline.
Physics is a conservative science, but even here it is true that the greater the
range of knowledge and technologies that expand our observational capabilities, the
more issues and problems with established models must be addressed. A classic ex‑
ample is the rate of expansion of the universe, where the established physical model
has failed, and in order to preserve it, it was necessary to introduce concepts such as
dark matter and dark energy, even if the more correct designation is an unknown
form of matter and energy. These concepts were introduced by physicists in response
to observations that the expansion of the universe is accelerating in nature, and the
sum of the masses of the mass we observe would not allow the existence of the uni‑
verse in the form we observe, according to physical models. Despite the introduction
of these quantities and the new model of the universe, the amount of dark energy in
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the universe seems to be increasing, which is contrary to the law of conservation of
energy. In this chapter we will try to bring the general public closer to the medical
community through the prism of physicists and other technical sciences.

A.2.1.3.1

A Brief History of Materialism
Imagine flashes of fuzzy spots showing up in a haze exactly where you focused

your attention, and these flashes interconnect in paths following the direction of your observation. Straight lines regardless of the distances and apparent positions of the observed
points will always form the web of links that is created. At greater observation distances,
you will find that the interactions of the flashes within the web cause independently pulsating fuzzy objects whose motion is no longer directly dependent on your own observation,
but appear where you look for them as an observer. Under the term “pulsating,” imagine
their constant disappearance and reappearance. If you position yourself far enough from
these objects, you will find that they create energy connections between them, depending
on their movement in the aforementioned and primarily interactive haze, which conditions
the existence and properties of these objects. From yet another great distance you as an
observer of the energy bond will attend to a limited shape and a created space with the dimensions of depth, height and width, all of which are familiar to the senses.
This introduction visualizes the so‑called single-field theory, a superstring
theory

[A17]

that proceeds to visualize the events in quantum mechanics equations

with descriptions of matter all the way down to the atomic level. It is a form of in‑
terpretation of systems of mathematical equations reflected in the concepts we can
see as a kind of modern “mythology” derived from a metaphorical picture explaining
mathematical relations. Thanks to these mathematical calculations, we can predict
with a relevant degree of probability what the recorded photon traces of particle col‑
lisions will look like. Based on these equations, we can then describe the expected
phenomena affecting the behavior of objects in space and then verify them by astro‑
nomical observations.[A11]
We do not use the word “mythology” accidentally. The introductory met‑
aphorical visualization brings today’s notions of the world of quarks and particles
closer to the general public without needing detailed knowledge of physics and math‑
ematics. After adding a suitable story, it is easy to imagine how an oral history of a
fantastic world can create a compelling enough narrative with sufficient power to
be transmitted to future generations and preserved even after the demise of a civi
lization.
The early civilizations known for their breathtaking architecture left their
knowledge in a mythological story form. The mathematical relations used were
based on the so‑called sacred numbers derived from the dimensions of the Earth
and the cosmological relations of the planets with an emphasis on their harmonious
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arrangement, even including the mathematical foundations of music theory. Mathe‑
matical relations were also maintained in the form of temple and functional archi‑
tecture, while the buildings themselves were built to withstand the effects of time.
Their dimensions, shape, mutual distances and position in the world, regardless of
the boundaries of individual civilization centers, apparently also served as metrolog‑
ical standards.[A19] Today, the general public also suspects that the knowledge these
civilizations possessed was much greater than is officially admitted, and that many
inventions of the modern age have actually “only” been rediscovered. The medicine
of these civilizations was built on strong spiritual foundations and its material coun‑
terpart was based on the healing effects of minerals and extracts from plants and an‑
imals. She was under the tutelage of clergy, which in turn was subject to respecting
God’s laws.
The Hellenic (ancient) period, based on the knowledge of ancient civiliza‑
tions, brought to the Mediterranean the independence of scientific research in the
form of philosophy from the curatorship of temples and its division into various
philosophical schools and currents. In contrast to the Asian schools of philosophy,
here the emphasis was placed on the exceptional position and sensory perception
of man, and the foundations of an independent and materialist school were formed.
What we call polytheism in the natural peoples and ancient civilizations has been
transformed into stories of anthropomorphic and worship-needy gods as an original
story form of scientific knowledge of the Old and New Kingdoms, Egypt and Sumer.
An example of a possible allegory of real astronomical knowledge is the story of the
Clash of the Titans, where the government of Uranus (Úranos / Ouranos in Greek) was
overthrown by his youngest son Kronos (Saturnus in Latin). Kronos was ruled by his
youngest son Zeus (Jupiter / Dios in Latin). Mathematical models of the formation of
the solar system explain the reason for the exchange of the orbits of Uranus and Nep‑
tune by the gravitational “duel” of early Jupiter and Saturn in shaping their present
positions, of course in relation to the gravitational action of our central star, the Sun
(Helios in Greek, Sol in Latin later merged with Dios). The consequence of the early
wandering of the large planets is also the zone of asteroids behind the planet Mars
and the large presence of free surface water (not bound in the rocks) in the zone of
small rocky planets to which our Earth also belongs. This water does not correspond
in chemical composition to the water from the comets behind the Kuiper belt – the
area of the Oort cloud, which is in contrast to the older model of the solar system,
which states that surface water comes from the comets.[A1]
Certainly, the separation of humanity from the rest of nature also had con‑
sequences for medicine. Its spiritual dimension was narrowed to sacrificial offerings
to anthropomorphic deities, and medicine itself became more material.
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The monotheistic developments in civilization represented by Judaism and
later Christianity clearly profess the principle of an active God the Creator, who di‑
rectly enters into events affecting all material existence. In traditional Christian
philosophy, nature and the universe were understood to be living, where the Spirit
of the Creator, through the souls of each entity, resides in each material entity. The
Renaissance period marked a return to Plato’s ideas and an inclination towards the
principles of dualism; the separation of matter and spiritual nature. The leading fig‑
ured in science were believers who did not doubt the Creator and the interactive Di‑
vine presence, but described the properties of matter using mechanical relationships.
In early mechanistic philosophy, the material world was “degraded” to a perfect ma‑
chine. With the development of knowledge of the mechanical properties of matter,
more and more emphasis was placed in Western medicine on the material form of
treatment, and the spiritual dimension gradually lagged behind the process of treat‑
ment. God’s help was gradually relegated to become the last hope after all other pro‑
cedures failed, as we well see today. Isaac Newton (1643–1727), devoted most of his
time to optics but he certainly developed a mechanical theory which made it possible
to reliably predict the behavior of material objects as well as the energy represent‑
ed by the visible light spectrum. In the enlightenment mechanism, God’s role shifted
to being understood as the passive creator of a mechanical machine. The “scientific”
removal of the soul not only from inanimate matter, but also from animals, led to
the strengthening of materialism by Newton’s successors and their efforts to exclude
Divine presence and take it as far as to being excluded as Creator from the so‑called
scientific knowledge.
Seeing the world as a perfect stable mechanical machine was the first dis‑
rupted in the modern history of science by the theory of evolution based on the works
of Jean-Baptiste Lamarck (1744–1829) and Charles Darwin (1809–1882). Scientists re‑
turned the status of a living organism back to nature, where, after the act of creation,
God let his work develop independently by the principle of natural selection. This, on
the one hand, led extremes and provided a scientific justification for racism, and, on
the other hand, formally curtailed cruel animal experiments.[A33]
Developing a materialistic study of phenomena around us – in other words,
the increasing accuracy of measurements and estimation of results based on their
mathematical expression – have increasingly described the composition of matter.
The definition of chemical elements and the introduction of the periodic table, togeth‑
er with research into radioactivity, have led scientists to realize that the smallest and
indivisible element of matter, the atom, is in fact made up of smaller particles. New
findings in astronomy have also shown the inaccuracy of existing static models of
the universe.[A11] Albert Einstein (1879–1955) developed a special theory of relativi‑
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ty that extended the accuracy of Newtonian mechanics, and a general theory of rel‑
ativity, a unified theory of space, time and gravity. The general theory of relativity
defined matter as a form of energy, thus linking hitherto strictly separate entities.
Quantum mechanics, paradoxically incompatible with the general theory of relativi‑
ty, has shifted research into the subatomic world. The behavior of particles, deviating
from the hitherto used model and ideas, forced the scientific community to address
the limits scientific knowledge and assigned certain intelligence to the very building
blocks of matter,[A20],[A51] the so‑called vitalism. We will approach the basic principles
of quantum mechanics later.
Over time, science has increasingly separated from its early days of materi‑
alism under the curatorship of the Church. Scientists have become “priests of truth”
and science has become the newly worshiped “golden calf.”[A33] Perhaps because
of this, scientific discoveries are subject to a constant temptation; their misuse and
abuse to the detriment, destruction or domination of humanity. Materialism, espe‑
cially in its extreme form of physicalism, seeks at all costs to exclude God and spirit‑
uality from the scientific worldview and its discourse. This direction has offered us
amazing technological development, but it has definitely not improved the quality of
life, on the contrary, it has become a permanent stress factor. Of course, the trend has
also affected medicine. It is undeniable that the achievements of science have offered
the medical community amazing possibilities of instrumentation as well as the abili‑
ty to suppress disease symptoms as well as to solve disorders in the body with a wide
range of pharmaceuticals. On the other hand, these developments atomized medi‑
cine, particularized medical procedures, and dehumanized the physician-patient re‑
lationship. Amazing possibilities have led doctors to confuse their findings. For ex‑
ample, swapping the understanding of morphological changes as the body’s response
to a longer-term problem with the causes of a pathological condition. The trend is also
aided by the patients themselves who take their bodies as complex but usually repair‑
able machines, where external and hereditary influences can cause the disease and
not long-term unresolved problems and imbalances or the loss of spiritual support.
These attitudes and views are reflected in school curricula based on the works of
Louis Pasteur (1822–1895) who considers bacteria and viruses as the primary cause
of illness.
Achievements in materialistic science have pushed spirituality away from
official scientific research. At the same time, in popularizing science, the proponents
of physicalism somehow forget to emphasize important facts, which we will consider
in the next section. Medicine focused on the disease’s real causes – although marked
by the loss of evidence of its original scientific principles and passed on in mythologi‑
cal form, including traditional or natural medicine or acupuncture – has been main‑
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ly preserved in civilization centers where research into the life principles respected
its indivisibility as well as the indivisibility of the world as a whole. In traditional
procedures natural medicine has also survived in the so‑called primitive nations
that have remained closely connected to nature.[A33]

A.2.1.3.2

Neglected Facts of the Materialistic Description of the World
In publications covering popular science, physical or mathematical models

are presented as a reflection of reality. But this is the case. Each model is only a simu‑
lation, a simplified picture of reality. Phenomena that have a “negligible” effect on the
accuracy of the experimental result for the developed model are ignored. Definitions
often use non-existent terms such as a closed system, perfect vacuum, mass point,
ideal liquid or gas, etc. In particular, the table value of steel strength represents about
80 % of the maximum of the curve, because it is considered to be sufficiently safe.
The purity of the chemical solution is assessed according to the permitted percentage
tolerance for the presence of impurities. In medicine, we can cite the term average
patient, BMI index and so forth.
Hence, models generally use average statistical values. At the same time,
chaos theory – the mathematical model suitable for describing complex structures –
states that the sensitivity of initial conditions determines the degree of random be‑
havior of the observed system or set. Although, with longer-term observation or a
sufficiently large set the system is well definable and does not contain random pa‑
rameters. However, this theory definitely points to the fact that it is practically im‑
possible to predict the behavior of a particular entity in a given file. We can only
determine things in retrospect, and do so with a certain degree of accuracy while
considering the most important influences, which determine the current observed
state of a given entity. A classic example of such a set is the long-term direction of me‑
teorological phenomena, like the climate, and the example of a particular entity is the
specific meteorological state, i. e. the current weather. In practice this means that the
more exact the mathematical description of the phenomenon, the simpler the model
is in comparison to actual reality. The mannequin with marked acupuncture points
and paths of individual meridians is undoubtedly an excellent teaching aid. Howev‑
er, in the case of a real and specific patient, the acupuncturist must realistically iden‑
tify these points. It is not enough to project the model body onto the patient, even if
taking into account anatomical differences. The position of a particular point on the
patient is only approximate compared to a given model, even if the model usually de‑
termines the area with sufficient precision.
Physical constants represent average statistical values.[A33],[A51] Equations in
mathematics are simplified estimates of actual behavior in the material world and
defined their accuracy. In other words, the so‑called exact mathematical results are
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actually averaged and / or rounded values from the limit functions to which the real
measurements are related, even if they respect the probability variance according to
the Gaussian curve. Although mathematics is capable of abstract expressions, a good
example is the general expression of a surface in the form of an integral, but without
substituting specific conditions or values we do not get a practically usable result, for
instance, the formula for calculating the area of a particular shape. Natural numbers
themselves are an abstract expression of value, much like nouns in a language. Even
fixed geometric constants, which undoubtedly have a fixed a statistically unaffected
value, such as Ludolf’s number (pi) or Euler’s number, one we still cannot exactly ex‑
press. We can only approximate it depending on a chosen method.
Vitalism and evolutionism in physics as well as molecular biology have not
escaped the efforts to omit the Creator as an active participant in the events of the
sensory world. But despite amazing knowledge related to the functioning of living
matter and the phenomena affecting mental reactions, we have not been able to cre‑
ate a full-fledged living organism or to produce a truly sensory machine. Attempts
to imitate the behavior of living organisms in the form of the so‑called artificial in‑
telligence capable of learning – to self-expand or to re‑program the originally pro‑
grammed algorithms – have not led to a phenomenon where the automaton can gen‑
erally acquire new skills or knowledge using its appropriate program to cover all
possible scenarios. This effect is described in Rupert Sheldrake’s theory of morphic
fields[A34] in living organisms or crystallizing chemical solutions. The robotic device
program update must be contact-based or one that is “paired” when using wireless
technologies.
The evolutionary view of physical quantities[A33],[A51] as evolving entities is
based on Darwin’s theory of natural selection. To better understand this in physics,
it is appropriate to turn to the problematic facts of evolutionary theory as such. Evo‑
lutionary theory, supported by fossil finds, has many unanswered questions. To some
extent, the theory of natural selection can be accepted under conditions of justified
environmental pressure. However, so far, we have not been able to explain the evo‑
lutionary leaps characteristic of catastrophic events separating the various geologi‑
cal periods associated with the extinction of a huge number of species.[A4] The domi‑
nant species of the new geological period appear in primitive forms even before the
events leading to the great extinctions. The word “appear” is relevant because even
though we find related organisms to these newly appearing ones, we have absolutely
no paleontological evidence for direct developmental branches. Even morphological
innovations are “tested” on separate developmental lines that fall victim to extinc‑
tion. An example is the morphological similarity of Tiktaalik fish and therapeutic am‑
phibians.[A7] Living organisms do not develop in a way that permanently improves
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their abilities because the development is “only” sufficient to the current environ‑
mental pressure. After mastering it, natural selection serves as a stabilizing factor of
the acquired dynamic balance and is rather a guarantee of genetic preservation of
the acquired successful morphology. Generations taking over to occupy “power vac‑
uum” niche after a catastrophic event do not represent a more perfect species than
their predecessors. Moreover, they take over the proven morphological schemes of
previous extinct generations, even inter-generic ones, which do not correspond to
the idea of DNA evolution of self-evolving entities.[A48] One example is the beak of a
beaked mammal. Despite the global nature of the disasters separating various geolog‑
ical eras, species that are very sensitive to changes in the environment are also pre‑
served, subject to rapid extinction with a relatively small increase in environmental
pressure.
Despite the proposed notion of nature as a cruel and murderous mother
of all evolution – given the tiny percentage of today’s species as the ones which had
historically occurred on Earth – seems to give credence to chance as a materialistic
phenomenon, a comparison of the geological evolution of Earth and Venus, two sister
planets, indicates that even for the dynamic balance of the planet, all of this acts as
a life-stabilizing force.[A6],[A21],[A31] While conservative and equilibrium-inducing struc‑
tures lead toward entropy, dissipative forces on the other hand – like the thermody‑
namically open structures – evolve and their dynamic regime is in a sense in a repro‑
ducible and steady state.
Our material universe constantly evolves and indicates a dissipative rath‑
er than a conservative structure with its own form of intelligence. Entropy struc‑
tures are becoming the basis for newborn entities, an example being our solar sys‑
tem formed from supernova explosion material. If our material world is a learning
space, we as students have been too focused on specialization and have dispropor‑
tionate engaged in partial learning, using a course kit named materialism. It is no
coincidence that after more or less successful studying our lesson material we have
found this concept insufficient in explaining reality. As a result, we are faced with
more questions than our answers brought us. But it is difficult to get rid of bad habits.
Holistic medicine does not mean that the patient’s problem is addressed by a higher
number of specialized doctors with improved possibilities in diagnostics or by bring‑
ing in pharmaceutical treatments based on the study of the given individual’s genet‑
ic predispositions. Medicine, physics, mathematics, as well as other natural sciences
should return to their own roots and re‑examine, with humility and modesty, a wid‑
er range of philosophical possibilities that do not deny the constant presence of God.
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A.2.1.3.3

Definitions of Physical Entities within Acupuncture Correlations

A.2.1.3.3.1

Matter

Matter is a name collectively used for substance and field. The substance
is an entity that has a shape – atoms, molecules and bodies – unlike the field that we
assign to subatomic particles. Both have a non-zero mass, the so‑called rest mass, or
invariant mass, which was defined by Albert Einstein in his special theory of rel‑
ativity. We understand rest mass as the mass that was not affected by the speed of
matter. Since we are talking about speeds above 50,000 kilometers per second, in
our commonly perceived world, most terrestrial bodies have a measured mass that
is essentially equal to rest mass. The situation is different for cosmic bodies and sub‑
atomic particles. If the doctor looks at the patient’s physical condition, the concept
of speed-influenced mass has no practical meaning for him. However, the situation
changes dramatically in the study of psychological and energy information contexts,
which are entities important for understanding the mechanism of acupuncture pro‑
cesses.
A.2.1.3.3.2

Energy

Physics defines energy as the ability of a (physical) system to “do work.” It
is hence understood as a measure of all forms of motion of matter, because energy in
the form of work is represented by the force causing motion on a path or causing the
deformation of matter. The first law of thermodynamics says that in an isolated sys‑
tem, the total energy is constant. Energy does not arise nor disappears, but changes
its form. Qi is understood as the universal energy that takes up various forms. These
are functionally projected into the meridians and form their structure. The com‑
mon practice of considering Qi as an energy flowing throughout the body points to a
lack of understanding of physical principles. The notions of “flow” are the result of a
one-sided mechanical understanding of the world. From a physical point of view, Qi
is more of a physical system that has the potential to provide dynamic energy in the
form of a change in the physical characteristics of the system, which is essentially in‑
formation, as discussed below.
Energy is not a function of time. We can assign the time factor to changes in
energy, i. e. from a physical definition into “work.” Only once this change in energy
occurs, can we speak of information, and are able to directly measure it or register
it. We can hence measure the electromagnetic characteristics of the meridian, but we
certainly cannot measure Qi values directly. The time factor in classical mechanics
represents the principle of cause and effect. This principle is more complex in the
quantum mechanics mentioned below, as well as in the study of mental phenomena.
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It is sufficient to emphasize here that the body is not an isolated system; it
is a fractal of the holistic image of the world. Meridians communicate through the
exchange of forms of energy and pass on information. Hence, they are like microsys‑
tems or tendomuscular structures; they are part of the body’s energy information
system. In a way, we have opened the paradox of knowledge. If we want to know
how the clock works, we have to break it down and study the individual components.
However, the clock only works properly as a complete unit, not as a set of disassem‑
bled parts with their partial functionality. The information that the clock gives us re‑
lates to the distribution of the Earth’s rotation around the Sun. It is influenced by the
Moon and other cosmic bodies. The energy of this motion has a direct relationship to
our galaxy, the Milky Way, and its position. The energy of our galaxy is related to the
past and present events of our cluster of galaxies and the one we observe with the
universe, etc. We must be aware of the level at which we are examining our knowl‑
edge and the information obtained. As for medicine, this is a crucial factor.
Blockage on the meridian is a distortion of information, a shift out of the har‑
monic state. It is definitely not a stoppage of dynamics, but a change of its charac‑
teristics. Thus, in practice, the blockage manifests itself as an anomaly measurable
by various manifestations, such as acupunctural palpation examination of merid‑
ians, tactile sensitivity, while other phenomena. These include paresthesia, move‑
ment problems especially in tendomuscular meridian processes or a change in the
functional state of a certain organ, which, if left untreated, can develop into a somatic
or mental disorder with all its consequences. The acupuncture blockage is thus an
unwanted change in the energy characteristics of the meridian where fluctuations
in harmonic frequencies make it difficult or block inter as well as intra-meridian
communication possibilities, thus disrupting the energy information network. Sim‑
ply put, the blockage represents the need for a local increase in energy to maintain
the body’s communication flows. In principle, it is about the need for the body to in‑
vest excess energy in an overloaded organ system to communicate with other sys‑
tems. However, on the basis of the law of conservation of energy, other systems of
the organism with an energy deficit would then function, which increases the overall
demands of the body for energy expenditure and energy information exchange. The
body’s harmony is disturbed as a whole, in spite of the fact that the primary load is
on the parts of a particular system. This, however, disturbs the stability of the whole,
not only in the area of failure.
By definition, energy moves through space in the form of waves, i. e. oscil‑
lations. The wave is defined by the maximum value of the periodic oscillation, its am‑
plitude, and the frequency; the number of repetitions of the amplitudes in a given
time. In 1905, Albert Einstein published the relationship between matter and energy
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through the well-known equation in which energy of matter is equal to its mass mul‑
tiplied by the square of the speed of light. In researching the photoelectric effect, he
realized the true impact of Max Planck’s idea of energy quantization. In 1899, Planck
postulated a law of black body radiation in a paper for the Royal Prussian Academy
of Sciences. A year later, he published the term quantization, the theory that radia‑
tion energy can only be absorbed or radiated in whole parts. Einstein postulated that
energy couldn’t be divided into infinity, but only as multiples of Planck’s constant.
Quantum mechanics was born. One must stress that not only has the duality of mat‑
ter and energy been defined, but also this included a de facto definition of limits in
our ability to observe the manifestations of objective reality of the material world.
Simply put, matter is actually condensed energy as well as its manifestation, and is
therefore a form of information.
The uncertainty principle was formulated by Werner Karl Heisenberg
(1901–1976) in 1927. It specifies the theoretical limits of our ability to obtain absolute‑
ly accurate results related to the path and speed of electrons, i. e. their position and
their energy. This has serious consequences. Simply put, as an observer at the quan‑
tum level, we have to choose which quantity we want to measure more accurately
at the expense of the accuracy of the measurement of the second quantity, because
our possibilities are defined, even by the abovementioned Planck’s constant (see the
chapter A.2.1.4.9).
The principle of uncertainty and quantization literally swept away the
original view that it is possible to gain absolute knowledge of physical phenomena
as well as our reality down to the smallest detail. This applies not only to physics or
acupuncture, but also to all of medicine and must therefore modify our criteria in ev‑
idence-based medicine (EBM).
Quantum mechanics deals with phenomena on the frontier of the material
world, where it is extremely difficult to express oneself using terms from our mate‑
rial macro world and forces us to use metaphors. The development of quantum me‑
chanics and the effort to combine it with classical mechanics has led to theories that
return physics to a broader philosophical view beyond materialism or physicalism
and, to some extent, to an interest in spirituality; in the transcendental principles of
being.
Quantum mechanics has impacted concepts like cause and effect, the no‑
tion of space and distance or shape and time.[A15] For example, the interaction be‑
tween particles does not depend on their distance from each other, but on the observ‑
er. This fact led Einstein to make his renowned remark: “Quantum mechanics is very
impressive. But an inner voice tells me that it is not yet the real thing. The theory produces a good deal but hardly brings us closer to the secret of the Old One. I am at all events
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convinced that He does not play dice.” Niels Bohr, a great figure in quantum mechanics,
reportedly replied: “Einstein, stop telling God what to do.”
What does all of this mean for a physician in complex medicine? What the
physician perceives with the senses as the physical or somatic states of the patient is
the subject of classical mechanics. But the physical state is the result of interactions at
the quantum level, where the patient’s thoughts and spirituality play an important
role. The material world is composed of condensates of energy in the form of work,
that is, in a state of change, in other words, information. The processing of the infor‑
mation thus obtained, generally forms our material world at the macro level. This is
very close to the acupuncture view of existence as such and the physical state as a
manifestation or notation of the current state of the spiritual propensity.
As we have already mentioned, information in physics is a change in the
form of energy. We are currently talking about four basic interactions: gravitation‑
al, strong nuclear – in lay terms meaning how the atomic nuclei are held together –
weak (how particles are held together), and electromagnetic. The transformation and
distribution of energy and force interactions within the meridians can be found in
Tab. A.6.
At this point it is necessary to emphasize that all our physical senses in
material reality function on the principle of assessing changes in electromagnetic
fields. Our sensory cells operate on the piezoelectric principle (the change of elec‑
tromagnetic field by changes in mechanical pressure, senses of touch and hearing),
chemo-electric (change of electromagnetic field based on chemical reaction, senses of
smell and taste) and then photoelectric (change of electromagnetic field by reaction
with photons, senses of sight and thermo-sensory skin sensations). Let us use an ex‑
ample. The carrier of electromagnetic information is a photon. From the Sun, light an
electromagnetic wave hits the leaf of a plant capable of photosynthesis in the visible
spectrum. It uses its red and blue spectrum and emits photons in the green visible
spectrum. This is the information we get as observers after the interaction of photons
with our sense organs, the eyes. The resulting electromagnetic impulse is transmit‑
ted by our nerves to the brain, where a virtual image of the green leaf is created. But
we are actually evaluating the hologram from the residual spectra of electromagnet‑
ic radiation, not the actual appearance of the leaf. What we perceive is a physically
impoverished holographic image of reality. On the other hand, this hologram is suffi‑
cient for our practical orientation. The same applies if the examining physician, act‑
ing as the observer, describes and assesses individual symptoms.
Similarly, it is possible to perceive projections, acupuncture microsystems
based on the fractal principle. A fractal is a complex structure formed by individual‑
ly replicated shapes in a definable mathematical sequence: the principle of similarity
— 54 —

Chapter A

of large and small objects and a projection of complex objects into smaller structures.
Again, we can more easily observe and define their relationships on basic objects, but
to describe a complex phenomenon, we must “multiply” these relationships, usually
using mathematical sequences. In acupuncture, we know the relationships between
elements and meridians, but this is not enough for a comprehensive diagnosis. Diag‑
nostics based solely on individual elements and meridians is insufficient.
Acupuncture affects the entire system at the currently maximum level of its
assessment possibilities, despite the complexity of the system and the impossibility of
possessing full knowledge on the matter. Therefore, it is very important that the doc‑
tor is properly trained in the field. Otherwise, with a low level of knowledge he runs
a real risk of harming the patient even with best intentions.
A.2.1.3.3.3

Space-time

Time and space is one of the most complicated concepts in physics. While
the classical Newtonian mechanics postulates time as a constant given by the se‑
quence of events from information initiation to its reception or from the beginning of
events to its end after a given distance, i. e. space, a special theory of relativity, which
still belongs to classical mechanics, uses time as a variable, hence time has a value
that varies due to the properties of the physical system. Figuratively, we can say that
since Albert Einstein time has also been relative in physics. In the general theory
of relativity, Einstein connected time with space, that is, the sequence of events and
their distance into one whole. In each case, classical mechanics takes time as a oneway sequence between cause and effect. Quantum mechanics, as mentioned above
in the double-slit experiment, seriously disrupted this view. In a quantum world, the
path between cause and effect is bidirectional, the rate of interaction is independent
of distance, and a phenomenon can have multiple causes and effects simultaneous‑
ly. The so‑called time paradox is one of the reasons for the emergence of holographic
theory,[A18] where, very simply put, the time of the event is defined as the distance of
the observer from the event created by him and independent of the so‑called objec‑
tive cause and effect. The causes and consequences change continuously depending
on the distance of the observer. This model recalls changes in the subjective evalua‑
tion of the same event based on the acquisition of new experiences and stimuli. For
medical understanding it is very important to examine the possible influence of the
therapist on the sequence and timeline of events related to the patient’s medical con‑
dition.
It is necessary to emphasize that the world around us is made up of our
own – and mutually targeted, but mostly unconscious (untargeted) – interactions and
reactions of ourselves in the role of observers, transmitters as well as recipients of
information in the form of energy information impulses. The same applies in a situa‑
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tion where the doctor pre-judges the result of his examination before he undertakes
it, because he “programs” himself or herself and the result of his observation will be
influenced in his evaluation. This also holds true for the patient who for a variety of
reasons decides that the given therapy will or will not help, does not help, and hence
blocks the application of therapeutic mechanisms and complicates the entire therapy.

A.2.1.3.4

Definitions of Physical Interactions within Acupuncture
Correlations

A.2.1.3.4.1

Harmony

The notion of harmony is understood here as God-created (transcendently
anchored) harmony between all substances without direct interactions among them.
The German polymath and philosopher Gottfried Wilhelm Leibniz (1646–1716) called
it a natural harmony at the turn of the 17th and 18th centuries. In physics, the term
harmony refers to close or identical frequency characteristics and their multiples.
From a physical point of view, it is therefore a state when several physical systems
have the same or close natural frequencies. The natural frequency is a property of
the physical system, i. e. the natural frequency in a given energy state. A typical effect
of harmony from a physical point of view is the addition of the amplitudes of the nat‑
ural frequencies of the physical systems. This phenomenon is known as resonance
and is used both in the design of musical instruments and in medicine as well as
medical devices. From the energy information point of view, this is a situation where
the transmission of information is the least demanding, and in effect, most effective.
The natural frequency of the physical system represents its energy information po‑
tential and harmony allows this potential to possess a multiplier effect.
A.2.1.3.4.2

Dynamics

Dynamics generally deals with the influence of forces on the motion of a
body, which is described in quantum mechanics within the micro-world. For our
needs, we consider it as a change in movement through physical fields, hence as an
effect of force, or in other words, as information influence. Dynamic phenomena are
interactive and we are able to obtain information directly from them. We can get
information about a stable system only on the basis of its dynamic potential either
directly from the dynamic flow or indirectly from the dynamic response of the sys‑
tem. For example, the volume of fluid in an opaque closed vessel can be determined
directly by gradually discharging the fluid into a measuring vessel, or indirectly, by
evaluating the various sonar reflection characteristics of the fluid and the air in the
vessel. With a good diagnosis, the doctor examines the patient both in terms of his
or her direct reaction and the combination of body language as a form of reaction in
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the context of the preceding ones as it relates to similar stimulus and with the help of
other diagnostic procedures.
Stability is from a physical point of view defined as the maintenance of
properties without change over time. There is really no stable system in the long
term. A system can be seemingly stable if its entropy is very slow (conservative or
equilibrium systems), or its apparent stability is given by constant renewal through
energy intake and energy exchange (dissipative system), where we speak of a system
possessing dynamic stability. The understanding of dynamic stability can be easily
grasped by the medical community. In acupuncture we mean it to be exclusively dy‑
namic stability. Stability represents the potential for dynamic reactions.
Penetration on a physical model is represented by the ability of different
physical systems to harmonize certain physical properties during mutual metabo‑
lism. Hence, for example, it is a heat exchange, where a system with higher temper‑
atures transfers heat to a system with lower temperature until the temperatures of
both systems equalize. Penetration is represented here as heat exchange itself, under‑
stood as a kind of “work.” In other words, it is energy information flow. Penetration
in acupuncture contexts is understood as the penetration into the essence, as the un‑
derstanding and comprehension of the given phenomenon, subsequent information
interaction and then its evaluation; harmonization of information.
Harmony represents the energy information potential as usable energy. In
acupuncture this has been historically understood as the Yin component. Penetration
is the dynamic component and in acupuncture it is understood as the Yang compo‑
nent. Harmony cannot manifest without energy information flow, without penetra‑
tion, and conversely, penetration does not have the driving force necessary for its ex‑
istence without the potential for harmony.

A.2.1.3.5

Quantum Mechanics
What makes quantum mechanics unique compared to classical mechan‑

ics? Imagine the individually unique properties of the quantum world.[A15] Although
we shall to view them through the prism of individual concepts, they certainly do
function as a one whole. For example, to better grasp the principle of uncertainty it is
not possible to ignore the observer’s influence, probabilistic description and discrete
spectrum.
A.2.1.3.5.1

Probability Description

While certain values of probability are assigned to individual states in the
quantum system, it is not possible to determine them exactly. This means that the
result of the interaction is not always unambiguous, and it does not always lead to
the same result, nor is it possible to determine the final state of the experiment or
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phenomenon. However, it is possible to pre-judge limited options where we are able
to determine their probability. However, when evaluating interactions, it is still true
that “statistics are a good servant but a bad master”.
Each patient is unique and the same pathological stimulus may not cause
the same pathological condition. For example, hypothermia can cause sore throats,
low back pain, urinary problems, gynecological problems, but also heel pain or ear
problems. However, from the point of view of acupuncture, the kidney meridian,
which is harmful in the cold, is always affected, but the symptoms in this area can
differ. According to the patient’s condition before cooling down, we can probably pre‑
dict where the problem will occur, because it depends on many factors at all levels of
the body’s energy information network. Therefore, one cause can result in multiple
phenomena and vice versa. The action as a pollutant applies to the whole element of
WATER, including the bladder meridian, and the range of possible pathology is even
wider.
A.2.1.3.5.2

Quantum Superposition

A quantum object can exist in a state given by a linear combination of oth‑
er states. In other words, the particles exist in multiple (incompatible) states simul‑
taneously, until we affect this state as an observer. The well-known consideration of
Schrödinger’s cat deals with this phenomenon. By analogy, it can be said that in re‑
ality man is an observer of his own quantum state, and by his actions he determines
his final state of health already at the level of thoughts, while at God’s level he always
has all the possibilities at his disposal. That is why the spiritual level of the patient is
fundamentally important, and this is unfortunately not taken into account by West‑
ern medicine. As a warning to the doctor, his or her therapeutic input can help the
patient as well as accentuate the patient’s problem if the input is inappropriate.
A.2.1.3.5.3

Discrete Spectrum

In mathematics, the term discrete set means a group of specific numbers
without a range of values between them, for example a set that contains only prime
numbers. In quantum mechanics, some quantities can only acquire certain values.
For example, a spin electron as a quantum rotational momentum, can assume only
two values and nothing else in between. The concept of Yang and Yin (shown as a
solid and dashed line or a manifestation of dynamics or stability) is a suitable met‑
aphor for acupuncture. There is no “something in‑between” Yang or Yin. It is always
about their relationship or interaction. On the other hand, a change in discrete val‑
ues observed over a period of time can have a smooth (analog) course. Thus, there is
nothing between Yin and Yang, but it is possible to observe a gradual shift in their
relationship and interaction.
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A.2.1.3.5.4

Influence of the Observer on Measurement Results

Measurement leads to a change in the state of the measured object, and this
results in a possible dependency of the result on the order of these measurements. Let
us mention a well-known experiment with the passage of an electron through a lat‑
tice. We emit an electron from the emitter through a double slit (grid) to a photosen‑
sitive plate, where the trace of the electron is displayed. If we examine the plate we
see the expected points as‑if after the shot; after the electron had passed through one
slit as a particle of matter. If we observe the grating, an interference pattern appears
on the plate, the electron behaves like a wave (as in wave-particle dualism). If we let
the electron pass through the grating when observing the plate and then we draw
attention to this grating, instead of the expected stochastic (random) display of points,
there will be an interference pattern on the plate. Not only is it important what we
are observing as an observer, but when changing our choice of the observed object
the quantum subject is preserved according to the currently observed object, regard‑
less of the time sequence of cause and effect. Science is trying to explain this phe‑
nomenon under the influence of photons emitted by the observer, but the explanation
presented in this way is not satisfactory.
To illustrate this further, one can mention the so‑called phantom pain; the
kind of pain that the patient feels in the areas of an amputated limb, for instance,
which in this case can also be identified by energy information and the patient re‑
sponds to its “touch”. Phantom pain may or may not develop, depending on many fac‑
tors, but the patient’s attitude at all levels to limb loss is crucial. In this case, the pa‑
tient is also an “observer” who influences what is taking place.
It is also important to realize that in the quantum world our notion of the
chronology of cause and effect does not apply. Quantum space is interconnected in
terms of information regardless of distance and concepts such as dimension or time
in the classical sense do not make sense here. This space functions as an information
field formed exclusively by interactions caused by the observer’s influence (see also
quantum bonding). It is also necessary to emphasize again that one of the manifes‑
tations of these interactions is matter itself as well as material existence. This idea is
very close to the karmic principle of the cause-and-effect relationship. At the quan‑
tum level, it really is the case that we create the world through our thought and ac‑
tion. Making impact and harmonizing it through prayer are proven methods of com‑
prehensive treatment with demonstrable results.
A.2.1.3.5.5

Tunnel Phenomenon

Particles can, with a certain probability, penetrate into an area which is in‑
accessible to particles in classical mechanics, for example for lack of energy. They can
also bounce back from an obstacle to be surely overcome in classical mechanics. In
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advanced acupuncture practice it is possible to respect complexities of the patient’s
somatic, psychological, energy and spiritual level and in a legitimate manner achieve
results that would normally be considered unlikely or outright impossible, especial‑
ly when it comes to tackling the so‑called incurable diseases, where, certainly, tran‑
scendental influences play a key role.
A.2.1.3.5.6

Wave-Particle Dualism

Quantum objects can behave as waves (their momentum can be well locat‑
ed) or as particles (their position can be well located). This is mentioned at the begin‑
ning of this chapter. Matter is in fact a manifestation of information change in the
state of energy. In acupuncture, this type of dualism is expressed by the terms Yin
and Yang, their relationship and their dynamic balance.
A.2.1.3.5.7

Uncertainty Relation (Principle)

In one system, certain quantities are not exactly measurable at the same
time. Heisenberg’s uncertainty principle literally dispelled the notion of classical me‑
chanics that it was possible to obtain accurate results by improving measurement
instruments. In acupuncture and medicine in general, the doctor’s intuition, sup‑
ported by experience, is irreplaceable. Our material world is certainly not a pre-pro‑
grammed mechanical machine, and hence we can only assume result with only a
certain degree of probability.
The uncertainty principle rejected the notions of classical mechanics that it
is possible to obtain all the information related to observed systems. We are not lim‑
ited by the accuracy of measurement, but by the objective limitations of the quantum
world. In the world of classical mechanics, this can be compared to the principle of
chaos theory; the search for laws in complex phenomena and large, seemingly ran‑
dom sets. This means that we cannot predict how the phenomenon will occur, but we
have an opportunity to find out retrospectively what circumstances led to the cur‑
rent state. In other words, we are able to diagnose a certain level, but the prediction
of further development is always an estimate. See also section on electroacugraphy
(EAG).
As far as the magic square is concerned, we know which meridians of the
Yang and Yin chain are represented in the given expression. We know their trajec‑
tory for Fu‑Xi, Wen, S1 and S2 systems, but we cannot determine where a particular
meridian is in the chain rotation system at a given moment and thus cannot unequiv‑
ocally pre-judge its interactions.
A.2.1.3.5.8

Principle of Indistinguishability of Particles

Particles of one type cannot be distinguished from each other even in prin‑
ciple. When describing a chemical bond, for instance, it is not possible to assign a
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number to the particles. Simply, a helium atom contains two electrons. But we cannot
distinguish which electron we are observing. Moreover, we cannot even tell if we are
observing two electrons or two quantum states of a single electron. Very simply, in
the quantum world works on the “family” principle and not on a principle of “indi‑
viduality.”
In each community, in general, coexistence of individuals works at every
level of interaction. Self-identification or self-awareness of one’s own SELF in the
broadest sense of the word is not only understood exclusively as the delimitation of
one’s own identity, but also as awareness of the need for coexistence and participa‑
tion in one’s own surroundings at the level of SELF and YOU.
Finally, the current theory of evolution has finally freed itself from
neo-Darwinian notions, and today we know that cooperative bodies have the highest
level of success and evolutionary advantage. Let us use an example from among ter‑
restrial plants, which exist exclusively through cooperation with fungi. Even if they
are separate organisms, plants would not survive without fungi overgrowing their
root systems, at the tissue level, on land. Large extinctions have least affected com‑
munities of diverse organisms, which could be viewed as “cooperating.”
We could not survive without flora and fauna. An example is the intestinal
microbiota, but not only them. Different microorganisms living in our body definitely
communicate with the cells of our body and co‑create our personality, immunity and
functional harmony. From this point of view, the danger of antibiotic overuse is obvi‑
ous not only in the manifestations associated with digestive disorders. The change or
elimination of the harmonious intestinal flora and fauna does not affect only the di‑
gestive system, but also affects other organ systems as well as the psycho-regulatory
and energy information levels of the patient.
A.2.1.3.5.9

Quantum Coupling

The state of a system of two or more particles cannot be described sepa‑
rately. For example, the mass of a particle is determined not only by its individual
properties but also by its motion in space and its interaction with the Higgs boson.
This should be a clear challenge for today’s atomized medicine. There is no diagnosis
whose causes can be isolated from the patient’s overall condition, individuality, men‑
tal state, current environment or location on his spiritual path.
Different clinical manifestations of imbalances in one part of the system
are also a consequence of imbalance of all other parts of the system, because there
is no isolated imbalance of only one part of the system. Absolute quantification of ac‑
upuncture concepts is not possible without relation to the whole. Hence, only their
relative expression is possible and not in the sense of an exact physical unit. For in‑
stance, in electroacugraphy, it is not the absolute value of an electrical quantity that
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is relevant, but its relative expression in relation to other measured values. The same
applies to various table values of standardized variables popular in medical practice,
for example in BMI, table value of cholesterol etc.

A.2.1.3.6

Conclusion
One of the goals of this chapter, as well as the entire publication, is to point

out the unsoundness of some mechanistic medical perspectives. Of course, common
ideas can only change with great difficulty. Not so long ago, Jane Goodall[A16] had seri‑
ous trouble convincing colleagues that chimpanzees had cognitive intelligence, and
the generally accepted view was that animals were driven solely by instincts. To‑
day, we have successfully overcome this Cartesian notion, and we even acknowledge
cognitive abilities in some ancestors or plants. Perhaps it is just vanity which has re‑
mained. We are often forced to say, from a Cartesian point of view, that 99 percent of
our cognitive interactions are just innate instincts.
What does this all mean for the physician and the therapist in general?
First, we treat the patient, not the disease. It is really important to keep this rule in
mind because it is a fundamental axiom. At the same time, we always try to analyze
the problem as comprehensively as possible in both cross-sectional and longitudinal
dynamics. We must take into account that there are things that we often influence
subconsciously (at the quantum level), but they will definitely manifest somatically
only after some time (material level described by classical mechanics). And, on the
other hand, there are things that we cannot influence despite our conscious efforts.
We can also put together the causes of the patient’s current condition if we are suf‑
ficiently consistent and unbiased in making our comprehensive assessment. But we
are certainly not able to predict the patient’s future with sufficient certainty. Fur‑
thermore, we must humbly acknowledge that, in principle, it follows from the laws of
physics that it is impossible to attain absolute knowledge.
The therapist’s knowledge, the level of this knowledge, his or her personal
maturity and experience are not possible to be replicated or replaced. Of course, this
does not apply only to acupuncture. Healthcare cannot be only a matter for doctors
and health professionals; considering today’s level of knowledge, multi-professional
considerations are simply a necessity.

A.2.1.4

What Exactly Is Acupuncture?

(Solár, Gustáv; Solárová, Zlatica; Solár, Juraj)
The chapter on the history of acupuncture presented a possible historical
scenario, according to which it is very likely that what we term acupuncture today
comes from a preceding and highly developed civilization. This civilization had
knowledge and knowledge as well as technologies that ours have not yet been able
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to fully compete with, and which we cannot fully comprehend. One example is seen
in renowned structures, like the pyramids located around the world. They ever fas‑
cinate us with technology and still completely unattainable accuracy, not to mention
the ambiguity of their functions. Going back to acupuncture, it has long been called
official medicine, so far it is accepted in few countries as a medical field, in many it
can be performed by lay people without any medical education, and its representa‑
tives try to legitimize it by embracing some very problematic “science” criteria. Re‑
search and results then correspond with this development. Therefore, is acupuncture
an incompletely preserved part of a highly developed and very sophisticated med‑
icine whose history spans thousands of years, just like advanced knowledge pre‑
served in ancient architecture, and its hidden functions and technologies? Or is it
just a continuation of traditional folk medicine of China and later of other Eastern
nations, whose origins are lost to history?
When we trained acupuncture colleagues in the 1990s we emphasized ac‑
upuncture as a mathematically and logically accurate and exact science unlike other
medical disciplines. We have since found new mathematical and logical laws since
our journey began. However, the passage of time has proved us right, even though,
of course, there is more and more of what we do not know than what we do know.
However, this is not specific only to acupuncture; it is the case with knowledge in
all of its limitations. So let us examine acupuncture somewhat differently from what
is commonly stated in most publications on this subject. We will start our explora‑
tion with the oldest classical Chinese text – one which is 4,000 years old – I‑Ching, the
Book of Transformations. This book, on the one hand, began to be used for divination
during the Zhou dynasty some 3,200 years ago, but on the other hand, Confucius, ac‑
cording to some authors the greatest philosopher of ancient China, said that if he had
more time, he would dedicate 50 years to the study of this book. The Book of Trans‑
formations covers the basics of philosophy behind acupuncture as well as the basic
concepts that are also used in traditional Chinese medicine and acupuncture. We
shall examine the most important concepts in light of current knowledge. Here too,
one must remember that some of today’s interpretations are somewhat naïve. Fore
example, the designation of YIN as evil and YANG as good, but on the other hand, the
symbol of YIN and YANG was placed inside his personal coat of arms by the Danish
nuclear physicist Niels Bohr, the author of Bohr’s model of the atom and the Laureate
of the Nobel Prize in Physics. Let us therefore look at these basic concepts while main‑
taining their logical sequence. It should be emphasized at the outset that I‑Ching and
the entire “traditional” Chinese philosophy are based on cosmology, which we would
today call a “holistic” worldview.
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A.2.1.4.1

Cosmological Contexts of Acupuncture
All the way from first realizing one’s dependence on nature – like alternat‑

ing time cycles, watching the weather, obtaining food – one observes and describes
these in order to preserve life. Then, humanity has observed cosmological factors –
the rhythm of the Sun, the rhythm of the Moon, the movement of the stars in the sky
and related laws – and the different levels of calendars and so on. Ancient civiliza‑
tions considered the calendar to be one of the most important things in its existence,
because on its basis they were able to predict certain phenomena, not only cyclical
climate change, but also floods, cataclysms and other events, not only positive one
but especially the ones bringing destruction. One can see this on the megalithic
buildings as well as in its inclusion in various rituals. Later, humanity observed the
contexts, like the seasons and the movement of the Sun, Moon and planets and the
resulting laws. Exploring these connections is as old as humanity itself. The whole
philosophy of tradition has been based on cosmological principles and contexts. Let
us examine the findings from which some of the principles and rules of acupuncture
are derived. We have YANG and YIN, two principles that cannot be separated. There
is no day without night, light without darkness, and these are polar principles with‑
out a hierarchical arrangement, there are two solstices (summer and winter) and two
equinoxes (spring and autumn), which result in four seasons. In fact, we know five
of them in acupuncture, including Indian summer, which is a kind of neutral period
in terms of the characteristics of Yang and Yin. There are three levels; terrestrial, ce‑
lestial and between them human. Six energies: wind, heat, summer heat, dampness,
dryness and cold. All of these have their time periodicity. In addition, there are eight
trigrams of bagua representing eight basic elements. These form a cycle of four ba‑
gua arrangements, so we could go on. Of course, these “earthly” facts also have their
cosmic correlates. All these similarities between “small” and “large” cycles create
similarities typical of fractal structures, so we can also predict the existence of high‑
er-order cycles; cosmic cycles. The rule of Tradition – that which is above is also be‑
low – also expresses this fact. As a basic example of a small cycle, we can mention
one Earth orbit around the Sun, which is one year consisting of 12 months (analogy
with 12 body meridians). As its analogy, in one large cycle there is one Platonic year,
25,920 Earth years. Some sources say the length is only 25,700 years; a deviation of
less than 1 percent and hence a negligible number. It is the time in which the world
pole makes one closed cycle around the pole of the ecliptic. This Platonic year has
12 eons – an analogy of to 12 months – each lasting about 2,160 years. Each eon in the
Northern Hemisphere has its own zodiac constellation. Above the North Pole, how‑
ever, there are six so‑called polar constellations. In a precessional cycle lasting one
Platonic year, the world pole will make one complete circle around the ecliptic. The
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slope of the Earth’s axis causes six stars from different constellations to alternate in
the position of today’s Polaris in the Platonic year, creating six large time periods in
the “big” cycle, each with a different energy information characteristic and dominant
energy, which can be considered in the big cycle as fractal level of six energies in a
one-year cycle.
Platonic year = 25,920 years (72 × 360) and
4 higher-order cycles and
12 Eonov
1 higher-order cycle (18 × 360 = 6,480 years)
1 Eon (6 × 360 = 2,160 years)

Deneb

Alfirk

Alpha Herculis

Alpha
Draconis

Vega

Polaris

Precessionary circle

Fig. A.1

Precessionary stars and constellations in the Platonic year

The 6 energy information states stand based on the six
precessional inclinations of the Earth‘s axis and their
projections (at the North Pole of the Earth within the cycle
of “space years”)
The precession cycle is the time of orbit of the Center world
pole around the pole of the ecliptic.
El states are universal, have a fractal character and next
characteristics.

Vega

12,960 B. C.

Polaris
present

Precessionary circle

Fig. A.2

Energies as El states in the precession cycle
These cosmic connections and interactions of “small” and “large” bio‑

rhythms clearly indicate interconnected and fractal connections of energy informa‑
tion processes and cycles, which also affect the Earth and take place on it without
significant human impact on macro cycles and subsequent changes in “space weath‑
er” or climate change, which was also observed by the more advanced civilizations
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before us, so that they could anticipate these effects in time and prepare for them.
These are normal natural processes – without any “occult”, political or other conno‑
tations – influencing especially in “small” and individual cycles events in each body,
its current state and manifested primarily in the energy network of the body. They
form the essence of the so‑called external influences and pollutants, as understood
by Tradition. In addition to cyclic processes, this category includes geomagnetic field
disturbances, the effects of the solar wind and, among other things, situational dis‑
turbances and changes in atmospheric pressure and other physical processes, which
are ultimately part of total space processes and not isolated processes on Earth. They
need to be understood holistically. The ability to identify, diagnose and correct these
disorders in the energy information network caused by other complex factors – in‑
cluding intangible and spiritual ones – are the essence of the preventive action of ac‑
upuncture. In this sense, the laws of Tradition, formulated from their donors – from
more advanced previous civilizations – are also formulated. However, because these
are phenomena and processes that go beyond the possibilities of today’s medicine,
their study – and ultimately its complex diagnostics – requires a very wide multidis‑
ciplinary cooperation as well as a certain adjustment of the paradigms and philoso‑
phies in medicine as a whole. However, one must keep in mind that such changes can
only be the result of a long-term process of mutual cooperation.

A.2.1.4.2

Tao
Tao is the way according to traditional medicine. It is understood as the

general world law that is primordial, boundless and eternal. The Tao symbol is a cir‑
cle representing Yang and Yin in unity. “The uttered Tao is no longer Tao,” hence, it is
inexpressible, indescribable. It seems that the symbol of the Tao represents an entity.
Although it is composed of Yang and Yin functions, it is static and expresses immobil‑
ity. However, we know from the general theory of systems that the functions of Yang
and Yin have their dynamic and stabilizing aspect, and one that is different for Yang
and different for Yin. This results from their nature in the manifested world. Thus,
although the Tao seems stationary, in reality it has considerable potential represent‑
ing a dynamic balance, which is initiated by the input of information, because if one
of the functions of Yang or Yin is to manifest itself, the other must be released, and in
the process of change restore their mutual dynamic balance. If this were not the case,
the two functions would interfere with each other and could not form a whole, that
is, a structure and a system. From the point of view of functionality as well as struc‑
ture, functionality always dominates because it creates structure. In other words,
the functions of Yang (dynamics) and Yin (stability) together form the structure of
the Tao, and although it seems fixed, it has a significant potential for both functions.
Thus, the Tao is immobile only if it does not manifest itself, but it has a dynamic bal‑
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ance of both basic functions and hence possesses the energy potential of the entire
system.
These principles cannot exist without one other and are also complementa‑
ry. So if the Tao manifests, it does so only through dynamic balance of the Yang and
Yin functions. According to I‑Ching, these are also the subsequent stages of the mani‑
festation of the Tao; the creative starting point of reality. By the term reality we mean
all its levels, including spiritual, philosophical, psycho-regulatory, energy informa‑
tion, physical, material, etc.
According to Tradition, the Tao is a cosmo-ontological reality because it:
–– is a scattered body of the Universe,
–– is the universe of things,
–– is the way through which things return to their source,
–– is how things occur in the Universe,
–– is a universally present force,
–– is how the Universe occurs
–– is the source from which things emerge towards its identity.[A22]
What is above form is called Tao (the Way).
What is below form is called Qi (instrument, energy) – the Great Commen‑
tary).

A.2.1.4.3

Yang and Yin
Manifesting Tao’s creative potential, the two principles of Yang and Yin –

which together formed the structure of the Tao – have been released. They are the
“two sides of the same coin.” Neither of them can exist separately and in this dynam‑
ic they are part of the whole cosmos and every part of it.
Let us first examine the traditional interpretation of terms. Yang means
bright place (transmitted light), sunlight and therefore day, male principle, activity,
southern slope of the mountain but north bank of the river etc. Yin means dark place
(transmitted darkness), moonlight (reflection of sunlight) and therefore night, fem‑
inine principle, passivity and stability, the northern slope of the mountain, but the
southern bank of the river.
In modern terms, Yang and Yin represent the two most basic forces and
qualities of everything in the entire universe, and these two are mutually polar,
complementary, and inseparable, and they are dynamics and stability, activity and
passivity. Nothing can be absolutely Yin or absolutely Yang, because these two forces
cannot exist without each other and are the basis – in both qualitative and quantita‑
tive sense – of all phenomena from the most basic to the most complex and are an in‑
delible part of them. Polarity is also expressed within each phenomenon and is given
by its quality and quantity. For example, heat and summer heat; both are primarily
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Yang because they have high dynamics. But the summer heat is related to the heat of
Yang, because it has higher dynamics than heat with lower dynamics, and therefore
it is against the summer heat of the Yin. Heat, although against the summer hear of
Yin, has a higher dynamics than cold and therefore it is against the cold of Yang. This
example illustrates the mutual dynamics of these two forces and properties; their
variability and interchangeability. In Tradition, Yang is denoted by a solid line and
Yin by a dashed line, so it is a binary code 0–1 as used in computing but is already
known from the foundations of what we call acupuncture today. What is striking is
that from our current perspective and timeframe it is considered impossible that bi‑
nary code would be used at that stage of civilizational development. Of course, it is
never wise to a priori exclude new historical knowledge. It seems binary code was
at that time not a product of contemporary development, but an element which had
entered civilization from one that was more advanced. Only today, at this stage of our
civilizational development, is it possible to see it more clearly and to begin to deci‑
pher it.
Thus, we see that the terms Yang and Yin express, in today’s understanding,
a holistic view of each phenomenon containing all of its dynamics as well as stability
and its subtle inter-relationships. In this sense, they do not exclude abstract param‑
eters like consciousness, mind, psyche, or spirituality. These, of course, were under‑
stood differently by Tradition as compared to contemporary views. But this does not
necessarily change anything. What is truly remarkable is the fact that such an un‑
derstanding surpasses even today’s thinking, especially in medicine, which is still
burdened by materialism and the dualism generated by it, dividing phenomena into
somatic and mental. Moreover, its current theoretical and philosophical basis has not
yet surpassed the shadow of Newtonian physics.
One often meets with broad misunderstanding of concepts, like interpret‑
ing Yang as good and Yin as evil and referencing these polarities, including concepts
like the lack of light meaning darkness and the lack of darkness meaning light. It is
necessary to recall the fact that the concepts of good and evil are not quantitatively
polar, so good is not a state of lack of evil and vice versa. They are theological and
moral concepts of different qualities. Even the terms light and darkness have no con‑
notation in the Tradition of morality, ethics and theology, just as dynamics and sta‑
bility have no moral-ethical plus or minus sign in this sense. If Being only worked
with and through dynamics it would disintegrate because it would have no stability.
If it only had stability without dynamism, it would cease to exist. With a significant
excess of dynamics, stabilization is necessary and vice versa. Therefore, Yang and
Yin are essentially primary philosophical and physical concepts without a positive
or negative sign in the categories of good and evil. As basic quantities and character‑
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istics of all events in the Universe, they are neutral in terms of the evaluation of good
and evil and in this sense irrelevant to any ethical assessment or evaluation. Also,
they are not subject to any description or expression of spirituality.

A.2.1.4.4

Elements in Acupuncture
The Tradition uses baselines in the form of a binary code; a solid Yang

line with a numeric code 1 and a dashed line Yin with the numeric code 0. Combin‑
ing two lines, the bigrams, creates four options of bigrams with numerical coding
of the binary code – numbering and sequence is always from bottom to top – in the
forms 11, 10, 01 and 00. Each of these bigrams expresses a certain variant the dy‑
namic relationship of Yang and Yin, which contains both the information about the
characteristics of this relationship and the non-zero energy potential of such a dou‑
blet, which we can call the overall energy information state. The typical character‑
istics of these four states create four elements, which the Tradition characterizes as
elements – Wood, Fire, Metal and Water – in the order according to the cycle of birth
and dynamics of development. In this sequence, their binary code designation has
the order 11–10–01–00 and is repeated cyclically. The center (local and functional) of
these cyclically repeating sequences forms the element EARTH, which is balanced in
terms of Yang and Yin potential and represents everything created. These conditions
also correspond to the seasons in the Northern Hemisphere – the characteristic is
given by the exposure, which is the largest in summer and the smallest in the win‑
ter – spring, summer, fall and winter. At the same time, spring belongs to the WOOD
element, summer to the FIRE element, fall to the METAL element and winter to the
WATER element. The EARTH element is in the model arrangement of the cross or
the Tibetan pentagram in the middle of these four elements, as the central element.
While the initial elements of the cycle (WOOD and FIRE) show greater dynamics than
stability, the Yang characteristics predominate and are referred to as Yang elements,
and the other two elements, METAL and WATER, have a higher level of stabilization,
and are referred to as the Yin elements. While Yang grows in the first half of the cy‑
cle (spring and summer), the evolving Yang characteristic of spring is also called the
young Yang on the basis of bigram coding in the Tradition and at the time of its peak
in the summer as the old Yang. Analogously developing Yin in the fall is young Yin
and culminating in winter is old Yin. The balanced balance of Yang–Yin has a center,
the so‑called EARTH element, and it corresponds to the inter-season between the pre‑
dominance of Yang’s (spring and summer) and Yin’s periods (autumn and winter), i. e.
the “old summer”. This assumes the basic cyclic periodicity of the elements and their
dynamics as well as synchronization with a natural cycle in the most basic charac‑
teristics. We will address a more detailed interpretation of the characteristics of ele‑
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ments as complex phenomena, but first it is necessary to characterize the basic terms
used in this characteristic in order to better understand it.
We perceive everything in our environment through the senses. We refer
to the sum of external variable and perceived properties as a phenomenon or phenomena. Thus, phenomena are the most important features of the processes taking
place in the world.
If the phenomenon does not change in a certain period of time, we charac‑
terize it as a condition and, unlike the phenomenon, it lasts a longer period of time.
While the standard phenomenon is variable, a condition is relatively more stable in
its external manifestations.
The attractor is the hypothetical final state of the system to which the sys‑
tem ultimately possesses a propensity, but one that it cannot substantially reach, be‑
cause it would collapse while states cyclically intersect.
An object, image, word, sound, or character that represents something
based on similarity, association, or convention is a symbol. According to Annick de
Souzenelle,[A50] a French psychotherapist and writer, the symbol is part of the percep‑
tible world and the image corresponds to the archetype. It should be noted here that
many symbols have been and are being abused politically, ideologically or other‑
wise, and many have been and are being discredited and abused in this way, despite
the fact that their symbolic function is virtually irreplaceable and has extremely
deep historical roots probably extending beyond contemporary civilization. Unused
symbols usually differ from the original ones by inversion or incompleteness, like the
inverted swastika, a satanic cross with the vertical arm inverted, or a Masonic pyra‑
mid displayed only from the base without an underground part, etc. The symbols we
mention will be those in their original shape and hence we must take them without
other connotations, that is, only in their original meaning.
Archetype (from the Greek arché = the beginning and typos = form) is a
synonym for the primordial, original type, or original form.
The term universe means the whole Universe, everything that exists and
was created.
Simplified scheme of the phenomenon – a system of physical or ideal objects
that meet the basic relationships, properties and laws of the system – which is its pro‑
totype (its model or original), creates a model.
We shall now return to the characterization of elements. The element in
acupuncture is the archetype of energy information, a dynamic and natural
state of the universe. Let us now examine three characteristics in more detail. The
very concept of elements, by its very nature, covers only the material category of the
universe. Any correlations related to the spiritual plane may have, at most, only al‑
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legorical connections, but they have little in common with the characteristics of the
term element. The interpretation of the term element based on Tradition evokes the
idea that it has evolved on the basis of empirical observation and one over a longer
timeframe – seemingly across several generations – until it somehow stabilized more
or less on an allegorical level. Other observed properties and characteristics were
gradually added empirically to this level until today’s form, which is usually inter‑
preted as “traditional ideas”. However, given the accuracy and timelessness, in the
light of current knowledge, it is much more likely that the exact original interpreta‑
tion at that time was adjusted to be comprehensible to the then recipients of future
generations, strictly adhering to its basic rules of that knowledge as understood by
each contemporary science, but all of this within the framework of complex knowl‑
edge which surpasses the framework of science as it is understood today.
Therefore, what are its three basic components? The term energy-information component of an element expresses and contains energy and information
characteristics typical only for it. From a physical point of view, it has potential – the
ability to interact with energy – as well as the information component, which is a
manifestation of a change in its energy characteristics. Within these intentions, it is a
state whose history we can state with an approximate degree of certainty, as well as
one containing a prediction of subsequent phenomena.
The dynamic component of the element expresses the dynamics of such
a state, where despite its relative stability, these five basic states pass smoothly and
cyclically into each other, while this cycle is constantly repeated under normal cir‑
cumstances. In its simplest form this cycle can be displayed as a pentagram, a model
of this dynamics.
The natural component of the element expresses it as one of five natural
complex energy-information states into which material Being tends to organize with‑
in the whole Universe. Material Being therefore has these five basic natural attrac‑
tors, which constantly circulate and maintain a state of dynamic balance at highest
level.
Five energy information states – the five complex basic characteristics and
properties of the universe – are represented in every material entity based on the
principle of quantum superposition: universal state existing independently of the
observer (Fig. A.10). This has very serious consequences not only for physiology and
pathophysiology of acupuncture but also for medicine as a whole and should be the
subject of very intensive multidisciplinary research efforts. We shall return to this
important issue in the chapter concerning microsystems. More details from a physi‑
cal point of view are contained in the chapter on physics and acupuncture.
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A.2.1.4.5

Meridians in Acupuncture
There are different nomenclatures and abbreviations concerning meridi‑

ans in various publications, which is sometimes a problem. From our point of view
the relevant abbreviations of meridians do not have a universal logical structure.
Therefore, we use the Latin or Greek nomenclature so that it is generally medically
comprehensible in each language. Meridian abbreviations are based on this nomen‑
clature so that, in the case of a two-word designation, the abbreviation is the first let‑
ter of each word. If the name is one word, the two-letter abbreviation consists of the
first two letters of the name.
• CO (cor)

Meridian of the Heart

• IT (intestinum tenue)

Small Intestine Meridian

• VU (vesica urinaria)

Bladder Meridian

• RE (ren)

Renal Meridian

• PE (pericard)

Pericardial Meridian – Heart Area

• TC (tricalorium)

Triple Burner Meridian

• VF (vesica fellea)

Gallbladder Meridian

• HE (hepar)

Liver Meridian

• PU (pulmo)

Lung Meridian

• IC (intestinum crassum)

Colon Meridian

• VE (ventriculus)

Stomach Meridian

• LP (lien pancreas)

Spleen and Pancreas Meridian

Meridians in acupuncture, or, as they are sometimes called, acupuncture
pathways, are one of the basic components of the body’s energy information net‑
work. From the physical point of view, the meridians are a projection of energy in‑
formation manifestations; the changes in energy and information characteristics.
They are manifestations of changes in the characteristics of the fields of the energy
information network. Since any sensory sensations move in electromagnetic interac‑
tions, we also technically interpret the meridians in the electromagnetic spectrum,
including the possibilities of their instrumental monitoring. This means that the ac‑
upuncture finding can also be interpreted in this way, as described in the clinical
part, the chapter on electroacugraphy. The processes described so far concern only
the material plane of Being. But the meridian also represents a fractal projection of
higher-order dimensions, from morphogenetic fields to creation in the image of God.
Therefore, a disorder or imbalance in the meridian affects virtually all dimensions
of Being. Thus, it can be said that meridians participate not only in spiritual or tran‑
scendental communications of the body in the broadest sense of the word, which are
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not available for scientific research, but also in energy information communications,
of which we do not yet have sufficient knowledge, especially when it comes to mor‑
phic resonance, telepathic transmission, and so on. Naturally, this is not just the sole
“privilege” of acupuncture, but virtually of all phenomena.
To individual meridians one can add corresponding and appropriate types
of energies, forces, psychological and psycho-regulatory characteristics, somat‑
ic characteristics and more, however, this still does not suffice for a comprehensive
description. Without accepting other – including some unknown – communication
mechanisms and the science of materially unidentifiable transcendental character‑
istics, we would fall into a materialistic utopia. Of course, this does not mean that it is
not possible to gain extremely valuable knowledge through clinical practice. This is
not a consequence of scientific nihilism. It is only a categorical imperative that noth‑
ing can be considered as absolute and it is necessary to fully respect the individuality
of each person, each being, taking into account many common factors. The limits as
well as limitations of our knowledge in the materialist sciences have been described
by quantum mechanics. There are limits to our possibilities even in acupuncture,
not just in the natural sciences and in every field of knowledge, including cosmology.
One must respect this fact and realize that each piece of knowledge corresponds only
to a certain degree of probability. This limitation does not prevent us from constantly
improving our knowledge, but it makes it impossible, for example, to disrespect the
individuality of each being. The power of our knowledge in the medical sciences is
in understanding all known and established contexts, along with embracing real re‑
spect for higher laws contained in the transcendental dimension.
At the material level of the body there are several types of meridians con‑
sidered from the functional point of view, but also other systems of the body’s energy
information network. It was already Aristotle who formulated the maxim that “na‑
ture adapts the organ to the function and not the function of the organ”. Thus, one
can state that meridians are not anatomical structures to which we assign certain
functions, but are functional projections of energy information courses within in‑
dividual circuits, whose functional material center is the relevant organ or system.
And this is the place where pathology usually manifests itself most often. This is
valid for the mentioned 12 organ meridians. Their condensates – projections on the
body whose spatial localization is stable and measurable, like lower impedance and
increased capacity – which function essentially as retransmission points of these cir‑
cuits, are known as active or acupuncture points.
In the past, at our workplace we tested the possibilities mental influence on
the point, using the standard term at the time; mentopuncture. In hypnosis, after in‑
ducing local hypoalgesia – in order to eliminate possible disturbing algic or tactile
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injection effect – the observer monitored and described the acupuncture point, spe‑
cifically IC‑4, and described the seen and visually perceived morphological changes
of this point under the action of the needle, magnet, electrical stimulation, but also
the mental distance effect at a distance of about 2 meters. Under the influence of each
of these stimuli, the acupuncture point had a spherical shape and pulsed from a size
smaller than a pinhead to the size of an orange, and had the character of faint flash‑
es of light. This phenomenon of pulsating spherical flash in the visual assessment of
the stimulation effect of the acupuncture point, where the frequency fluctuated in
the range of 8 – 12 pulses per minute – roughly corresponding to the alpha rhythm –
lasted from the beginning of the point stimulation throughout the stimulation. Inter‑
estingly, this was also true in the case in mental influence over a greater distance.
The observer was very sensitive, but had no theoretical knowledge or ideas about ac‑
upuncture, and at the time was collaborating to study another issue. Likewise, the
physician who stimulated the point did not knowingly and purposefully had any
planned idea of how the point would react, nor did he know what result to expect.
Such knowledge was not known at the time. As far as acupuncture is concerned, we
have not made any such observations in this regard. Therefore, this result cannot be
assessed as per a systematically planned study, but only as an incentive. In these in‑
tentions, it must be evaluated objectively, but nevertheless confirming the observable
reaction of the point to the stimulus, which is probably electromagnetic, but which
in particular draws attention to the possible reaction of acupuncture points to dis‑
tance stimuli from the environment. This knowledge explains to the experienced
physician much of his own and not entirely explainable experience. To some extent,
it also explains the fact that point PU‑7, which is known for its massive and prompt
effect on burns – which we can also confirm from our own clinical experience – in
the treatment of acupuncturists. Treating a point with a doctor who is not a trained
acupuncturist usually does not have such a significant effect. Here it is possible to
suppress the consciously planned influence of the observer on what is happening in
the energy information system. The more accurate this “program” is, the more accu‑
rate its effect. However, it must be reiterated that this is not just in the domain of ac‑
upuncture and other clinical medical practice, but is part of many other disciplines.
Such communication is not known just between people, but also between a human
being and an animal, a plant, or among animals and plants. The experiments that the
British scientist Rupert Sheldrake[A33] did with these forms of communication are well
known. Even in the number of active points of individual meridians, it is possible to
predict a mathematical sequence that we do not yet know, but to do so with a high
level of probability.
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The energy characteristics of the meridians are certainly identifiable and
“measurable” by radioactive tracking using radioactive markers and localization of
their vectors and movement across the meridians, using the propagation of sound
and light waves, including longitudinal and transverse waves moving through the
meridians, within the domain of electromagnetic waves and their observation.
The two other meridians – the front middle (Jen‑Mo JM) and the rear mid‑
dle (Tu‑mo TM) do not have a material center in the form of an organ, but perform
a regulatory function for all Yang (TM) and Yin (JM) functional circuits, with which
they are connected. (Author’s note: there are no Latin names for these meridians, so
we keep the original traditional nomenclature in this publication.) Both of these me‑
ridians already belong to the so‑called octet of homeostatic, “miracle” or complex me‑
ridians, which, with the exception of TM and JM, do not have their own acupuncture
points, but always connect several meridians with their course and perform regula‑
tory and cooperative functions in the body’s energy information network.
To add to these standard meridians there are also fractal projections of or‑
gan and functional Voll meridians, fractal projections of body meridians in the Ko‑
rean Su Jok (hand-foot) system, and so‑called Byol meridians, which belong more
among microsystem projections. These fractal projections of the basic body meridi‑
ans are also “measurable” in the electromagnetic spectrum. By analogy, it is possible
to assume the existence of fractal meridian projections on each organ or body struc‑
ture, which are for the time being medically unusable as they are physically inacces‑
sible, but they represent an integral part of the body’s energy information network.
Tendomuscular meridians are a very important part of the energy informa‑
tion network. Their process is almost analogous to the main organ meridians, but it
can be assumed that the way information is disseminated is different, as they do not
have their own hotspots. Blockages also appear outside the active points of the or‑
gan meridians in muscle fibers during diagnosis. They are tested in the so‑called test
muscles, most of which are not present on the path of the relevant meridian. The sig‑
nal points (trigger points) are sensitive only if the relevant tendomuscular meridian
is in imbalance – which is an analogy with the pathology of the microsystems – and
the basic treatment of these meridians is done here. One should note that proteins
that are part of muscle fibers – actin and myosin, which is considered a “molecular
engine” because it creates strength and active directional movement in the cell by
ATP hydrolysis – are also found in plant roots.[A53] Imbalance in tendomuscular me‑
ridians not only causes tendomuscular pathology but also organ pathology, which is
important especially for rehabilitation and significantly expands its diagnostic and
therapeutic possibilities, while organ pathology also causes imbalance in tendo‑
muscular meridians. Understanding these mutual interconnections and projections
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throughout the entire body will certainly be of key importance for rehabilitation and
understanding of mutually reinforcing relationships which physiological and patho‑
logical contexts. This knowledge is expanding mainly on the basis of new diagnostic
techniques in modern acupuncture and also allows a better understanding of mul‑
ti-functionality and holistic views of individual parts of the body.

A.2.1.4.6

Microsystems in Acupuncture
Acupuncture defines microsystems differently[A32] but it is always a projec‑

tion of the entire body; as homuncula, pentagram, octagram, the projection of ele‑
ments, energies or bagua. According to the structure and dynamics, we distinguish
between homuncular, circular and rotational microsystems, which we will address
at length in the clinical part. There is practically no place on the surface of the body
that is not part of a microsystem, even in several layers and structures. These mi‑
crosystems are an immanent part of the body’s energy information network, have
different sizes, different structures and are in constant dynamic interaction not only
with the body’s energy information network, but with the entire universe’s energy
information system. This already implies the absurdity of concepts such as “false ac‑
upuncture” or “placebo” in acupuncture, which are the product, construct and a relic
of Cartesian thought. So what is then a physical system from a physical point of view?
The microsystem is a fractal structure, the projection of the entire organ‑
ism on its part, with different characteristics. There are more unresolved theoreti‑
cal and terminological issues here, for example can the entire spine be considered a
microsystem? The projection of the whole organism is even multiplied there, as ev‑
idenced by clinical experience. Despite all the knowledge so far, we are only in the
initial phase of learning about these relationships and contexts, which also require
a multidisciplinary approach. The whole body is basically composed of microsystems
with the result that each place in the body is projected onto various areas within the
body. But each projection signals different relationships, for example, nose projection
in the area of the dominant WOOD projection, or that of METAL, are not analogous.
Other interrelationships and relationships are projected on it. The comparison of
these relationships according to the projections in diagnostics enables a much more
complex approach and possibilities in etiopathological analysis among the findings
in relation to the entire body. This is true despite the fact that in acupuncture schools
use different microsystems, including Nogier ear acupuncture, Su Jok, ECIWO. But
what is practically unknown and unexplored is a comprehensive study of relation‑
ships and connections in the entire system of microsystems in relation to the energy
information network of the body as a whole and their overall use in clinical practice.
Such an approach would, of course, significantly enrich diagnostics and therapeutic
options. To do this, however, it is necessary to know the mechanism and regularities
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of multi-plane projections. This topic, which is very extensive and goes beyond the
scope of this publication, will be partially addressed in the chapter on complex diag‑
nostics in acupuncture, and not just in connection to microsystems.
In broader medicine, we are aware of the so‑called phantom pain, which
is pain in the removed and seemingly non-existent body part, which, however, per‑
sists for various reasons in the body’s energy information network and thus in the
projection of microsystems where the body part can be found physically and one
can speak of sensitivity to its projection. It is also clear from the fractal principle that
each microsystem consists of other microsystems of different structures – including
cross pentagram, hexagram, octagram – which overlap each other; they are detect‑
able in the same area. This division can be terminated practically only at the level
of the Planck’s constant, but not further, as it is a projection into matter. Simply put,
each microsystem is made up of smaller microsystems, but this division is only mate‑
rially possible down to the Planck’s constant, which is unimaginably small. From a
clinical point of view, it is important to know this in order understand interconnec‑
tions and synergies. In practice, however, again from a clinical point of view, it only
makes sense to take into account the size of the microsystem, which we can realisti‑
cally clinically distinguish and evaluate and possibly use therapeutically.
Choosing the type of microsystem to be used in the examined area of the
body depends on the physician doing the examination, but this directly influences
the interpretation of the finding by the influence of the observer. The findings on mi‑
crosystems located in two different areas – for instance the same eye projection on
the left forearm, where it is the predominant heat energy projection, and the right
forearm, where the projection of dryness energy information predominates – must
be interpreted in a broader context. Hence, it is necessary to take into account the lo‑
cation of the relevant projections as well as the relevant microsystem. Let us give an
example of the superposition of meridians on the breast. Several microsystems are
designed for it at the same time and we shall only list those that are clinically used:
cross, circular, rotating, vertical, horizontal, while each breast is still part of other
upper body microsystems. Thus, there are several positions of different projections,
each projection being configured differently. The examining physician decides on the
basis of methodology – or according to the clinical picture of the microsystem – what
to include in the examination procedure. Depending on the selected microsystem the
output of the examination will correspond to the characteristics of the examined mi‑
crosystem, but only by emphasizing another aspect of the same complex clinical pic‑
ture. At the same time, all projections can be in that locality simultaneously, but the
chosen and assessed projection is, from a quantum point of view, a choice made by
the observer. However, this must be taken into account when interpreting the find‑
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ings, and more diagnostic techniques must be used. From a clinical point of view,
therefore, examination of one microsystem is practically never enough to obtain a
relevant diagnostic or therapeutic basis. This would be a fundamental misunder‑
standing of the microsystem and its role in the body’s energy information network.

A.2.1.4.7

Triplets
The term triplet is generally defined as something that contains three ele‑

ments. In acupuncture and in using this term we mean a variant sequence of devel‑
opment in each complex component of the energy information network.[A36] The term
complex component of the energy information network means a component that
has a certain functional and energy information structure, including the meridian,
element, etc. As an example, each meridian in a circadian rhythm – for instance the
small intestine meridian (IT) in the circadian sequence – is based on developments
in the previous meridian; the meridian of the heart (CO) and also passes to the sub‑
sequent meridian, the bladder meridian (VU). Hence, in this consideration, it is at the
top of the triplet. The circadian sequence of the IT meridian can then be expressed
by the CO–IT–VU (see table). In principle, each complex component has its own initi‑
ation phase (in which it transforms from another complex component), a peak phase
(in which it peaks as its own complex component) and a transition or transformation
phase (in which it transforms into another complex component). But if we take the
triplet IT in bagua according to Fu‑Xi, then it has the configuration PU–IT–PE, in ba‑
gua according to Wen it has the configuration LP–IT–PE, in bagua S1 VF–IT–PE and
in bagua S2 configuration PE–IT–VU. In analogy, each of the meridians has its triplet
configurations in bagua octagrams but also in other contexts. This also gives the logic
and interconnectedness of individual meridians. Ultimately, all meridians are thus
interconnected, but each of these triplets is differently configured and thus function‑
ally structured. Each triplet has its own logic in any configuration, based on some
sequence.
Tab. A.2

Examples of meridian triplets by concatenation and the circadian
rhythm.
According to the
concatenation

According to the circadian
rhythm

Meridian PU

LP – PU – TC

HE – PU – IC

Meridian IT

VU – IT – VF

CO – IT – VU

Meridian LP

PE – LP – PU

VE – LP – CO

In spite of different possible configurations of triplets, they all have a clear
logic in each relationship. One meridian is determined by several triplets analogous‑
ly, such as codon in genetics. Also, arrangement of the elements in the pentagram is
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determined by several triplets according to the functional relationships of the ele‑
ments in the pentagram. For instance, the cycle of the birth of WOOD passes into FIRE
and in turn into EARTH. The element FIRE is thus determined in the birth cycle by
the triplet WOOD – FIRE – EARTH. Even in this case, the FIRE triplet, or any other ele‑
ment, may have a different arrangement, according to the functional relationships in
the pentagram. These relationships through triplets determine the physiological and
pathological dynamics and relationships of meridians and elements. Similarly, triplet
configurations can be superseded in the active point sequences of individual merid‑
ians. Here, too, analogies with genetics are evident. Diverse characteristics of triplets
most likely have hitherto unknown mathematical characteristics, which may be the
subject of detailed analyses in the future.
Complex multi-plane and multidimensional, functional triplet connections
can be interpreted from a physical point of view as a manifestation of interactions in
quantum space. This means that specifically before selecting a triplet in interpreta‑
tion, all triplets work as a whole. This whole represents several current states form‑
ing one complex and indivisible whole. It is up to the observer, the person perform‑
ing the examination, which option he currently considers the most important in the
process of diagnosis and treatment of a particular patient. However, it must be em‑
phasized that all possibilities and relationships objectively exist at the same time. By
choosing a diagnostician, a therapist – and hence an observer – the areas in consider‑
ation will come to the forefront. This involves a complex form of energy information
states at quantum level. In both cases, all components of the quantum space partici‑
pate in the interactions, the choice is on the observer (physician), and is determined
only by the currently perceived energy information state. Seemingly separate enti‑
ties or properties are, in fact, only the maxims of the functional bonds of the whole
space or system. Without direct connections with quantum space, a simply described
phenomenon cannot exist. We can define terms such as mass or meridian or their
triplets, but without direct interaction with the energy information field, these phe‑
nomena cannot really exist. This also applies to an organism that seems to function
as a separate entity, but is still, figuratively speaking, only the tip of the iceberg of
complex and fractally arranged energy-information ties in relation to the body with‑
out which would its existence be impossible. By his decision, the examining physi‑
cian selects the observed relationships and assesses them. Simply put, the individual
determines a certain “package” of possible examinations and draws a diagnostic con‑
clusion from them. He cannot choose all the existing possibilities and relationships,
mainly because he cannot even know them in all of their dimensions and contexts.
Every diagnostician and therapist should be aware of this at all times. Of course, in
special cases of necessary differential diagnostic consideration, he has the opportuni‑
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ty to choose a combination of several known options, even in therapy, which is a sig‑
nificant and significant bonus for acupuncture and rehabilitation in relation to other
fields of medicine.
Let us now look at the generally fundamental aspect of the above selection
from the perspective of both the patient and the diagnostician or therapist. The pos‑
sibility and also the need to choose from a large number of co‑existing variants is
morally, ethically and spiritually determined primarily by the non-material dimen‑
sion, which makes it inaccessible to any direct scientific evidence. One must accept
the transcendent dimension is not a hypothetical construct but a form of the immate‑
rial Being, which has been often empirically confirmed to have penetrated into mate‑
rial dimensions, into eschatological practice. It permeates all dimensions, because it
is inextricably linked with the Creator and thus with the initiation of its existence. He
creates and determines his own axiological system and its hierarchical arrangement.
The individual axiological hierarchy itself is an emanation of the highest universal
Divine principle of harmony and creation, filtered through the free will of each in‑
dividual. Disruption of this continuity of harmonization leads to destabilization of
the entire system in the material dimensions, its integrity and, consequently, often
leads to serious disorders of the body at all levels. This is true of every being, even
if it does not realize it and does not consciously accept the transcendent. Self-deter‑
mination through the psycho-regulatory dimension (free choice) applies here. The fi‑
nal consequence of the selected variant then manifests itself in all dimensions and
determines the state of the whole system and its various manifestations, as well as
the possibilities of further selection and its correction. From a medical point of view,
this is the most important etiopathogenetic factor of the current state of the body, its
potential harmony and dynamics. Therefore, a thorough analysis of the anamnestic
data (see clinical section) and the patient’s spiritual setting and the resulting individ‑
ual axiological hierarchy is so important. However, the evaluation of the examining
physician is also determined by the role of the observer, with all the consequences
and limits of knowledge and the result only at a certain degree of probability. This in‑
creases within the limits of the quality and quantity of relevant information analyz‑
ed. Their processing also depends on the personal maturity of the observer and his
ability of empathic resonance with the observed (investigated) subject. The study of
this issue is primarily the domain of theological, philosophical and psychological dis‑
ciplines. However, a measurable picture of the state of the energy information system
in acupuncture diagnostics (see the chapter on acupuncture diagnostics) provides a
lot of material data for such determined analyses.
Having made these crucial remarks, we shall return to the body’s energy
information system. From a rehabilitation point of view, let us also mention some
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lesser-known medical contexts using the example of traumatic bone damage (frac‑
tures), where there is definitely not only local mechanical damage. A complex influ‑
ence on the whole body is transmitted through the energy information network. The
projection of the microsystem on the bone, in the form of a vertical pentagram, which
we present elsewhere is analogous to a projection in ECIWOO. In traumatic injury, all
levels of the body are altered at virtually all levels. In locating trauma with regard to
organ projections and functional manifestations of the body, these may also show in
other parts of the body corresponding to the affected projections in the microsystems.
For example, a trauma or scar-induced blockage on one or more meridians or other
energy information structures can cause completely different clinical symptoms in
another part of the body. This determines the possibilities of the manifestation of the
problem in another location in the body and their identification in diagnostics. Over
a long timeframe we have had this experience not only in our workplace, but certain‑
ly every experienced and comprehensive acupuncturist has encountered this. There‑
fore, it is necessary to reconsider the view of the so‑called local findings, as we un‑
derstand them in Western medicine, but also the acupuncture myth of points of local
significance, because they can only be a projection of a completely different problem
of the body.

A.2.1.4.8

Concatenation
In acupuncture, concatenation refers to a state in which a certain sequence

of triplets or other energy information structures is cyclically repeated. In genetics
this refers to the three nucleotide pairs in a DNA molecule, or mRNA, that make up a
codon. This determines the inclusion of the amino acid in the polypeptide chain and
is part of the genetic code, which consists of 64 codons. There are also analogies with
the energy information system of acupuncture, like 64 hexagrams in the I‑Ching.[A36]
In this section, we derive the basic Yang and Yin concatenations. We base
ourselves primarily on physical concepts and relationships, as well as on the merid‑
ians that make up the bagua, of which there are eight. Of the total of twelve organ
meridians, there are eight meridians in both original bagua, namely the renal me‑
ridian (RE), bladder (VU), small intestine (IT), gallbladder (VF), spleen and pancreas
(LP), lung (PU), triple burner (TC) and pericardium (PE). These eight meridians are
also in the table of the I‑Ching,[A22] but they are not listed in them as meridians, but
as trigrams. Therefore, we have assigned individual meridians to these trigrams ac‑
cording to the following table, based on Tradition and sources from the oldest known
sources, but also corresponding with modern knowledge.
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Tab. A.3

Trigrams
Chinese
name

Meaning

Attribute

Chinese
symbol

Family
relationship

LP

Chyan

The
Creative

strong

heaven,
sky

father

RE

Kun

The
Receptive

devoted,
yielding

ground,
earth

mother

PU

Li

The
Clinging

light-giving

fire, glow

second daughter

VU

Kan

the
Abysmal

dangerous

water

second son

IT

Tui

The Joyous

pleasure

lake,
marsh

third daughter

PE

Ken

Keeping
Still

resting,
stand-still

mountain

third son

TC

Chen

The
Arousing

inciting
movement

thunder

first son

VF

Hsun

The Gentle

penetrating

wind, air

first daughter

Trigram Meridian

In the table, the trigrams are arranged according to the basic Fu‑Xi ba‑
gua, whose arrangement is perfectly harmonious. The spatial arrangement of these
trigrams in bagua according to Fu‑Xi is in Fig. A.3.
LP

Fu‑Xi

Sky

IT

Lake

VF

Chyan

Wind

Hsun

Tui

PU

VU

Fire

Water

Li

Kan

TC

PE

Thunder

Chen

Mountain

RE

Earth

Ken

Kun

Fig. A.3

Spatial arrangement of trigrams in bagua according to Fu‑Xi
If one replaces trigrams in the same arrangement with assigned meridians,

we get such a representation of two originally known bagua, the bagua according
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to Fu‑Xi, showing the harmonic, original state of things. Bagua, according to Wen,
triggers the dynamics that return to a harmonic steady state after passing through
the other two bagua, and a new cycle begins. which is constantly repeated over four
bagua:
Fu‑Xi

LP

IT

PU
VF

PU

VF
VU

TC

RE

TC

PE
RE

Fig. A.4

Wen

IT
PE

LP
VU

Fu‑Xi and Wen bagua
Before we get to the concatenations on the basis of which we derived the

other two bagua forming a closed and dynamic cycle of all four bagua, we will brief‑
ly repeat some basic physical concepts from the previous chapter that we will work
with now. This is appropriate because these concepts refer to the characteristics of
meridians at all levels, which creates many interrelationships and relationships. Of
course these cannot be explicitly stated completely, therefore, we will focus only on
some that can contribute to a better understanding of the relationship between these
meridians.
Albert Einstein united time and space into a single space-time. He also he
combined matter and energy into a single entity. So we can talk not only about spacetime, but also about the energy-material entity.
Matter, energy, space, and time are categories that depend on the speed at
which a particle or body moves relative to us.
These basic categories can be assigned other categories directly related to
them, namely harmony, dynamics, penetration and stability.
If we combine these categories into interrelationships and relationships, we
get the following interrelationships and relationships, which are listed in Tab. A.4.
HARMONY belongs to the category of MATTER, which determines the quality and
character of matter. ENERGY belongs to DYNAMICS, which determines the nature of
energy action. SPACE is determined by its STABILITY. TIME, also understood as a se‑
quence of events, is determined by PENETRATION; the ability to penetrate and subse‑
quently process this sequence.
The basic relationships between these physical concepts are shown in the
following Tab. A.4.
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Tab. A.4

Basic and derived physical concepts
Basic and derived physical concepts
MATTER

HARMONY

ENERGY

DYNAMICS

SPACE

STABILITY

TIME

PENETRATION

If one combines the matter and energy categories, one can also combine
the categories of harmony and dynamics, because harmony and dynamics determine
matter as an attribute of substance and entity.
By analogy, if we combine time and space, space-time and its quality will
be determined by stability and penetration.
The relationships in the body’s energy information network are multidi‑
mensional and multi-plane and have their own logic and regularities.
As we mentioned in the previous section, meridians are manifestations
of fields that have a fixed arrangement, control the structures of the body and are
also carriers of information. It follows from their characteristics that each meridian
primarily affects its organ circuit, representing its material structure, but its action
in the body is complex. For instance, the meridian VF, even as traditionally under‑
stood, represents “penetration” in the sense of the mentioned categories. Its materi‑
al substrate is the organ circuit of the gallbladder and in this area its biological and
biochemical function, but also the psychological characteristics resulting from the
“ability to penetrate the essence of the problem”, its correct assessment (according
to Tradition, the gallbladder is “arbiter”). Imbalance of any of these characteristics
generates and influences, among other things, the emotion of anger, especially in the
tendomuscular course (tendency to spasms, which are mostly transient in nature),
dyspeptic symptoms related to the digestive functions of the gallbladder and the like.
Due to the complex with other meridians, it can also cause more complex states, like
migraines, vertebrogenic algias, etc. In this sense, all meridians are characterized in
traditional medicine. This is due to the characteristics of the meridian along with its
current complex interactions. Therefore, the assignment of individual meridians to
physical categories should be understood as the dominant but not exclusive projec‑
tions of individual parts of the complex energy information field of the organism into
individual organ systems. The following table shows the relationship of individual
meridians to individual physical categories.
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Tab. A.5

Physical categories and meridians

MATTER

RE (kidney meridian)

HARMONY

IT (small intestine meridian)

ENERGY

LP (spleen and pancreas meridian)

DYNAMICS

TC (triple burner meridian)

TIME

VU (bladder meridian)

PENETRATION

VF (gallbladder meridian)

SPACE

PU (lungs meridian)

STABILITY

PE (pericardial meridian)

The eight meridians that make up the bagua arrangements are included
in this system. The unclassified four meridians (CO, HE, VE and IC) are classified as
“higher meridians” and form the basis of the vertical structure of the acupuncture
pyramid model.
Tab. A.6

Forces interactions
Triplets and forces (interactions)
TIME

MATTER

PENETRATION
HARMONY

TIME

MATTER
PENETRATION

HARMONY
TIME

MATTER

PENETRATION
HARMONY

gravitation
electromagnetic
weak

SPACE

ENERGY
STABILITY

strong
gravitation
electromagnetic

DYNAMICS

SPACE
ENERGY

weak
strong
gravitation

DYNAMICS

electromagnetic
weak
strong

STABILITY

STABILITY
SPACE

ENERGY

DYNAMICS

The Tab. A.6 shows force interactions that are hypothetically dominant in
individual meridian pairs as well as the sequence of individual concatenations. The
left table shows the sequence forming the triplets of the individual meridians (bot‑
tom‑up). The sequence in the upper part of the table is cyclically repeated in the order
(from bottom to top) harmony – penetration – mass – time, which is actually a Yang
chain, while in the right part, the Yin chain is analogously displayed. In the down
part, the sequence dynamics – stability – energy – space is repeated. These sequences
determine the Yang and Yin concatenations. The Yang concatenation represents the
IT–VF–RE–VU meridian cycle, where the Yin meridian is the RE meridian and the
Yin concatenation the TC–PE–LP–PU, where the Yang meridian is the TC meridian.
The YANG chain has a YANG: YIN ratio of 3 : 1, the YIN chain has the opposite ratio,
1 : 3. Therefore, this also expresses polarity and inseparability and interconnected‑
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ness. The 3 : 1 ratio is also known in biology from genetics, i. e. from Mendel’s laws. At
the same time, not one chain is “pure”, meaning strictly YANG or just YIN, which is in
full accordance with Tradition, according to which YANG or YIN is not mutually sepa‑
rable. The same applies to the psycho-regulatory characteristics in Tab. A.7.
Tab. A.7

Basic and derived psycho-regulatory characteristics

Basic and derived psycho-regulatory characteristics
IDENTITY

ADAPTABILITY

POTENTIAL

DYNAMOGENESIS

CONSCIOUSNESS

INTEGRITY

EMPIRY

Tab. A.8
YANG

EMPATHY

Triplets, concatenation and interrelationships
concatenation
YIN
Psycho-regulatory triplets

IT, VF, RE, VU

TC, PE, LP, PU

TIME (VU)

MATTER (RE)

PENETRATION (VF)
HARMONY (IT)

TIME (VU)
MATTER (RE)

PENETRATION (VF)

SPACE (PU)

EMPIRY (VU)

ENERGY (LP)

IDENTITY (RE)

DYNAMICS (TC)

ADAPTABILITY (IT)

ENERGY (LP)

IDENTITY (RE)

STABILITY (PE)

SPACE (PU)
STABILITY (PE)

HARMONY (IT)

DYNAMICS (TC)

MATTER (RE)

ENERGY (LP)

HARMONY (IT)

DYNAMICS (TC)

TIME (VU)

IT, VF, RE, VU

SPACE (PU)

PENETRATION (VF) STABILITY (PE)

EMPATHY (VF)

TC, PE, LP, PU
CONSCIOUSNESS (PU)

POTENTIAL (LP)
INTEGRITY (PE)

DYNAMOGENESIS (TC)

EMPIRY (VU)

CONSCIOUSNESS (PU)

EMPATHY (VF)

INTEGRITY (PE)

EMPIRY (VU)

CONSCIOUSNESS (PU)

POTENTIAL (LP)

ADAPTABILITY (IT) DYNAMOGENESIS (TC)
IDENTITY (RE)

EMPATHY (VF)
ADAPTABILITY (IT)

POTENTIAL (LP)

INTEGRITY (PE)

DYNAMOGENESIS (TC)

These triplets, concatenations and interrelationships apply analogously to
the psycho-regulatory level and are shown in Tab. A.8.

A.2.1.4.9

Magic Square
If we want to better understand the construction, dynamics and other

contexts of bagua, we must proceed from the construction of a magic square with
9 squares, which in Tradition is also called “9 palaces”. Mathematically, we define a
magic square of order n as a square table containing all numbers from 1 to n² (9 in
this square) so that the sum of the numbers in each row, column and both diagonals
is the same, n (n² + 1) / 2 (in this square it is No. 15). The number 15 is a “magic num‑
ber” in this case, even though the magic square is not a magic but a mathematical
construct. According to the Chinese legend Lo Shu, this particular magic square ap‑
peared about 4,000 years ago and then in the 14th century it was already known in
Europe.
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A.2.1.4.9.1

Basic Magic Square for Bagua

4

9

2

3

5

7

8

1

6

Fig. A.5

PU, TC,
PE, LP

VF, RE,
VU, IT

Yang and Yin fields
according to bagua, number
5 is the Center

VU, IT,
VF, RE

TC, PE,
LP, PU

RE, VU,
IT, VF

PE, LP,
PU, TC

Magic square for bagua

4

9

2

3

5

7

8

1

6

Fig. A.6

LP, PU,
TC, PE

IT, VF,
RE, VU

LP, PU,
TC, PE

IT, VF,
RE, VU

PU, TC,
PE, LP

VF, RE,
VU, IT

Yang rotation sequence:
1–2–4–7 … 1

VU, IT,
VF, RE

TC, PE,
LP, PU

RE, VU,
IT, VF

PE, LP,
PU, TC

Yin rotation sequence:
9–8–6–3 … 9

Magic square, sequences
In the magic square and in the bagua circle, the projection of the ele‑

ments can be displayed as is known from the horizontal plane of the pyramid (see
A.2.1.4.13), or from Feng shui.
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4

2

9

yang

3

5

yin

8

yin

Fig. A.7

IT, VF,
RE, VU

yang

7

Center

yang

1

yin

PU, TC,
PE, LP

6

TC, PE,
LP, PU

LP, PU,
TC, PE

Earth/
Center

RE, VU,
IT, VF

VF, RE,
VU, IT

VU, IT,
VF, RE

PE, LP,
PU, TC

Magic square, elements
The circular representation of the magic square of element projection can

also illustrate individual Yang and Yin positions within elements, which represents
another of the many quantum super-positions and interconnections of meridians
and elements[A25]–[A30] in energy information network. The meridians of the Yang rota‑
tion do rotate in the Yang projections of the Earth, Wood and Metal, while the selected
beginning of the rotation according to the magic square of 9 palaces is in the projec‑
tion of the element WATER (in box no. 1 of the magic square). WATER has a common
localization of Yang and Yin projection and proceeds in the sequence of fields 1–2–4–
7…1, etc. The meridians of the Yin chain rotate in Yin projections of Earth, Metal and
Wood, while the selected beginning of their rotation is in the projection of the ele‑
ment Fire (box no. 9 of the magic square). Thus, at the top of Yang, the Yin rotation be‑
gins, which also has a common projection of Yang and Yin and goes in the sequence
of boxes 9–8–6–3…9 etc. The center of these rotations is the projection of Yang and Yin
of the element Earth (in box no. 5 of the magic square).

A.2.1.4.10

Bagua

Bagua (eight symbols), the octagram is eight trigrams, according to Tra‑
dition representing order and dynamics. Graphically represented, it can be shown in
a circle, but also in the magic square. According to Tradition, the first bagua was cre‑
ated by the mythical emperor Fu‑Xi and expressed the essential essence of things; the
original arrangement. Up was Heaven (qián) and down was Earth (kūn). The second
bagua dates back about 1,600 years later and is attributed to the King of Wen. There
is a triplet sequence between these bagua. If we follow the laws of succession using
triplets, we will find that there must be two more bagua, which we have called S1
and S2.
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Fu‑Xi

LP

IT

PU
VF

PU

VF
VU

TC

RE

TC

PE

IT
PE

RE

Fig. A.8

Wen

LP
VU

Fu‑Shi and Wen bagua
These two traditional and generally accepted acupuncture bagua are most‑

ly understood and accepted only traditionally and without special examination of the
connections and relationships between them. Only through their analysis via merid‑
ian triplets can we see a logical and mathematical connection and sequence between
them. This fact basically rules out their mythical origins.
S2

PE
VU

IT

LP

RE
RE

PU

VU

PE

TC

VF
LP

VF

Fig. A.9

S1

TC

PU
IT

S1 and S2 bagua
Let us now more closely examine the sequences and contexts from which

the construction of S1 and S2 naturally follows. There are two Yang and Yin chains
in the bagua octogram. In Tab. A.9 , two cycles of both concatenations are plotted in
rows to correspond to the sequence in Fu‑Xi and Wen. In the second and third col‑
umns, the sequences Fu‑Xi bagua (column 2) and Wen bagua (column 3) are clock‑
wise from top to bottom. If we keep the sequence of concatenations, the next two col‑
umns (4 and 5) show two more pauses, which close the cycle, and the next column
(6) then corresponds to Fu‑Xi again. Thus, one cycle of bagua sequences has a total of
four bagua (Fu‑Xi–Wen–S1–S2). So Fu‑Xi bagua and Wen are not mythical visions of
miraculous emperors, but preserved fragments of mathematical and logical sequenc‑
es that must have been known to the civilization that passed this knowledge on to us.
The sequence logic is clear only after the completion of the whole cycle.
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A.2.1.4.11

Triplets, Concatenations, and Bagua

The following table shows a bagua cycle based on derived triplets, consist‑
ing of four bagua. We have designated these two “new” bagua or octagrams as S1 and
S2. As can be seen from the table, S2 is again followed by Fu‑Xi and this cycle is con‑
stantly repeated and is therefore closed. It also shows that all four bagua are inter‑
related, and this connection has its laws. This is confirmed by the fact that the Fu‑Xi
and Wen octagrams are not based on an image on the tortoise’s back, as the myth
says, but have been preserved as part of the original cycle in Tradition, with data on
the other two lost in development and derived only now. Understanding the entire
cycle allows us to know other contexts, as we state below.
Tab. A.9

Triplets, concatenations, and bagua

S2

Fu-Xi

Wen

S1

S2

Fu-Xi

Wen

S1

PE

LP

PU

TC

PE

LP

PU

TC

IT

VF

RE

VU

IT

VF

RE

VU

RE

VU

IT

VF

RE

VU

IT

VF

TC

PE

LP

PU

TC

PE

LP

PU

VF

RE

VU

IT

VF

RE

VU

IT

PU

TC

PE

LP

PU

TC

PE

LP

LP

PU

TC

PE

LP

PU

TC

PE

VU

IT

VF

RE

VU

IT

VF

RE

Yang concatenation: RE – VU – IT – VF
Yin concatenation: LP – PU – TC – PE

There are two basic axes of each bagua. The vertical axis, which we call
the Determining Vertical, is the axis that determines the arrangement of each of the
four bagua. It contains (bottom to top) WATER, EARTH and FIRE, which are also pro‑
jections of Earth, Human and Heaven in Tradition, and all its components contain
both chains – Yang and Yin. In the Fire, in Yang’s maximum, the Yin cycle is initiated,
while in the Water at Yin’s minimum, the Yang cycle is initiated. In other words, sta‑
bilization is triggered at the peak of dynamics and dynamics is triggered at the peak
of stability. This axis contains both concatenations in each element and is determi‑
native for the respective bagua by the nature of the base and the apex of each bagua.
The base and peak of the base (WATER and FIRE) determine the sequence; the begin‑
ning and end of both cycles in the chains that characterize the bagua.
The second basic axis of each bagua is the Horizontal Stabilizer, which we
have thus termed because it stabilizes and maintains the balance of the entire bagua
as its “wings”. This axis has an arrangement of elements (from left to right) WOOD
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Yin – EARTH middle – METAL Yang. The elements WOOD and METAL contain only
one chain – the southern chain in WOOD and the Yang chain in METAL. When we
realize that WOOD is Yang and METAL is Yin, then on this axis each of these elements
contains the opposite concatenation, which is a manifestation of dynamic equilibri‑
um, since the center of the axis is EARTH center, which contains both concatenations
in a balanced ratio and forms a stable center of all axes as well as the stable center of
each bagua. These axes are basic for bagua because they also characterize the rota‑
tion of individual bagua so that in a cycle of four bagua, the horizontal axis always
becomes the determining vertical of the subsequent bagua by rotating 90 degrees
(Fig. A.10).
The other two axes of each bagua are diagonal. In the orientation of the as‑
cent from left to right, there is the Earth Diagonal, which we have so named because
it consists exclusively of the EARTH element and the axis is formed by EARTH Yin –
EARTH middle – EARTH Yang. The earth of Yin is in the direction of the cycle just be‑
hind the base bagua behind the WATER element – the peak of YIN – where the cycle
of Yang chaining is originates. By analogy, the EARTH Yang is just behind the top of
the bagua FIRE element, which is the top of the Yang rotation, in which the Yin chain
of birth originates and begins. The second diagonal axis bagua is the Transition Diag‑
onal. In the arrangement from left to right, it consists of WOOD Yang – EARTH mid‑
dle – METAL Yin. Here, both “transition” elements METAL and WOOD contain a con‑
catenation of their Yang–Yin polarity, which means that WOOD is Yang and METAL
is Yin, hence it is the opposite of the Horizontal Stabilizer. This means that WOOD as
a young Yang precedes FIRE (old Yang) on the determining vertical and METAL as a
young Yin precedes WATER as an old YIN. This also corresponds to their location in
the bagua.
These axes are marked in color in Fig. A.10 to visually highlight their
clockwise rotation, where the horizontal bagua axis in the bagua in the cycle forms a
vertical axis and this process is cyclical.
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Fu‑Shi

LP

IT

PU
VF

PU

VF
VU

TC

PE

IT
PE

IT, VF,
RE, VU

PU, TC,
PE, LP

TC, PE,
LP, PU

LP, PU,
TC, PE

VF, RE,
VU, IT

VU, IT,
VF, RE

Universal

RE, VU,
IT, VF

PE, LP,
PU, TC

LP

RE
RE

VU

PE

TC

VF
LP

VF

Fig. A.10

S1

TC
IT

PU

LP
VU

PE
VU

RE

TC

RE

S2

Wen

PU
IT

Universal bagua
Combination of these cycles creates a unified sequence which we have

called Universal bagua.
Here, the sequence of triplets applies as well, and Universal bagua can be
characterized as a quantum superposition of these relationships and the whole cycle,
as their dynamics is multidimensional and is one of many manifestations of the en‑
ergy information network. It represents a projection of the characteristics inherent in
the phenomenon of quantum mechanics. The Universal bagua is a model of all possi‑
ble existing bagua relationships, forming an indivisible whole. In a comprehensive
examination of these relationships in the clinic, the selection of one of the bagua is
the selection of an observe, a doctor, because they all take place simultaneously in
mutual superposition and only the location of the Universal bagua can be realistical‑
ly investigated. So far, we have observed the projection of meridians in the bagua, the
energy information level and the same sequences apply to the physical categories as
well as to the psycho-regulatory categories, as can be see in Fig. A.11.
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Fu‑Xi

ENERGY

LP

PU

HARMONY

IT

TIME

DYNAMICS

STABILITY

PE

Physical categories bagua

STABILITY

PE

HARMONY

VU

SPACE

VF

ENERGY

TC

IT

POTENTIAL
EMPATHY

EMPATHY

EMPIRY

VU

PU

PU

Psycho-regulatory bagua
IDENTITY

VU

TC

S1
EMPIRY

RE

IDENTITY

VU

EMPATHY

INTEGRITY

RE

VF

PE

POTENTIAL

DYNAMOGENESIS

CONSCIOUSNESS

LP

TC

PU

ADAPTABILITY

VF

Fig. A.11

LP

DYNAMOGENESIS

IT

EMPATHY

POTENTIAL
EMPIRY

ADAPTABILITY

CONSCIOUSNESS

IT

PE

PE

LP

ADAPTABILITY

INTEGRITY

IDENTITY

POTENTIAL

RE

TC

PE

VU

IDENTITY

DYNAMOGENESIS

INTEGRITY

EMPIRY

PU

VF

VF

INTEGRITY

Wen

CONSCIOUSNESS

LP

S2

PU

HARMONY

VF

RE

SPACE

LP

PENETRATION

TC

PENETRATION

PE

DYNAMICS

PU

VU

STABILITY

RE

LP

TIME

RE

MATTER

ENERGY

DYNAMOGENESIS

S1

DYNAMICS

MATTER

IT

CONSCIOUSNESS

VU
TC

TIME

IT

LP

TIME

RE

ADAPTABILITY

ENERGY

PE

MATTER

Fu‑Xi

IT

TC

STABILITY

TC

HARMONY

DYNAMICS

VU

PU

RE

VF

VF

SPACE

MATTER

PENETRATION

PENETRATION

S2

Wen

SPACE

IT

Physical and psycho-regulatory bagua
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They certainly cannot be realistically separated from each other, and they
also form an indivisible complex with other categories. If we want to assess the indi‑
vidual parts separately, the same rule applies: the importance in selecting the observ‑
er who examines the situation.
In conclusion, it should be emphasized that the bagua system, in all its com‑
plexity, forms only one part of the body’s energy information network and, hence, of
higher-order energy information networks.

A.2.1.4.12

Models in Acupuncture

The body’s energy information network connected to higher order net‑
works in cosmic contexts and relationships represents a complex multi-plane and
multidimensional complex and a system ensuring the whole material plane of Being.
In these considerations it also represents the uniqueness of each organism. Acupunc‑
ture is a medical application that services this complex, undertakes its diagnosis, pro‑
vides assessment of disorders and delivers therapy. At the same time, it ensures, or
at least should ensure, the study and knowledge of this system, always within the
current level of knowledge. In order to be able to grasp and understand this issue
as much as possible, it is necessary to create simplified schemes; models that would
allow individual phenomena, states and processes to be understood in simplified,
but still in the most complex and general contexts. Therefore, models are needed that
are, as far as possible, generally comprehensible and acceptable, while at the same
time sufficiently capturing the essence of the phenomenon. They are always based
on already known natural contexts and phenomena, which are also manifestations
of energy information processes and represent essentially fractal manifestations of
higher order processes. In other words, these are different perspectives on complex
reality. Of course, this does not only apply to acupuncture, but to the whole spectrum
of human knowledge throughout history. Today, mankind already has a relatively suf‑
ficient amount of archaeological and paleo-archaeological evidence of the existence
of more or less functional models in the known history of mankind. Some objects or
megalithic buildings, or other works or rituals, are undoubtedly minimally symbolic
as well as quite unambiguous models. For some of these it is quite obvious, for oth‑
ers it is only a matter of having sense for it and there are also models for which we
have not yet gained sufficient evidence, level of knowledge, or simply understanding.
There are models in which trans-civilizing tools can be used for fixing or transmit‑
ting information to future generations. As an example, we can mention the pyramids.
They are present worldwide, whether on land or at sea. If we understand the model
as a system of physical or ideal objects that meet the basic relationships, properties
and laws of the system that is its prototype, then the models used in acupuncture of‑
ten have multi-plane and multidimensional significance. At the same time, some of
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them are also active in energy information, thus exceeding their material nature.
Thus, they differ significantly from the type of modeling mentioned in the chapter on
physics, because their multi-plane nature defines the space for energy information
transitions analogous to the quantum zero point in physics.
In relation to spatial arrangement, we can distinguish the area model,
which is two-dimensional, schematic and represents a descriptive projection of 4D
to 2D and thus can not cover all aspects of reality. From a clinical point of view it is
too simple and not very useful. In this sense, the basic area model is the Tao model,
which has become practically a symbol of acupuncture.
YANG
Energy

YIN

Matter

Fig. A.12

Tao
This model basically speaks of the structure of the Tao, where the Yang and

Yin symbols are absolutely balanced and connected. This model speaks of the bal‑
ance of the principles of Yang and Yin, and the small circles symbolize the indivis‑
ibility of these two principles, because each Yang also contains the germ of Yin and
vice versa. The simplified physical interpretation of the Yang characteristic is the en‑
ergy component and the Yin characteristic is material. Although such a model is true
and speaks of basic principles, its applicability in practice is very low because its in‑
formative value for practice is only minimal.
Among the basic models in acupuncture one can find the pentagram, which
can take several forms, but always represents a five-element model. The most origi‑
nal form of this model is the cross pentagram. It is actually a cross in the middle with
the EARTH element and at the end of the vertical arm of the cross with FIRE at the
top, WATER below and on the horizontal arm with WOOD to the left and METAL to
the right.
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FIRE

WOOD

EARTH

METAL

WATER

Fig. A.13

Cross (Tibetan) pentagram
This model shows the basic vertical axis WATER–EARTH–FIRE, which is

also a symbol of human verticalization and connects the maximum YANG and the
maximum YIN. The horizontal axis WOOD–EARTH–METAL is balancing with tran‑
sitions in both directions between YANG and YIN, while these transitions represent
WOOD and METAL. This model shows all five elements dynamically, centered on
EARTH, symbolizing the entire Creation. The five elements as energy information
states can also be found in the five phases of sunlight during the seasons during the
year. The sun radiates the greatest exposure in the summer, when Yang peaks and
the sun is the highest. On the contrary, the smallest exposure is in winter, when Yin
peaks and the element Water and Sun is the lowest. In the spring (at the time of the
spring equinox) the exposure is in the middle values, but increases towards the sum‑
mer, while in the fall (at the time of the fall equinox) it is also in the middle values,
but in terms of dynamics towards the winter it decreases. The middle values of the
cycle are at the time of the old summer, climatologically relatively stable warm, dry
and low wind period, which is usually in Europe in September to October and then
the height of the Sun at noon has a middle value. These positions of the Sun form a
cross as the basis of the cross model (see Fig. A.13). In the spring, the Yang charac‑
teristic rises and the Yin characteristic decreases, while in the fall the ratio is the op‑
posite. It should be noted that traditional philosophy was based on the cosmological
principle, and it can be assumed that advanced civilization – which potentially was
the giver or at least acted as the inspiration for this philosophy, taking into account
globally observable cosmic phenomena – was oriented in the same way. The penta‑
gram in the picture, derived from sunlight, apparently also has cosmological prove‑
nance.
The original cross model from Tibet also has its own representation modifi‑
cations.
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FIRE

FIRE

WOOD

EARTH

FIRE

METAL

WOOD

WATER

EARTH

WATER

WOOD

METAL

EARTH

METAL

WATER

Fig. A.14

Cross (Tibetan) pentagram, modifications

C

A simple transformation of the circular character shown in Fig. A.14
changes it into a vertical model of the pentagram, which already has a
much wider application in clinical practice. It shows, for example, the lay‑
out of elements on the spine, where the Fire element is projected on the
Th

C‑spine, the Wood element on the Th spine, the Earth element on the
L‑spine and the Water element on the coccyx. Since these projections also
have a fractal character on the spine, in each projection of an element on a
part of the spine, all five elements are projected again, even though in each
L

projection a higher level of fractal projection is superior. Such a
five-element model explains the well-known clinical experience of why
transitions are the most vulnerable spots on the spine, as they have the

S

largest Yang–Yin gradient (Fire – Water). All the transitions on the spine are
at the touch of Fire and Water, and yet each of them is different. For exam‑
ple, C – Th is the contact of Water in Fire with Fire in Wood, which is a dif‑
COCCYX

ferent characteristic than Th – L, for instance, where there is contact of Wa‑
ter in Wood with Fire in Earth, etc. Of course, the vertical model, as well as
its horizontal rotation, also shows other anatomical structures on the body
within the microsystem arrangement. Its application is then an excellent
helper in a comprehensive interpretation of the finding according to its lo‑
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cation and other morphological and functional contexts not only in diagnostics but in
therapy as well.

FIRE

FIRE

EARTH

WOOD
WOOD

EARTH

METAL

WATER

WATER

Fig. A.15

METAL

Classic pentagram
On Fig. A.15 we see how by moving the EARTH central element into a “neu‑

tral zone,” at the borderline Yang–Yin interface, Earth becomes part of a cycle of five
elements in the most well-known acupuncture model used so far; the classic penta‑
gram.

A rie

s♈

Pisce

s♓

s

Ta
u

r iu

ru

s

ua

♉

Aq

Sun

♒

Venus

C apr
icor n

ini ♊

1.6 years

Gem

Earth

♏

S agit

er ♋

t ar iu

s♐

♑

C anc

eight-year
cycle of the
planet Venus
(five times 8/5)

Sc

♌

or

o

pi

o

Le
V irgo

Fig. A.16

♍

L ibra

♎

Eight-year cycle of the planet Venus
Its origin is also of cosmological provenance and is supported through the

five points of the eight-year cycle of the planet Venus, which in this cycle manifests
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itself from the point of view of the most famous cyclical metamorphoses from the
Earth’s view. The pentagonal or pentagram models many relationships and cycles
in acupuncture, such as birth cycle, control cycle and others, which we will not de‑
scribe in detail because they are broadly known among acupuncture professionals.
Even this model, despite its much wider possibilities of practical use, is not complex
enough. It is a 2D surface model that has no potential to display spatial 3D events in
the body’s energy information network and subsequently in higher order networks.
Nevertheless, one should reinforce the idea that each model captures a specific part
of the observer’s assessment and, therefore, no model can be classified as more or less
the only correct one. They simply represent a variety of perspectives, however, each
model is correct in terms of its accuracy. The only question is whether it is complex
enough to express the widest possible range of observed reality. Therefore, the most
current knowledge requires a much more complex 3D model to be established.
The circular model of six energies, although less frequent, can nevertheless
be included in this category of models. It can be used in modern microsystem diag‑
nostics. More on this in the clinical section. Two energies belong to the Fire element
and in a way that is unlike the one related to other elements. They belong essential‑
ly near to one other qualitatively, but differ quantitatively and dominate in different
functional circuits of the body. These are the energies of Heat and Glow. In the model,
another variant of the Fire element is added to the classic pentagram, and the result‑
ing projection forms a hexagram, which also has its cosmic provenance from our so‑
lar system. It is the cycle of the planet Mercury from Earth’s point of view. Over one
Earth year, Mercury gets into three upper and three lower conjunctions and marks
six points in the zodiac. The analogy to the six precession cycles is also cosmological.
I.

FIRE
heat

♊

FIRE
žiar

WOOD

WATER

EARTH

♈

2.

♌

♓

♍

♒
♎

♑
♏

METAL

Fig. A.17

♋

1.

II.

♉

II.

♐
2.

The year cycle of the planet Mercury from Earth’s point of view
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A.2.1.4.13

Complex Dynamic Pyramid Model in Acupuncture

From a historical point of view, the pyramid can be considered one of the
spatial models that contains coded information. Given the existence of pyramids in
virtually all known civilizations it would be naïve to assume their only function was
to be a tomb or mound.[A30] Pyramids are objects observable from space and are found
from Europe to the Middle East to Asia (Tibet and China), America, Africa and Ant‑
arctica. Even from satellite images of Mars in the Cydonia region, it is clear that they
are also found on this planet.
The body of the pyramid has a base; the horizontal plane and the vertical
plane having an above-ground and an underground part, the underground part con‑
taining a spear shape oriented towards the bottom and its height (or, better, the depth
is one third of the height of the above-ground part), see Fig. A.18.
E
Alpha
Draconis

N

S
W

Fig. A.18

Comparison of the pyramid cross-section with the cross-section of the
acupuncture pyramid model
In connection with acupuncture, in a completely different context, we find

a pyramid model, in Davidov (Davidov, 2008). We had already used the pyramid in
creating mammo-electroacugraphy, MEAG.[A35] The connection between the pyramid
and acupuncture is not entirely new.
An old Arabian proverb says that “time laughs at all things, but pyramids
laugh time”. This has at least two meaning. First, there is the timelessness of the pyr‑
amids found around the world, still without fully understanding their message and
development. Also, their timeless technological sophistication is well documented.
Their accuracy as well as resistance to natural cataclysms is imposing. Perhaps, the
pyramid model in acupuncture will help us clarify messages that remain hidden, for
instance, the energy information arrangement of the pyramid, in which neither side
of the pyramid is the same. Also, the model and spatial delineation of the pyramid
in space also influences the energy information of such space. We know that in the
pyramid, for example, meat does not rot, but mummifies itself. Also there is a well— 100 —
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known patent, originally from, where a common razor blade spontaneously sharp‑
ens in the area located at the interface of the first and second thirds of the central
axis of the above-ground part of the pyramid.[A13] This place in the Great Pyramid of
Giza – the Pyramid of Khufu – corresponds to the location of the pharaoh’s chamber
with the sarcophagus. But let us turn back to the pyramid model, which can be con‑
sidered as an energy information network model.
The complex dynamic pyramid model in acupuncture represents a spa‑
tial 4D model (unlike the acupuncture models mentioned so far), where the fourth
dimension goes stimulated by the sequential movement of the system.[A37]–[A46] At the
clinic it enables the modeling of spatial localization of the energy information net‑
work, and, therefore, disorders as well as possibilities of new diagnostic technologies.
At present, it is the most complex existing model of a complex universal, dynamic,
and spatial arrangement of the energy information network, while the model itself
(the pyramid) is at the same time one that represents a system that is both functional
as well dynamic. However, one must always remember that this is a model; a simpli‑
fied visualization of a phenomenon.
A.2.1.4.13.1

The Pyramid Model’s Horizontal Plane

The horizontal plane of the model is formed by the pyramid’s base, where
from an acupuncture point of view the location of eight key meridians making up the
bagua system and their arrangement corresponds to the arrangement in the magic
square as stated in a separate chapter.
In the magic square arrangement, all four bagua – Fu‑Xi, Wen, S1 and
S2 – are merged into the Universal bagua where the center – center square No. 5 in
Fig. A.20 – is the location of the vertical plane of the pyramid. The horizontal se‑
quence is formed by four Yang and four Yin chains, as described in the chapter on the
bagua.
The mutual arrangement of the components in the Yang and Yin chain
has the character of a sequential and continuous motion, and at the same time the
individual meridians can occupy only specific positions; the positions of the dis‑
continuous quantum arrangement. It is thus a repeated sequence change. This re‑
sults in further consequences for the dynamics of the model and the possibilities of
its arrangement, which is part of the body’s energy information network. In terms
of space, not a single wall of a complex and dynamic pyramid model has the same
structure, which corresponds to the known knowledge about the properties of the
pyramid. This is evident from the configuration of the elements in the magic square
forming the pyramid’s base. Within the fractal principle, we find this scheme both
in the whole body and within its individual microsystem structures. From this, it is
hence possible to assume such an arrangement also in higher order systems.
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East

IT, VF, RE, VU

LP, PU, TC, PE

VF, RE, VU, IT

PU, TC, PE, LP

Earth – Center

VU, IT, VF, RE

TC, PE, LP, PU

RE, VU, IT, VF

PE, LP, PU, TC

West

North

Fig. A.19

Schematic view of the elements’ configuration in the magic square and
on the pyramid base, with Yang and Yin rotations on the horizontal
plane of the Complex Dynamic Pyramid Model in acupuncture.
The elements’ positions and the directional vectors do not change in the

pyramid, because they form its fixed structure. Only the meridians’ position within
the concatenations and their possible specific positions change. The connection with
the vertical plane, which is described below, allows the continuous interaction of all
meridians in different combinations and microsystem levels, and thus the dynamics
and structure of the entire energy network of the body.
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RE, VU, IT, VF

PE, LP, PU, TC

South-East

4

South

9

South-West

4

Small Wood
Wealth

Oheň
Fame/
Recognition

Big Earth
Relationships

East

Center

West

Big Wood
Health/Prosperity

Earth
Family

Small Metal
Children

North-East

North

North-West

Small Earth
Education

Water
Career

Big Metal
Mentors

3

8

5

1

7

6

Element positions and direction vectors in the pyramid

A.2.1.4.13.2

The Pyramid Model’s Vertical Plane

The classical pyramid is structured in such a way that its base is on the
vertical axis on “the above-ground part.” Also, its top is there and on the interface
between the lower and middle third the so‑called pharaoh’s chamber, the energy
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center of the pyramid, is located. In the underground part, there is an inverted top
of the pyramid point downward, ending at a distance of one third of the vertical axis
length of the above-ground part.
Mutual relationships and correlations among the different meridians on
the vertical as well as horizontal plane are based on the circadian rhythm meridi‑
ans. The vertical representation of the pyramid model’s place consists of pairs; midnight – mid-day, while four meridians – CO, HE, IC, VE – are the meridians belonging
exclusively to the vertical structure. At the same time, LP and VU belong also to the
vertical as well as the horizontal structure. In terms of meridian properties, they can
be assigned by analogy to the physical concepts of energy (LP) and time (VU). Mutu‑
al pairing determines the interrelationships and interconnections of the vertical and
horizontal planes. The interconnection of these meridians into a complex pair is ener‑
gy-harmonic for meridians culminating in day and night rhythms and thus creates
stability and at the same time dynamics of individual floors of vertical and horizon‑
tal pyramid plane. This also ensures stability of the entire model while maintaining
its commensurate dynamic structure.
Tab. A.10

Circadian rhythm and the midnight-noon rule

meridian peak hour

11 AM – 1 PM

1 PM – 3 PM

3 PM – 5 PM

5 PM – 7 PM

7 PM – 9 PM

9 PM – 11 PM

CO

IT

VU

RE

PE

TC

meridian

VF

HE

PU

IC

VE

LP

11 PM – 1 AM

1 AM – 3 AM

3 AM – 5 AM

5 AM – 7 AM

7 AM – 9 AM

9 AM – 11 AM

meridian
meridian peak hour

Circadian rhythm order: CO (cor), IT (intestinum tenue), VU (vesica urinaria), RE (ren), PE (pericard), TC (tricalorium),
VF (vesica fellea), HE (hepar), PU (pulmo), IC (intestinum crassum), VE (ventriculus), and LP (lien pancreas)

Pairing according to the midnight-noon rule unites bio-rhythmological an‑
tagonists.
On the vertical axis we see the first four places of projection of meridians in
the order of the large intestine (IC) – inverted top of the pyramid, stomach (VE) – the
base of the pyramid, liver (HE) – located in the third of the pyramid, and the heart
(CO) – the top of the vertical axis (3/3), which relatively corresponds to the location of
divisions on the limbs.
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CO
Vertical Axis

HE
VE

IC

Fig. A.21

Vertical axis of the pyramid
The sequence in the vertical plane is formed by two Yang meridians (IC and

VE) in the lower part and two Yin meridians (HE and CO) in the upper part of the pyr‑
amid model.
Thus, four of the five elements are represented in the order from bottom to
top: METAL, EARTH, WOOD and FIRE. If the VU meridian is placed vertically at the
2/3 interface of the upper part of the pyramid model, then all five elements in the
pyramid body are already represented on the vertical axis (including the “under‑
ground part” below the inverted pyramid base, with the pyramid body forming both
parts).
CO
Vertical Axis

VU
HE
VE

IC

Fig. A.22

Five elements in the corpus of the pyramid
As for the corpus, it contains all five elements and expresses the dynamic

relationships of all four bagua through the dynamics of Yang and Yin chain. It also
shows the 4D spatial arrangement of the energy information network, before a com‑
prehensive calculation of their functionalities is accounted for. The circadian rhythm
table shows that the meridian pair LP–TC – which like the VU–PU pair – is part of the
horizontal plane of the model. As we state elsewhere, the VU and PU meridians are a
manifestation of time and space. Together with space-time and at the psycho-regula‑
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tory level of empirical experience as well as consciousness, the LP and TC meridians
are a manifestation of energy and dynamics. At the psycho-regulatory level they rep‑
resent dynamogenesis.
In explaining the pyramid model’s two other levels, one must make a little
detour. The already mentioned well-known French psychotherapist, spiritual thera‑
pist and writer Annick de Souzenelle, in her book, Symbolism of the Human Body[A50]
presents some of the ideas that we will freely paraphrase. Life is a return in time
of the human from below (Adam) to the human from above (Elohim). This actually
seems to be the interpretation of spiritual verticalization of the human being. According
to the ancient Hebrew world, Mí is the world of un‑manifested archetypal unity be‑
longing to the human from above (Elohim), and Má is the world of phenomenal diver‑
sity, matter referring to the human from below (Adam). In other words, the verticali‑
zation or maturation of a human being goes from bottom to top. The tradition in TCM
also symbolizes this as the sequence Earth – Man – Heaven, which we will address in
the chapters on diagnostics. Thus, verticalization proceeds vertically from bottom to
top, and so it is in the sequence of chakras from the lowest to the highest. There are
five elements in the body of the pyramid on the material plane of Being. For chakras,
the first Muladhara chakra is the only one to open downwards, while the seventh Sa‑
hasrara chakra is the only one that opens upwards. The remaining five chakras open
from back to front. The first and last chakras are therefore different from the other
five. A bottom‑up pulse is needed to “start” the processes in the chakra system. The
same applies essentially by analogy to the “start‑up” of energy information processes
within the pyramid model. According to Annick de Souzenelle, our higher self, our
Elohim, must descend to our Adam and start the process of verticalization, that is,
progression to the higher stages of the system. Below the pyramid corpus is another
“infra-pyramidal” level, where there is a source of energy and therefore at the lowest
localization is the LP meridian, which together with the TC meridian represents en‑
ergy and dynamics. At the psycho-regulatory level this represents the potential and
dynamogenesis at the lowest stage of the corpus while the second floor of the vertical
plane “condenses” to mass (IC–RE). At the tip of the corpus, the process is practically
complete and passes into a higher quality of connection, which in the chakra system
is represented by the seventh chakra, which is at the “supra-pre-pyramidal” level. Al‑
together, the vertical plane of the pyramid model has seven levels. At the space-time
projection level, different dimensions connect and, therefore, the fifth level is a pro‑
jection of the trans-dimensional plane. Across six levels – from infra-pyramidal all
the way to the tip of the corpus – there are three Yin meridians (LP, HE and CO) and
three Yang meridians (IC–VE and VU) which create stability for this plane. Its dynam‑
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ics is determined by the rotations of the horizontal plane and all the meridians are
connected to each other through triplets.
By connecting the horizontal and vertical planes, different pyramids are
created at each level, Yang and Yin, formed by the oscillations of the vertical plane
and the rotations of the horizontal plane. This makes it possible to express all cur‑
rently measurable characteristics of the energy information network. The pyramid
model contains the characteristics of all lower-order models (monads, pentagrams of
all types, etc.).
The meridians of the vertical plane create shape-related, angular and di‑
mensional characteristics in the energy information network.
Yin

Yang

Fig. A.23

The base of the Yin and Yang pyramids – top view
The oscillation of the vertical plane compared with the horizontal one cre‑

ates characteristic cyclic shapes that can be described as Yang and Yin sequential
waves, which still need to be examined in detail from a multidisciplinary perspec‑
tive. One cycle – the sequence of rotation towards the horizontal plane of all 4 ba‑
gua (Fu‑Xi, Wen, S1 and S2) – forms the diagram in the figure. The faster oscillations
of Yang form the 3M shape, while the slower Yin oscillations form the AM shape
(Fig. A.24, Fig. A.25).
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A.2.1.4.13.3

Chakras in the Pyramid Model

In Hindi, Chakra mean a wheel or a disc. From the acupuncture perspec‑
tive it is a complex energy information system of higher order, in which all 12 me‑
ridians always communicate. It also has its energy, psycho-regulatory, somatic and
spiritual or transcendental characteristics and also expresses the body’s degree of
current development. This is a view from the position of acupuncture and energy in‑
formation. The classic Hindu view is a little different, albeit ideologically the same.
What is also common to both views is the consensus that these are clearly impor‑
tant energy centers, that there are seven basic chakras, and that there is also agree‑
ment as far as the location of the main chakras is concerned. Interpretation from the
point of view of acupuncture and energy information requires that energy informa‑
tion contexts and connections be clear, because the existence of chakras as energy
centers is unquestionable. Simply put, on the one hand we can accept the color of the
chakras, their function, which is identical, but the Hindu view of the chakras – apart
from very deep empiricism and tradition – is based on the interpretation of research
based on the observer’s sensitivity and tradition. It is possible to assume, with a high
degree of probability approaching certainty, that interpretation of traditional and en‑
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ergy information view related to the chakras is completely identical in terms of the
function as well as functionality of the chakra system. Finally, tradition is based on
the knowledge of ancient civilizations, which – as other analogies show, including
acupuncture – are very relevant and reliable, although to this day they are not al‑
ways completely deciphered, especially in terms of today’s science. What is new from
the point of view of acupuncture and the pyramid model is the fact that the pyramid
model essentially accurately dovetails with the meridian maps. The seven levels of
the vertical plane of the pyramid model are essentially identical to the chakras. Also,
they are also identical, or at least comparable, to other models such as Sefer Yetzirah.
However, there is no occultism in this and it is essentially exact knowledge that has
at least already proven itself clinically and with confirmed relevance.
Let us now return to the pyramid model where we can clearly state that it
also depicts the chakras and their associated meridian pairs and complex relation‑
ships of horizontal and vertical plane interactions. This is not so surprising because
the chakras are also part of the body’s energy information network and, if the model
is correct, we assume a correlation in interpreting any other part in the energy infor‑
mation network.
sahasrara – VII

Ajna – VI

CO – VF

Vishudhi – V

VU – PU

Anahata – IV

HE – IT

Manipura – III

VE – PE

Swadhisthana – II

IC – RE

Muladhara – I

LP – TC

Fig. A.26

Pyramid model with chakras
Source:

http://www.centrumambra.sk/sites/default/files/FotkyClankov/

energy_cakry.jpg

The Fig. A.26 schematically refers to a pyramid model of chakras in the
projection on the body. The following illustrations of chakras also show the “inner”
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Yang and Yin pyramids for individual chakras, which are modeled at each level into
space. All four bagua are shown along with them. This part of the complex pyramid
model is also suitable for further multidisciplinary research and a more complex as‑
sessment including other possible interpretations.
Chakra 1
MULADHARA (मूलाधार)
LP – TC
EARTH (Core)

LP
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Chakra 2
SWADHISTHANA (स्वाध िष्ठान)
IC – RE
WATER

IC

Chakra 3
MANIPURA (मण िपूर )
VE – PE
FIRE

VE
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Chakra 4
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HE – IT
WOOD (Air)

IT

LP

VF

PU

Fu-Xi

VU

TC

RE

PE

VF

PU

RE

TC

Wen

IT

PE

VU

LP

RE

TC

VU

PE

S1

VF

LP

IT

PU

VU

PE

IT

LP

S2

RE

PU

VF

TC

IT

LP

VF

PU

Fu-Xi

VU

TC

RE

PE

VF

PU

RE

TC

Wen

IT

PE

VU

LP

RE

TC

VU

PE

S1

VF

LP

IT

PU

VU

PE

IT

LP

S2

RE

PU

VF

TC

HE

Chakra 5
VISHUDHI (व िशुद्ध )
VU – PU
METAL (ether)

VU
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Chakra 6
AJNA (आज्ञा)
CO – VF
Sky FIRE (Heat)

CO
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Chakra 7
SAHASRARA (सहस्रार)

CO

VU

HE

VE

IC

LP

Fig. A.27

Chakra images
It seems obvious that the pyramid model of acupuncture is spatially com‑

plex. It expresses many relevant relationships in the body’s energy information
network and thus in acupuncture. In addition to this theoretical part, we shall also
elaborate on clinical practice and procedures based on this model. These have been
clinically proved and significantly improve acupuncture’s diagnostic as well as ther‑
apeutic possibilities.

A.3
A.3.1

Clinical Part
Introduction
The theoretical chapters speak to a complex structure and complex rela‑

tionships in the body’s energy information network. There is currently a limit to pos‑
sessing a complete knowledge derived from the laws of physics. There is a significant
possibility where the findings are influenced by their observers as well as investi‑
gators. Also, there is a real and exact impossibility of the existence of the placebo or
the so‑called “false acupuncture.” This catch off guard many doctors and therapists
who are accustomed to convenient regimes and “cookbook solutions.” But this can
perhaps happen only at first sight and in a superficial way. Understanding and espe‑
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cially accepting the real knowledge of current science can, however, take away our
source of certainty based on learned axioms. Because to be comfortable and to then
go deeper requires advanced thought and verification. But if we take a closer look at
our new possibilities arising from what has been said so far, we will find that new
and quite realistic as well as understandable possibilities open up. These relate to the
exact practical implementation of acupuncture at the clinic, including research and
multidisciplinary dimension at the level of cooperation. There are fresh opportuni‑
ties in personal growth, acquiring new knowledge and educating our patients. The
authors believe that perhaps some colleagues will reconsider their current views and
attitudes, as well as the real place and possibilities of acupuncture in contemporary
medicine and in multidisciplinary cooperation in comprehensive health care. As for
the theoretical part, we will pay only a minimum or passing attention at all to the
issues and rules that are available in every acupuncture textbook, but we will focus
on fundamental practices that, we hope, can benefit an acupuncture-focused clinic,
including prevention, research and best practice of every physician and therapist.

A.3.2

Diagnosis in Acupuncture
The term “diagnosis” comes from Greek διαγνώσις, meaning distinction or

recognition. In Western modern medicine, by this term we mean the recognition and
naming of the disease or disorders in the patient. These disorders and diseases are
detected by various diagnostic techniques of modern medicine and are practically as
well as exhaustively listed in the International Statistical Classification of Diseases,
where each diagnosis is assigned an appropriate code. This classification is updated
from time to time, taking into account the latest medical findings and, more recently,
various political and social influences. On the basis of such diagnostics, therapeutic
procedures are then determined by designated professional committees. These have
different levels of legislative authority, the breach of which is classified as a non lege
artis procedure with the consequent possibility of legal sanctions. However, let us
take a closer look at these diagnoses, which are largely descriptive and under one
name – like pancreatitis (inflammation of the pancreas) – state that the pancreas is in‑
flamed without a closer etiopathogenetic distinction in a particularly unique patient
with other individually somatic, psycho-regulatory, energy information or spiritual
contexts. It then legitimately follows that any group of patients with this diagnosis
can be considered useful information only for more or less indicative statistical pur‑
poses in the public health discourse of respective states or their statistical groups.
However, it is certainly not exactly homogeneous for research and, in a sense, com‑
plex therapeutic purposes. This holds true for all Western diagnostics. We mention
this mainly because these procedures cannot be accepted even in the so‑called “sci‑
entific acupuncture” in the recommended sets of points, or the so‑called “cookbook
— 114 —

Chapter A

solutions”. Acupuncture cannot be applied on the basis of a diagnosis according to
the International Statistical Classification of Diseases, which is not specific enough for
acupuncture, but only individually in the intentions of acupuncture diagnostics, and
these must be sufficiently detailed.
In acupuncture diagnostics we detect imbalances and blockages in the
body’s energy information network, which includes in the meridians, microsystems,
in their fractal and tendomuscular projections and other structures of the energy in‑
formation network. If we take into account that this network forms a comprehensive,
multilevel and multifunctional control and communication system, then in the sense
of L. Bertalanffy’s systems theory,[A5] the properties of each system are integrity, inter‑
connectedness and hierarchization. When examining each component of this system,
we separate certain parts from the indivisible whole, which as observers influence
the diagnostic process in general and in a specific part of the system, because within
the interaction of systems there is a continuous process of information exchange be‑
tween them. The investigator also enters into the integrity, interconnectedness and
hierarchy of the system. Simply put, it means that it is necessary to concentrate and
perform diagnostic tasks without overestimating their expected result, the selection
of investigated data must be optimal and maximally effective. From the theoreti‑
cal part we know that even with the most detailed data analysis and the maximum
amount of data, the degree of knowledge has its insurmountable limits. We must
assess the conclusions of the analysis and the categorical imperative from this per‑
spective. We should diagnose the energy information system and not a disease that
is only a partial reflection of the holistic image of the body. However, these principles
also apply to Western modern medicine.
Following these general principles, we will now look at the individual parts
of the diagnostic process in more detail.

A.3.2.1

Anamnesis
The basis of the diagnostic process is the anamnesis (from the Greek

αναμνήσις; to remember), which is the first mutual “introduction” of the patient to
the therapist. Of course, the opposite is also true; the therapist introduced to the pa‑
tient. The way the questions are asked, the degree of understanding and empathy
shown by the therapist has a significant impact on building the patient’s confidence
and hence, the quality of the anamnesis. Often, this requires answers to very sensi‑
tive questions, which are needed to obtain a comprehensive picture of the patient as
a unique multi-level entity. It is necessary to reduce the concerns and anxiety of the
patient who is in a submissive position towards the therapist. Therefore, it should be
taken in a friendly and relaxed atmosphere, in which the therapist must radiate con‑
fidence and understanding, but not excessive sovereignty. This could evoke fear and
— 115 —

Chapter A

a sense of dependence. The leading and determining component of this dialogue is
the therapist, who must maintain the targeted, methodically guided and structured
nature of the conversation. In addition, in all empathy, they must maintain a clear
view, without which continuous analysis and evaluation of the information obtained
is not possible. Of course, the circumstances under which the anamnesis is taken are
very diverse, but these principles must be followed by the therapist as much as pos‑
sible and during the taking of the anamnesis, everything can be done to gradually
strengthen them.
It is best to start a look at the past through what is currently most urgent
for the patient. Hence, it is appropriate to start by taking a look at current difficul‑
ties. This will both allow the conversation to open naturally and reduce the patient’s
tension. We will also obtain basic information about possible failures of the energy
information network, their location, possible projections and etiopathogenetic factors
and possible connections. With some relief, we can say that at this stage of taking
anamnesis we can get an idea of “which disease a patient has.” However, this is far
from enough for a comprehensive analysis and for making a good therapeutic plan.
What is most important to find out from the medical history is the information on
determining “what patient has a disease.” Figuratively speaking, this means that
we need to get a picture of the whole glacier, not just its summit which is above the
surface.
Each individual, without exception, goes through certain developmental
stages, which are common, even if they take place differently for each. It then follows
that each body is affected by a certain developmental stage differently, leaving indel‑
ible marks on it for life. These either intensify, weaken, or modify during its course,
but they essentially persist and affect a lifetime. Therefore, it is essential to identify
and take them into account when analyzing health status, at least as far as possible.
Here, too, it is true that it is simply not possible to know all the facts in detail, but nev‑
ertheless the same trends can be minimally superseded, at least according to the res‑
idues they leave in the body. From an acupuncture point of view, we can talk about
the four basic levels, which apply not only to acupuncture, but to the whole of med‑
icine. This is also true when, as we shall see below, acupuncture has, at least for the
time being, perhaps a slightly wider range of verification options than other medi‑
cine. However, this does not apply to the collection of data and data within the anam‑
nesis, where the possibilities of the whole medicine are relatively the same. Let’s take
a closer look at these four levels.

A.3.2.1.1

Prae and Perinatal Determination
Somatic, i. e. the physical development of the human being, begins from the

beginning and from the 12th day of pregnancy in the uterus. During the first trimes‑
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ter, therefore, during the first 12 weeks of pregnancy, the fetus begins to develop and
the body’s organs to differentiate. This is not just from an energy information point
of view. What has not yet been clearly resolved is the share of the formative causality
hypothesis in the process of organism formation; the morphic fields hypothesis, as it
was postulated by Rupert Sheldrake in the early 1980s.[A34] At the end of the second
trimester (at the 27th week of pregnancy) the baby is basically somatically viable out‑
side the womb. This certainly does not mean viability to survive outside the womb.
Virtually the entire third trimester of pregnancy – apart from organ and physiologi‑
cal maturation – matures the fetus primarily mentally. If the baby is born premature‑
ly at this time, it may have problems with its place in the world, according to Annick
de Souzenelle. From our clinical experience and analyses, we can confirm this as‑
sumption in practically true in every case. Maladaptation problems can have vari‑
ous characteristics as well as manifestations. When we used hypnosis – quite often in
psychiatric care and therapy – it was a very remarkable to find that in retrohypnosis
into intrauterine life, communication with the fetus was almost analogous to com‑
municating with an adult; possible all way from conception or nidation of the egg.
Hypnosis patients reported data from their intrauterine life which was subsequently
verified by ascendants, and who confirmed not only the data but also the fact that
the patient could not know the data until hypnosis. Of course, these were emotionally
powerful episodes. This included interviews with parents after the pregnancy was
confirmed, communication on whether or not they want to have a child, the stress ex‑
periences of parents from the time of the patient’s intrauterine life, etc. Thus, it can be
concluded that these were either traumatic experiences or emotionally powerful ex‑
periences that they did not normally remember, but the memory engrams remained
stored and influenced the further development of the fetus. From this we can deduce
that the spiritual, psycho-regulatory and energy information level in development
considerably precedes and influences the somatic level, with which it forms an in‑
divisible whole. However, this also means that, in addition to genetic preconditions,
epigenetic influences (energy information, psycho-regulatory, emotional and others)
are already formed in the uterus. The effect on the birth position of the fetus can also
be suggested. All these facts should be researched and evaluated. It is a well-known
and accepted fact that the fetus already “tastes” amniotic fluid at the end of the first
trimester, the taste of which also affects the composition of the mother’s diet, and
subsequently this experience also shapes the child’s future tastes.
Intrauterine and perinatal determination is therefore a very important and
a truly determining phase in development and should also be given attention in the
collection of anamnestic data, which, however, in real practice – to the detriment of
quality and effective diagnostics – is mostly neglected. However, real practice must
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also be accepted. This part of the anamnesis – with the possible exception of pediatric
patients with well-cooperating parents – is extremely time-consuming and techni‑
cally demanding and it is very difficult despite the value in obtaining sufficient and
relevant data. These are most often formulated as part of the final analysis of the an‑
amnesis. In our experience, in communication with the patient it is more appropriate
and welcomed to use the term “life story” in a loose way instead of using the term
“anamnesis”.
In real practice it is appropriate to ask the patient about the circumstanc‑
es that preceded his birth, what problems the parents solved during pregnancy
(work, housing, relationships with each other and in the wider marriage), informa‑
tion about previous successful or unsuccessful pregnancies. All of these questions
will help to get an idea of the relationships, the emotional state of the parents, con‑
cerns (i. e. if the pregnancy was preceded by abortion, which can cause the mother’s
worries and anxiety), wanted or unwanted parenthood, possible illnesses especially
mothers, existential worries of parents etc. It is very beneficial if the patient can pro‑
vide data on the course of labor, possible complications, or possible genetic predispo‑
sitions (i. e. cross-laterality, or possible risks of disease), breastfeeding, etc. The essen‑
tial data also includes the order of pregnancy, which certainly affects the experience
and behavior and thus the overall condition of the mother in this period.
Throughout the collection of anamnestic data, the patient’s emotional re‑
sponses are also very important, indicating the emotional charge and strength of
each of these components of the patient’s life story. All relevant circumstances that
are part of this development phase must be taken into account. Already in this peri‑
od, the basic personality characteristics begin to form from the acupuncture point of
view and the resulting predisposition to a possible disorder or disease of the body,
even in the later period of life. These characteristically have not only developmental
and genetic, but also significant epigenetic provenance.

A.3.2.1.2

Acupuncture Constitution
By this term we mean the original basic and more or less permanent acu‑

puncture characteristics of the patient’s body. An inherent part of the body is also its
energy information network, in other words – the acupuncture system of the body.
This generally consists of acupuncture points, acupuncture meridians, their fractal
projections, microsystems relatively stable system. The energy information network
ensures a dynamic balance of the body and at the same time is unique and charac‑
teristic for each individual. This means that the mutual ratio of dominance or weak‑
ening of one or more elements, the dominance or vulnerability of some meridians
and other characteristics and properties of the network are different for each per‑
son. They are unique not only in the qualitative but also the quantitative sense of the
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word. This dynamic balance determines the basic mental and somatic characteristics
of each body. It is the result of both prae and perinatal determination as well as oth‑
er fundamental influences on the body at the time of its formation. This constitution
may also be affected by some serious anamnestic influences, which may affect and
possibly modify it.
From a clinical point of view, a person in whom the WOOD element is dom‑
inant will be dynamic, curious, but they can also be restless, childish etc. Simply put,
the properties of the WOOD element predominate. They are a characteristic, but they
do not create pathology, only characterize the individual as a personality. However,
two people with a dominance of the WOOD element are not identical, because each
has different settings for the entire system. Therefore, the acupuncture constitution
can be determined from the observation of the anamnesis and the overall commu‑
nication with the patient. It is important for the therapist that – since these traits
are not pathology and are a permanent part of the personality – they cannot be in‑
fluenced more therapeutically and cannot be confused with clinical pathology. They
only contribute to the uniqueness of each personality. However, if the energy infor‑
mation network is pathologically altered, the acupuncture constitution will slightly
modify the final picture, either by its accentuation or weakening, depending on the
nature of the pathological disorder. All these facts at the anamnestic level can be ob‑
tained in the part of the interview about the patient’s self-assessment, his evaluation
of his life story and subsequently verified by other examination techniques, which
we will present in the next chapters.

A.3.2.1.3

Anamnestic Influences
In this section we will deal with anamnestic influences from the point of

view of acupuncture and then we will give an example of the methodology of de‑
tailed anamnesis as a basis for anamnestic analysis.
If we are to evaluate anamnestic effects exclusively in an orthodox manner,
with a strict focus on the body’s energy information network, then we must create a
taxonomy of identified disorders and imbalances of the network. These will include
past diseases, operations, injuries, but also diet, stress and other factors within the
clinical description and evaluation of anamnestic effects. Of course, on the basis of
anamnestic data, it is necessary to diagnose them as imbalances in some element,
or some elements, blockages of meridians at all levels, including fractal projections.
These will include individual microsystems or Byol meridians, tendomuscular me‑
ridians and other structures. We will deal with this issue in more detail in the chap‑
ter on diagnostic techniques, where we will also present the examination techniques
for the verification of these data in the body’s energy information network.
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Let us now look at a possible scheme of the procedure for collecting anam‑
nestic data, which has proved itself useful in our clinical practice over many years of
experience. This scheme makes it possible to assess the patient’s life story chronolog‑
ically after the individual stages of his previous development and to evaluate these
stages also from the aspect of the patient’s disease development and disorders and
other important related factors.
We have already covered the essential data from the patient’s pre- and per‑
inatal period in the previous section, which is also part of this scheme, and in this
section we will continue with the early, pre-school and school periods of the patient’s
story.
Of course, in the early pre-school period of development, relationships with
parents, which establish feelings of security and safety, are especially important.
But also, relationships between parents, which not only provide the child with pat‑
terns of behavior and interactions, but any disruption of these relationships causes
the child to fear a loss of background, which also affects the energy network of the
body, where there are often imbalances. Equally important are these first relation‑
ships with grandparents and the whole matrimonial environment with each other.
Here are relevant data about the relationships of parents or other (surrogate) educa‑
tors, their illnesses, relationships with each other and with the patient. Relationships
between siblings are also important. As a rule, after the birth of the second sibling,
a rivalry relationship can arise between the siblings, who perceive it as a struggle for
parental favor and very sensitively perceive in this sense any in their understanding
of the “injustice” of the parents. Even in this period of life, it is true that “the idea
falls into the category of information as well, i. e. the information related to the loca‑
tion of hydrogen bonds.” This means that information which affects the body’s ener‑
gy information network is stored in the system and can also affect the reactions and
condition of the system in adult life. They can also be a continuation of prenatal and
perinatal already fixed information and predispositions, like anxiety. Of course, the
manifestations in the individual meridians have not only a psychological but also a
response in all levels of the body. During this period, basic eating habits are estab‑
lished, the body goes from lactation to a normal diet, which can also be a source of
imbalances, which persist throughout life. Therefore, it is important to examine this
period in terms of the anamnesis, if we have the opportunity. It is a period of first
experiences, thoughts, first self-awareness and experiences. Our thoughts affect our
quality of life and health at all times and at all levels. Early psychomotor develop‑
ment is also very important, not only from the aspect of basic developmental motor
manifestations such as sitting, standing and the like and their time relations in early
development, but also the overall motor activity and its coordination. For example,
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discrete but also obvious manifestations of motor “clumsiness”, invincibility of lat‑
eralization (right-handed versus left-wing), or other manifestations of cross-laterali‑
ty syndrome such as attention deficit disorders, such as manifestations of mild brain
dysfunction, as well as manifestations of ADHD or ADD, can significantly affect the
development of personality, while clinical manifestations are the result of influenc‑
ing the body’s energy information network.
Data on past diseases, their course and treatment, operations and injuries,
including active scars or other consequences and possible trauma, and especially
the time and other relevant context of all these events are also important. We also
evaluate adaptability to pre-school facilities and school, school achievement, employ‑
ment in the group of children, traumatic experiences and a number of other relevant
factors, such as eating habits, stress, relationships and other facts that cannot be ex‑
haustively enumerated and often result from actual interviews with the patient. In
adulthood, partnerships and wider matrimonial relationships, their success, possible
failed relationships and the emotional and social as well as spiritual residues result‑
ing from them are also important. We also monitor satisfaction with professional em‑
ployment, our own sexual and life role, original ideas about the organization of life
and reality, etc.
The patient’s spiritual setting and the development of this setting are ex‑
tremely important. Here are important attitudes of the patient to his life events and
their evaluation, value hierarchy, perception of the meaning of life and in these in‑
tentions also their own perspective, ethical attitudes, including transcendent con‑
texts, the existence or non-existence of a transcendent “fixed point”. This area of
anamnesis is crucial, but also very sensitive and needs to be approached extreme‑
ly sensitively, because not every patient is aware of the spiritual and transcendent
dimension of their personality, especially under the influence of Cartesian-positivist
education and related social attitudes, etc. For some patients, we know very quick‑
ly that this area is terra incognita for them, often displaced or at least marginalized,
and that they have no spiritual anchor. When taking this part of the anamnesis, we
often receive quite bizarre answers, in which the cultural setting is considered to be
the cultural or other setting of the patient. However, this is also one of the key factors
in the overall personality structure, which is often quite important in the attitudes
and settings of the patient. Nevertheless, we deal with this topic very sensitively and
only if the patient is interested in addressing the topic in this area, because their very
attitude is determined by their spiritual setting.
At the end of this part of the examination we analyze the patient’s life story
both in relation to the development of disorders and diseases of the patient and in
relation to their personality structure, which represents the conceptual space of his
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SELF and, to use acupuncture terminology, its verticalization – knowledge and wisdom – which are terms that represent a substantially more differentiated entity than,
in principle, the Cartesian notion of knowledge, which is preferred by modern science,
including medicine. Knowledge can be an integral part of wisdom and knowledge,
but it does not form its conditio sine qua non. Wisdom and knowledge do not come
automatically together with knowledge, but they also require a certain degree of per‑
sonal maturity. And this requires time, experience and openness. As we deal with
philosophical issues in another chapter, it is necessary to draw attention to other facts
at this point. In particular, the history taken in this way, or whether the life story told
in this way places high demands on examination time. This aspect is unfortunately
limited and economical in modern medicine, and it de facto makes it impossible to
collect and analyze patient data properly and accurately. In this framework the pa‑
tient should be a holistic recipient of therapy, because, as we have mentioned else‑
where, we are not treating the disease, but the patient. In the language of acupunc‑
ture; we do not solve a partial failure of the energy information network, because
always any failure affects the whole system in all its levels. Therefore, it is necessary
to actively look for all possible imbalances and connections and “fine-tune” the whole
system, which will always affect the partial imbalance. Failure to respect this princi‑
ple leads reducing the patient to an object through which medical care is provided. To
a large extent, this is one of the basic pillars of medical dehumanization. We feel this
fact very much in acupuncture which inherently treats the whole person. However,
real practice is often different at the expense of the quality of acupuncture. Unfor‑
tunately, this applies to almost all areas of medicine. Therefore, it is in the interest
of medicine and especially patients to change this undesirable situation and to come
together both organizationally and methodically in comprehensive communication,
where the anamnesis is one of the most important stages of basic physician-patient
contact and mutual trust.
However good and detailed the anamnesis is, we must realize that we will
never achieve a 100 percent result. This follows from the laws of quantum mechan‑
ics, which directly exclude the possibility of absolute knowledge of the phenomenon.
Figuratively speaking, it is impossible to break down the phenomenon into such
small parts that we can follow each of them precisely. A human being and the SELF
is such a complex entity that it cannot be deconstructed so as to monitor each compo‑
nent of that entity separately with the same accuracy, and transcendent facts cannot
be “scientifically” based on knowledge at all. Mutual indivisibility of relationships
and contexts in their diversity and integrity precludes this from being the case. Each
person is a unique entity with complex and indivisible energy-information network
and other systems of the bod, including its transcendental platform. This means that
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all our conclusions have a certain degree of probability, which, although high, can
never be absolute. Therefore, it is important to monitor the patient as a whole and
not rely only on certain monitored parameters. No matter how objectively they were
acquired, they do not capture the absolute and entire reality. Moreover, they change
over time and circumstances. This does not constitute diagnostic and therapeutic
nihilism. Quite to the contrary; it is an acceptance of the individuality of every hu‑
man being, which in no way can be perceived only mechanically, albeit in any detail.
However, this knowledge ultimately means a great entry into medical and medical
philosophy and technology, which may yet reach the level of latest scientific knowl‑
edge, but with respect toward the transcendent and spiritual essence of every human
being. In this sense, it is necessary to reconsider many philosophical, ethical, but also
professional ideas to date. The only alternative is the impending dehumanization
of medicine and of humanity with unforeseeable and possibly catastrophic conse‑
quences for our entire civilization.

A.3.2.1.4

Current Disease
The current disease is a condition that usually leads the patient to a doc‑

tor. It is characterized by a set of symptoms that cause discomfort to the patient and
prevent them from regular life activities or functions. Clinically, they can represent
a scale from mild symptoms to immediately life-threatening ones. They can have a
variety of characters with a predominance of somatic, mental or mixed symptoms,
different urgency, and their assessment by patients and doctors may also be different.
In this way, we could present even more characteristics, including time. It is always
necessary to record and evaluate them in detail. In essence, however, most of the en‑
ergy information aspect is just the proverbial visible peak of the glacier. Clinically,
the most significant disorders of the system are manifested – which sometimes have
clear causal connections at first glance – but this may not always be the case. For ex‑
ample, we have many years of experience that knee pain in women is very often re‑
lated to gynecological problems, and knee injuries in women are mostly during men‑
struation or ovulation. This is only to illustrate why the most accurate description
of the image and dynamics of the patient’s problems, the correlation with life and
other relevant events, directly related to the current difficulties, is very important.
Of course, it is necessary to look for connections with previous diseases or traumas,
because the current disease can only be their exacerbation or recurrence.

A.3.2.2

Classical Assessment Techniques in Acupuncture
We will mention these methods briefly only for completeness, because

they are sufficiently described in every acupuncture textbook. We will talk about

— 123 —

Chapter A

the so‑called non-instrumental techniques, like those for which no equipment is re‑
quired.
This examination also includes detailed patient observation according to
Tradition, where the examining physician evaluates the following manifestations:
a) Voice: The patient’s voice is evaluated, which can be strong, weak, clean,
hoarse, full and obscured in the basic modulations. Examples are in
Tab. A.11.
Tab. A.11

Evaluation of the patient’s voice

Voice: women
physiology

clean, high

pathology

example: weak high

voice men
physiology

strong, deeper

pathology

example: strong, high, snoring

Voice: children
physiology

higher than adult

pathology

example: nasal, congested

Voice: seniors
physiology

weak, hoarse

pathology

example: voice loss, moaning

b) Breathing: We evaluate depth, regularity, rhythm, etc. It can also be
strong, weak, clean, hoarse, full, and obscured in basic modulations. Exam‑
ples of pathology are shortness of breath, or sighing. This includes asthma,
which we divide according to breath into cold (coughing up mucus) and
hot (rough breath, as if the sound of a saw). From the acupuncture point
of view, we still recognize the lower (genital) breathing and upper (pulmo‑
nary) respiration. Experience shows that the most common problem is in
both types of breathing, but it may not be the same. From an acupuncture
point of view, many meridians may be involved in the etiopathogenesis of
respiratory disorders, but in terms of both meridians and organs there will
be an imbalance in the kidney (RE) and lung (PU) meridians and of course
in their microsystem projections.
c)

Shen Spirit: This has nothing to do with transcendence or spirituality. It is
a sign of manifestations of life at the psycho-regulatory level. The overall
setting, overall appearance, motor skills, facial expressions, mood, emotion‑
ality are evaluated on the basis of visual evaluation or “eye examination”.
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d) Palpation: The quality and tone of the skin, its moisture, muscle tone are
palpated and it is possible to sense the courses of meridians, algic points
and regions, or even microsystems.
To supplement this section for illustration, we present in a clear table the
relationship of individual elements to various phenomena that are used in the tradi‑
tion in diagnostics.
Tab. A.12

The relationship of individual elements to various phenomena

Element

WOOD

FIRE

EARTH

METAL

WATER

energy

wind

warmth

humid

dryness

coldness

Nature of the element

unpredictable
movement

ascent up to the
surface

descent down,

vädnutie,
zosychanie

spomaľovanie,
tuhnutie

accumulation

wilting, drying

deceleration,

sladká

ostrá

horká

taste

sour

hot

sweet

sweet

hot

effects

animal

excretory

harmonizing

stimulating

softening

qi

concentrates

moves down

solidification

shifts downward

dissolves

sound

shouting

laughter

singing

crying

moaning

tissues

ligaments and
tendons

vessels

muscles

skin

bones bone
marrow

odor

acid

burnt

sweet

spicy

rotten

excrement

tears

sweat

saliva

nasal secretions

mucus

quality (projection)

nails

face color

lips

hair

hair

and its manifestations

The methods and indicative descriptions based on Tradition can be intui‑
tively understood by Western medicine practitioners. Although they may even use
them in practice, they do not know how to interpret them comprehensively and their
terminology is not sufficiently clear to them. The problem here is that they did not
learn it this way, but it can be solved by supplementing acupuncture education. From
the point of view of modern acupuncture, however, a scholastic approach is evident.
This is due both to history and to great reverence for teachers, which is typical in
Asian culture. On the one hand, it is a very useful, but on the other hand, a necessary
but exaggerated respect for the “old masters,” making them also axioms and practi‑
cally only minimizing corrections in light of new knowledge. Of course, this also ap‑
plies to multidisciplinary knowledge. However, even in modern Western medicine,
they have little to blame for this, because, as has been stated repeatedly, it has not yet
incorporated the knowledge of quantum mechanics into its theory and practice, even
after almost a century. A certain rigidity of Tradition does not allow the acceptance
of dynamic processes in all the levels of each patient’s unique individuality. It tends
to generalize the finding from an individual patient and adheres to rather unsustain‑
able traditional myths. However, as experience shows, this is often a mythologically
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simplified interpretation of a very remarkable and profound knowledge that still has
something to say and enrich our knowledge, the study of Tradition remains a great
investment. Developments in contemporary science and the gradual demythologiza‑
tion of Tradition increasingly enrich both traditional as well as Western medicine.
But us return to our issue. Non-instrumental classical diagnostic tech‑
niques in Tradition include pulse diagnostics, which according to the vast majority
of classical literature is a supreme diagnostic art, requiring deep knowledge, many
years of experience and a very sensitive touch. High-quality and reliable pulse diag‑
nostics is truly reserved for masters who can “listen with their fingers”. It is standard
examination on both hands for the radial artery in the so‑called “Tsun window” in
the distal part of the forearm. The examiner places the 2nd, 3rd, and 4th finger side by
side, with the second finger lying on the a. radialis at the level of the processus styloi‑
deus radii, where the first position is on both hands. The other two fingers are placed
next to each other towards the elbow. Thus, we examine all 12 body meridians at
once. The strength, quality and frequency of the pulses are assessed, where ideally
there should be 4 pulses per patient breath. Of course, this technique is complex and
demanding, and its acquisition requires many years of experience under the super‑
vision of an experienced diagnostician with a refined touch. Therefore, it is a master
technique, but not very useful in routine practice, because its interpretation is highly
subjective. Nevertheless, it is very valuable for an experienced diagnostician.
For non-instrumental diagnostics we also include individual examination
of various microsystems, language diagnostics, auriculodiagnostics (palpation ex‑
amination of the microsystem on the ear), or Korean Su‑Jok technique (translated by
hand-foot). It is always an examination of microsystems listed in every acupuncture
textbook and is fairly well known, so in this sense we refer to the relevant literature.
Many acupuncturists only deal with these techniques individually.
Eciwoo technique – or, according to the author of Eciwoo, a biology based
on embryology – is the latest of these techniques and its abbreviation means E – embryo, C – containing, I – information, W – whole, O – organism. Thus, embryo contains
information about the whole body. These are also basically fractal microsystems, first
described by Professor Yingqing Zhang. All microsystem techniques are known from
the literature and their practice requires practical training after mastering the theo‑
retical training.
For the sake of completeness, we also present instrumental techniques of
acupuncture diagnostics, which have been used practically all over the world for a
long time. It is EAV – electroacupuncture according to Dr. Voll, which has been used
since the middle of the last century (1977). Dr. Reinhold Voll (1909–1989) was a Ger‑
man physician who discovered another system of acupuncture points on the hands
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and feet corresponding to the twelve body meridians of acupuncture – one can speak
of their microsystem projection – and the other eight meridians, which result from
anatomical conditions in the body. Except for the meridian of the skin they are relat‑
ed to the functions of the body rather than to the organs. In 1977, the first device for
the EAV was created.
The second known method is Ryodoraku (good conductive bonding) by
Yoshio Nakatani, M. D., PhD. He introduced the method in 1951. He was a pioneer in
measuring the electrical activity of acupuncture points. It basically uses measuring
points from all organ meridians, although it calls them differently. These are points
that, according to Nakatani, represent the energy of the given meridian.
The use of both of these techniques requires training and education. Both
methods are well known, used and published and therefore we present them only for
completeness.
We will now go into more detail and present two complex and hitherto in‑
sufficiently known diagnostic technologies that provide a truly comprehensive ap‑
proach to acupuncture diagnostics, significantly expanding its diagnostic and ther‑
apeutic capabilities, using all available techniques as an interconnected complex
system. At the same time, they take advantage of the possibilities arising from the
complex pyramid model of acupuncture and connect Eastern and Western medicine.
Both come from our workplace and have been used with constant evolution for over
12 years. So far, they have proved themselves fully effective in about 6,000 of our pa‑
tients as well as those of our students.

A.3.2.2.1

Tactile Solár Test – TST
TST is a complex and non-instrumental dynamic diagnostic technology de‑

veloped at our workplace and enabling comprehensive diagnostics of microsystems,
active scars, blocks, meridians and overall individual evaluation of the current state
of the body’s energy information network and treatment effect.
TST is based on the premise that any block in the energy information net‑
work also causes a change in tactile sensitivity. This means that, for example, a block
in the meridian pathway manifests itself above the blockage site by a change in tac‑
tile sensitivity. Depending on the intensity of the energy information block (see also
the relevant section in the chapter on physics), this can range from very discreet
to significant in the patient’s subjective perception. We will also detect changes in
the skin’s electrical conductivity or resistance at the blockage site. After the block‑
ade treatment, the tactile sensitivity changes in the given locality disappear, which
is a manifestation of the block disappearance. The tactile sensitivity is not completely
identical in the two individuals and therefore the quantity of the detected disorder
should be evaluated carefully. The extent or intensity of the blockade can only be as‑
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sessed at a certain level of probability. The rule is that the more experienced the diag‑
nostician, the more accurate the estimate. However, from a clinical point of view, the
block needs to be treated and success is achieved when the block is removed, which
means that the tactile sensitivity difference disappears. The fact that there is an av‑
erage of 200 algic and 25 tactile receptors on one square centimeter of skin must be
taken into account in the evaluation. In addition, there are an average of 13 cold and
two heat receptors, but these are only average data, which are not exactly the same
in every part of the body and thus also modify the local tactile sensitivity. Many
years of experience with TST confirm that these differences are clinically negligible
and the examination technique is crucial. The TST examination can be done with a
brush, which we can easily move around the examined areas. It is also possible to
use a special probe (Fig. A.28) or another analogous tool. In practice, different brush
thickness, preferably cosmetic, have proved to be effective depending on the size of
the microsystem under investigation. Finger pressure or other means must be used
on some microsystems or waveforms, especially tendon-muscle meridians. It is very
interesting to experience that if the examiner passes the hand above the examined
meridian, some patients perceive this contactless movement as a tactile sensation,
sometimes very intense, even without the current visual control, while they can very
reliably identify its changes. This means that perception is not evoked visually. Even
if this relates to just a small number of patients, still, it is possible to assume a re‑
sponse, which is other than a mechanical contact. Obviously involved in this inter‑
action are energy information processes, which are universal. This means that this
ability is potentially available to every organism, but not everyone is able to perceive
it in a real and subjective way. Of course, this does not mean that this process does
not take place in a body that is not able to perceive it subjectively. It is the same as
with all the processes taking place in the body that we do not subjectively perceive at
all. However, this ability can be trained in some people. Tactile examination should
always be done in such a way that the conditions for a reliable perception and its dif‑
ferentiation are as optimal as possible. Many years of experience show that in prac‑
tice this is not such a big problem and in the vast majority of patients this examina‑
tion is problem-free.
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Fig. A.28

Special akupuncture probe
We have already mentioned several microsystems in the previous text

(Su‑Jok, ECIWOO, auricular microsystem), in addition to other microsystems in the
body. The microsystems mentioned so far represent – or, rather, have established
themselves empirically as – independent diagnostic techniques accepted practical‑
ly all over the world. In TST diagnostics we use other microsystems, which we can
divide into homunular, cross, circular, horizontal, vertical and rotating according
to their nature. At first glance, it is clear that they are also related to models in ac‑
upuncture. On the same part of the body there are all forms of microsystems pro‑
jected simultaneously and it is up to the investigator (observer) to choose. Typically,
the homuncular microsystems are Su‑Jok, ECIVOO, and the auricular microsystem,
because the body is projected on them as a homunculus. The floor microsystems in
TST also have such a projection, regardless of which system they came from, they are
examined on the hands and feet, but also on the torso or head (Fig. A.29). However,
they can also be projected on other parts of the body surface (i. e. at different levels,
where we also assign them to the projection of the element on the whole body part
(like the limbs). They are a projection of a cross pentagram on a part of the body sur‑
face, but today they are not much in use, for example, on the face or on the breast
surface. This is an original but now obsolete location of mammoelectroacugraphic
(MEAG) examination. In turn, these were suitable for the examination of the perigen‑
ital, perianal, periocular microsystem, or circular microsystems on the fuselage, and
other circular or vertical or horizontal projections. These projections, or microsys‑
tems, played a very important role in the development of TST methodology until the
introduction of the pyramid model and significantly refined diagnostics, allowed for
many variations in therapeutic approaches, and also allowed for the development of
electroacugraphic variations in diagnostics. The TST test in this form, over more than
25 years has meant – for those who have used and continue to use it after training in
our courses – a significant streamlining as well as a significant increase in the possi‑
bilities and especially the effectiveness and objectification of acupuncture diagnos‑
tics and treatment. All the mentioned microsystems – which cannot be exhaustively
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named because more are still being identified – are stationary, meaning, that their
structure does not change. Only the quality of their individual positions changes de‑
pending on the patient’s condition and changes over time as part of the dynamics of
the body’s energy information system, or after therapeutic intervention.

Fig. A.29

The floor microsystems in TST
With the knowledge of the entire bagua system and the pyramid model of

acupuncture, we also started using dynamic rotating microsystems. These are mi‑
crosystems based on the bagua. They are dynamic and rotational because the bagua
cycle (see the relevant chapter) rotates and is dynamic. The projection on the surface
of the body is a projection of the universal bagua and not a projection of the indi‑
vidual bagua. The individual screening is chosen by the examiner according to his
decision. In the first diagnostic plane, he selects the Fu‑Xi bagua meridian as the ideal
equilibrium state, as a reference. However, it also has the potential of other merid‑
ians of all four bagua, depending on which chain it belongs to. This is important in
differential diagnosis in the analysis of other findings in relation to the concatena‑
tion to which the potentially affected meridian belongs. Rotary and homuncular mi‑
crosystems are one of the key diagnostic guidelines in TST. Equally important is the
state of complex meridians, where the greatest imbalance is tactfully determined and
the overall energy status of the organism (CES) is determined for us, because it man‑
ifests itself dominantly on the meridians, which have a regulatory function. In TST,
the examined person notes the most unnatural tactile sensation. The state of these
regulatory meridian pairs physiologically can never be completely balanced, be‑
cause the body has a dynamic and dissipative structure. CES locates the current area
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of maximal energy information imbalance, which is always at the cardinal point of
such a meridian. To examine the overall energy status, tactile sensations at the car‑
diac points of all eight complex meridians on both sides of the body are compared. If
all the imbalances found on the meridians in the overall TST finding are not part of
one concatenation (Yang or Yin concatenation), it is necessary to determine CES‑1; the
largest imbalance in the second concatenation, which is essentially the second key
diagnostic criterion.
In this phase of the description of the various microsystems of the body and
their other possible fractal projections used in TST technology, let us look at what is
the principle and specific characteristic of this diagnostics, which differs from oth‑
er diagnostic methods and technologies. Above all, it monitors the body as a whole
not only through meridians, a selected group of microsystems but also compares and
evaluates them. The total number of microsystems of the organism is not known and
cannot be, because microsystems are a basic component of the energy information
system. They have multiple levels even with the same location and, of course, they
can always identify new ones. Of course, if the clinical picture or other circumstanc‑
es so require, it is necessary to examine other microsystems in individual patients or
for research purposes, which will help the diagnostic process. However, the common
basis of each examination represents a certain set of basic components of the body’s
energy information network, which can and must be the subject of TST development.
It is not possible or necessary for all microsystems to be examined by a single pa‑
tient for both temporal and diagnostic reasons. This is not possible either because the
number of identified microsystems that can be used clinically is not final. Therefore,
we unify terminology at TST, and for clinical use, based on experience, a basic pack‑
age for general diagnostic evaluation is usually sufficient. This procedure has the ad‑
vantage that the individual findings are comparable and in this sense also evaluable
in groups of patients, i. e. statistically. Thus, TST can be characterized as a complex
non-instrumental dynamic diagnostic technique enabling the diagnosis of microsys‑
tems, active scars, blocks, meridians and the overall assessment of the current state of
the body’s energy information system and the effect of treatment. Of course, to mas‑
ter this technique, which is applicable not only in acupuncture, but also in rehabili‑
tation or research, it is necessary to undergo contact training and practical training,
and at this point only more detailed theoretical and methodological information is
possible at the beginning. Even with this technique, the more experienced the diag‑
nostician, the more accurate the diagnosis will be.
Such a simple example can be given to illustrate one of the possibilities and
advantages of TST. A very common problem, especially for women, is pain on the me‑
dial side of the knee. During the basic examination, we can find out on which meridi‑
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ans there is a blockage and locate it and, of course, verify the effect of the therapeutic
intervention. From Fig. A.29 showing the individual elements, the energies of these
elements are projected on the shoulders (thighs), forearms (forearms) or arms (legs) of
the limbs. Of course, in homuncular microsystems in these areas (ECIWOO), projec‑
tions of this knee will be identified on all of these microsystems. However, if the most
significant finding is on the homunculus in the WATER projection, it is a sign that
this problem is related to the WATER element and most likely to gynecological issues,
which is by far the most common finding. It is important to focus in this direction in
the anamnestic analysis of the causes, but the finding of TST is a key diagnostic fac‑
tor. If this corresponds to a positive finding, like within the perigenital microsystem
(RPGM), the diagnosis can be further confirmed and refined.
This simple example illustrates both some TST options and the inadequacy
of evaluating only one microsystem, i. e. only auriculodiagnostics, or ECIWOO, or lan‑
guage diagnostics. Comprehensive diagnostics of TST, overall evaluation of anamnes‑
tic data and analysis of the patient’s condition provide sufficient data to obtain a rele‑
vant acupuncture diagnostic conclusion. Targeted acupuncture therapy is also based
on this conclusion, not on the basis of generally recommended points contained in
the “cookbook solutions”, but on the basis of special and strictly individual compre‑
hensive diagnostics, enabling targeted individual effective therapy.

A.3.2.3
A.3.2.3.1

Electroacugraphy (EAG)
Historical Notes
Electroacugraphy (hereinafter referred to as EAG) is an original instru‑

mental diagnostic method developed by us, the first version of which was created
in 1998. We classify it as an instrumental diagnostic method because it is an instru‑
mental diagnostics based on measured data that is diagnostically evaluated. Its core
is the Solár Method, which is an original method of diagnostic evaluation of the ob‑
tained parameters named after its author, which we will describe in the following
text. From a historical point of view, the first SW and HW equipment for the use of
this method was designed by Ing. Robert Truben and his collaborators, the second
substantially modernized version, which also enables mammoelectroacugraphic ex‑
amination (MEAG), was designed by Ing. Pavol Šperka with his team. Unfortunately,
for economic reasons, it was not possible to ensure serial production of this device,
so at the end of the HW equipment life cycle, this work discontinued. Very success‑
ful clinical results of this era were manifested especially in 2011, when the author’s
dissertation[A35] demonstrated 100 percent mammoelectroacugraphic identification of
electrodiagnostic findings on breasts in cancer patients in comparison with standard
methods of mammological diagnostics. In addition, MEAG identified additional disor‑
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ders that could be a potential source of further complications in the later period. This
diagnosis has not been surpassed to date, with the potential to identify etiopathoge‑
netic factors of the disease, was non-invasive, non-toxic, painless, and had no con‑
traindications or limitations other than the physical agitation of a patient who could
damage the device. The same was true for the standard computer EAG. We were in‑
spired to develop this technology by the need for universal, maximally objective, dy‑
namic and broad-spectrum diagnostics, especially in acupuncture, with the potential
for its further continuous development, variability and specifications, such as the ex‑
isting diagnostic technologies used in acupuncture.
Unfortunately, the electro-saccharification device remained only in the
stage of today’s non-functional prototypes, as there is no interest in its serial produc‑
tion and wider application. Nevertheless, it was very encouraging to recognize the
great diagnostic potential of electroacugraphy. Therefore, we continued to study oth‑
er possibilities of using the evaluation potential of this method in manual data ac‑
quisition, although with the significant limitations that the simplified method of data
acquisition represents. The original computer electroacugraphy sufficiently set the
standard for such a simpler and technically less perfect type of data acquisition for
their evaluation, suitable for routine clinical practice.

A.3.2.3.2

Theoretical Background of EAG
The system of active points and meridians has an irreplaceable informa‑

tion, energy and regulatory role in the body. The action of Qi in its various forms
within this system has its many laws and its disorders are reflected in the overall
condition and condition of the body not only in its original energy-information level,
but in all material levels, including psycho-regulatory and biochemical morpholog‑
ical. Of course, these three levels cannot be strictly separated, and such a division
is primarily of didactic significance. A systematic study of the hotspot and meridian
system has shown that it is fully compatible with the laws of contemporary Western
science, provided we properly understand its “coding” and symbolism. This, even
in the intentions of physical knowledge, confirms the legitimacy of the assumption
that by diagnosing this system we can get a picture of the state of the body. Routine
clinical practice requires diagnostics that are instrumental and allow reproducible
determination of both qualitative and quantitative indicators so that they can be doc‑
umented in the patient’s medical record. Another requirement for clinical and exper‑
imental practice is comparability of results obtained in different workplaces.
All these requirements could only be met when the electrical properties
of the hotspots and meridians were demonstrated. Then, electrodiagnostic methods
in acupuncture began. All used diagnostic methods are basically based on measur‑
ing electrical resistance, the impedance at the respective hotspot, as these physical
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parameters change depending on the current state of the hotspot. Electroacugraphy
(EAG) measures the absolute impedance values of all examined points practical‑
ly simultaneously and continuously in the selected time interval, while measuring
probes are used for the measurement. The values thus obtained are displayed graphi‑
cally in the order of the circadian rhythm, with their line forming a curve. The curve
is only a graphical interpretation of the measured value links and expresses only the
relationships between them. It is not a realistic representation of the continuum of
measured values. Absolute measured values, which for various reasons are always to
some extent variable, do not practically affect the relative relations of the curves or
the possibility of their evaluation. At the same time, the mutual relations of the meas‑
ured values are decisive for diagnostics.
The system of active points and meridians contains much information
about the current state of the whole body. The problem was to find a suitable key
on the basis of which the information could be evaluated. In this search, the knowl‑
edge and laws of classical acupuncture had to be respected. This category includes
the a rule on the circadian biorhythm of Qi flow in individual meridians and other
biorhythmological rules or knowledge. The organ meridians are paired and under
physiological circumstances the energy flow in both branches of the same meridian
should have the same tendency. Methodical principles of examination and evaluation
of the findings are described in the following chapter.

A.3.2.3.3

Solár Method
We named the basic method – the key to the evaluation of the measured pa‑

rameters, on which computer electroacugraphy is based – after its author. The meas‑
ured points must be scanned on all organ meridians and on both branches of one
type in the EAG mode in order to evaluate the characteristics of the individual curves
thus obtained. The term “EAG mode” means the measurement of designated points of
one type (Ching points, biorhythm points, etc.) from each organ meridian one on the
right and left branches of this meridian (a total of 24 points).
The measured values are graphically represented in the sequence corre‑
sponding to the classical organ clock, separately for the left and right branches of the
meridian. These measurements are performed in real time, while the average value
for both is also calculated at the same time on both sides of one meridian.
If we are to evaluate the curves that we obtain from EAG, it is necessary to
respect the biorhythmological laws in the system of meridians in their construction,
so the sequence of meridians must comply with these laws. Tendencies of measured
values (curves) are relevant only if they respect the transition from meridian to me‑
ridian in the circadian rhythm sequence, express the real situation in the body and
are essential for diagnostic evaluation. The connectors of the measured values create
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separate curves for the left side and for the right side of the meridian system, because
the interrelationship of these curves is of fundamental diagnostic importance. The
so‑called average curve is not based on real measured values, but is calculated from
the average of the values measured on the right and left at the same points in real
time. Real time means that at the time of validity of the non-physiological (so‑called)
DST time, it is important to take into account the physiological (real) solar time.
Since, under normal circumstances, the joints of the measured values at
the appropriate points (EAG curves) on both branches of the meridians must have the
same tendency, their crossing is a manifestation of a qualitative failure of the meridi‑
an. EAG curves express Qi flow in the meridian system. Under normal circumstances,
the tendency of this movement cannot be different on the right and left side of the
body. The value in one meridian on one side of the body cannot increase and on the
other side of the body in the same meridian it cannot decrease. If such a condition
occurs, it is a sign of pathology in the relevant meridian. This pathology may not be
quantitative in nature. This is a qualitative change, expressed in the lateral discrep‑
ancy of the meridian. Graphically, this is manifested by the opposite tendencies of
the right-hand and left-hand curves in the EAG field of the meridian, respectively, by
crossing them. On the EAG space between CO and IT, for example, a fault in the CO
meridian manifests itself and this applies analogously to all meridians. A clear fea‑
ture of the pathology is crossing, the opposite tendencies are evaluated relative to the
nature of the contrasting curves. The opposite tendency means that Qi has different
dynamics in different places at the same meridian and at the same time. The degree
of severity of the fault is evaluated according to the angle of intersection of the right
and left side curves.
The basic criterion for evaluating quantitative disturbances of the EAG
curve is the average of the measured values within one EAG mode. It is calculated by
averaging all 24 measured points (12 on each side).
Significant deviations from this curve with the same initial tendency on
both branches of one meridian are considered to be a quantitative failure of the re‑
spective meridian. The degree of severity is given by the distance of the measured
point from the average of the whole mode.
In the fault hierarchy, the most serious is a mixed qualitative and quanti‑
tative disorder, which represents the most pronounced imbalance in the meridian,
followed by a qualitative disorder, and relatively less significant than the qualitative
is a quantitative disorder. However, in the context of comprehensive diagnostics, all
disorders must be evaluated individually in relation to the clinic.
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A.3.2.3.4

Benefits of Electroacugraphy
Even in this substantially reduced form, which is difficult to compare with

the original computer electroacugraphy and its diagnostic potential, electroacug‑
raphy has its undeniable benefits compared to other instrumental diagnostic tech‑
niques used in the world. It is the result of those elements and experience that could
be implemented into it within its technical capabilities from the original computer
electroacugraphy.
A great advantage of electroacugraphy in comparison with other instru‑
mental diagnostic methods is its independence from absolute measured values,
which eliminates certain problems, like the sweating skin, where the measured elec‑
trical values change due to moisture and increased conductivity. Electroacugraphy is
based on the mutual ratios of individual measured values and therefore the overall
character of the graph does not change with the changed conductivity of the skin and
in all circumstances shows the state and mutual ratios of the meridians.
Another significant benefit is the variability of EAG modes, which can be
arbitrarily adjusted according to clinical need.
According to our clinical experience it is possible to determine the time lo‑
calization of detected disorders, which is very important in assessing the dynamics
of disorders in relation to TST questionnaire method (MKBD‑S). It will be described
in more detail in the next chapter.
Evaluation of electroacugraphic record requires theoretical preparation as
well as experience. Here, too, what holds true in TST is that the more experienced the
diagnostician, the more the EAG can diagnose the examination.

A.3.2.4

Modified Questionnaire of Korngold-Beinfield MQKB‑S

(Solárová, Zlatica; Solár, Gustáv; Solár, Juraj)
The acupuncture questionnaire belongs among the tools of non-instrumen‑
tal acupuncture diagnostics and complements acupuncture diagnostics by combin‑
ing the range of somatic and psychological information we receive from the patient
that helps therapists expand the possibilities of differential diagnosis.
The authors of the origin questionnaire, husband and wife Dr. Korngold
and Ms. Beinfield, present questions from their acupuncture questionnaire in their
book Between Heaven and Earth: A Guide to Chinese Medicine,[A2],[A3] which we adapted
for people in Slovakia in the first phase for clinical verification of the questionnaire
at our workplace.
We established the first contact with the authors in 2011, when we moni‑
tored the possibilities of its use in breast cancer in women with the help of an already
modified acupuncture questionnaire.[A47]
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Examination techniques in acupuncture, whether instrumental or non-in‑
strumental, show the parameters of the overall changes in the patient without divid‑
ing them into primary psychological or somatic parts. Although the individual is an
indivisible entity, it is necessary for etiopathogenetic, diagnostic and therapeutic rea‑
sons to specify these factors. This is made possible by an acupuncture questionnaire.
This method obtains information about somatic and psychosocial influences and the
human environment.
The questionnaire addresses primarily two levels. The first level is a form
of self-assessment of sociological, psychoregulatory and somatic criteria: The re‑
spondent testifies about their sociological, psycho-regulatory and somatic level and
evaluates their current somatic state and at the same time speaks about currently
preferred characteristics as well as mental and social attitudes. An example is self-as‑
sessment “as I am” or “as I want to be”.
Acquisition of data for batch statistical processing is in this case understood
only partially, but the predominant part is the individual perception and evaluation
by the respondent.
Statistical data processing in this framework speaks of common trends and
cannot be evaluated in unambiguous categories. Here, too, the axiom of quantum me‑
chanics applies to the impossibility of achieving absolute knowledge, but only knowl‑
edge with a certain, albeit sometimes high, degree of probability. The questionnaire,
which is unconventional from the point of view of the traditional sociological percep‑
tion questionnaires, also corresponds to this. The multidimensionality of the study of
complex facts requires the precise formulation of a specific goal.
The development of innovative diagnostic and therapeutic methods in com‑
plex acupuncture diagnostics is a basic precondition for streamlining the subsequent
therapeutic intervention at all material levels, but ultimately also indirectly at the
transcendent level, which is also part of an indivisible complex entity.

A.3.2.4.1

Questionnaire Structure
The common denominator in the formulation of questions in the question‑

naire is the definition of five types of personalities according to the prevailing tem‑
perament in physiological and pathological manifestations at the psycho-regulatory
level. It also contains questions that are assigned to the five types of human personal‑
ity at the somatic level, which are focused on possible somatic pathology.
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Questionnaire

FIRE
Psyche
Somatics

WOOD

EARTH

Complex
WATER

Fig. A.30

METAL

Questionnaire structure
The questionnaire contains 200 questions formulated to capture the psy‑

cho-regulatory and somatic characteristics of each type. The following 4‑point rat‑
ing scale is assigned to the questions. Clear answer +3 points, partial +1, unclear
answer 0, negative answer ‒2. After completing the questionnaire, the positive and
negative answers in each group of questions are added, thus obtaining the total sum
of points for each element and their division into psycho-regulatory and somatic lev‑
el. Subsequently, these values are plotted on a circular pentagram.
Through questions on somatic and psychological characteristics we find out:
• Discrepancy among manifestations of one energy information state (element)
• Its relation to others on somatic and psycho-regulatory level
• Discrepancy among manifestations of one and the same element in somatic and
psycho-regulatory level
• Qualitative and quantitative relations between elements in somatic and psy‑
cho-regulatory levels.

A.3.2.4.2

Questionnaire Evaluation
Evaluation of the questionnaire was the subject of a dissertation by au‑

thor.

[A47]

For consistency we present part of this work.
When modifying the evaluation of the questionnaire, assumed the ques‑

tionnaire to be validated and therefore did not change the methodology of grading
individual elements. We use scale questions with a rating scale, where the respond‑
ent expresses their attitude to the object on the rating scale by choosing from a scale
of 1–6 as follows: ‒2 no, ‒1 rather no, 0 don’t know, +1 rather yes, +2 yes, +3 skip question.
Scaling does not determine the quantity of evaluation (in the sense of scale
1 to 6), but the quality of evaluation in the sense of yes, rather yes, rather no and no,
while the respondent has the option not to assess quality if they do not feel sufficient‑
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ly able to assess it by answering I do not know. We can easily quantify the responses
and then analyze them statistically.

A.3.2.4.3

Definition of Individual Types of Relations in the Questionnaire
Unlike the commonly defined relations in the classic circular pentagram,

the modification of the questionnaire allows the definition of other mutual relations
in the pentagram, which are necessary for the evaluation of conclusions.
If the clockwise circulation in the pentagram were quantitative, then there
would be no equilibrium state between the elements numerically, because a gradient
is required for mechanical circulation. This means that FIRE would have to have the
largest numerical value and it would decrease in the order of EARTH, METAL, WA‑
TER, WOOD and the subsequent “circuit” would no longer be possible because the
numerical value of Fire would be significantly higher than Wood and the numeri‑
cal number could not continue in the next “round” of the pentagram. This is a fur‑
ther proof that the notion of mechanical “flow” of Qi does not correspond to current
knowledge of quantum mechanics, but it also cannot be expressed using a simple
gradient. Additional adjustments are needed, which we used in the modification of
the questionnaire. It is not possible to express the dynamics of the pentagram numer‑
ically in such a simple way, therefore, it was necessary to postulate additional criteria
(Fig. A.31) that would also allow numerical evaluation of the questionnaire. The cal‑
culations revealed other relationships that allow a realistic evaluation of the ques‑
tionnaire. Subsequently, we describe the individual characteristics that result from
the interrelationships of the elements in the individual diagnostic states.

FIRE

4

EARTH

WOOD

3

5

WATER

1

Fig. A.31

METAL

2

Visualization of a mechanical “flow” of Qi

Harmonious relationship
• Arises among the five elements when each element in the module has the same
value of 0. The units are given in percentiles (deciles).
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Maximum imbalance margin of the element
• Maximum difference in score in one element when comparing somatic and
psycho-regulatory module. The maximum range of the element is from +4 to ‒4.
Units are given in percentiles. The value +4 expresses the maximum identification with the characteristics of the given element and the value ‒4 expresses the
minimum identification with the characteristics of the given element.
Example: the element Earth has the greatest imbalance compared to other
elements in the psycho-regulatory and somatic level (Fig. A.32).

0

0
+3

0

0

0

0

Imbalance margin: +3,
psycho-regulatory level

Fig. A.32

‒2

0

0

Imbalance margin: ‒2,
somatic level

Imbalance margin

Pressure – (T)
• The vector between two elements A and B in the cycle of birth and control in
the pentagram, for which: A ≠ B. Pressure expresses the non-equilibrium state
of one element relative to another. This effect can be hyper-composing and de‑
composing. It is a disorder that disrupts harmony in the system.
If the pressure is in the birth cycle or against the birth cycle (around the
circumference of the pentagram), it is a fault of the YANG type. If the pressure is in
the direction or against the direction of control (inside the pentagram), it is a fault of
the YIN type. This also follows TCM criteria.
Hyper-composition pressure – (TH)
• The vector between two elements A and B in the cycle of birth and control in
the pentagram, for which A > B applies. It has a “physiological” direction, but a
quantitative gradient is not the norm. In a broader sense, we can talk about the
quantitative type of disorder.
Decomposition pressure – (TD)
• Vector between two elements A and B in the cycle of birth and control in the
pentagram, for which A < B applies. It acts counterclockwise and is a relation‑
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ship of humiliation, destruction and the like, and it is a qualitative type of
disorder (i. e. A = WOOD, B = FIRE).
Maximum hyper-composition and decomposition pressure
• The largest fault range, whether in the hyper-composition or decomposition di‑
rection.
Element Initiator – (EI)
• The first element in a triplet of elements that initiates the creation of an algo‑
rithm.
The vectors of action of the initiating element on the top and transition ele‑
ment primarily inform us about the qualitative or quantitative failure in the superi‑
or element. Creates vectors with a Vertex and Transition element.
Element Vertex – (EV)
• The second (middle) element in the triplet of elements that determines the na‑
ture of the algorithm. The algorithm primarily determines the imbalance in
the vertex element.
The vectors of the action of the Vertex element on the initiating and tran‑
sient element carry information about the qualitative or a quantitative defect in a
given element. Creates vectors between the Initiation and Transition elements.
Element Transition – (EP)
• The third (terminal) element in a triplet of elements that closes the algorithm.
The vectors of the action of the transition element on the initiating and peaking
elements primarily inform us about the qualitative or quantitative disorder in
the peaking element. We learn about a qualitative or quantitative defect. It cre‑
ates vectors with a vertex as well as the initiating element.
Initiating 1

Initiating 1

+4
‒1

0

0

‒3

Peaking 2

‒1

0

Transition 3

Turbulent algorithm HYPERcomposite
A = element Initiator
B = element Vertex
C = element Transition

Fig. A.33

0

Peaking 2

0

‒2

Transition 3

Turbulent algorithm DEcomposite
A = element Initiator
B = element Vertex
C = element Transition

Turbulent algorithm
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Algorithm – (A)
• Vectors of action between three consecutive elements in the birth cycle, where
the first element in the order is called the initiating (I), the second in the vertex (V), and the third in the transient (P), for which it holds that I ≠ V ≠ P. Accord‑
ing to the vectors of action between these elements, we find out what type of
disorder it is.
Pure hyper-composing algorithm – (AHC)
• Vectors between three consecutive elements in the I V P birth cycle for which
applies I > V > P. This is a quantitative type of disorder.
Pure decomposition algorithm – (ADC)
• Vector algorithm between three consecutive elements in the I V P birth cycle
for which applies I < V < P. This is a qualitative type of disorder.
Hypercomposite turbulent algorithm – (AHT)
• Vector between three consecutive elements in the I V P birth cycle, for which
the following holds true:
–– I < V > P, P < I
–– I > V > P, P > I
–– I > V < P, P < I
This is a qualitative type disorders.
Initiating 1

Initiating 1

+4

0

Peaking 2

‒1

0

0

+3

‒1

0

Transition 3

0

Turbulent algorithm HYPERcomposite in
Earth, Fire: +4 red, Earth: ‒1 yellow, Metal:
+3 blue

Fig. A.34

Peaking 2

+2

Transition 3

Turbulent algorithm DEcomposite in Earth,
Fire: 0 red, Earth: ‒1 yellow, Metal: 2 blue

Turbulent algorithm in Earth
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Turbulent decomposition algorithm – (ADT)
• Vector between three consecutive elements in the I V P birth cycle for which
the following applies:
–– I < V > P, P > I
–– I > V < P, P > I
–– I < V < P, P < I
This is a qualitative type of disorder.
FIRE
0

WOOD
0

WATER
+2

Fig. A.35

EARTH
‒1

×

METAL
‒2

Sample 1 of the relationships in the pentagram

Note:
–– Red vectors – decomposition pressure,
–– Green vectors – hypercomposition pressure.
–– Black vector – harmonic relationship
–– WATER–METAL – maximum decomposition pressure
–– WATER–FIRE, WATER–WOOD – maximum hypercomposition pressure
–– EARTH (I) – METAL (V) – WATER (P) – turbulent
–– FIRE (I) – EARTH (V) – METAL (P) – pure hypercomposition algorithm
–– WATER – orange circle – maximum imbalance margin
FIRE
+1

WOOD
0

WATER
+2

Fig. A.36

×

EARTH
+4

METAL
+3

Sample 2 of the relationships in the pentagram
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Note:
–– WATER (I) – WOOD (V) – FIRE (P) – turbulent hypercomposition algorithm
–– EARTH (I) – METAL (V) – WATER (P) – pure hypercomposition algorithm
–– METAL (I) – WATER (V) – WOOD (P) – pure hypercomposition algorithm
–– WOOD (I) – FIRE (V) – EARTH (P) – pure decomposition algorithm
–– FIRE (I) – EARTH (V) – METAL (P) – turbulent decomposition algorithm
The questionnaire points out the relationships that are beyond the inter‑
pretation of the relationships in the pentagram in TCM. The relationships from the
results in the modified questionnaire are compatible with the outputs of electroacug‑
raphy, which allows the comparison of the questionnaire result with EAG.

A.3.2.4.4

Personality Typology and Pathological Patterns in Diagnostics
and Questionnaire Evaluation
As an example, modern Western typologies include special psychologi‑

cal types – such as Jung’s typology and somatic types and Kretchmer’s typology, but
these have no common denominator in the evaluation.
According to the original Hippocratic terminology, categorization would be
possible, because his analogies of bodily liquids and temperament are similar with
the typology of the five elements.
The typology we present includes ontological and teleological principles as
well as pathological patterns. The purposes of a successful typology are twofold.
First, it should possess a forward-looking power: to help us in our ability to
make general statements about groups and individuals that predict functional and
adaptive trends (benefits to the body and its development), as well as non-function‑
al and maladaptive (damage to the organism and its development). Second, it should
allow us to describe groups of individuals and to some extent explain the nature of
their formative process.
The basic characteristics of the five types are incorporated both in the for‑
mulation of questions and in the evaluation process, where they evaluate the psycho‑
logical and somatic manifestations of functional and pathological conditions of the
individual.
The main typology derived from these principles allows for a meaningful
generalization of the somatic and psychological manifestations of individuals and
groups without ignoring their complexity and diversity.

A.3.2.4.5

Personality Typology from the Perspective of Current Knowledge
This typology applies not only to questionnaire diagnostics, but is also

standard in TCM and is therefore applicable in every type of acupuncture diagnos‑
tics. It is also acceptable for Western medicine. This typology applies to both the psy‑
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cho-regulatory level (psychological assessment) and the somatic level (somatic assess‑
ment) related to organ pathology according to the meridians.
A.3.2.4.5.1

Wood

Normal physiological characteristics
The physiological typology of wood can also include motivation and the ef‑
fort to change, i. e. initiating a certain activity, striving to eliminate injustice, achiev‑
ing success, etc. Emotions controlled in this way have a positive meaning, and in
the broadest sense of the word we can speak of a dynamic emotion. According to our
clinical experience, the ability to penetrate the issue and gain insight and dynamism
can also be included here. An evaluation of the meaning and intensity of this activi‑
ty is also included in the controlled emotion of this type. As an example, we present
an increase in energy, which may or may not be controlled and is the initiator of all
events. It is possible to include motivational tuning, pre-start tuning of the athlete,
but also initiating the tuning of the scientist, researcher as well as any tuning before
a specific performance.
Characteristics of pathology
Sudden eruptions of anger, which ignites violently and resonates quickly
with great dynamics. With its dynamic charge, anger is very destructive, but it is de‑
pleted and disappears relatively quickly. Its physiological function is to emotional‑
ly “charge” fast and dynamic activities requiring short-term high activity. Yin-type
anger characteristics have significantly lower dynamics and intensity, but long-term
effects. The term “annoyance” is a long-term, more systematic and appropriate pollut‑
ant. Lack of emotion of anger as a “physiological” component of the emotional spec‑
trum leads to disruption of harmony, lack of dynamism, loss of motivation, and even
such an emotional state acts as a harmful and may be more serious in terms of action.
In general, we can say that any emotion that goes beyond dynamic balance has the
potential to act as a pollutant.
If such emotional activity, charged with considerable energy and informa‑
tion potential, spins out of control and “explodes”, it behaves like a windstorm and
clearly dominates its destructive potential. At the mental level This symptom mani‑
fests itself as problems with self-control and fierceness, problems with cooperation
with others, being the first, exceptional at all costs, the individual appears to be con‑
ceited, conflicted, tyrannical, obsessed with something, unfocused, has compulsive
tendencies, emotional instability, etc.
The disharmonious formula raises a number of somatic difficulties. We
shall mention some: dyspepsia, nausea, bloating, pain and cracking of the knees
when moving to the squat, headaches, migraines, sexual disorders, painful menstru‑
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ation such as cramps, high blood pressure, facial neuralgia, PMS, vision problems,
etc. The harmful emotion of anger primarily affects the functional areas: gallbladder,
liver, skin, Voll’s fat meridians (AD) and skin (CU), bile, tears and eyesight.
A.3.2.4.5.2

Fire

Normal physiological characteristics
Fire-type physiology includes vitality, the ability to openly express one’s
feelings and feelings towards one’s surroundings, good communication skills, enthu‑
siasm, identification with nature, other people’s emotions, information filtering. The
emotion of joy is an energy that is more of a reward. It is motivating, it is often sought
after and we can talk about motivating emotions, in a sense it motivates people to
maintain that emotion. We achieve joy in fulfilling a goal.
Characteristics of pathology
At the mental level, this symptom manifests itself in through: anxiety, nerv‑
ousness, sometimes even obsession. An individual tends to panic, be silent or, con‑
versely, talkative, has a tendency to overuse psychotropic drugs, is unable to express
emotions openly, to live in the emotions of others, etc.
Excessive joy has an exhaustive and disruptive effect on the overall harmo‑
ny of emotions. A sudden excess of joy can lead to the blockage of important process‑
es in the body. There are known to have been unexpected deaths at sporting events
among spectators whose hearts fail under the surge of sudden joy. There is a sharp,
very intense and short-term emotion, which leads to weakening and possible de‑
motivation of the body. Such joy loses momentum and blocks the normal dynamics
of emotions. Joy acts as a pollutant when it is in excess and in deficiency, which we
sometimes mistake for depression, but it is essentially an inhibitory apathy and a
lack of interest in events, which disrupts the dynamics of emotions and triggers de‑
structive processes.
The disharmonious pattern causes a number of somatic problems, such as:
frequent and abundant sweating, inflammation of various kinds (urinary tract, gy‑
necological), which can lead to cyst formation, pulmonary hypertension, aphthae on
the tongue, cold sores, dry and painful eczema, blood pressure disorders and circula‑
tion. The primary pollutant affects the functional circuits of FIRE (heart, small intes‑
tine, triple heater and cardiovascular circulation, endocrine system)
A.3.2.4.5.3

Earth

Normal physiological characteristics
In the broadest sense of the word, we can talk about stabilizing emotions.
The concept of worry in the Western sense does not have a completely unambigu‑
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ous evaluation charge and its interpretation is not unequivocally positive or negative.
The physiological sense of emotion is characterized as stabilizing and ensuring the
balance of emotionality. Physiological characteristics include, for example: striving to
engage in activities, being wanted, responsible, attentive, helpful, striving for harmo‑
ny, sociability, loyalty, safety and foresight.
Characteristics of pathology
Psychological manifestations of difficulties can be attributed to: individual
interference in other people’s affairs, constant arranging, manipulation, reluctance
to back down, let things run their course, or vice versa, obsessions and self-doubt,
cumbersomeness, focalization on the problem. It is associated with fears for the fu‑
ture, a strong need for a sense of security, safety and control of the situation. Patients
with symptoms of cancer also have a distorted pattern at the psychosocial level: loss
of self-identity, being manipulated, lack of strength and vigor, too much flexibility,
not knowing to say no.
The disharmonious pattern causes a number of somatic problems: meta‑
bolic, muscular and lymphatic dysfunction, swelling of the lower limbs, ovarian cyst
joints, problems in the sacral spine, heavy menstrual bleeding, flatulence, constipa‑
tion or diarrhea, anorexia.
The pollutant of the emotion of anxiety primarily affects the functional cir‑
cuits of the stomach, spleen and pancreas.
A.3.2.4.5.4

Metal

Normal physiological characteristics
In the broadest sense of the word, we can talk about regulatory emotions.
The physiological significance and positive meaning of this emotion lies in a certain
understanding of the limits of one’s own possibilities, searching for the meaning of
things, blocking excess activity, thus maintaining emotional harmony. The emotion
of sadness in this sense regulates unnecessary activities, which tend to excess in‑
take of large amounts of information. The physiological meaning of this emotion is
primarily balanced and mature. It leads to the search for meaning in the higher di‑
mensions, leads to the development of the spiritual realm and the understanding of
natural human participation in the cosmic and spiritual whole. The emotion of sad‑
ness conceived in this way leads to maturation in the broadest sense of the word. In
addition to these characteristics, it also includes the pursuit of discipline, structures
and definitions, recognizes one’s own judgment, authority, recognition, strives for
a rational, principled and orderly life, places high demands on oneself and the en
vironment.
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Characteristics of the pathology
The disharmonious formula gives rise to a number of somatic problems,
such as: inflammation of the joints, skin, colon, lungs, urethra, bronchitis, non-sweat‑
ing temperatures, eczema, general stiffness, cyst formation, retention of body excre‑
tions, severe relief, accumulation and tumor formation, hardening.
At the psychological level, disharmony can manifest itself as follows: anx‑
ious or negligent order, meticulously caring about trifles, clinging to norms, perfect
social adjustment, inability to resist tight, rigid strict rules that hinder self-realiza‑
tion, easily fails to doubt or prejudice, dulling of sensory and emotional perception.
Inner determination is replaced by reliance on external restraints, feelings of disap‑
pointment and grief.
The pollutant emotions of grief primarily affect the functional circuits of
the lungs, the colon (and respiratory system, intestinal functions, smell). Both of these
participate in the detoxification of the body and include Voll’s lymphatic meridians
(AL) and allergies (AL).
A.3.2.4.5.5

Water

Normal physiological characteristics
In its physiological sense, fear has a protective function. It does not allow un‑
bearable risk, and just as sadness leads to an understanding of limitations, so fear
comes from an understanding of finiteness. It creates a counterbalance of distract‑
ing and motivating joy, such as maximally concentrating and concentrated protec‑
tion. As long as fear does not exceed its “physiological” boundaries and the intensity
does not disturb the emotional harmony in any way, on the contrary, it contributes
to its maintenance. Physiological typology also includes eloquence, intelligence and
introspection, independence in action, acumen, criticality and a tendency to examine
things, an effort to know and understand.
Characteristics of pathology
At the psychological level, imbalance manifests itself in the form of inabil‑
ity to manifest emotionally, lack of tact, reluctance to forgive others and oneself, hy‑
pochondriac manifestations, decreased vitality, reluctance to express one’s feelings.
Lack of fear also acts as a pollutant, which can be a direct threat to life and some‑
times evokes manifestations of a relative excess of emotions of joy.
With a disharmonious pattern, somatic symptoms may occur such as: low
back pain, intervertebral disc herniation, gynecological and andrological inflamma‑
tion, cysts of various kinds, prostate, uterine, ovarian and bladder tumors, excessive
libido or impotence, infertility, vertebrae diseases, tinnitus, CNS disorders, etc.
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The pollutant of fear emotion primarily affects the functional circuits of the
bladder (VU), kidneys (RE), Voll’s meridians of nerve degeneration (NE) and organ de‑
generation (OR), uropoietic system, sexuality, CNS.

A.3.2.4.6

Pollutants
Classical Chinese philosophy recognizes two types of pollutants; external

and internal. In general, it can be said that the term external pollutant means the
negative impact of climatic events and the term internal pollutant mean the patho‑
logical state of emotions. These pollutants are directly linked to the principles of the
five elements. The individual pollutants, as listed below, are assigned to individual
seasons, like heat to flight, cold to winter, etc. When their effect is greatest each of the
pollutants can act at any time of the year and their effect can be combined.
Knowledge of this issue is a necessary prerequisite for a quality compre‑
hensive analysis of each acupuncture finding.
A.3.2.4.6.1

External Pollutants – Climatic

According to traditional Chinese philosophy we can distinguish five types
of weather which belong to the five elements and the five seasons. Under normal cir‑
cumstances, each of these climatic characteristics belongs to one element and as such
gives it energy and its characteristic; and it is not harmful. Under normal circum‑
stances, each season is characterized by a certain climatic characteristic, which is
also the energy of the element that dominates in the particular season. If this climatic
characteristic has adequate qualitative and quantitative parameters, it is perceived
positively and not as a pollutant. Only when these characteristics become excessive
or extreme do they become harmful.
The effect of climate in the pathological sense of the word – the harmful
effects of climatic factors – belongs to the so‑called external pollutants. This is be‑
cause they act and enter the body from the outside and, therefore, the internal factors
named after climatic pollutants – like internal cold, heat, wind, etc. according to tra‑
ditional philosophy – belong to the category of external pollutants as well.[A22],[A23]
A.3.2.4.6.2

Internal Pollutants – Emotional Disorders

According to traditional Chinese philosophy, internal pollutants are emo‑
tional disorders, which are equally assigned to individual energy information states
(elements).
We know from ethics therapy that every symptom is actually a “material‑
ized” problem that is not solved at a higher level.[A8]–[A10],[A24] Every activity is accom‑
panied and triggered and influenced by emotions. These emotions are generated
and manifested internally on a psycho-regulatory level, and “without an emotional
phase” there is virtually no activity. Emotions are the most internal manifestation of
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the psycho-regulatory level and primarily affect other processes in the body, includ‑
ing metabolism. It is therefore logical that they do not only have a stimulating, moti‑
vating and managing effect on the organism, but also a harmful effect in the case of a
pathological arrangement. Protection against the harmful effects of emotions is much
more complex than protection against climatic influences. Emotions are character‑
ized by great variability and strength of action and are therefore significantly more
serious in terms of harmfulness than external pollutants and are also more difficult
to identify. In modern Western medicine, stress or stressors are often referred to by
the general, relatively vague name, while in traditional philosophy they are under‑
stood in a more sophisticated form. They are a natural and implicit component not
only for the body but also for its physiology and pathology. Today’s age brings great
demands on emotionality. Using the knowledge of traditional philosophy in this area
is essential for diagnosis as well as for therapy. Traditional philosophy understands
the body comprehensively and emotions belong to the elements inseparably as well
as all other factors (tastes, smells, seasons, colors, etc.). Under emotional circumstanc‑
es, the five emotions are in a dynamic balance with each other, and disturbing this
balance leads to pathological manifestations.

A.3.2.4.7

Conclusion
Over 15 years of experience with MKBD‑S acupuncture, our questionnaire

shows that the patient’s subjective assessment of their current condition elevates so‑
matic disorders. This may already spring from somatic imbalances themselves.
When evaluating the results of the questionnaire, the evaluated rela‑
tionships have different quality and address different contexts. These contribute to
the current image that a particular patient has in relation to their somatic and psy‑
cho-regulatory level as well as toward their actions. It is possible to gauge whether
the patient’s problem is more somatic or psycho-regulatory.
The results obtained from the questionnaire enable comparison with other
instrumental or TST diagnostic procedures and subsequently increase the possibility
of greater objectification within acupuncture diagnostics. One can say we obtain not
just more quantitative but also qualitative outputs. These are important in address‑
ing the overall assessment of the patient. Also, these offer a more detailed and quali‑
tatively richer picture.

A.4

Notes on Acupuncture Therapy

(Solár, Gustáv; Solárová, Zlatica; Solár, Juraj)
Although acupuncture therapy is not the subject of these chapters because
it is included in the textbook, we consider it necessary to make some notes in connec‑
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tion with the therapy. These remarks are useful both for the needs of multidiscipli‑
nary cooperation and for a better understanding of relationships and contexts.
After many years of experience with pharmacopuncture, we have come to
the conclusion – which has been empirically confirmed in our country for several
years – that the most appropriate therapy appears to be pharmacopuncture with the
application of saline (solutio natrii chlorati). In our experience this therapy has the
following advantages:
• It is physiological and absolutely safe, as the saline solution has no contraindi‑
cations.
• It is not necessary to elicit the de‑qi sensation, which is typical in applying the
acupuncture needle. The saline solution does not need to be applied in depth
directly, because it “finds its way” on its own from the surface location of the
point by the mechanisms of the body’s energy information network.
• This therefore enables safe application even among “dangerous points” due to
their problematic location.
• The application of saline solution to a given point – meridian of any kind, mi‑
crosystem or any component of the body’s energy information network – cre‑
ates microedema; a typical physiological response to a strong external stimulus,
and allows the application of electro-physiological processes.
• It is not necessary to leave the needle at the injection point too long because the
“water ball” acts as a “water needle”.
• The body itself regulates the required length of stimulation according to the
current energy information situation in the body.
• Application is possible continuously to any location without the need to position
the patient as is the case when applying conventional needles in the front and
the back.
• Control of objective success of the intervention is possible using TST technique
almost immediately.
• Sensations related to the effect of therapy can be expressed by the patient after
almost every step, which together with TST control allows the patient’s direct
involvement and feedback.
• Based on our experience, therapy using a physiological solution is more effec‑
tive, less time consuming and less traumatizing for the patient.
The rules of therapy are determined by diagnostics and the selection of
therapeutic methodology. Of course, the application of classical acupuncture and oth‑
er techniques – like magnetopuncture, laseropuncture, photopuncture, electroacu‑
puncture and other techniques – is also justified if the state and situation so require.
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At our workplace, based on many years of experience, we prefer therapy
using the principles of the pyramid model and TST technology. It is comprehensive
and individualized and its effect and possibilities far exceed what is commonly used
in standard procedures. It practically expands the indication areas in the field of ac‑
upuncture. Such a procedure requires complex theoretical preparation and subse‑
quent practical training under expert supervision and is certainly based on the ther‑
apist’s experience. Our course graduates can certainly attest to this fact.

A.5

Summary of Acupuncture Chapters
We would again like to stress that these chapters are not and cannot be tak‑

en for an acupuncture textbook. They focus on the less known areas of knowledge, on
those that are needed for forming multidisciplinary collaborations. This text presents
acupuncture as a medical field with long history and great philosophical and multi‑
disciplinary potential. But it is also a field containing important physical considera‑
tions.
When examining the history of acupuncture on the basis of new facts, it is
evident that acupuncture as we know it today is timeless in terms of the development
of our civilization and clearly transcends it. This is evidenced by the wealth of knowl‑
edge that has not been explored to this day. It also goes well beyond a strictly medical
or physical and philosophical knowledge and, probably – almost certainly – could not
have arisen in the early stages of our present civilization. Various mythological inter‑
pretations are given both by their historical time of origin and by the legitimate mis‑
understanding of its necessary physical principles which require the knowledge of
contemporary quantum mechanics. With all due respect to Tradition and Traditional
Chinese Medicine – to which we owe much that survived to this day and are there‑
fore able to study it at length – it is not possible to accept its mythological origins and
interpretations. In any case, this history deserves serious research even if its extend
might be daunting.
The second aspect is its philosophical, physiological and anatomical-mor‑
phological basis, which exceeds the knowledge of modern medicine and possibly
other sciences as well. The often derogatory attitude of current medicine towards ac‑
upuncture – which is fortunately waning – is a manifestation of self-centeredness,
naivety and ignorance of the issues at hand. However, it is evident that various lay
“experts” and the real current state of acupuncture in the world also play a signifi‑
cant role in this situation. At a time when more and more people are treated through
acupuncture rather than using the methods of academic medicine does not change
anything, because quantity does not automatically guarantee quality. This condi‑
tion is not only the consequence of modern medicine’s unavailability, but it certainly
speaks to the effectiveness of acupuncture at this stage of its knowledge. This is why
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acupuncture deserves at least the same research attention and economic support as
other medical disciplines. It has a huge and hitherto unknown potential, especially
at the present time. Acupuncture is a field of medicine and knowledge that is readymade for multi-professional studies while maintaining its medical and therapeutic
principles. This is why we pay significant attention not only to physical, but also to
biological, psychological, energetic, informational, cosmological and its other as‑
pects. This also attracts the well-deserved attention of serious scientists and affords
us possibilities of increasing a multidisciplinary approach that is real and necessary
for health and knowledge. The connections with mathematical and symmetrical re‑
search and study are evident in this pilot project. Also, the issue of cellular communi‑
cation or “cell language” has caused a scaling ot mutual cooperation and significantly
accelerated collaboration capacity on both sides. Knowledge about the morphological
and functional structures of the body’s energy information network and their inter‑
connections create space for effective rehabilitation, including physiotherapy, where
the medical benefits of this knowledge are currently greatest and have huge and nat‑
ural potential to connect these medical disciplines. The rapidly evolving possibilities
of modern neurotechnologies open up space for mutual cooperation not only in re‑
search, but especially in clinical practice. In addition to this pilot project in multidis‑
ciplinary cooperation, we suggest an expansion to other field possibilities, including
oncology, biological disciplines, psychology, physics, philosophy, theology and other
fields of science and knowledge.
We have introduced highly effective diagnostic technologies developed and
proven over many years. These have significantly expanded the diagnostic scope of
acupuncture and created new, hitherto unknown possibilities of complex acupunc‑
ture diagnostics of the whole body at all its level. So far, this has not been possible
in any other field. Hence, we offer a change in perspective on the structure of the
body’s energy information network and its further study. We also proposed possibil‑
ities of cooperation with other medical departments (TST, EAG and modified MKBD‑S
questionnaire) and we also indicated the possibilities of their further development.
All of this requires theoretical preparation and practical training we are happy to
provide to interested parties. We also presented a comprehensive pyramid model and
its possibilities in the development of modern acupuncture. This affords expanded
opportunities for multidisciplinary study using diagnostic technologies which were
presented here; useful not only in the field of acupuncture. We certainly do not re‑
ject other current possibilities whose knowledge is contained in understanding new
technologies. We shall take price in expanding serious and fact-based development of
acupuncture to the benefit of all fields of medicine.
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However, what needs to change is the education system as it related to acu‑
puncture. It should be free from myths and scholastics. Also, it needs to be changed
and adjusted and to standardize itself internationally as is the case in other medical
fields. This should all take into account the latest science, especially its multidiscipli‑
nary understanding. This pilot project presented recognizes that such training must
be open to all exact knowledge. This certainly requires adjustment in medical scien‑
tific criteria, which are inapplicable in acupuncture, and it’s certainly not acupunc‑
ture’s fault. There is real need to upgrade the “one-size-fits-all” criteria through inno‑
vation and serious multidisciplinary analysis which actually corresponds to current
science and knowledge.
We believe these chapters can contribute to the attractiveness of acupunc‑
ture, increase interest in its serious systematic study and perhaps help open up fresh
space for dialogue as well as for useful application. We would be deeply grateful if
our medical and healthcare colleagues across the aisle – as well as the experts from
across other fields of science and knowledge – took our work as a gesture, an extend‑
ed hand. This could forge stronger ties, open fresh possibilities and lead to an adven‑
ture through new multidisciplinary cooperation. All of this could deepen our knowl‑
edge, strengthen acupuncture, and serve our health. The longest journey starts with
a single step. Thank you for taking it together with us.
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B.1

Introduction
The therapy deals with the normalization of the state of the physiological

systems of the body, which are passed down from generation to generation based on
their genetic coding. All inherited physiological subsystems of organisms are forced
to be structurally consistent with genetic coding by virtue of being genetically cod‑
ed for transmission to the next generations and survival in evolution. Understanding
the patterns of genetic coding systems is one of the central tasks of modern science,
which is especially important for the progress of medicine, physiology, biotechnolo‑
gy, cognitive psychology, artificial intelligence, etc.
With all the amazing variety of types of living bodies, genetic coding in
all types of organisms is built in a unified way on the molecules of DNA and RNA
heredity, in which the genetic information is recorded in the form of linear se‑
quences (“texts”). In connection with the achievements of molecular biology, a new
understanding of life itself has emerged: “Life is a partnership between genes and mathematics”.[B38] In DNA molecules, these sequences consist of 4 nucleotids (molecular
letters): adenine A, guanine G, cytosine C and thymine T (in RNA, uracil U is used in‑
stead of thymine). It turns out that genetic informatics based on these molecular se‑
quences has deep connections with the Yin–Yang schemes and tables of the ancient
Chinese book I‑Ching (“The Book of Cyclic Changes”), written several thousand years
ago.[B6],[B24],[B26],[B33] The ancient Chinese claimed that, for example, the famous Yin–Yang
table of 64 hexagrams in the Fu‑Xi order (Fig. B.1) is a universal natural archetype.
They did not know anything about genetic coding, but, as modern science has estab‑
lished, the system of genetic coding with its system of 64 triplets, also endowed with
binary-oppositional (Yin–Yang) features, is built in accordance with this ancient ta‑
ble. The present article offers a summary of these relationships, the consideration
of which led the author to identify the relations of the molecular system of genetic
coding with musical harmony, the theory of resonances and a number of other wellknown concepts (additional publications are presented on his website http://petouk‑
hov.com/).
The I‑Ching had a powerful influence on the culture, medicine and science
of the ancient China and a number of other countries. It introduced a system of Yin
and Yang symbols (equivalents of the numbers 0 and 1), represented by broken and
continuous lines, respectively. It uses schemes with 4 bigrams and 64 hexagrams
from these two types of lines (Fig. B.1). For example, Fig. B.1 shows a square table
of 64 hexagrams, in which all columns and rows are numbered by binary numbers.
Similarly, the genetic code is built in DNA molecules using 4 nucleotids and 64 tri‑
plets endowed with binary-oppositional molecular features. At the same time, as
shown below, all 64 genetic triplets, according to their molecular characteristics, are
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located inside a similar square table (Fig. B.2). Structural analogies of the Yin–Yang
schemes of the I‑Ching with the DNA alphabets have long been noted by various au‑
thors, including prominent geneticists.[B17],[B18],[B37] More details about such analogies
can be found in publications [B6],[B16],[B26],[B33].
Large number of literary sources dedicates to the I‑Ching. Many of these
sources list the I‑Ching as one of the greatest and most mysterious masterpieces of
a human. From the point of view of Chinese culture (the most ancient of all cultures
that continue to exist on the Earth), the I‑Ching is something even more significant:
creation of a Super-Human, who embodied the secret of the Universe in special sym‑
bols and signs. The symbols and principles of the I‑Ching have penetrated into all
spheres of life in traditional China, from theoretical ideas and high art to household
items and decorations. Confucius said: “Should it be possible to extend my years, I would
give fifty of them to study the I‑Ching”.[B10] The I‑Ching proclaims the universality of the
cyclic principle of organization in nature. Traditional oriental medicine with its acu‑
puncture, Tibetan pulse diagnostics, etc., are based on the provisions of this Book.
Many Western scholars have studied and used the I‑Ching. For example, the
creator of analytical psychology K. Jung developed his doctrine of the collective un‑
consciousness in connection with this book. According to Jung and his colleague, No‑
bel Prize winner in physics W. Pauli, both trigrams and hexagrams of the I‑Ching “fix
a universal set of archetypes (innate mental structures)”.[B10](p. 12) The intensive develop‑
ment of self-organizing and non-linear dynamics of complex systems contributes to
the increased attention of Western scientists to the traditional Eastern worldview (for
example, see [B5]). The influence of the I‑Ching is widely represented in the modern
life of the Eastern countries. For example, trigrams are depicted on the national flag
of South Korea. In many specialized schools, teachers teach students the methodolog‑
ical aspects of the practical application of relevant ancient knowledge in medicine
and other fields.
The purpose of this article is:
–– To demonstrate the structural links of the general biological system of ge‑
netic coding with the ancient Chinese I‑Ching Yin–Yang schemes, which
played an important role in the development of oriental medicine;
–– To show the structural connection of the ensemble of molecular parameters
of the genetic coding system with the relations of musical harmony (to the
topic of the “musical” nature of the living matter);
–– To present the importance of the concept of “genetic stochastic resonance”
for understanding the role of noise in the genetic phenomena of the inher‑
itance of physiological processes, as well as for the development of new ap‑
plied methods in physiotherapy and other fields.
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B.2

Relation of the Structured System of DNA Alphabets
with the I‑Ching Tables
The Yin–Yang system of “I‑Ching” uses 4 bigrams with the following names:

Old Yang (

), Old Yin (

), Young Yang (

), and Young Yin (

). Fig. B.1 shows these

bigrams as part of a second-order square matrix. According to the ancient Chinese,
“trigrams, hexagrams and their components in all possible combinations, composed in this
way, form a universal hierarchy of classification schemes. These schemes in visual patterns
cover any aspect of reality – spatial parts, time intervals, elements, numbers, colours, body
organs, social and family conditions, etc.” [B10](p 10)
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Fig. B.1

Top: tabular (or matrix) representation of four Chinese bigrams. Below:
table of 64 hexagrams in the Fu‑Xi order, where each of the hexagrams
is shown in a symbolic Chinese tradition, as well as in the European
binary representation: each of the continuous and broken lines cor‑
responds to 1 and 0. The Chinese names of the trigrams are also indi
cated.
The main table in the I‑Ching is considered to be a square table of 64 hexa‑

grams in the Fu‑Xi order (Fig. B.1), which the Chinese tradition interprets as a uni‑
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versal natural archetype. Each hexagram is a set of six continuous or broken lines.
In this table, the rows and columns are indicated by 8 trigrams (that is, three-digit
binary numbers or sets of three lines). Each of its hexagrams is a combination of two
trigrams: a trigram numbering its row and a trigram numbering its column.
Let us now turn to the structural features of the above mentioned four DNA
nucleotides. This set of 4 nucleotides A, C, G, T is endowed with a system of binary-op‑
position features:
1.

Two letters are purines (A and G), and the other two are pyrimidines (C and T).
From the point of view of these features, one can imagine A = G = 0, C = T = 1;

2.

Two letters are keto molecules (G and T) and the other two are amino molecules
(A and C). From the point of view of these features, A = C = 1, G = T = 0.
Each of the DNA letters C, A, T and G is uniquely identified by these two bi‑

nary indicators. For this reason, it is convenient to present sets of 4 DNA letters and
64 triplets (CCC, CCA, …) in the form of the following square tables, the columns of
which are numbered based on one of the binary indicators, for example, the “py‑
rimidine or purine” indicator (C = T = 1, A = G = 0), and the rows are numbered based
on another binary indicator, “amino or keto” (C = A = 1, T = G = 0). In such tables, each
member of the DNA alphabets of 4 nucleotides, 16 duplets, 64 triplets, 256 tetraplets,
and so on, automatically takes its individual position, arranged in a strict order
(Fig. B.2).

111

1 0
1 C T
0 A G

Fig. B.2

111

110

101

100

011

010

001

000

CCC

CCT

CTC

CTT

TCC

TCT

TTC

TTT

110

CCA CCG CTA CTG TCA

TCG

TTA

TTG

101

CAC CAT CGC CGT

TAT

TGC

TGT

11 10 01 00

100

CAA CAG CGA CGG TAA

11 CC CT TC TT

011

ACC

TAC

TAG TGA TGG

ACT

ATC

ATT

GCC GCT GTC GTT

ATA

ATG GCA GCG GTA GTG

10 CA CG TA TG

010

ACA ACG

01 AC AT GC GT

001

AAC AAT AGC AGT GAC GAT GGC GGT

00 AA AG GA GG

000 AAA AAG AGA AGG GAA GAG GGA GGG

Locations of DNA alphabets of 4 nucleotides, 16 duplets, 64 triplets in
tables made on the basis of binary-opposition features in the alphabet
of nucleotides C, A, T, G.
It is obvious that the tables for the sets of 4 nucleotides and 64 triplets

(Fig. B.2), made on the basis of natural binary-opposition signs of nucleotides, are
identical to the Yin–Yang tables of the I‑Ching. In this case, taking into account its lo‑
cation in the given (8 × 8)-table, each of the triplets can be designated by an individ‑
ual 6‑digit binary number, made up of a combination of 3‑digit numbers of its row
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and column. For example, the CGT triplet gets the binary number 101100, since its
row has the number 101, and its column has the number 100. Thus, each genetic tri‑
plet corresponds to the ancient Chinese hexagram. Additional materials on the struc‑
tural links between the DNA alphabet system and the provisions in the I‑Ching can
be found in [B6],[B16],[B33]. Let us briefly note that the group of square tables, examples of
which are shown in Fig. B.2 and which are constructed in a similar way on the basis
of binary-oppositional indicators, forms, from a mathematical point of view, a tensor
family of matrices, what connects the system of DNA alphabets with quantum me‑
chanics and quantum informatics, where the concept of the tensor product of matri‑
ces plays a fundamental role.[B6],[B29],[B31],[B33]

B.3

On the Relations of Musical Harmony in the DNA
Information Parameters
Music therapy is one of the most popular directions in therapy. It is taught

at many universities in different countries and uses the well-known phenomenon of
the influence of music on the physiological processes in the human body and other
living beings.
In different eras, thinkers tried to understand why music is an integral part
the people’s lives in various ethnic groups at all times. G. Leibniz noted that music is
the arithmetics of the soul, which makes calculations without being aware of it. The
available data indicate that the perception of music is biological in its nature, and the
sense of music harmony is based on innate mechanisms. Therefore, one should look
for the connection of the genetic system with musical harmony. This paragraph pre‑
sents data on the connection between the molecular parameters of the genetic system
and the relations of musical harmony of the Pythagorean fifth order, which was used
in ancient China, where music was considered the basis of the universe and music
therapy was developed.
The concept of musical harmony has been widely known in Europe since
the time of Pythagoras and his Pythagorean scale do–re–mi–fa–so–la–si, based on the
3/2 ratio, which is called the quint (or fifth). If the sound frequencies of these notes
are separated into different octaves, then a fragment of 7 members (steps) of a ge‑
ometric progression is formed with a quint 3/2 as a progression coefficient (Fig. B.3).
These frequencies can be reduced to one octave by dividing or multiplying by 2. At
the same time, within one octave, the ratios of adjacent sound frequencies of a giv‑
en system provide only two types of values (intervals), and, therefore, it is called a
two-interval system.
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MI

SI

Frequency, Hz

87

130

196

293

440

660

990

Relation to
frequency of
293 Hz (re of the
1st octave)

(3/2) ‒3

(3/2) ‒2

(3/2) ‒1

(3/2) 0

(3/2)1

(3/2)2

(3/2)3

Octave

Large

Small

Small

First

First

Second

Second

Fig. B.3

Quint series of sound frequencies of notes of the Pythagorean system,
spaced into different octaves.
This two-interval (Yin–Yang) tuning was known in ancient China, where it

was preferred to the equal-tempered tuning, also known there. According to ancient
Chinese beliefs, music is also present at the birth of the universe. “The source of music
is far away. It was created according to certain rhythms, and its foundation is in the great
beginning. The great beginning gave birth to heaven and earth, and the latter – Yin and
Yang… Music is what expresses the harmony of heaven and earth, the consistency of Yin
and Yang” (“Lüshi Chunqiu”)”.[B4] At the same time, the numbers of quint 2 and 3 were
considered the numbers of Earth and Heaven, as well as female (Yin) and male (Yang)
numbers, respectively.[B10] The ancient Greeks, following the ancient Chinese, attrib‑
uted a key role to musical harmony in the organization of the world. Therefore, they
attached exceptional importance to the search for the quint 3/2 relations in natural
systems, considering 3 and 2 as male and female numbers, which, in their interac‑
tion, generate new musical tones. In this regard, Archimedes considered the discov‑
ery of the value 3/2 in the ratio of the volume (and areas) of a cylinder and a sphere
inscribed in it to be the highest achievement of his life.[B2]
In general, Pythagorean is any tuning that can be built on the basis of the
ratio of quint 3/2 and octave 2/1.[B36](с. 163) Examples of such Pythagorean tunings are
the pentatonic, tetratonic and tritonic tunings based on the 3/2 ratio. A well-known
historical fact is that these quint systems were used by different peoples all over the
world without knowing any mathematical laws long before Pythagoras.
For example, the pentatonic scale is the basis of the traditional music of the
Chinese, Vietnamese, Mongols, Turkic peoples (Bashkirs, Tatars, Chuvash, etc.), the
Inca Empire and the peoples of the South Andes in general. The pentatonic scale is
also found in European musical folklore and in the oldest layers of Russian folk songs
(especially in the so‑called calendar ritual songs). Tetratonic music was common in
Polynesia and Melanesia. The tetratonic scale was known, for example, among many
tribes of Red Indians living in different territories. Tetratonic as well as tritone scales
were commonly used by the tribal peoples of India, such as the Huang and Bhuyan in
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the state of Orissa. Tetratonic scales are commonly associated with prehistoric music.
A bibliography on these issues is available in [B31].
But what is there in living organisms that determines the special affinity of
people – from different areas and civilizations – with musical scales based on the ra‑
tios of quintes 3/2? A possible answer lies in the structural features of the informatics
of DNA molecules. The author drew attention to the fact that the parametric structure
of DNA information sequences is diversely associated with the quint ratio 3/2 and the
numbers 3 and 2 at different levels of organization.[B6],[B33] Let us briefly explain this.
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N

Left: double helix of DNA and the sequence of hydrogen bonds 3 and
2 of its complementary pairs of nucleotides C–G and A–T. Right: two
pairs of complementary nucleotides in the DNA double helix (ade‑
nine A, thymine T, cytosine C, and guanine G).
In the double helix of DNA, nucleotides C and G, as well as A and T, are com‑

plementary pairs: the nucleotides in these pairs always stand opposite each other,
connected by 3 and 2 hydrogen bonds, respectively (Fig. B.4). By virtue of these con‑
nections, it is possible to express А = Т = 2 and С = G = 3. In relation to the sequence of
these hydrogen bond numbers, each DNA is a long chain of numbers 2 and 3, for ex‑
ample 32232332… (Fig. B.4). The genetic code encodes the sequence of 20 amino ac‑
ids in proteins by means of 64 triplets. Taking into account the fact that according to
the numbers of hydrogen bonds А = Т = 2 and С = G = 3, each triplet can be represented
numerically as a product of the numbers of hydrogen bonds of its nucleotides. For
example, the АСТ triplet is expressed by the number 2 × 3 × 2 = 12. Accordingly, each
of the 64 triplets is represented by one of the following numbers: 2³ = 8, 2² × 3 = 12,
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2 × 3² = 18, 3³ = 27; ratios in pairs of these numbers are always equal to a quint 3/2 in
a different integer power, by analogy with the tetratonic Pythagorean scale, for ex‑
ample, 27/8 = (3/2)³, 18/8 = (3/2)², etc.
When combining pairs of neighbouring DNA triplets into single 6‑plets,
DNA appears as a sequence of 6‑plets each of which can also be represented by the
product of hydrogen bonds of 2 and 3 of constituent nucleotides. For example, the
6‑plet ACTGGC is characterized by the number 2 × 3 × 2 × 3 × 3 × 3 = 324. For all types
of 6‑plets, there are only 7 product values: 26 = 64, 25 × 3 = 96, 24 × 32 = 144, 23 × 33 = 216,
22 × 34 = 324, 2 × 35 = 486, 36 = 729. Pairwise relations in this set of 7 numbers are equal
to quintes 3/2 in different integer powers, by analogy with the 7‑step Pythagorean
system in Fig. B.3. If, for example, the frequency of 87 Hz of the note “fa” of a large
octave is compared to number 64 (the first of this series of 7 numbers), then the re‑
maining 6 numbers (96, 144, 216, 324, 486, 729) will one‑to‑one represent the sound
frequencies of the remaining 6 notes in this 7‑step Pythagorean scale. In such case,
any DNA as a sequence of 6‑plets (for example, the DNA of the insulin gene (GGC–
ATC)–(GTT–GAA)–(CAG–TGT)–…) can be characterized as a sequence of notes of the
7‑step Pythagorean scale. Figuratively speaking, we have the music of genes in the
Pythagorean system. Accordingly, each DNA as a chain of numbers of hydrogen
bonds 2 and 3 is – in its sequence of n‑plets – the carrier of sequences of quintes in an
integer power. Thus, each genetic sequence is characterized by its own musical melo‑
dy based on the notes of the quint scale, determined in the given case on the param‑
eters of hydrogen bonds. From this point of view, DNA appears as a transmitter of in‑
formation signals by analogy with informationally significant musical sequences of
note sounds of the quint scales. This area of research can be attributed to “biochem‑
ical aesthetics”; this term was introduced in connection with the materials and the
hypothesis that the origin of musical perception is based on the “musical interaction”
between biochemical systems.[B9]
So far, we have been talking about the numbers of hydrogen bonds in com‑
plementary pairs of DNA letters: A = T = 2 and C = G = 3. But the molecular system of
genetic coding is arranged by nature in a way that it uses the ratio of quintes 3/2 also
in the parameterization of its other subsystems. Thus, the ratio of the number of at‑
oms 9 and 6 in the rings of these molecular letters (С = T = 6, A = G = 9) is equal to a
quint: 9/6 = 3/2. The number of protons 60 and 40 in the aggregate of protonated at‑
oms of these rings (С = T = 40, A = G = 60) is also equal to a quint: 60/40 = 3/2. For each
of these types of parameters, a symbolic sequence of triplets can be represented in
the form of a numerical quint sequence, which can be interpreted as a musical mel‑
ody based on the Pythagorean musical scale, by analogy with the case of hydrogen
bond numbers described above. Note that one and the same sequence of triplets is
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characterized by different “melodies” depending on the type of the above parameters
and their sequence along the DNA double helix.
DNA can be viewed as a polyatomic structure like a braid, woven from
many strands or chains. One of its chains included in the common braid of DNA is a
chain of hydrogen bonds, the other is a chain of rings of nitrogenous bases, the third
is a chain of individual types of atoms, etc. Since different quint sequences of param‑
eters, that is, different “melodies”, are associated with some of its individual chains,
the entire DNA molecule appears from the “musical-Pythagorean” point of view to
be the carrier of these parallel quint sequences or “melodies”. Their mixture forms
a certain common polyphonic melody (quint polyphony), which, if desired, can be
played on musical instruments or through polyphonic singing and which is specific
to each gene.
All this suggests that the harmony of the parametric organization of the
DNA informatics is related to the musical harmony of the Pythagorean quintes.
Could such “natural genetic music” have physiological activity and useful‑
ness for music therapy and biotechnologies when playing genetic quint sequences in
the form of musical sounds, color musical compositions, electrical stimuli, laser beam
modulations, vibrational tactile signals, etc.? Only future experiments can provide an
answer. The author believes that these harmonic features of genetic informatics open
up new prospects for the development of complex therapy. They echo the data on the
universal rules for the numerical characteristics of the genomes of higher and lower
organisms, associated with the historically known harmonic progression, the name
of which stems from its connection with the harmonics of music and standing waves
in resonators.[B29],[B31]
We emphasize that the noted genetic “melodies” are not formed by will but
are determined by natural sequences of parameters in chain-like genetic molecules.
We tentatively call them “natural genetic music” in order to distinguish them from
the variants of “genetic music” sometimes proposed by other authors on the basis of
explicitly forceful approaches without sufficient reliance on the molecular features of
the genetic sequences. We are talking about the use by these authors of the fact that,
in principle, one can willingly compare, for example, each of the ten digits from 0 to
9 to a particular note, and then any multi-digit decimal number for example, a tele‑
phone number, can be replaced by a sequence of these notes, calling it “music”. Sim‑
ilarly, named authors sometimes arbitrarily assign notes to individual letters of the
genetic code to recode the sequence of triplets into a sequence of sounds, which they
call genetic music.
We also note the structural features in the system of quint tunings with a
different number of steps in them. In the time of Pythagoras, a 7‑step quintes tun‑
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ing was sufficient, based on a geometric progression with a factor of 3/2 (Fig. B.3).
But the two-interval (Yin–Yang) quint systems also exist with a different number of
steps in this quint geometric progression. More precisely, the two-interval (Yin–Yang)
quint systems exist with the number of steps 3, 5, 7, 12, 17, 29, 41, … These quint tun‑
ings form a hierarchy (like a Russian nesting doll): the set of sound frequencies of a
tuning with a smaller number of steps is completely repeated in the set of sound fre‑
quencies of all tunings with a large number of steps (Fig. B.5).
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521.4

469.8

469.8

494.9

494.9

494.9

521.4

521.4

521.4

Table of the hierarchy of sound frequencies in Hz for the two-interval
quint tunings with the number of steps 3, 5, 7, 12, 17. The case of the
classical 7‑step tuning is highlighted in red. At the bottom of the table
there are graphs of the alternation of intervals of two types in these
systems. This frequency hierarchy is reminiscent of the Russian ma‑
tryoshka doll shown on the right.
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This hierarchical feature of the system of multistage two-interval quint
systems is associated with many known facts about the implementation of hierarchi‑
cal and fractal-like structures in living bodies at different levels of their genetically
inherited organization. In particular, in natural medicine, one of the modern theo‑
ries of acupuncture is associated with the fractal organization of the living body. For
example, in Su Jok therapy, the hand and foot are considered as fractal repetitions
of the whole human body. Similar approaches exist in auriculotherapy (Nogier), ECI‑
WO-therapy (Zhang Ying Qing), oral acupuncture (J. Gleditch), iridology, nasal ther‑
apy, various scalp therapy options, vaginal acupuncture, etc. The author established
and published a number of facts about fractal-like organization of the genetic DNA of
informatics, which clarify the existence of biological fractals in inherited physiologi‑
cal systems.[B6],[B29],[B31],[B33],[B35]

B.4

Genetic Stochastic Resonance and Physiotherapy
This section continues and expands considerations of the issue of the affin‑

ity of a living organism to music by referring to the promising concept of “stochastic
resonance”. This concept represents a real physical mechanism which allows us to
comprehend in a new way the phenomena of the influence of sound and vibrational
harmonic influences on the body. Many of these phenomena are described in an ar‑
ticle by J. Reid in this compendium as well as in publications on music therapy and
vibrational medicine that have a long history (see, for example, the book [B15]).
As you know, the body is a genetically inherited huge choir of coordinat‑
ed cyclic oscillatory processes. From the point of view of ancient chronomedicine, all
diseases result from violations in such coordination of cyclic processes. At the same
time, it is essential that mechanical and electrical vibrations in the body are mutual‑
ly related, since many of its structures are piezoelectrics, i. e. materials which, when
deformed, may induce an electric charge on their surface and may also deform un‑
der the influence of an external electric field. For example, piezoelectrics are nucle‑
ic acids, actin, dentin, tendons, bones, etc. Thus, electromagnetic phenomena in the
body are accompanied by phenomena of vibrational mechanics. It is also necessary
to note the stochastic nature of the organization of living bodies. It is associated, for
example, with the well-known concept of “gene and cellular noise”, which reflects the
following fact: even genetically identical cells within the same tissue exhibit differ‑
ent levels of protein expression, different sizes and structures, due to the stochastic
(probabilistic) nature of the interactions of individual molecules in cells. There are
also universal rules for the stochastic characteristics of the genomes of higher and
lower organisms, further emphasizing the importance of stochastic principles in liv‑
ing matters.[B31]
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Usually, in order to comprehend the biological phenomena observed during
acoustic, vibrational, electrical, light and other periodic physical effects on the body,
including very weak ones, they turn to the well-known classical concept of resonanc‑
es. The author’s research on the structural features of the molecular genetic system
and its above-described connections with musical harmony and the universal sto‑
chastic rules of genomes have led him to assert an important role in genetic process‑
es and inherited cyclic phenomena of another type of resonances, called “stochastic
resonances”. This type of resonance was first described 40 years ago in [B11] article.
We are talking about the phenomenon of amplification in non-linear systems of weak
periodic signals flowing on the background of noise, the energy of which is partial‑
ly transferred into these signals. Currently, over 13,000 publications are devoted to
the topic of stochastic resonance, including a series of publications in the journal Na‑
ture. In particular, stochastic resonance methods are used in medical clinics and cen‑
tres in Germany, the USA and other countries. Accounting for stochastic resonances
seems to be useful for understanding the phenomenon of the dictatorial influence of
genetic DNA molecules on the formation of inherited macrostructures.
The phenomenon of stochastic resonance speaks about the benefits of
noise – in some cases – for the transmission of information, contrary to the former
opinion that noise is always a hindrance. For research and application purposes, the
occurence of stochastic resonance can be controlled by adjusting the appropriate pa‑
rameters, such as intensity of the excitation noise, the structure and parameters of
non-linear systems. A number of authors note that, from a fundamental point of view,
the applications of the theory of stochastic resonance to the study of processes of in‑
formation processing by biological systems are of the greatest interest, and that there
are reasons to believe the following: in the process of evolution, living organisms
have adapted to use the ineliminable internal and environmental noise for optimal
identification of useful information.[B1] This judgement is based on the discovery by
different authors of the use of stochastic resonance mechanisms in the sensory sys‑
tems of animal organisms, for example, in crayfish and crickets.[B13],[B22],[B25]
Stochastic resonance is also used to explain the physiological phenomenon
of synesthesia and the mutual influence of different sensory channels on each oth‑
er; for example, the phenomenon of a significant improvement in threshold speech
perception with electro-tactile stimulation of the index finger.[B21] The authors of the
same work believe that stochastic resonance plays a key role in the processing of au‑
ditory information. The existence of stochastic resonance has been demonstrated not
only at the macroscopic level, but also at the molecular level.[B12],[B23] Some authors dis‑
cuss the possible role of stochastic resonance in the hypersensitivity of some organ‑
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isms to the detection of weak signals in a noisy environment, as well as in the prob‑
lem of the influence of electromagnetic fields on human and animal health.[B39]
Due to the fact that the genetic system in a living matter has significant spe‑
cifics, the author introduced the concept of “genetic stochastic resonance” as a special
case of stochastic resonance in it.[B32] The specific features of the genetic system that
should be taken into account in matters of genetic resonance in inherited biological
systems include, for example, the biological dissymmetry on left and right isomers
discovered by L. Pasteur, which distinguished living from non-living structures, as
well as the helical nature of both DNA and a set of inherited biostructures at different
levels. Since the time of W. Goethe, spirals have been called lifelines for a good rea‑
son. The DNA double helix is associated with the helical antennas used in technology.
These antennas generate and receive electromagnetic waves of circular polarization,
which makes it possible to exchange information regardless of the special orientation
of the transmitter and receiver, for example, regardless of the rotation of the space‑
craft during space communications. The idea of the DNA double helix as a helical an‑
tenna emitting and receiving waves of circular polarization is associated with the
above-mentioned inherited dissymmetry of left and right forms in living matters and
selective exchange of wave information between biomolecules. Stochastic resonance
in such chiral systems with their periodic processes and noise of circular polariza‑
tion have their own specifics, which are studied within the concept of “genetic sto‑
chastic resonance”, also in connection with the problems of epigenetics in the noise
environment of the body.[B32]
One can add to the rich topic of studying the relation of genetic stochastic
resonance with cyclic processes in living matters that even body proteins are par‑
ticipants in “life-death” cycles: they periodically break down into their constituent
amino acids and then reassemble. For example, the time of decay and rebirth of half
of the proteins of the liver and blood plasma is about 10 days; of proteins of the intes‑
tinal mucosa about 3 – 4 days; of the hormone insuline 6 – 9 minutes (such specific
periods of hereditary cyclic processes should be taken into account when developing
the theory of genetic stochastic resonance and its possible biotechnological applica‑
tions). This constant digestion of own and “foreign” proteins provides a systematic
renewal of the body. Accordingly, the architectural structures made up of proteins
of the body, such as cytoskeleton, are constantly rebuilt, what is fundamentally dif‑
ferent from the usual building structures created by humans from static building
beams.[B14] Taking into account this process of constant renewal of the body, physiol‑
ogist A. G. Gurwitsch stated: “the main problem of biology is maintaining the form with
constant renewal of the substrate”.[B3]
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Returning to the topic of the ancient need of people all over the world to
create and perform music based on quint scales, we note the following. From the
point of view of the mechanisms of stochastic resonance, this human need can be
determined by the optimization of genetically inherited cyclic processes during the
instinctive use of music based on the mechanisms of this type of resonance. On the
other hand, in connection with the internal noises of cells and tissues, stochastic res‑
onance can be considered as an amplifier and coordinator of signal information from
the above-mentioned quint DNA sequences for cyclic processes at the body macrolev‑
els. We believe that the mechanisms of stochastic resonance are important partici‑
pants in the language of cells studied in the books [B19],[B20].
We also study a number of genetically inherited physiological mechanisms
as manifestations of the instinctive use of stochastic resonance mechanisms by a liv‑
ing organism. For example, humans and all warm-blooded organisms have an in‑
nate response to body cooling. It consists of involuntary muscle tremors that create
muscle and neural noise and lead to the release of the irisin hormone. The release
of this hormone signals the cells to generate increased heat (https://www.gazeta.ru/
health/2014/02/06_a_5884077.shtml).
Another physiological example of interest in relation to genetic stochastic
resonance is parkinsonism, in which involuntary body tremors occur. These tremors
can be considered as some kind of protective reaction of the body to a change in the
state of its physiological systems, which it tries to overcome by additional activation
of the mechanisms of stochastic resonance due to the generation of periodic bodily
movements and noises.
Seasickness (motion sickness) can be interpreted as a phenomenon of the
negative effect of external periodic influences, which is accompanied by dizziness,
nausea and a desire to avoid movement (to be motionless).
According to the author, many well-known physiological phenomena and
traditions of medicine, culture and religions associated with cyclic processes and
noise should be considered and comprehended in connection with genetic stochastic
resonance, including, for example, the following:
–– the instinctive swinging of a mother to calm her baby used throughout the
world;
–– tradition of dance that exists among all peoples and is based on rhythmic
movements and rhythmic music;
–– tradition of shamans to move rhythmically to the rhythmic beat of a tam‑
bourine to enter special states of “communication with spirits”;
–– tradition of Buddhists to beat rhythmically with a mallet, tambourines and
bells.
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The development of theoretical and applied research on genetic stochastic
resonance leads to the disclosure of information patents of the wildlife in the inter‑
ests of biomedical, biotechnological, agro-industrial, engineering and other sciences.
In particular, new promising approaches in physiotherapy are emerging here.

B.5

Final Remarks
Due to its limited volume, this article only presents some data on the struc‑

tural relation of molecular parameters and stochastic characteristics of a genetic sys‑
tem with musical harmony relations of Pythagorean quintes, stochastic resonances
and algebraic formalisms used in quantum mechanics and quantum informatics.
This area of research is being intensively developed in Russia and includes, for exam‑
ple, the following results:
1.

The molecular genetic system turns out to be associated with the relations of
musical harmony not only of the Pythagorean tunings but also of the so‑called
Fibonacci step (or pentagram tunings). These microchromatic scales are asso‑
ciated with the famous golden ratio known in the aesthetics or proportions,
as well as with the biological laws of phyllotaxis in inherited morphogenetic
structures. They expand the musical space for the creativity of composers and
performers. Works based on them are presented, for example, in concerts of
“genetic” music by the Moscow Conservatory in Vienna (http://youtu.be/gag‑
KLDuO9z8, http://youtu.be/rB1qi1NtPzw). These tunnings formed the basis of a
new direction of musical culture, developed at the Moscow State Conservatory
of P. I. Tchaikovsky. Due to their association with genetic informatics, the pos‑
sibility of their specific physiological activity with the prospect of using music
based on these tunnings in music therapy and biotechnology is assumed.

2.

Universal rules for the percentage composition of the genomes of higher and
lower organisms associated with the historically known harmonic progression
have been identified.[B29],[B8]. Its characteristic name is due to the fact that it de‑
scribes the ratio of wavelengths in the harmonics of a vibrating string.

3.

The concept of multi-resonance genetics has been developed. It describes the re‑
lation of a molecular genetic system with the theory of resonances of oscillatory
systems with many degrees of freedom.[B7],[B27],[B28]

4.

Based on the structural features of the molecular genetic system, Gestalt genet‑
ics and algebraic-holographic genetics are developing. They are the likely ge‑
netic foundations of Gestalt psychology and holographic principles in cognitive
psychology.[B8],[B30],[B32]

5.

Relations between the system of DNA alphabets and the formalisms of quan‑
tum informatics have been revealed.[B29],[B31],[B34]
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More details about these and other results can be found in the author’s pub‑
lications on the website: http://petoukhov.com/. For the development of the mentioned
studies, an international interdisciplinary seminar “Algebraic Biology and Systems
Theory” has been organized and successfully operates in Moscow. Video recordings
of all speeches are available on the channel: https://www.youtube.com/channel/UC‑
8JLsuRzzPsRiHwrwEjMCtw.
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C.1

Introduction
Neuroscience is the scientific discipline addressing the structures and func‑

tions of the nervous system. It focuses on the possibilities of influencing and treat‑
ing disorders and diseases of the nervous system, but neuroscience also works with
people in full health. Advances in research and technology have given doctors great
opportunities. Important prerequisite for success is quality patient diagnostics. The
psychosomatic problem and the patient’s understanding of what has led him or her
to the problems are important. Manifestations at the physical level to some extent re‑
flect the inner mindset, and efforts in the healing process should lead primarily to
eliminating the primary causes rather than suppressing their consequences.
There are specialized methods combining bioengineering, psychological
and medical knowledge with modern technologies. Neurotechnologies are also close‑
ly linked to biological feedback.
Technical advances in computer science over the last sixty years have been
able to refine diagnostic processes. Information is obtained from digital devices
while monitoring the behavior of the patient.
From the point of view of scientific disciplines, research methods in the
field of neurotechnologies are divided into many parts (see the table in Annex 1). In
this chapter of the book we will focus mainly on the area of EEG, respectively QEEG,
which relates to brain activity in terms of diagnostic, but also brain training by neu‑
rofeedback and biofeedback methods. EEG, QEEG, neurofeedback, biofeedback, but
also other methods are used in brain training as well as research. Other parame‑
ters that are monitored include the body temperature, heart rhythm, muscle tension,
heart rate, brain potentials and much more. Measurement and training of the brain
and the body modalities belong to the field of neurofeedback and biofeedback. Bio‑
logical feedback provides information about the patient’s overall condition, which is
used to positively influence modalities during both measurement and training. Feed‑
back is the influence of “input by output” and this term originated in bioengineering
used to control many physical processes. The feedback mechanism itself is then used
in technical devices which operate in relation to dynamic value settings. Biofeedback
is the process through which the patient learns to change their physiological activi‑
ty. Anxiety can be reduced while immunity, sleep, relaxation, learning and cognition
can be improved.
Digital devices can measure the physiological activities of the EEG, respi‑
ration, muscle activities, heart function, heart rate and provide feedback to the user.
They are associated with changes in thinking, behavior, emotions and support the
overall improvement of physiological parameters of individual body modalities. At
the same time, they provide accurate and immediate feedback to the user.
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Since the 1950s, there have been a number of studies verifying the effec‑
tiveness in measuring various body modalities. Schwartz and Andrasik[C107] have ad‑
dressed this issue in their work. In his association experiment, Jung used the oldest
biofeedback method, EDA (electrodermal biofeedback). This is a measurement of skin
resistance, where the name GSR is also used. Thermal biofeedback is also used in the
USA and Europe to apply relaxation methods. Muscle biofeedback EMG is used to re‑
duce muscle tension and also to practice relaxation among various muscle groups.
EEG biofeedback is associated with the measurement of brain activity and is in
standard use around the world and is also used in routine clinical practice.
In the early 1950s (1950), applied biofeedback started to develop as a scientif‑
ic discipline. It is based on behavioral traditions and was founded by Kimmel.[C61] It is
closely related to feedback and systems analysis of Powers.[C95]
Further development of biofeedback and neurofeedback was recorded in
the 1960s and 1970s in connection with space flight research. In neurofeedback the
greatest development took place in the USA where Joe Kamiya was the first to develop
knowledge of alpha waves in 1969. In his scientific work, he showed that a person
who is aware of information about his brain activity is able to recognize his men‑
tal states, but also to regulate his brain activity.[C57] The trained persons increased the
amplitude of alpha wave activity. Mills and Solyon,[C80] among others, continued in
Kamiya’s research.
Significant discoveries at the turn of the 1980s and 1990s – associated with
alpha and theta frequencies – were directly related to anxiety disorders and were
also successful in the treatment of alcoholics and drug addicts.[C90],[C91],[C92]
In other works, alpha waves were also measured among music students.
This research has focused on improving music performance through brain activa‑
tion via alpha waves. This is also mentioned in the scientific works of Egner and Gru‑
zelier.[C23]
Neurofeedback (EEG Biofeedback) was used with the highest frequency
and at the outset was closely associated with measurements and descriptions of alpha
activity.
Other EEG frequency bands were associated with alpha and beta waves
and were described in the scientific work of Hans Berger, who discovered EEG in
1929. Neurophysiologist Walter (1936) discovered delta and theta waves. The name
gamma waves referenced by Jasper and Andrew (1938). These are wave frequencies
ranging from 32 Hz to 70 Hz.
A major discovery is associated with conditioning SMR waves in cats. This
research was conducted by M. B. Sterman and his research team discovered the pro‑
tective effect of SMR waves against the effects of an epileptogenic substance used in
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rocket fuels. Following the administration of this substance, experimental animals
that learned to increase SMR had a significantly higher seizure threshold compared
to untrained.[C141] These important discoveries were further expounded upon by Joel
Lubar, who applied the use of neurofeedback to children with attention deficit dis‑
order.[C77]
Neurofeedback was further developed with the improvement of computing
parameters, which enabled improved quantitative and qualitative processing of the
EEG readings. This has brought much new information associated with spectral anal‑
ysis, localization, coherence, etc.
Spectral analysis has also greatly improved in EEG biofeedback, where Fast
Fourier Transformation (FFT) is used. Development of new software associated with
quantitative EEG analysis (QEEG), but also LORETA biofeedback, the so‑called low
resolution electromagnetic tomography, was described by Pascual-Marqui[C89] in his
work. This relates to a mathematical processing of the EEG record, where it is pos‑
sible to define the location of the cortical sources of the EEG. These are measured on
the scalp. For each frequency band, information about the number of brain waves is
displayed individually. In 1995, the American Psychological Association (APA) recog‑
nized quantitative EEG as a diagnostic – as well as EEG biofeedback – as a relevant
therapeutic method for psychologists. The human brain enables us to develop our po‑
tential and offers enormous opportunities for knowledge. Therefore, with the help of
medicine, psychology and bioengineering, we may uncover its secrets.
This compendium is based on the need to provide students with a compre‑
hensive overview of overlap possibilities for interdisciplinary cooperation in scientif‑
ic disciplines across various fields. Also, it seeks to find intersections between these
fields in health and disease. Our intention is to acquaint students and the general pro‑
fessional public with possibilities in brain examination and training so that every‑
one can familiarize themselves with amazing possibilities through mutual synergy
in the fields of rehabilitation, acoustics, neurotechnology and acupuncture in the
21st century.

C.2

Brain
One of the key goals in neurotechnology is to provide patient examination

and training. In this section of the compendium, it would be useful to recall the foun‑
dations concerning the brain and its structure. In the following sections, we shall fo‑
cus on measuring the brain and its training in a way that proceeds from the above.
As far as the structure and function of the human brain is concerned is ex‑
traordinarily complex. It is made up of billions of nerve cells, which are intercon‑
nected by billions of neuronal junction called synapses. The human brain can un‑
doubtedly be considered an exceptional organ. However, it does not remain isolated,
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but is, like other organs, an integral and integrated part of the hierarchy of human
existence, consisting of a number of levels:
1.

level of subatomic particles;

2.

level of atoms;

3.

level of molecules and macromolecules;

4.

level of cell organelles;

5.

cell level (nerve and support cells);

6.

tissue level (nerve tissue);

7.

level of organs (brain);

8.

level of organ systems (nervous system, which is divided into central and pe‑
ripheral nervous system);

9.

the level of the organism as a biological entity;

10. level of human being as a bio-psycho-socio-spiritual complex.
If we continued, we would reach the level of ecosystems and life on planet
Earth, the level of the solar system, the Milky Way and the Universe as such; and we
are all certainly part of it.
The brain is stored in a protective braincase (neurocranium).
Parietal lobe

Frontal lobe

Right cerebral
hemisphere

Occipital lobe

Left cerebral
hemisphere

Cerebellum

Brain stem

Temporal lobe

Fig. C.1

Storing the brain in the head
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Under the bone cover we find three three membranous envelopes, called
meninges:
1.

Dura mater (dura mater encephali) is the uppermost envelope. It has the form of
a dense fibrous membrane that adheres to the inner surface of the skull. With
its protrusion, it extends into the space between the cerebral hemispheres and,
among other things, forms the walls of venous canals, which drain deoxygenat‑
ed blood from the brain.

2.

Arachnoid mater covering the brain (arachnoidea encephali) represents the
middle cerebral envelope. Thin fibers run out towards the brain. The space un‑
der this envelope – the subarachnoid space – is filled with cerebrospinal fluid.
The liquid environment of the cerebrospinal fluid provides the brain with pro‑
tection against shocks and bumps.

3.

Pia mater encephali, is the meningeal envelope, a thin fibrous membrane ad‑
hering directly to the surface of the brain.
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Pia mater
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Subarachnoid space (contains cerebrospinal fluid)
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Brain envelopes
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Brain ventricular system
The cerebrospinal fluid is a fluid formed in the depths of the cerebral ven‑

tricles of the choroid plexus (plexus chorioideus). It is located not only around the
brain (in the mentioned subarachnoid space), but also inside the brain, more precise‑
ly in the ventricular system. It is represented by four interconnected ventricles (ven‑
triculi cerebrales).
Cerebrospinal fluid is formed, constantly replenished and reabsorbed. It
flows through the ventricular system and enters the subarachnoid space. Its surplus
are absorbed through the arachnoid villi (granulationes arachnoideales).
The brain weighs between 1.3 and 1.4 kg. The brain’s demands on oxygen
supply as well as on nutrients are high: the brain, which represents about 2 % of the
body’s weight in the average person, consumes up to 20 % of all oxygen.
OXYGENED BLOOD DELIVERY into the brain is ensured by a total of three
arteries:
1.

Right internal carotid artery (arteria carotis interna dextra);

2.

Left internal carotid artery (internal carotid artery);

3.

Basilar artery (arteria basilaris), which arises from the junction of the right
and left spinal arteries (arteria vertebralis dextra et sinistra).
These three mentioned sources are connected by the Circle of Willis (Circus

arteriosus Willisi) from which depart the vessels supplying individual areas of the
brain, especially the anterior, middle and posterior cerebral arteries (arteria cerebri
anterior, media et posterior).
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C.2.1

Fundamental Building Blocks of the Brain
Each object is composed of discrete components. The basic cells of the nerv‑

ous tissue (and therefore of the brain) are nerve and supportive cells:
NEURON CELLS (NEURONS) are essentially their own building blocks. Due
to their cardinal significance we also dedicate a separate sub-chapter to them.
SUPPORT CELLS (GLIAL CELLS) are essential for the functioning of all
nerve cells. They are higher in number than the neurons. Glial cells have structural,
protective and metabolic functions. They create nerve fiber envelopes, mediate nutri‑
tion, immune surveillance or removal of dead structures.
Many glial cells are a source of substances needed for neuronal function.
While support cells do not conduct information through electrical potentials them‑
selves, they are essential for the generation and propagation of excitement. Glial cells
play a significant role in information transmission.
The transfer of information through glial cells is called gliotransmission.
Current research suggests that astrocytes may significantly affect neuronal synaps‑
es and also participate in signal transduction. It has been proven that approximately
75 percent of synapses in the brain’s hippocampus are literally enveloped by astro‑
cyte protrusions. Astrocytes, like neurons, have receptors and ion channels and can
therefore respond to the presence of neurotransmitters. They are often interconnect‑
ed by electrical-like structures and form functional networks (synticia). Activation
of astrocytes near the synapse triggers signal transmissions within their functional
network due to a short-term increase in the concentration of calcium ions (calcium
waves). These calcium waves can propagate to more distant synapses in the function‑
al network (synthesis) and therefore affect other synapses.
In the human brain one finds mainly astrocytes, oligodendroglia, ependy‑
mal cells and microglia.
Astrocytes (star-shaped glia) come into contact with blood capillaries and
provide nutrition to brain neurons.
Oligodendroglia wrap nerve fibers in their protrusions. They create enve‑
lopes that electrically isolate the individual fibers from each other and significantly
increase the speed of information propagation through the nerve fiber (in the form of
electrical potentials).
Ependymal cells line the ventricular system. As part of the choroidal plex‑
us, they are involved in the formation of cerebrospinal fluid as well. They vibrate
their moving lashes and contribute to the movement of the cerebrospinal fluid.
Microglia are supporting cells with cleansing and immune function.

— 191 —

Chapter C
Protoplasmic astrocyte
(gray matter)

Fibrillar astrocyte
(white matter)

Blood vessel

Microglia

Oligodendroglia
(with protrusions)

Ependymal cells
Myelin sheaths

Oligodendroglia
(they protrude
several nerve fibers
and form more
myelin sheaths)

Hair follicles on the
surface (help with
the movement of
cerebrospinal fluid)

Fig. C.5

C.2.1.1

Glee

Nerve Cells – Neurons
Nerve cells (neurons) are highly specialized cells which process, distribute,

transfer, modify and create information in the form of electrical potentials.
The total number of neurons in the human brain is estimated to be in the
hundreds of billions. Although a limited number of new neurons can arise from stem
cells in adulthood, mature neurons lose the ability to multiply. They arise primarily
during intrauterine life from their predecessors (neuroblasts) and their number de‑
creases across one’s life.
There are significant changes in the number of neurons (in terms of loss)
which occur due to a number of disease processes. These may originate directly in
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the brain, such as atrophic-degenerative diseases (such as Alzheimer’s dementia).
However, they may also be due to neurotoxic agents (such as alcohol) or diseases of
other systems, such as the consequences of circulatory disorders in the sense of is‑
chemia or bleeding in strokes or ischemic-vascular forms of dementia.
Neurons are cells of various shapes and sizes. However, their basic struc‑
ture is similar. They always contain the body and the system of protrusions:
The body (soma) is the central part of every neuron. It contains the nucleus,
endoplasmic reticulum, Golgi apparatus, mitochondria, ribosomes and other cell or‑
ganelles. The shape of the neuron’s body can resemble a pyramid, oval, sphere, drop,
starfish, etc.
Dendrites are generally numerous appendages receiving information from
other nerve cells.
The axon (neurite) is a protrusion of various lengths which always directs
information away from the body of the nerve cell. It usually branches out at the end.
End branching
of the axon

Dendrites
with dendritic
thorns

Neuron body with
nucleus and other
organelles
Node of Ranvier

Initial axon segment
Myelin sheaths
(formed by Schwann cells)

Fig. C.6

Neuron
From a functional view we recognize these neurons:

• Motor – controlling the movement of skeletal muscles;
• Sensitive – transmitting sensory information;
• Vegetative (or autonomous) – governing internal organs and functions without
the participation of the will;
• Association neurons (interneurons) – connecting and integrating information.
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Neurons
The neuron’s plasma membrane is polarized at rest: on its inner side, a neg‑

ative charge predominates (conditioned mainly by proteins) and on the outer side, a
positive charge predominates (conditioned mainly by escaping potassium ions). The
quiescent current of potassium ions from the cell is conditioned primarily by the per‑
meability of the membrane to these ions. The driving force is a concentration gradi‑
ent. The magnitude of the quiescent potential is ‒60 to ‒90 mV.
Due to the action of sodium-potassium pumps (Na+/K+-ATPase), a predomi‑
nance of potassium (K+) ions is maintained inside the neuron and a predominance
of sodium (Na+) ions outside the neuron. If these pumps have enough energy (sup‑
plied in the form of adenosine triphosphate – ATP), they pump the ions and create a
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concentration gradient. This pushes potassium ions out and sodium ions in. It is then
sufficient to change the permeability of the membrane for the given ions and the con‑
centration gradient determines their flow from the place of higher concentration to
the place of lower concentration. Because ions carry a charge, their displacement is
associated with changes in polarization. This is the basic principle of potential chang‑
es on the nerve cell membrane, and thus the information conduction through the
nerve fibers.
EXTERNAL ENVIRONMENT

Na+ ions
(predominant
externally)
Concentration
gradients push
Na+ ions in and
K+ out

ATP
ADP

K+ ions
(predominate
inside)
NEUTRON INSIDE

Fig. C.8

Na+/K+ pump
(Na+/K+ ATPase)
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energy from ATP)
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gradient)

K+ channel
(passes K+
ions in the
direction of the
concentration
gradient)

Sodium-potassium pump and concentration gradients of Na+ and
K+ ions
The neurons act in information transmission in the form of ACTION PO‑

TENTIALS (AP). The “all or nothing” law applies to this potential; the action potential
is or is not: if it is, it always has the same course.
The action potential has characteristic phases in running its course. It con‑
sists of depolarization, trans-polarization, repolarization and hyperpolarization. The
individual phases are conditioned by changes in ionic fluxes across the nerve cell
membrane. The driving force of these flows is the already mentioned concentration
gradient.
Depolarization is caused by the opening of fast Na+ channels, through
which Na+ ions flow into the neuron and bring a positive charge (this de facto dis‑
rupts the resting polarization of the membrane). The peak of depolarization is com‑
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plete polarity reversal of the membrane – transpolarization, where inside there is a
positive charge (introduced by Na+ ions) and externally a negative charge. Because
Na+ channels are only open for a very short time, depolarization is quick.
Repolarization is caused by the opening of K+ channels and the flow of K+
ions. We know that ions always move in the direction of their concentration gradient:
K+ ions therefore escape out of the neuron and emit a positive charge. One can say
they return the potential back into rest conditions.
Because the K+ channels are open for a longer time, more K+ have flowed out
than Na in. At the end of the action potential, the polarization is thus temporarily
+

even higher than at rest. This is called hyperpolarization.
Open Na+ channels
Less
A lot

Open K+ channels

Membrane tension
+30 mV
0 mV

Quiescent polarization
‒70 mV

Time [ms]
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Action potential
One action potential represents a one unit of transmitted information (im‑

aginary information transmission). Neurons transmit action potentials not in isola‑
tion, but in series. It is through a series of action potentials (such as sets of imagi‑
nary ones and zeros) that the neurons transmit and encode information. Quality and
quantity are important, including the “frequency of fire” of action potentials.
Action potential is considered a form of information transfer within a sin‑
gle neuron. As a wave of depolarization – transpolarization – repolarization – hyper‑
polarization, it propagates through nerve fibers at a speed of 2 – 120 m/s.
The rate of propagation of action potential depends, among other things,
on the thickness of the nerve fiber and its sheaths. It is true that thicker and more
sheathed nerve fibers carry information faster than thinner fibers without sheaths.
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Electrical potentials that are inextricably linked to the activity of neurons
can be measured and recorded both directly on nerve fibers and from the body sur‑
face. The recording of the electrical activity of brain neurons taken from the surface
of the head is the basis of, for example, electroencephalography (EEG). This is a func‑
tional examination to be introduced in the following section of the book.
Neurons never work in isolation. They are interconnected into a large 3D
network. The principle of its functioning is interaction. And it is very important that
information is transferred from one neuron to another. This happens in neuronal
junctions (synapses), also to be discussed.

C.2.1.2

Connections between Neurons – Synapses
Synapse is a connection of two cells, at least one of which is neural. It is a

kind of non-functional unit of the nervous system. They allow the transfer of infor‑
mation among cells.
The complexity and overall capacity of the nervous system is based on the
total number of nerve cells, and especially on the number of synaptic contacts among
them. In the human brain one single neuron can engage up to a thousand synapses.
The most numerous are interneuron synapses (from Latin inter – between),
in which two neurons contact each other: presynaptic (from Latin pre – before) and
postsynaptic (from Latin post – following, after).
Neuroreceptor synapse is the contact of a receptor cell (i. e. the rods and
cones of the eye’s retina) and a neuron.
Within the neuroreceptor synapse the nerve and effector cells contact each
other. The effector can be smooth or transversely striated muscle or glandular cells.
The total number of synapses in the human brain is staggeringly large and
difficult to estimate. However, each synapse always allows only one-way transmis‑
sion of information.
Within one synapse we distinguish three parts:
1.

Presynaptic formation; can be, for example, the final branch of the axon or part
of the sensory cell;

2.

Synaptic cleft; narrow space that separates the membranes of the presynaptic
and postsynaptic formations (reaching a width in the order of nms);

3.

Postsynaptic formation; most often represents the branching of the dendrite but
also the membrane of the body of the nerve cell or of the effector cell.
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Synapse structure
Within one nerve cell, information is transmitted in the form of a series of

action potentials (see above). Within one synapse, information transmission is real‑
ized through a chemical substance (called mediator – transmitter – carrier). There‑
fore, synapses of the human nervous system are referred to as having chemical
nature.
There are also electrical synapses in the animal kingdom within which
the action potential of a presynaptic neuron directly triggers the action potential of a
postsynaptic neuron.
Around one hundred different chemicals can act as carriers within the hu‑
man nervous system. The range of mediators is very diverse (but not definitive as our
knowledge is constantly expanding). From a chemical point of view, these are most
often:
• Biogenic amines (i. e. dopamine, serotonin, norepinephrine, adrenaline, hista‑
mine); amino acids (i. e. gamma-aminobutyric acid – GABA, glutamic acid, as‑
partic acid);
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• Neuropeptides (i. e. endogenous opiates (endorphins, enkephalins, dynorphins),
oxytocin, vasopressin, secretin, neurotensin, bombesin, neuropeptide Y, sub‑
stance P);
• other groups (i. e. acetylcholine, adenosine, prostaglandins, melatonin, but also
inorganic nitric oxide; chemically NO).
Mediators are “stored” in vesicles in the presynaptic unit. If the action po‑
tential reaches it, it will, among other things, open channels for Ca 2+ ions flowing
through them in the direction of their concentration gradient into the interior of the
neuron. Here, calcium enters a cascade of reactions that condition the transfer of me‑
diator vesicles toward the membrane of the presynaptic formation. The moment the
vesicles fuse with the plasma membrane, they release (literally spill) their contents
into the synaptic cleft. The released mediator molecules penetrate and interact with
the postsynaptic membrane in which specific receptors are immersed.
Receptor systems can be thought of as a kind of “readers” that respond to
the mediator. Each mediator has one or more of its receptors (“readers”), which, after
interacting with a given carrier, cause other processes.
The interaction of the mediator and the corresponding receptor may result
in a change in the permeability of the membrane to ions. This affects the ionic flux
and changes the membrane potential. Excitatory postsynaptic potential (EPSP) or in‑
hibitory postsynaptic potential (IPSP) is generated.
EPSP and IPSP are small local changes in resting potential, with EPSP being
a change in the direction of depolarization (i. e. deviation to zero) and IPSP being a
change in the direction of increasing the rest polarization.
Individual small changes in electrical potential (EPSP and IPSP, respective‑
ly) add up – we are talking about summation. If the change in electrical potential is
sufficient, an action potential may arise on the postsynaptic membrane.
Another variant of the resulting mediator-receptor interaction may be the
activation of cell proteins (especially G‑protein and intracellular enzymes), which
trigger a cascade of metabolic reactions in the cell. Their output can be, for exam‑
ple, the formation of substances that penetrate the nucleus of the neuron, where they
affect DNA or genetic information. This can then result in the activation of certain
genes. This conditions the production of RNA, proteins, growth of neuronal processes,
affects the production of mediators and other substances, etc. Another option is the
activation of specific enzymes and metabolic pathways, at the end of which specific
products are formed. The two basic pathways opened by the interaction of the me‑
diator with the receptor (with a number of possible modifications) can, of course, be
intertwined; they run simultaneously. This can be easily illustrated using the below
picture.
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Two basic pathways open to mediator-receptor interactions
Different mediators have different numbers of receptors as far as they are

known today. In each basic group there are receptor subtypes as specific variants. At
the same time, our knowledge is still not complete. As knowledge becomes more com‑
prehensive and refined, the number of known receptors constantly increases.
At present we know serotonin has seven basic receptors (designated 5‑HT1
to 5‑HT7), dopamine has five basic receptors (D1 to D5), acetylcholine has two basic
receptors (nicotinic N receptors and muscarinic M receptors), gamma-aminobutyric
acid has three basic receptors (GABAA, GABAB, GABAC), endogenous opiates have five
basic receptors (μ, κ, δ, ε, σ), histamine has three basic receptors (H1 to H3), adrena‑
line and noradrenaline have two basic receptor types (α, β) with several subtypes,
and so on.
A particular receptor subtype then leads to a specific response. The indi‑
vidual results of a particular mediator-receptor interaction may vary. One must not
forget that other substances are also involved in this “chemical cocktail,” including
growth factors, neuromodulators, externally supplied substances (medicines, drugs,
food and beverage ingredients).
If one imagines around one hundred types of mediators, many of which in‑
teract with different types and subtypes of receptors, neuromodulators and other in‑
coming chemicals, it is clear how extremely complex the chemical-interaction aspect
of our brain is.
Before we briefly look at the functions of the most well-known mediators,
which play a significant role in the human brain, it is worth emphasizing that there
are always more mediators involved in each mental function. Although the role of
one of them is usually crucial, it is never just a question of a single substance, but a
mixture of chemicals. The role of receptors that interact with a given mediator is also
critical.
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What is important is not just the absolute amount of a given substance (its
concentration) but also the ratio among chemical substances as well as the number
and activity of the respective receptors. There are always more pieces to the puzzle.
Taking this into account, it will be clear why depression can be treated by
drugs that act on different mediator systems – serotonin, noradrenaline, adrenaline
and dopamine – or why a drug increases serotonin levels in synaptic clefts while
another one may have an antidepressant effect while decreasing serotonin levels in
synaptic clefts.
Acetylcholine is a mediator associated mainly with cognitive functions,
learning and the formation of memory tracks. Through autonomic (vegetative) nerve
fibers it also enters the control of internal organs (heart, glands, etc.), through motor
nerve fibers it controls the movement of skeletal muscles.
Adrenaline and norepinephrine are mediators with activating (stimulat‑
ing) effects.
They enter into emotional experience, management of internal organs and
many other functions.
Dopamine is a “broad-scale” mediator. It affects the integrity of mental
functions, experiences, emotions. It is produced by a special network of neurons,
which we refer to as the brain’s reward system. Activation of this system is associated
with pleasant feelings, experience of satisfaction and pleasure.
GABA and glycine are the most important buffering mediators.
Serotonin or 5‑hydroxytryptamine (abbreviated 5‑HT) enters mainly into
the emotional experience and perception of pain. It also plays the role of a supporting
neurotrophic factor; we can say that it improves the condition of neurons.
Glutamate is also one of the most important neurotransmitters (more than
half of the synapses in the brain use this amino acid to transmit information). Gluta‑
mate, like acetylcholine (among other things), is also related to the formation of mem‑
ory traces and is widely studied in connection with dementia of the Alzheimer’s type,
etc.
Production and release of mediators is differs among people. It fluctuates
during the day and is also different during a number of activities and experiences,
through which we can influence the “chemistry of our brain”. This in turn affects our
experience. We can increase the production of dopamine and serotonin, for example,
through regular physical activity, experience of success, pleasant experiences. There‑
fore, physical and work activity, work with the body, implementation of various ac‑
tivities, etc. are also a completely justified and suitable part of therapeutic programs.
Psychoactive substances that affect mental and brain functions also act on
mediator systems. These include a number of medications, but also drugs and toxins.
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Their effect is manifested at the presynaptic and postsynaptic level. The production,
release, re‑uptake or decomposition of mediators may change. Receptor systems, ion
channels, transport systems, enzymes or intracellular organelles and processes can
also be directly affected.
If we know where the mediators are involved and what mental functions
they affect, we can understand the main effects of psychoactive substances.
In the form of psychotropic drugs (drugs that affect mental functions), psy‑
choactive substances can generally affect vigilance, affectivity, cognitive and mnestic
functions (memory, thinking, but also attention), and the overall integrity of mental
functions. A more detailed overview of psychotropic drugs is beyond the scope of our
book.
The relationship between activities, behaviors, experiences and the chemi‑
cal composition of the brain is a two-way avenue, which can be demonstrated using a
simple scheme.

ACTIVITIES
BEHAVIOUR
EXPERIENCES

Fig. C.12

BRAIN
CHEMISTRY

Reciprocal relationships in brain chemistry
Psychoactive substances primarily change “brain chemistry,” which in

turn affects experience and behavior. For example, the use of antidepressants re‑
moves a pathologically sad mood and increases motivation, interest and activity. The
opposite is also true: a person’s enjoyable activities (such as sports, concert attend‑
ance, passing exams, a pleasant meeting or a satisfying date, success and graduation,
graduation, etc.) will change “brain chemistry” and the amount of mediators pro‑
duced as well as released, their receptors, etc. This will again affect the mood and
experiences…
We want to emphasize the reciprocity and the relationship cycle shown in
the previous diagram. Therefore, certain activities should always be an integral part
of the therapy of mental disorders and illnesses, not just “chemical assistance” in the
form of psychotropic drugs.
A specific offer of activities must be based on the person’s individuality
(certainly not “recommend everything to everyone”). In many cases, the overall con‑
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dition is also limiting. For example, in the case of severe depression, we assume the
need to primarily influence the “brain chemistry” and only subsequently (after stabi‑
lization through psychotropic drug) it is possible to gradually and slowly classify ac‑
tivities. A person in severe depression is usually unable to perform almost any activi‑
ty and we could hardly consider it adequate to recommend them. However, as soon as
the situation allows, the inclusion of a variety of activities is necessary.
In the section related to brain plasticity, we will go even further: activities
and experiences can affect not only the “brain chemistry”, but also the structure and
organization of the nerve cell network. The scheme should therefore be extended.

ACTIVITIES
BEHAVIOUR
EXPERIENCES

Fig. C.13

BRAIN CHEMISTRY
+ FUNCTIONS
+ BRAIN BUILDING

Bilateral relations among chemistry, function and brain structure
Therefore, we can simply state that our brain influences and enables our

activities, behaviors and experiences. At the same time, everything we do and expe‑
rience affects our brain and can change its function as well as structure.

C.2.2

Structure and Function of Individual Parts of the Brain
All parts of our brain are interconnected. They do not exist and do not func‑

tion in isolation. On the contrary, we want to emphasize that the brain is a single
functional unit that is integrally connected to other parts of the body. And the body
is an integral part of the bio-psycho-socio-spiritual complex of human existence. One
must keep this in mind even if we mention the different parts of the brain gradually
and separately. In addition to integrity and integration, a clearly defined principle of
hierarchy and competencies is an integral part of brain structure and function. This
means that each part has a certain role (or group of roles) within the whole. It is true
that the more important the role for the whole, the larger the area of the brain it con‑
cerns.
This principle is found not just in humans, but in all creatures that have
brains. Imagine, for example, an animal that lives in darkness and whose sense of
smell and touch is the most important. There, the areas of the brain that process ol‑
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factory and tactile information are clearly larger than the parts that process visual
stimuli (irrelevant to the creature).
If we generalize the given principles, then it can be said that each part of
the brain has a certain purpose and works in the interest of the whole and in inte‑
gration with other parts. In other words, every neuron in our brain “knows” what
its place and role is. The brain devotes more space, time and energy (and nerve cells)
to what is more important. The principle of hierarchy determines which parts of the
brain have a “right of veto” or a “decisive word”. The rules are clear. The priority is
always the priority. For example, in the ultimate human activity, such as thinking,
there is undoubtedly the “main” cortex. In a certain situation, however, the whole
brain “submits” to the subcortical parts of the limbic system, especially as it comes to
survival “commands,” through the structures of the midbrain, brainstem, etc.
Through the perspective of brain structure and function we shall briefly
examine the functional architecture and its functional systems. The term large-scale
neurocognitive network is more commonly used in neuroscience.
Here are five extremely important basic features of the functional systems
of the human brain:
1.

ORGANIZATION: represents the internal arrangement of the systems and the in‑
terrelationships of its individual components.

2.

HIERARCHIZATION: represents the vertical arrangement of the construction
and operation of the system. The superior parts control the subordinate parts in
feedback.

3.

INTEGRATION: represents the mutual merging of the activities of individual
parts in an individual system as well as different systems.

4.

ANATOMICAL LINK: it is based on the fact that the manifestations of the sys‑
tem’s activity, especially in adulthood, are tied to some parts of the brain rather
than to others.

5.

PARALLEL DISTRIBUTED INFORMATION PROCESSING.
This classification is gradually being expanded and superseded, but we

present it to provide didactic clarity.
Within the brain, we distinguish between gray and white brain matter:
Gray brain matter is made up mainly of nerve cell bodies. In some places
they form specific clusters with a certain function, we call them kernels. On the sur‑
face of the brain, it forms the cerebral and cerebral cortex. At the brainstem level (see
below), nerve cells form a special three-dimensional network – reticular formation.
The white matter of the brain contains mainly nerve fibers (axons and den‑
drites). As fibers connect and carry information, it is clear that white matter is a very
important part of the brain in terms of volume. For example, in the endbrain, it lies
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deep below the cerebral cortex. Nerve fibers that carry a certain type of information
are grouped into so‑called neural pathways:
Association pathways ensure the connection of neurons within a single cer‑
ebral hemisphere.
Commissural pathways realize the connection of both halves of the brain
(respectively the right and left cerebral hemispheres).
The projection pathways connect the upper and lower stages of the cen‑
tral nervous system; for example, the cerebral cortex and the spinal cord. Ascending
paths lead information to higher levels, descending paths, on the other hand, to lower
levels.
We shall now briefly examine the main levels of the brain. The following
section of the text will provide further details.
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Fig. C.14

C.2.2.1

Right cerebral
hemisphere

Human brain

Brainstem
The brainstem is stored together with the cerebellum in the posterior fossa

of the skull. It represents the “basic level of the brain”, which at the level of the large
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occipital opening continuously passes into the spinal cord. It consists of three parts,
which are:
• Elongated spinal cord (medulla oblongata);
• Varoli’s Bridge (Pons Varolii);
• Midbrain (mesencephalon).
The nerve cells of the brainstem form a reticular formation (from the Lat‑
in rēticulus – network, rēte – network, rēticulātus – reticulate). The ascending system
of reticular formation sends fibers to the higher levels of the brain. It plays an acti‑
vating role and contributes, among other things, to the genesis of consciousness and
vigilance. The descending system of reticular formation sends fibers to the lower re‑
gions, i. e. to the neurons of the spinal cord.
Stem nuclei (grouping of neurons at the stem level) play a crucial role espe‑
cially in the control of vital functions (breathing, heart function), vital reflexes (swal‑
lowing, coughing, vomiting). There are also nuclei of most cranial nerves. We have to
look at the brain stem as a level without which we would literally not even breathe.
Thus, it is clear that brainstem diseases or injuries are serious, often fatal.
It follows from the logic of the matter that all the ascending and descending
fibers pass through the brainstem, connecting the higher levels of the brain with the
spinal cord.
Truss
Endbrain

Midbrain

BR

Varoli’s Bridge
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N

Cerebellum

ST

Elongated spinal cord

EM

Fig. C.15

Brain stem
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C.2.2.2

Cerebellum
The interbrain (diencephalon) is found in the posterior part of the skull. It

consists of two cerebellar hemispheres (hemispheria cerebelli) and an unpaired mid‑
dle part; cerebellar vermis (vermis cerebelli).
The surface of the cerebellum is not smooth; it is furrowed. Connections
with other areas of the brain are ensured by large upper, middle and lower cerebel‑
lar stems (pedunculi cerebellares craniales, medii et caudales).
The gray matter forms the cerebellar cortex on the surface and the cerebel‑
lar nuclei at the depth of the cerebellar tissue. The cerebellar cortex consists of three
layers of neurons, which differ in body size and length, arrangement and shape of
the system of protrusions.
A characteristic cortical cell is the Purkinje cell – a large neuron that has a
specific dendritic branching shape (see Fig. C.16).
Typically rich
branching of
dendrites

Purkinje cell body

Dendrites
Axon

Fig. C.16

Purkinje cell of the cerebellum
The arrangement of the gray and white matter of the cerebellum (gray mat‑

ter surface and white matter in depth) has a characteristic shape in the section – it
resembles a tree. It is poetically called the Tree of life (arbor vitae).
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We like to call the cerebellum the “gray eminence of the brain.” At any giv‑
en moment it receives and processes a huge amount of information, figuratively “it
knows a lot and it interferes with a lot”. Its functions are complex and it predomi‑
nantly participates in the management and coordination of momentum. Although it
is an important function (and cerebellar disorders usually significantly impair flu‑
ency, smoothness, accuracy, and coordination of movements), the cerebellum signifi‑
cantly impacts cognitive functions, participates in learning and problem-solving pro‑
cesses, affects our actions and experiences.
BACK OF THE CEREBELLUM
Cerebellar vermis

Cerebellar hemisphere
“TREE OF LIFE” (arbor vitae) ON THE CEREBELLUM CUT
Quadriceps of the
midbrain
Brain stem

Gray matter
of the cerebellum
(cerebellar
cortex)

Elongated spinal
cord
Gray matter of the cerebellum (deeply
placed cerebellar nucleus – nucleus
dentatus)

White matter
of the cerebellum

Fig. C.17

Cerebellum
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C.2.2.3

Interbrain
In the central part of the brain – right in the imaginary center between the

cerebral hemispheres – we find the interbrain (diencephalon). From the anatomical
and functional point of view, we divide it into two parts: the thalamus and the hypo‑
thalamus.
The thalamus is the main switching center of the brain. It processes and
distributes a huge amount of information from all the senses (except smell), skin re‑
ceptors, muscles, tendons, joints, but also from internal organs or from many areas of
the brain. It participates in the distribution of sensitive, motor and autonomous infor‑
mation. It is sometimes referred to as the “gateway of consciousness” because it also
forwards the received information to the cerebral cortex, and thus to consciousness.
The hypothalamus plays a central role in maintaining the stability of the
internal environment (homeostasis). It predominantly participates in the manage‑
ment of all internal organs and functions. The hypothalamus has a “dual role.” It
functions both as a very important nerve center and as a producer of regulatory and
systemic hormones. Together with the pituitary gland, it forms the hypothalamic-pi‑
tuitary system, a system that is superior to most endocrine glands and acts as a cen‑
tral regulator of the production of a number of hormones.
The importance of the hypothalamic-pituitary system is enormous. It also
plays a crucial role in the context of emotional expression or stress response manage‑
ment. Further details are important, but are beyond the scope of our text.
Truss

Endbrain

INTERBRAIN

Interthalamic adhesion

Thalamus
Hypothalamus

Pituitary gland
connected to the
hypothalamus

Fig. C.18

Brain stem

Interbrain
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THALAMUS STRUCTURE

Thalamus in the depths
of the brain

GROUPS OF TALAMIC NUCLEARS
Medial thalamic nuclei

Interthalamic
adhesion

Anterior thalamic
nuclei

Posterior thalamic
nuclei

Ventral thalamic nuclei
(anterior ventral, lateral
ventral, posterior ventral)

Fig. C.19

C.2.2.4

Outer thalamic nuclei

Interbrain – Thalamus

Endbrain
We could say the endbrain (telencephalon) distinguishes humans from oth‑

er mammals the most:
• it is the largest and most developed part of the human brain. It consists of two
cerebral hemispheres;
• hemispheres (hemisferia cerebri are divided by a deep cleft (fissura longitudi‑
nalis cerebri, fissura interhemispherica).
The connections of both hemispheres are ensured by commissural tracts of
the brain; commissures. The largest of them is the truss or corpus callosum. It con‑
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tains hundreds of millions of nerve fibers through which the two hemispheres com‑
municate and exchange information.
The surface of both cerebral hemispheres is divided by furrows, a ridge
on the cerebral cortex called gyrus cerebri (pl. gyri cerebri). Such a division signifi‑
cantly increases the surface of the brain, and thus the volume of the cerebral cortex,
which covers the surface of the endbrain.
The majority (approximately 90 percent) of the cortex is a six-layer neocor‑
tex. The remaining part consists of a three-layer allocortex and four five-layer me‑
socortex. Each layer contains a large number of bodies of neurons stored in several
rows. The size, shape and involvement of nerve cells in different layers vary.
We distinguish, for example, a granular layer formed by neurons, which
resemble small granules, and a pyramidal layer, which contains neurons that resem‑
ble a pyramid.
The gray matter of the endbrain not only forms the mentioned cortex, but
also large subcortical structures. These include the basal nuclei and subcortical
structures of the limbic system.
In each cerebral hemisphere we distinguish a total of five cerebral lobes.
They are usually named according to their location. These are:
• Frontal lobe (frontal lobe);
• Temporal lobe (temporal lobus);
• Parietal lobe (lobus parietalis);
• Occipital lobe (occipital lobus);
• Island-insular lobe (lobus insularis or island-insula) is usually referred to as
the “fifth lobe”.
The insular lobe has an exceptional position in many ways. It the only lobe
which cannot be seen directly on the surface of the brain. It is becomes visible only
after the temporal lobe is opened. The classification and function of the insula are the
least known. Some anatomists do not consider it a separate lobe. In our opinion, how‑
ever, it deserves to be included among the cerebral lobes.
In each lobe we distinguish areas with a certain defined function, the
so‑called functional cortical areas, which process information of a certain type. In
addition, we find entire areas whose main mission is to interconnect, integrate, pro‑
cess and associate diverse information (including memory tracks). We refer to these
as association areas.
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Fig. C.20

Cerebral lobes
It should be noted that the degree of localization to a specific area and dis‑

tribution across the cerebral cortex is different for different brain/mental functions.
If we focus on cognitive functions, then:
Localized cognitive functions include, for example, speech, counting (dom‑
inant hemispheres), spatial relationships, visual perceptual abilities, construction
skills (non-dominant hemispheres).
Distributed cognitive functions include attention, memory and complex
functions such as intellect or social behavior.
With a specific localization of a certain function, the consequences of a dis‑
order or destruction of a given area are usually associated with more pronounced
dysfunction, because the possibilities of plasticity compensating for a given function
are significantly limited. In addition, widely distributed functions are generally as‑
sociated with greater compensation, flexibility, adaptation and plasticity. Hence, the
consequences of damage there tend to be much smaller.
Hierarchically the highest is the association area of the frontal lobe – the
prefrontal cortex, which, among other things, plays a key role especially in the areas
of thinking, problem solving, working memory, experience, motivation, action and
behavior. Together with the association area of the temporal lobes, it contributes to
the personality characteristics as such.
The prefrontal cortex is the part of the brain that most closely corresponds
to what makes a person human. As far as we know, it is certainly no surprise to find
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that the area of the prefrontal cortex is the most individual; it is the area of the brain
that we differ most from each other.
Due to the enormous importance of the cerebral cortex for the human psy‑
che we shall address the individual areas in the following section.

C.2.2.5

Relationship between Brain Structure and Function
The relationship between brain structure and function is addressed of‑

ten. If we wanted to characterize this relationship briefly, we would say it is mutu‑
al, interconnected and reciprocal. The structure (morphology) of the brain is a con‑
dition for its function (activity). However, the activity of the brain itself can modify
the brain’s structure, for example, by multiplying the protrusions and synaptic con‑
nections.

STRUCTURE
(MORPHOLOGY)

Fig. C.21

ACTIVITY
(FUNCTION)

Relationship between brain structure and function
The possible consequences of bilateral structure and function are signif‑

icant at every age. However, they have the greatest opportunities and impacts in
childhood. We can say with certainty that adequate stimulation and activity of chil‑
dren is a condition for adequate development of the structure and function of their
brain.
A practical example may be the consequences of (insufficient) stimulus in
childhood. If we sufficiently stimulate the child with various stimuli, interactions
and external influences from early childhood, his brain develops adequately thanks
to these stimuli and reaches its full intelligence capacity.
However, if a child with an identical brain was exposed to stimulus-related,
emotional and social deprivation, they would develop social weaknesses as well as
fall into the category of being mentally challenged. In other words, a lack of stimu‑
li would affect not only the functionality but also the resulting brain structure. In
this case, the brain neurons would form less abundant protrusions as well as few‑
er synapses. This would then be reflected in the function; after a certain period of
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such isolation, we would no longer be able to develop the potential sufficiently. We
should forget about prosaically filmed characters like Tarzan, who, as an adult, was
able to “very smoothly” integrate into human society, cultivate his speech and devel‑
op thinking and intelligence potential; it this case it could not be possible.
Experiments in exposing a child to extreme isolation and extreme depriva‑
tion are, of course, unethical and cannot be tolerated, let alone carried out! However,
there have been described cases where children have been imprisoned in such ex‑
tremely harsh conditions or taken by female mammals (in these cases we speak of
“wolf children”.
Weakening of brain function (with an impact on real cognitive perfor‑
mance) is manifested even in less extreme cases. Working on child development
within the family, kindergarten and primary school are principally important for the
rest of their lives.
In some aspects, the brain behaves like other organs: its adequate load in‑
creases its functionality.
If we adequately employ, load and nourish skeletal muscles, they will devel‑
op both their strength and volume. If we regularly exercise the cardiovascular sys‑
tem, its functional capacity increased. We would certainly find many more examples.
However, the brain is an exceptional organ. Therefore, the functionality is
reflected in its structure in an exceptional way; a quantitative as well as qualitative
shift. It is clear that we will hit a “ceiling” at some point: even the best activation will
not exceed the capacity given to our brain. It can only be filled to its maximum capac‑
ity. It is common knowledge that we generally do not use the entire capacity of our
brain; so there is room for development. If parents, schools and other persons and
institutions involved in the education and development of children as well as adults
pay maximum care and attention, they can make the most of it.
In the context of the brain structure and function relationships, we must
mention the topic of brain plasticity (neuroplasticity). It is based on a functional and
anatomical reconstruction of the neural networks of the brain, which can lead to new
connections.
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Fig. C.22

Projection of activity into the construction of the neural network
The plasticity of the brain is one of the prerequisites for the formation of

the neural network in every person. One can say that it is behind the ability of learn‑
ing and memory. In the case of brain damage (whether based on infectious, vascular,
traumatic or other etiology), the mechanisms of plasticity are more important and
allow the repair of brain tissue. The extent of such repair is not entirely clear and
depends on a number of factors (including age). Changes in brain plasticity occur at
the level of individual neurons and their parts as well as at the level of neural con‑
nections.
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The basic structure of the brain is undoubtedly given genetically, but the
specific final form of the neural network of the brain will significantly affect the ex‑
perience and the experienced situation. Let us not forget that natural developmental
changes include the formation of new nerve cells and their migration (movement in
space), differentiation (functional specialization), growth of protrusions (dendrites
and axons), the formation of synaptic connections (synaptogenesis). Natural develop‑
mental changes also include the loss of synapses and the death of nerve cells (to a
certain extent, the loss of neurons is also physiological, it only becomes pathological
when a certain limit is exceeded).
Within the plasticity of the brain, we can define several types:
• Evolutionary plasticity – represents changes in nerve tissue during ontogenetic
development;
• Reactive plasticity – represents changes caused by short stimulation;
• Adaptive plasticity – represents the origin after long-term or permanent stimu‑
lation;
• Repair plasticity – represents an ongoing process during the structural and
functional regeneration of damaged nervous tissue;
• Ecological plasticity – addresses the influence of the environment on brain tis‑
sue in mammals.
Although many areas that control a certain function or process certain in‑
formation in the brain are defined and can usually be located relatively accurately
today, brain neurons can to some extent “take over the functions” of damaged ar‑
eas or “expand their competencies.” For example, in injuries and other brain dam‑
age, healthy, unaffected areas can compensate to some extent for the functions of
destroyed neurons and their circuits by plastically adapting to the situation and
taking on the role of lost nerve cells. Learning processes, repeated training, but also
significant experiences, experienced situations and the like lead to significant re‑
construction of brain tissue due to brain plasticity: there are changes in the number
and length of certain nerve fibers, the number and function of synapses, mediator
production, and so on. There are certain life milestones associated with significant
changes in brain structure and organization. An important factor in the field of brain
plasticity is the developmental stage and the person’s age.
Brain plasticity is certainly the greatest in childhood. Here, the brain can
compensate for major damage. Some experiences (especially from childhood) literally
“dig” into the brain (thus changing the structure and function of the brain neural
network). If we know this, it will be clear to us why, for example, early experienc‑
es (both positive and negative) have the power to influence experience and behavior
during one’s lifetime.
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Factors acting before birth (prenatally, intrauterine), factors acting during
and after childbirth (postnatally) also play an influential role. What is also important
is the extent to which the child is accepted, including the mother’s level of mental
well-being.
Plasticity gradually decreases, but it is not completely lost to the brain in
adulthood as well as old age. The practical implications are obvious and show that
rehabilitation (i. e. after cerebral infarctions, brain injuries, but also experienced
psychological traumas) is of great importance. Lost or impaired functions can be re‑
stored or developed. It is possible to compensate for a certain challenge. This is also
a challenge not just for pedagogy but also for neuro-rehabilitation as well as for psy‑
chotherapy. Motivation, effort, time investment and changes in behavior are neces‑
sary prerequisites. Of course, there are not only possibilities but also limitations in
brain plasticity; some damage can be permanent.

C.3

Determination of the Primary Anamnesis
To determine the basic anamnesis the initial examination of the patient by

a specialist trained in EEG biofeedback is important. This leads to the determination
of the clinical picture of the disorders and the setting of goals and methods of correc‑
tive training.
This consists of speaking with the patient or their parents. It is a summary
of the anamnesis concerning the physical and mental health of the patient and also
includes the period of pregnancy, childbirth, early childhood, serious illnesses, in‑
juries and operations, disorders of consciousness, chronic drug use, etc. In addition,
the aim is to describe the family situation, current health status and current prob‑
lems. In addition, the examination determines whether the patient is left-handed or
right-handed, or has cross-lateralization.
The therapist – a doctor (psychologist, pedagogue, speech therapist and oth‑
ers) – with the supporting opinion from a neurologist/psychiatrist should perform an
orientation in neurological-psychological-psychiatric examination and possibly rec‑
ommend other necessary examinations.
One of the most important routine examinations is EEG with hyperventila‑
tion and photostimulation. In justified cases, it can be performed during spontaneous
sleep, which allows for a more precise design of the individual training goal.
Another examination is QEEG (brain map), which is crucial for the correct
choice of training protocol for the patient.
It is also possible to perform Neurofeedback trial training at points C3
and C4.
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The patient is acquainted with the Neurofeedback method and the princi‑
ples of therapy are explained to him or her, along with comprehensive answers to the
questions asked.
An analysis of the patient’s attitudes and difficulties is also important.

C.4

Measurement of the Brain using EEG, QEEG, ECoG,
ERPs
We know the activity of neurons (more precisely, the transmission of infor‑

mation by nerve cells) is associated with changes in electrical potentials. Electrical
activity is one of the basic manifestations of nerve cell function. If one registers and
analyzes the electrical activity of neurons, one gets a picture of their activity.
At present, it is possible to measure changes in electrical potentials and con‑
duction in individual nerves and even in individual neurons.
The total sum of electrical potentials of a large number of brain neurons is
so extensive that it is possible to measure it non-invasively directly from the surface
of the head; using electroencephalography (EEG) and detection of so‑called evoked
potentials (ERPs).
Historically, EEG was first described in 1875 by Richard Caton, who record‑
ed brain waves in rabbits and monkeys. In these animals, Caton also studied the loca‑
tion of sensory parts of the brain using light flashes. He assumed that flashes of light
as stimuli would lead to a change in brain activity in the occipital lobe.
The EEG was first used with humans in 1920 by Hans Berger. Based on the
results of his previous measurements in dogs, where he detected two types of brain
activity, he tried to assess if similar brain waves were present in humans. His studies
have differentiated human waves into alpha and beta types. Other researchers then
focused on a more detailed recording and research of brain activity (or electrical ac‑
tivity of brain neurons), which led to the discovery and description of other types of
brain waves.
From the point of view of the functional states of the central nervous sys‑
tem and bioelectrical activity, it is important that uneven distribution of cations and
anions at the cell interfaces – or between the internal and external environment of
the neuron – is decisive for any electrical potential difference.
The electrical activity of the cortex is given by the summation of mainly
postsynaptic and action potentials of cortical neurons. The activity of thalamic neu‑
rons plays a significant role. Thus, cortical neurons and thalamocortical circuits are
primarily responsible for the development of EEG.
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Brain tissue can be thought of as a spatial electrical conductor having two
basic properties; a direct current and impedance:
Stejnosměrný potenciál je dán potenciálovým rozdílem mezi dendrity, axo‑
ny a těly velkých neuronů. Hodnotí se u něj polarita (+/‒) a stabilita.
Impendance představuje odpor mozkové tkáně proti průchodu střídavého
proudu. Absolutní hodnota impendance je dána v závislosti na frekvenci střídavého
proudu.
The direct potential is given by the potential difference between dendrites,
axons and the bodies of large neurons. Polarity (+/‒) and stability are assessed for it.
Impedance is the resistance of brain tissue to the passage of alternating
current. The absolute value of the impedance is given depending on the frequency of
the alternating current.
An electroencephalograph is a device that creates a summation record by
oscillating the electrical activity of a large number of brain neurons (with a certain
share of neurology). According to Coulomb’s law we can record activity mainly from
superficial brain structures.
Coulomb’s law states the relationship between electric charge and electric
force. It states that the magnitude of the electric force exerted by two bodies on each
other is directly proportional to the magnitude of the charges and indirectly propor‑
tional to the square root of their distance.
EEG measurement is performed using an electroencephalograph. The elec‑
trical activity of the brain – its manifestations in the form of brain waves – is sensed
by means of electrodes, which are placed in internationally-determined places on the
surface of the head. The measured brain activity from the electrodes placed on the
head is, of course, lower than the measured electrical activity of the electrodes ap‑
plied directly to the surface of the cortex by electrocorticography (ECoG). This due to
the fact that the electrical activity must pass through the meninges, fluid (cerebrospi‑
nal fluid), bones and skin before it reaches the connected electrode.
The electrocorticogram is measured in millivolts (mV), the electroencepha‑
logram in microvolts (μV).
Technically, EEG recording can be performed bipolarly and unipolarly:
Bipolar recording is performed by comparing electrical potentials between
two points on the scalp.
The unipolar record is a measurement of the differences in electrical po‑
tential under the active electrode (which measures the electrically active area of the
brain tissue) against the reference electrode (which represents the point with zero
electrical potential, i. e. the nose root, earlobe).
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Fig. C.23

Electroencephalograph

Fig. C.24

EEG cap
The 10 – 20 system based on the international nomenclature is determined

and used for EEG measurement. This system is structurally composed of the nasion
point (nose root) and the inion point (part of the occipital bone, anatomically protu‑
berantia occipitalis externa). Furthermore, in this system we find the designations F
(frontal cortex), Fp (frontal cortex), P (parietal cortex), T (temporal cortex), O (occipital
cortex), C (central part). For a better idea, we will show this system in the picture.
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C.5

10 – 20 Measurement System

Brain Wave typology, EEG and QEEG Analysis
In this chapter, we will first approach the brain wave bands, which we will

briefly characterize. They are usually indicated by the letters of the Greek alphabet.
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ALPHA BAND is a rhythmic oscillation in the frequency of 8 – 12 Hz. The
amplitude is 5 – 100 microvolts (μV) with a presence time of 5 – 100 %. The occipital
and parietal parts of the brain are considered to be the area of predominance and
maximum occurrence. The occurrence of alpha activity is typical in relaxation, eyes
closed, rest and calm. This activity is reduced during mental or physical activity.
BETA is an irregular brain activity manifesting at a frequency of 14 – 30 Hz
at an amplitude of 2 – 20 microvolts with a presence time of 5 – 100 %. The area of
predominance and the maximum of its occurrence is considered to be the precentral
and frontal part of the brain. This type of brain activity manifests itself in mental
and physical activity. Furthermore, β2 (22 – 30 Hz), which occurs in psychophysiolog‑
ical arousal in fear, anxiety or experiencing worries, can be singled out for this type.
SMR BAND is an activity with a frequency of 12 – 15 Hz, which occurs cen‑
trally. It has a spindle shape. It is often associated with motor calm, active mind and
outwardly focused attention.
The GAMA BAND represents brain activity in response to sensory stimuli.
Its frequency ranges from 30 – 50 Hz at an amplitude of 2 – 10 microvolts with a pres‑
ence time of 5 – 100 %. The area of predominance and the maximum of its occurrence
is considered to be the precentral and frontal part of the brain. It occurs in awake
state.
The DELTA BAND represents waves with a low frequency of 0.5 – 4 Hz with
an amplitude range of 20 – 200 microvolts and its time of presence is variable. Areas
of dominance and maximum occurrence are also variable. These waves occur during
sleep.
THE THETA BAND represents brain activity with a frequency of 5 – 7 Hz at
an amplitude of 5 – 100 microvolts, when its time of presence is variable. The frontal
and parietal parts of the brain are considered to be the area of dominance and maxi‑
mum occurrence. It occurs in wakefulness, excitement or stress.
The KAPPA BAND represents brain activity with a frequency of 8 – 12 Hz
with an amplitude of 5 – 40 microvolts, when the time of its presence is variable. The
anterior and temporal parts of the brain are considered to be the area of predomi‑
nance and maximum occurrence. It is often associated with the process of thinking
and problem solving.
LAMBDA BAND – this brain activity was discovered on the basis of re‑
search in the field of the visual human field depending on the measurements in the
visual cortex and subsequently the type of response to the visual stimulus. Lambda
waves have a triangular shape with an amplitude range of 5 – 100 microvolts with
a stimulus response delay of 250 ms. The vertex is considered to be the area of dom‑

— 222 —

Chapter C

inance and the maximum of its occurrence. It occurs during visual stimulation or
when the eyes open.

Gama waves
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Fig. C.26

Basic brain waves
EEG RECORD ANALYSIS should be comprehensive and requires specialized

knowledge and skills. The basic methods of EEG recording analysis include:
Wave amplitude analysis is based on measuring the average of the am‑
plitudes. For instance, in a test situation, we can proceed as follows: after a stimu‑
lus to which the individual responds, we measure the magnitude of each wave (or
peak‑to‑peak distance) over a period of 10 seconds and then calculate the average.
However, we will do the same in the period of 10 seconds before the stimulus, so that
we can then statistically compare the given averages.
Correlation analysis is another type of wave amplitude analysis. It con‑
sists in monitoring and determining the magnitude of the relationship (correlation)
between two or more EEG signals on the same side of the measurement in the 10 –
20 system. Furthermore, with this focus, there is a cross-correlation in which one
measures the relationships between different electrode positions, for example be‑
tween the left and right hemispheres of the brain.
Power spectrum analysis is based on amplitude analysis and fast Fourier
transform (FT), which is a frequency spectrum that transforms a given signal into
specific waves of sine or cosine functions. The resulting graph is called the power
spectrum plot.
Spectral analysis is one of the oldest and most widespread methods used in
EEG signal processing. The signal obtained from the EEG is significantly non-station‑
ary, and therefore it is necessary to divide it into shorter time periods, which can be
considered stationary. We can already apply spectral analysis to stationary sections,
with the help of which we subsequently transform the signal from the time domain
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to the frequency domain. This allows a determination of the frequency bands and
their representation in the signal. The output may be, for example, the mentioned al‑
pha activity spectrum.
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Fig. C.27

Spectral analysis of alpha activity
Source: Sanei, Chambers (2007)

Topographic mapping of EEG activity (Brain electrical activity mapping –
BEAM) is based on simultaneous measurement and analysis of EEG frequencies and
magnitudes of evoked potentials (ERPs) from multiple placed electrodes. The results
are then displayed on a topographic map in the form of color coding (values are given
by the appropriate color), for example, red and green indicate high frequencies and
other colors, blue and white, indicate low frequencies (QEEG-normal and abnormal
record).
USE OF EEG can be monitored using a research, diagnostic and therapeutic
axis. From a research perspective EEG can often be used as part of understanding
emotions and other mental functions, mental disorders, etc.
With the development of information technologies offering unprecedent‑
ed possibility of detailed analysis of records, EEG is still a useful method for under‑
standing brain activity. Using new computational algorithms, it is possible to specify
and localize EEG outputs in much more detail. One of the other evaluations besides
computer analysis is also a visual approach, which is non-stressful, traditional and
inexpensive. It is mainly used for screening procedures to detect possible organic
brain damage, for instance among psychiatric patients. One can also determine EEG
abnormalities in a range of 10 – 50 percent. In dementias the rate of manifestations of
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EEG abnormalities is directly proportional to the depth of disability. A specific area
for the use of EEG is, for example, polysomnographic examination in patients with
sleep disorders.
Polysomnography – from Greek polys (many, numerous, abundant), Latin
somnus (sleep) and Greek grafein (to write) – is a comprehensive assessment of sleep.
In addition to EEG, cardiac activity – electrocardiography (ECG) – is usually record‑
ed alongside muscle activity – electromyography (EMG) while measuring respiratory
rate. It is also common to film the sleeping individual. It is also possible to measure
erection in men, etc.
The domain of EEG in clinical practice is primarily neurology; a medical
field dealing with diseases of the nervous system. Although EEG findings are general‑
ly evaluated as non-specific, they are often used in epileptology to assess pathological
abnormality in the EEG record in seizures. It serves both for diagnosis and differen‑
tial diagnosis, as well as for assessing the success of epilepsy treatment. Of course,
this research field also has its place in clinical medicine.
Normal EEG

Fig. C.28

EEG with manifestations of epileptic potentials

Normal EEG recording and manifestations of epileptic disease in the
EEG recording
Another substantiated indication for an EEG examination is a number of

psychiatric problems, when patients experience, for example, qualitative disorders of
consciousness, paroxysmal anxiety, perceptual and behavioral disorders, etc. From
the point of view of quantitative EEG (QEEG), a wider application can be observed
both at the level of diagnostics and at the level of treatment of mental disorders. The
basic principle of QEEG is the visual evaluation of artifact-free sections and record‑
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ing and subsequently its quantitative processing using appropriate programs. Using
these analyses one can obtain EEG coherence, EEG cordance as well as LORET:
EEG coherence mathematically expresses the degree of synchronization of
two signals taken from different electrodes. EEG cordance indicates a measure of lo‑
cal cortical activity. LORETA (from English low resolution brain electromagnetic to‑
mography) is a three-dimensional visualization of the distribution of current electri‑
cal activity in the cerebral cortex.
Quantitative Electroencephalographic examination QEEG (brain mapping
method) computes in the application of mathematical methods, mainly analyzes the
power spectrum and obtains quantitative metrics that are associated with behav‑
ioral cognitive brain functions corresponding to the change in physiological state.
QEEG is often used in biomedical research to measure the before and after effects of
mental health interventions. It also serves as a psychological map, which also speaks
to the character traits of the examined individual. It can provide electrophysiological
markers of disorders such as ADHD, schizophrenia, depression, traumatic brain inju‑
ry, OCD.
The most studied QEEG metrics are the absolute and relative power in dif‑
ferent frequency bands (two-band ratios).
The brain map shows – even where the EEG appears to be at normal levels –
significant variations in the brain’s work when seen through its digital counterpart.
This directly reflects the individual’s cognitive abilities. Here it’s possible to identify
ADHD. ADD, syndromes, aggression, anxiety, weak concentration, depression, etc.
The QEEG database is built on the EEG data set during active tasks or at rest.
The active task refers to the EEG recording of brain activities while the participant
performs perceptual, motor, or cognitive tasks.
During the idle recording, the participant is awake but relaxed, with his
eyes closed or eyes open.
Because QEEG metrics in normative databases track the Gaussian distribu‑
tion, individuals can be compared to the population by calculating its z‑score, ie the
number of standard deviations, which are out‑of‑average individual metrics. Usual‑
ly, Z‑scores with an absolute value greater than two are considered atypical (because
95 percent of the values are in the range [‒2, 2]), with positive values indicating ex‑
cess activity and negative values a deficit.
QEEG analysis requires 3 main steps:
• EEG recording: The software should record electrical activity under the same
tasks or conditions that make up normative databases, recording at least 60 sec‑
onds of EEG data without artifacts.[C54] The EEG amplifier should be adapted to
a normative database, and if brain source analysis is required, a high number
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of sensors distributed throughout the scalp is recommended to obtain a correct
estimate.[C112]
• Artifact rejection: Artifacts are signals recorded together with the EEG but
without the neural origin associated with the task performed and are catego‑
rized according to physiological data (cardiac, eye movements, muscle activity,
etc.) and non-physiological (electrical interference, free electrode contact, etc.
These must be taken out before performing QEEG).
• QEEG testing and interpretation: EEG data is processed and artifact-free EEG
data is compared with a normative database, and the results are then interpret‑
ed accordingly.
Both the EEG and QEEG methods are important for determining the anam‑
nesis as well as designing neurofeedback training protocols over brain centers for
adults and children. At the same time, it is recommended to use individual portable
devices to optimize brain activity at work and at home.
Overview of QEEG normative databases
Below is a brief overview of the three normative QEEG databases currently
available on the market, see Johnstone (2003), Lorensen[C74] and Keizer.[C60] They pro‑
vides a comparison between NeuroGuide and qEEG-Pro.
• NeuroGuide (Applied Neuroscience, Inc). Contains EC and EO idle-state records.
It includes 625 individuals (age range 2 months to 82 years) and provides met‑
rics at the sensor level (absolute/relative strength and ratios; maximum fre‑
quency, asymmetry and coherence) and at the brain source level. Its properties
have been extensively described in scientific literature[C126],[C127],[C128] and the de‑
vice is FDA registered.
• qEEG-Pro Database (qEEG-Pro BV). Contains EC and EO idle records. It includes
1,482 and 1,232 individuals (eyes closed and open, respectively) in the age
range 6 – 82 years. It uses a client-side approach, including new individuals
who gradually use automatic artifact filtering. It is registered with the FDA.
• HBI database (HBImed AG). It contains five active tasks (two GO/NOGO tasks,
arithmetic and reading tasks, auditory recognition and auditory oddball) and
EC and EO records at rest. It includes 300 children and adolescents (ages 7–17),
500 adults (18–60) and 200 seniors (61+).

C.6

Evoked Potentials
In this chapter we will approach another possibility of examination using

monitoring of electrical activity of the brain; evoked potentials (event-related poten‑
tials, ERPs).
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Evoked potentials represent the nervous system’s response to some recep‑
tor stimulation. They represent a measurable change in electrical voltage in nervous
tissue.
We measure evoked potentials in the same way as EEG, with the difference
that we subsequently average the obtained responses to the given experimental stim‑
ulus. ERPs are a useful tool for examining psychological activity.
In terms of action, we can divide stimuli into endogenous and exogenous.
Endogenous stimuli are based on internal events and conditions. Exogenous stimuli
are based on the brain’s response to specific external stimuli. ERPs report the varia‑
bility of the brain response in relation to the current or anticipated stimulus.
We can divide evoked potentials into:
• visual
• auditory stem
• somatosensory
• motor
• cognitive.
VISUALLY EVOKED POTENTIALS use monocular stimulation (affects only
one eye) either by checkerboard stimulation on the monitor when fixing the cross, or
by flashes. The sensing area is the middle occipital. After averaging we notice P100
waves, hence, the latency of the response to a given stimulus, which is around 100 ms.
HEARING STEM EVOKED POTENTIALS are obtained by stimulation using
a rapidly repeating sound (clicking). We read the brain response at ten one-second
intervals after a given stimulus. The sensing area is in the vertex.
SOMATOSENSORIC EVOKED POTENTIALS are based on the repetition of an
electrical impulse stimulating the peripheral nerve. This method senses various lev‑
els, such as spinal entrance, spinal structures, sensitive area of the cerebral cortex
(contralateral gyrus postcentralis). The significance lies in determining the spinal
transfer time. The method informs about the course of the stimulus and also about
the extension in case of an obstacle.
MOTOR EVOKED POTENTIALS are based on magnetic transcranial stimu‑
lation. They focus on efferent motorways. Their measurement monitors the time in‑
terval between stimulation and spinal motoneuron response, as well as the latency
between spinal motoneuron stimulation and muscle irritation.
COGNITIVE EVOKED POTENTIALS represent activity triggered by identi‑
fiable stimuli or events. They represent a certain picture of the activity of complex
neural networks, which are responsible for the detection of new stimuli and the dis‑
criminative behavior of people. Cognitive potentials can be both auditory and visual.
The evoked potentials include phenomena representing a set of long-latency and slow
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cognitive potentials. They include contingent negative variation (CNV), P3 wave com‑
plex (P300 wave), mismatch negativity (MN), preparatory motor potential (readiness
potential). Long-latency waves show a positive or negative brain response to a stimu‑
lus, mostly with latency in the range of 250 – 750 ms.
Slow potentials range from 0.5 seconds to several seconds. They represent
the brain’s response to a given event. This event can be cognitive activity (such as
preparation, expectations, focus of attention) or preparation of motor activity. In gen‑
eral, it can be argued that slow potentials have the highest relationship to events and
happenings in everyday life in terms of CNS manifestations. Thus, the slow poten‑
tials are related to the dissemination of information by the brain structures involved
in the task. For example, we are standing with a car at an intersection and a traffic
light appears green. At this point, the slow potential spreads information through the
brain to the appropriate structures about the need to initiate adequate activities: de‑
pressing the clutch, gear, etc.
Mismatch negativity (MN) is a negative component of cognitive evoked po‑
tentials reflecting the process of automatic capture of change. The psychophysiologi‑
cal significance of this potential is not fully known at our current level of knowledge.
It is thought to be an electrophysiological correlate of auditory working memory.
The preparatory motor potential – readiness potential (RP) or Bereitschafts‑
potential – is a slow negative potential that precedes free movement. This potential is
still being investigated in neurophysiology. It is interesting that it precedes not only
the movement actually realized, but also the intended and unperformed movement.
RP is associated with conscious and unconscious activities because it occurs a frac‑
tion of a second earlier and occurs longer than the individual realizes that he or she
wants to initiate movement. It is obtained by averaging the EEG signal, which is trig‑
gered by a repeated and free (usually simple) movement (i. e. movement of the finger,
hand, foot). However, the movement can also be more complex (i. e. writing or turn‑
ing pages). However, it must really be a free movement, one that is not started by any
signal, counting, etc. The importance of the preparatory slow potential is especially
in the study of physiology and pathophysiology of motor skills.
Abnormalities of preparatory slow potential occur, for example, in patients
with Parkinson’s disease and essential tremor. This potential is also widely explored
in the context of Libet’s attempts at free will.
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Libet’s scheme of the preparatory motor potential, which precedes the
self-initiated movement
Contingent negative variation (CNV) is a complex cognitive potential repre‑

senting the brain’s response to a certain stimulus. This potential arises between a pe‑
riod of two stimuli. The first stimulus is a warning that the person should prepare for
a response at a given interval. Subsequently, a second stimulus takes place, to which
the person should respond (i. e. by pressing a button). The stimulus can be simple or
complex, including an acoustic or visual form. In practice, the first stimulus is called
“warning” and the second stimulus is called “commanding”. The period between
these stimuli is the CNV (negative deviation occurs). The time period between stimuli
can vary in length, such as 1 – 9 seconds. If the inter-stimulus period is 1.5 ms, then
only one wave of CNV will appear. The longer the interval between stimuli, the great‑
er the probability that we will capture two waves:
The first wave of CNV (initiation or orientation) starts about 750 ms af‑
ter the stimulus and represents a kind of orientation response. This wave of CNV is
thought to be related to attention.
The second wave of CNV (late) is considered a preparation for movement,
but it also has a cognitive component, because the magnitude of its amplitude is also
determined by whether the subject evaluates the task as interesting (higher ampli‑
tude) or less interesting (lower amplitude).). The task in an experimental situation can
be a simple movement, mental tests, etc. After completing the task, you can also mon‑
itor the presence of a wave called PINV (post-imperative negative variation). It is also
necessary to emphasize the movement accompanying slow potential (MASP). This
can be monitored when the individual realizes the movement.
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If one considers the direction of current research in the field of evoked po‑

tentials, it is necessary to approach the so‑called complex of wave P3 (wave P300).
This wave is one of the only standardized potentials used, among other things, to
measure cognitive functions. It is assumed that it represents the capture and recogni‑
tion of an object and its inclusion in certain contexts, i. e. it is probably related to the
recognition of a known stimulus or the absence of a known stimulus. The P3 wave
complex can be triggered by various stimuli (visual, acoustic, somatosensory or com‑
bined). For example, we will present a picture of the information processing process
from the point of view of evoked potentials.
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ERP and information processing process
Related to the most common paradigms, the used methods are oddball,

go‑no go and mismatch.
In terms of auditory potentials the oddball paradigm represents the de‑
tection of two different frequency tones presented to both ears. We divide tones into
camouflage tones (they are presented very often) and target tones (less often). Usually
the given tones occur in a ratio of 4 : 1 (80 : 20), (camouflage: target). The task of the
examined individual is to expect and recognize the target stimuli that are released to
him, and to calculate their frequency for control.
It is important to note that, for example, during a visual oddball task, a
number of processes take place in the brain; focusing on stimuli, sensory discrim‑
ination of visual stimuli, cognitive processing and evaluation of stimuli in relation
to subsequent behavioral activity, decision-making, preparation, initiation and own
free movement. Memory mechanisms are also involved.
As an example of an oddball task, we can mention a situation where the
examined individual has the task to watch from a distance of 100 cm a randomly
appearing capital letters X and O on a white background monitor. Each stimulus ap‑
pears for 200 ms and inter-stimulation time is in the range of 2 – 6 s. If a person regis‑
ters a capital X on the screen, their task is to remember it. If they see the capital letter
O, they doesn’t have to do so. The sequence of the occurrence of X is not known to the
subject, so it is necessary for him to try to concentrate all the time. At the end of the
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presentation of the letters X and O, we ask the examined individual how many times
the letter X has been seen.
The go – no go paradigm is a test in which a given individual, in addition to
detecting a given stimulus, has another task: to perform an action after this stimulus,
like pressing a lever. This method is very often used to research reaction time and
certain cognitive performance.
An example is a task where, instead of counting the occurrence of a stim‑
ulus (i. e. the letter X in the example above), the subject has the task of pressing the
button in their hand as soon as the target stimulus (X) appears.
The mismatch paradigm is based on the connection of the go – no go para‑
digm with the addition of target stimuli. This method is also used to study reaction
time and cognitive performance of walking, etc.

C.7

Neurofeedback
EEG biofeedback (neurofeedback) is based on the principle of operant con‑

ditioning and learning in general. The patient receives information about the electri‑
cal activity of his brain in the form of visual or auditory feedback and is expected to
gradually learn to modify it in accordance with what is strengthened during a par‑
ticular training.
Joe Kamiya[C57] was the first to demonstrate the ability to learn to regulate
one’s own brain activity through feedback. Others followed in this direction by un‑
dertaking further research of alpha activity operant conditioning.[C48],[C80] Further
research includes theta as well as simultaneous alpha and theta activity often asso‑
ciated with the study of altered states of consciousness (for an overview see Budzyn‑
ski[C11]). After initial enthusiasm, EEG biofeedback faced criticism and skepticism.
Knowledge at the time was unable to provide answers to questions about its effec‑
tiveness. Conclusions of research studies were ambiguous – which may have been
due to methodological differences – and EEG biofeedback began to be associated with
altered states of consciousness in a negative sense.[C11] EEG biofeedback of slower
frequencies (alpha and theta) did not experience a renaissance until the turn of the
1980s and 1990s thanks to Peniston and Kulkoski.[C90],[C91],[C92],[C93]
Another current in EEG biofeedback that is more widespread today is
based on the work of M. B. Sterman team’s work related to operant conditioning of
SMR (sensorimotor rhythm). Coincidentally, this team was tasked with investigating
the effect of an epileptogenic substance used in rocket fuels. Some experimental ani‑
mals, like cats, had a surprisingly significantly higher seizure threshold than others.
These were the ones who had learned to increase SMR in previous experiments.[C141]
Sterman and his colleagues then repeatedly demonstrated a higher seizure threshold
after SMR training in humans as well, and the findings began to be used in the treat‑
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ment of epilepsy (see below). Shortly afterwards, the indication spread to attention
deficit disorders (ADD/ADHD).
EEG biofeedback has taken on a new dimension thanks to the development
of information technologies and the possibility of quantitative processing of EEG re‑
cords (QEEG), which can not only provide additional information important for ini‑
tial diagnostics and training planning (i. e. spectrum composition, functional inter‑
connection of cortical areas, localization of deeper cortical sources of EEG), but it is
also possible to perform new types of training (including coherence training) and ob‑
jectively demonstrate a possible change in EEG after neurofeedback.

C.7.1

Hardware, Software and Their Use
EEG sensing and analysis equipment is required to perform EEG biofeed‑

back. An amplifier with several (at least one, but preferably at least two) channels is
enough for training, but for initial diagnosis and final evaluation of the treatment
effect, it is advantageous to have technical equipment to obtain information from 19
or more channels. The electrodes are placed according to the 10 – 20 international
system. First, the frequency band in the area of interest is filtered (preferably up to
60 Hz, which is especially good for monitoring EMG activity), the signal is converted
to digital form and processed in a computer using spectral analysis or a digital filter
to extract training bands.
The software projects the information on two screens. The EEG spectrum is
displayed on one of them and training parameters (training type, frequency bands,
amplitude heights, etc.) can be set on it. The trainer’s screen is usually in the form of
a game. Games differ in graphics complexity (two-dimensional or three-dimension‑
al), content, character, speed of image movement, etc. Audio feedback is not uniform.
Some systems use continuous feedback (i. e. music that increases or decreases accord‑
ing to the distance from the set threshold; or a pleasant melody that turns unsympa‑
thetic if the criteria are not met), while others combine continuous feedback with one
that is discreet or only a discreet sound is used in achieving success. Sterman and
Egner (2006) recommend that the training consist of discreet events where after each
success – which is also defined by a certain time for which the EEG must meet the set
criteria – and the subsequent reward, the feedback be interrupted for two seconds.
This pause is intended to protect against information overload. The screen and train‑
ing room should be as simple as possible. The only thing the reward should be asso‑
ciated with is the EEG change. However, simple screens are less appealing and it is
more difficult to motivate children with attention deficit disabilities to work on some‑
thing that does not interest them. Attention deficit disorders in children are the most
common indication of neurofeedback in general, so it is logical that the collaboration
of software vendors and clinicians has led to the creation of diverse and interesting
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games, although Sterman’s model seems more appropriate in terms of operational
conditioning.

C.7.2

Determining the Training Protocol
Choosing training can be based on clinical experience with the treatment

of specific diagnoses, the dominant frequency associated with the mental state we
want to induce, or individual diagnosis of each individual, including quantitative
analysis of multichannel scanned EEG, psychological examination with emphasis on
cognitive functions and history of problems. The last variant places high demands on
the knowledge of QEEG and neurophysiology, but it allows one to compile training
corresponding to the problems of a particular patient and objectively monitoring his
or her progress. Neurons can transfer information from lower centers.
The number, location and connection of the electrodes depends on what
we want to train. Most often, single-channel or two-channel training with reference
connection is used.
During two-channel training, they train simultaneously in two places,
which is especially suitable if it is necessary to adjust different parameters in two
locations. Coherence training is used when the goal is to improve communication be‑
tween brain areas. In recent years, feedback based on LORETA (low resolution brain
electromagnetic tomography, mathematical processing of the EEG record to estimate
the cortical sources of the EEG measured on the scalp) has also been tested, which
should theoretically be able to affect deeper cortical structures.[C12],[C17] EEG must be
read from at least 19 channels for proper LORETA neurofeedback.
Increasing the amplitude of alpha or theta activity can be used in training
focused on relaxation. However, the most common type of training, for various indi‑
cations, is strengthening the amplitude of low and medium beta activity. In the EEG
biofeedback, the beta band usually differs into SMR (approximately 12 – 15 Hz, has
a specific shape, occurs in the central area during motor rest and vigilance), beta 1
(approximately 15 – 18 Hz; in the central area it may be SMR activity; the devices are
controlled only by frequency, the shape of the curve should be followed by the train‑
er) and beta 2 (approx. 22 – 30 Hz; we do not amplify it, it is usually associated with
voltage.[C132]
EEG biofeedback can be combined with other techniques. Various tech‑
niques from cognitive behavioral therapy (exposure, systematic desensitization),
relaxation techniques and imagination are most often applied. However, EEG bi‑
ofeedback can also be used as an auxiliary method in psychodynamically oriented
psychotherapy.
Psychodynamic directions use alpha-theta training inducing a hypnagog‑
ic-like state to ease access to traumatic experiences.[C87]
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C.7.3

The Principle of EEG Biofeedback and the Mechanics
of Effects
The basic concept of EEG biofeedback, operant conditioning, is based on

Thorndike’s Law of effect.[C132] If a behavior is rewarded, the probability of its recur‑
rence increases. The complexity of the training increases and the patient is forced to
perform better and better and thus gradually approaches the set goal. This process is
called shaping.
At the neurobiological level, learning is based on neuromodulation and
long-term potentiation. Long-term potentiation is associated with anatomical changes
at the level of neuronal membranes.
The electrical activity sensed on the scalp is determined by the extracel‑
lular dipoles of pyramidal cells arising from postsynaptic excitation and inhibition
potentials. The main generator of brain rhythms is the thalamus. Thalamocortical
(sensory and non-specific from reticular formation) to the cortex, or they can prevent
this transmission by oscillating autonomously (6 – 10 Hz). Similar, though apparently
less important, centers capable of autonomous oscillation are in the limbic system.[C1]
Thalamic and limbic centers are affected by neuromodulatory inputs. By acting on
the characteristics of postsynaptic membranes, they decide whether thalamocorti‑
cal neurons translate information into the cortex or whether they will oscillate inde‑
pendently, by their own rhythm. Autonomic oscillations of thalamocortical neurons
manifest as alpha activity at the cortical level. Sterman[C114] believes that electrical ac‑
tivity measurable on the scalp is influenced by three systems of cortical control over
thalamic generators (vigilance, cognitive integration, sensorimotor integration). Ac‑
cording to him, alpha activity occurs in the absence of cognitive control, SMR after
sensorimotor control is eliminated, and theta after vigilance is removed. Silberstein’s
model[C109], on the other hand, explains the occurrence of individual frequency bands
by resonances between cortical columns. These are groups of about 10,000 neurons
comprising all six cortex layers and having a strictly defined thalamic afferent[C27] at
local level with frequencies above 30 Hz, at regional level between columns several
centimeters apart – resulting in alpha and probably beta activity – and at global level
between distant cortical areas responsible for delta and theta activity.
Among the most well-known sources is the SMR activity and SMR training
effects.

[C117]

SMR scanned on the scalp is a result of the interaction of thalamocorital

neurons, reticular nucleus neurons and sensorimotor cortex. In the production of
SMR, the corresponding thalamocortical neurons are hyperpolarized into the senso‑
rimotor cortex and reticular thalamus kernel, which are then hyperpolarized again.
The basal ganglia, which are part of the circuit, interfere with this process: cortex –
the basal ganglia thalamus cortex. Thalamocortical arousal ends at the 4th layer of
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the cortex, on the apical dendrites of the pyramidal cells. On the distal part of the
dendrites of the same neurons, into the first layer of the cortex, excitations also come
from the cortical areas associated with attention, which is necessary for operant con‑
ditioning of SMR. This coincidence creates an ideal environment for long-term poten‑
tiation. SMR is associated with decreased somatosensory stimulus transmission and
decreased muscle tone and may also be affected by cholinergic and monoaminergic
neuromodulation of the excitability of thalamocortical neurons and cortical areas
into which excitations are transmitted. The result of operant SMR conditioning and
the basis of clinical effect should be an increase in the excitation threshold of thalam‑
ocortical somatosensory and somatomotor pathways.
From a subjective point of view this process is initially an internal exper‑
imentation and is compared to learning motor skills.[C1] The patient will gradually
learn to recognize, induce and maintain the desired state. Later, the process becomes
automated. Dozens of sessions are needed for such treatment to be effective. Data
availability varies and it also depends on a particular diagnosis.

C.7.4

Indications
EEG biofeedback can be used both as a therapeutic method and for train‑

ing. Anxiety disorders were an early indication following Kamiya’s research,[C57] but
EEG biofeedback has expanded, especially following the work of Sterman and his col‑
leagues (see above) in the treatment of epilepsy and ADD/ADHD attention disorders.
So far, these are the only two indications for which the application of EEG biofeed‑
back is based on several solid controlled studies (see below).
EEG biofeedback has been used for the first time and successfully in
the treatment of epilepsy by Sterman and Friar.[C118] The training was focused on
strengthening SMR activity and was based on experiments on cats. Their findings
were repeatedly replicated in a small sample of patients (for a review, see Sterman
and Egner[C117]). Later, Lantz and Sterman[C70] conducted the first larger, double-blind,
controlled study, which also showed the antiepileptic effect of SMR training (seizure
reduction). The mechanism of action of another approach in the treatment of epilepsy
based on the biological feedback of the slow cortical potentials (SCPs) polarity is also
explained by the reduction of cortical excitability. A positive effect on the reduction
in the number of seizures was shown in a controlled study.[C66] The number of sei‑
zures decreased even after medication, but not after biofeedback focused on respira‑
tion. The use of SCPs in the treatment of epilepsy is based on the finding that negative
SCPs are a reflection of the apical dendrites of pyramidal cells and are an expression
of their reduced excitation threshold. The shift of SCPs to positive values corresponds
to an increase in the excitation threshold of cortical neurons.[C117] Review articles on
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the treatment of epilepsy with EEG biofeedback were written by Sterman[C116], Mon‑
derer et al.[C83], Walker and Kozlowski,[C139] and Sterman and Egner[C117].
Attention Deficit Hyperactivity Disorder (ADD/ADHD) is the most com‑
mon indication for EEG biofeedback. The first work was published by Lubar and
Shouse,[C77] controlled studies by Rossiter and LaVaque,[C101] Linden et al.,[C73] Carmo‑
dy et al.,[C14] Monastra et al.,[C82] Fuchs et al.,[C33] Beauregard and Levesque,[C72] in Czech
Faber et al.[C28] Training has always been applied to support 12 – 15 Hz or 16 – 18 Hz
activity in the central region, sometimes a simultaneous reduction in theta activity
(4 – 7 or 4 – 8 Hz) and/or high beta 2 activity (22 – 30 Hz).
The number of sessions ranged from 20 to 50. Probands – children or chil‑
dren as well as adolescents – were divided into groups at random, according to their
own choice or the choice of parents. An alternative to EEG biofeedback was medi‑
cation or EEG biofeedback was applied to one of the otherwise treated groups. Per‑
formance in testing attention, behavior and, in the case of the study of Monastry
et al.,[C82] the attention index – based on the ratio of slow and faster frequencies in the
EEG (4 – 8 Hz and 13 – 21 Hz) – improved after training and after medication. Monas‑
tra et al.[C82] found that in re‑evaluation following a week of discontinued medication
improvements persisted only in the group treated with EEG biofeedback in addition
to stimulants.
None of these studies were placebo-controlled, hence there was no ran‑
dom “feedback” or “feedback” not corresponding to actual EEG recording another
patient’s session. Therefore, it is not possible to say to what extent non-specific fac‑
tors may have contributed to the improvement, including expectations from the
new method, a large amount of time spent with the coach, etc. However, this fact is
to some extent offset by work that has used physiological methods to demonstrate
change after training, including QEEG, evoked potentials (ERPs) and functional mag‑
netic resonance imaging (fMRI); see below. In some studies, patients were divided ex
post into groups according to training success and it was shown that physiological
parameters changed only in those who managed to modulate EEG according to set
parameters during training.[C67],[C78]
The most frequently studied physiological parameter is the ratio of the
amplitudes of two frequency bands from a signal sensed from one active elec‑
trode.[C14],[C82] Kropotov et al.[C67] used evoked potentials as a physiological measure of
the training effect. After 20 training sessions aimed at increasing the ratio of activity
in the band 12 – 18 Hz or 12 – 15 Hz relative to the activity of other frequencies, chil‑
dren who were able to increase the trained parameter had an auditory Go/No‑Go task
and registered a positive component evoked with a latency of 180 – 420 ms over the
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fronto-central areas. These children were supposed to respond to one type of sound
but not to another sound.
Beauregard a Levesque[C72] using fMRI demonstrated a change in activation
after 40 sessions of EEG biofeedback. 20 sessions focused on activity support in the
12 – 15 Hz band and 20 sessions 15 – 18 Hz in the central area. Compared to 5 con‑
trols this involved 15 children with ADHD areas of attention and motor control. In the
modified Stroop test, only activation of the upper left parietal lobe was found in both
groups before training, in the second measurement the finding was the same in the
control group, but after training the anterior cingulum on the right, nucleus caudatus
and substantia nigra on the left were activated. In the Go/No‑Go task, no activation
was detected before training and in the control group and after training. After EEG
biofeedback the ventrolateral prefrontal cortex and anterior cisulum (cognitive part)
of the right hemisphere, left thalamus, nucleus caudatus and substantia nigra were
activated.
Kropotov et al.[C67] and Beauregard and Levesque[C72] interpret their findings
in the context of the dopaminergic system and its role in normalizing the function of
the frontostriatal circuits. Indeed, executive functions, such as attention and motor
control, are maintained by neural circuits including the frontal lobes, basal ganglia,
and thalamocortical pathways.[C68] In addition to training to support SMR and beta 1
activity, ADD/ADHD is also used to train SCPs.[C121] The approaches were compared by
Leins et al.,[C71] the improvement in cognitive and behavioral characteristics was ev‑
ident after both workouts without distinction. Recent review articles on ADD/ADHD
have been published by Holtmann and Stadler[C53] or Monastra et al.[C81]
Learning disabilities often occur along with attention deficit disorders.
A controlled, albeit not very extensive, study (5 and 5 individuals) in this area was
performed by Fernández et al.[C32] Children treated with EEG biofeedback improved
in cognitive function tests and their EEG record shifted significantly toward a ma‑
ture pattern. After two years,[C9] the immaturity of the EEG deepened in the control
group – higher proportion of theta activity in the spectrum frontally and temporally
to the right – and the learning disorder persisted. On the contrary, the EEG record of
children from the experimental group continued to mature and the learning disor‑
der was not apparent.
Work on the treatment of anxiety disorders biofeedback using EEG biofeed‑
back has focused on the support of alpha activity. It has been hypothesized that by
inducing a state that corresponds to relaxation in the EEG anxiety would be reduced.
Indeed, some studies have led to a reduction in anxiety associated with an increase
in alpha activity amplitude,[C48] but others have not. (For a more comprehensive re‑
view, see Moore.[C85]) It should be noted that the studies (see Moore[C85]) were not meth‑
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odologically consistent and varied greatly in the number of sessions (4 – 20). A larg‑
er controlled study (38 subjects) using alpha training (8 sessions) was performed in
generalized anxiety.[C98] Probands were divided into four groups, where they received
one of the biofeedback variants (frontal EMG biofeedback, EEG biofeedback focused
on increasing alpha activity, EEG biofeedback decreasing alpha activity), or were in‑
cluded in the pseudo-meditation control group.
There was a decrease in anxiety in all treated individuals. However, only
after biofeedback increased alpha activity was there also a decrease in heart-rate re‑
activity to stressors. Attempts to use alpha training in obsessive-compulsive disorder
(OCD) have not been successful (Mills and Solyom;[C80] Glueck and Stroebel[C35] in both
studies up to 20 sessions of alpha training). However, theoretical justification can be
found for the use of SMR training in obsessive-compulsive disorder. The pathophysi‑
ology of OCD includes structures that also play a role in the pathophysiology of ADHD
(or ADHD subtypes[C2]) and whose function has normalized in ADHD after EEG bio‑
feedback (especially the basal ganglia, but also the anterior cingulum[C72]).
However, so far only three papers have been published, case reports
of patients successfully treated through training compiled according to their
QEEG.[C40],[C44],[C45] Moore[C85] and Hammond[C46] have reviewed studies on the use of EEG
biofeedback in anxiety disorders.
Studies on the use of alpha-theta training (aimed at increasing the ampli‑
tude of theta activity above alpha activity) in chronic alcoholics were published in
the late 1980s and 1990s[C90],[C91],[C93] and post-traumatic stress disorder.[C92],[C93] Patients
were treated first with several sessions of biofeedback aimed at raising skin temper‑
ature (used for relaxation), then with 15 – 30 sessions of alpha-theta training. In all
studies, patients improved after EEG biofeedback, and most did not relapse during
the follow‑up period (13 – 30 months). However, studies have a number of methodo‑
logical shortcomings, such as probable unmentioned comorbid diagnoses, the combi‑
nation of EEG biofeedback with cognitive-behavioral, relaxation, and other therapeu‑
tic techniques, etc.[C37]
Peniston’s protocol was modified by Scott and Kaiser.[C103] They started treat‑
ment with a protocol aimed at increasing SMR or beta 1 activity and decreasing the‑
ta activity, and only then used alpha-theta training. They thought that the abuse of
some substances, especially stimulants, may be the primary attention problem. Scott
et al.[C104] conducted an extensive (N = 121) controlled study in people with mixed drug
addiction. The training consisted of 40 – 50 sessions of EEG biofeedback (10 – 20 ses‑
sions of boosting activity 12 – 15 Hz or 15 – 18 Hz, reducing theta and beta 2 activity;
30 sessions of alpha-theta training). At the same time, all patients were treated in a
conventional manner, and those who did not have a biofeedback were given extra
— 240 —

Chapter C

time in therapy, corresponding to the time spent by the EEG biofeedback. Patients in
the experimental group stayed longer, improved in the TOVA attention test, and at
12 months, 77 % were abstinent, compared with only 44 % in the control group. An
overview of EEG biofeedback in addictions was compiled by Trudeau.[C134]
In recent years, a number of studies devoted to EEG biofeedback in autism
spectrum disorders has been increasing. The first studies (Jarusiewicz,[C56] and Co‑
ben,[C16] – Autism; Thompsons,[C129] – Asperger’s Syndrome) found an improvement in
clinical symptoms and a change in QEEG when monitored.
Furthermore, EEG biofeedback, with varying degrees of support in the sci‑
entific literature and clinical experience, is used in many other diseases and condi‑
tions: i. e. in the treatment of the consequences of brain injuries (reviews in Ayers;[C7]
Thatcher[C125]), in depression (review in Hammond[C46]), tinnitus,[C36] dystonia in Par‑
kinson’s disease,[C131] chronic fatigue syndrome,[C43] dissociative disorders,[C79] schizo‑
phrenia,[C38] Tourette ‘s syndrome,[C123] etc.
In addition to therapeutic applications, EEG biofeedback has its place as a
method contributing to optimal performance. In addition to improvements in cogni‑
tive function tests in people with attention deficit disorders (see above), there was, for
example, a deepening of music performance skills of conservatory students after al‑
pha-theta training[C23] or improved performance among athletes.[C69],[C135] An overview
of the use of EEG biofeedback in increasing the performance of healthy people was
compiled by Vernon.[C135]
The mechanism of EEG biofeedback must undoubtedly be studied further.
Also, there is a need to clarify in which diagnoses and with what parameters EEG bi‑
ofeedback can be successful. EEG biofeedback – based on a good knowledge of brain
structure and function – appears to be a promising method. This is due to encour‑
aging clinical results, studies showing physiological change, non-invasiveness of the
method (learning) and the ever-improving technical capabilities for training and
treatment effect assessment.
The brain has exceptional properties. For example, it can store received in‑
formation in memory. At any time, whenever it analyzes this information it can also
synthesize it with information similar in shape or time. The brain certainly has a
sense of time. Hence, not only conditioned reflexes arise, but also association ideas
and discoveries. It has the ability to analyze complex situations and create reactions
to them. It can model dangerous situations and has prepared motor and behavio‑
ral reactions (mental activity in paradoxical sleep). Also, the brain has the ability to
learn at various levels of programs ranging from binary code to complex and yet un‑
known inter-neuronal communication languages. Feedback became a technical term
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60 years ago when the era of cybernetics began. It possesses almost the same mean‑
ing as a more general word; self-control.
Even at a higher level of nervous activity, we consciously as well as com‑
pletely unconsciously control our behavior. Today’s modern electronics allow us to be
more aware of our physical and mental states than our own sensory organs.
Biofeedback (BFB) is a new treatment to control and possibly improve your
physiological functions. This allows us to feel or realize what we would not notice
with our senses. For example, if the patient has a completely paralyzed arm, he sees
on the screen every slightest electrical activity of the paralyzed muscles even with‑
out visible movement. This activity can then gradually increase by repeated train‑
ing, and thus increase muscle strength. Or, if the patient has cardiac arrhythmias, an
electrocardiographic (ECG) curve converted to a signal of the appropriate shape in‑
forms him whether the pulse is regular or irregular. Depending on the outcome, the
reaction is governed by either being rewarded or not. For children, increasing moti‑
vation – such as rewards for success in the form of points, sound signals, or a small
gift – usually helps improve training. At school this means a compliment or receiving
a grade. Biofeedback (BFB) is an important helper for children with attention deficit
and hyperactivity disorder; according to DSM IV ADHD, attention deficit-hyperactivi‑
ty disorder.[C5],[C75],[C76]

C.7.5

Functional Magnetic Resonance Imaging
Functional magnetic resonance imaging (fMRI) is based on changes in hy‑

drogen atoms in the brain. Hydrogen (H) is used primarily for its rapid movement in
tissues and the predominant occurrence in the body in the form of water. In living
organisms more than a half of their body weight is water. The axes of rotating hydro‑
gen atoms are “randomly” and differently oriented under normal conditions, but in a
strong magnetic field (1.5 – 3 Tesla) the axes of all hydrogen atoms orient (resonate) in
one direction and in the sense of magnetic field lines. In this situation, a short radio
signal is applied, which again “throws” the axes of the atoms in different directions.
After the radio signal subsides, the hydrogen atoms organize again in one direction,
but before that happens, a certain measurable time elapses depending on the amount
of water in the tissue. Thus, gray tissue (with nerve cells) can be distinguished from
white brain tissue (with nerve fibers). The computer reassembles the entire brain
from this information. In addition, according to some programs, a computer can de‑
termine which tissue was more or less active, and this is the principle of fMRI.
The fMRI method also showed hypoactivity in ADHD syndrome in the oc‑
cipital and temporal ranges and in both amygdalas. Christopher deCharms et al.[C20]
used a new and very fast fMRI device that worked in real time (real-time functional
magnetic resonance imaging, rtfMRI). The higher speed allowed the proband to re‑
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act quickly enough to each new situation. For neurofeedback, it is necessary to cre‑
ate a new functional map of brain activity in real-time. The situation is similar with
the electroencephalographic (EEG) device, which, however, is still the fastest in its
response time. Older fMRI devices took many tens of seconds to detect and always
calculate a new functional image of the brain. The authors found that fMRI with BFB
training improved the ability to control hyperactivity in the rostral part of the cingu‑
late gyrus (GC), thereby suppressing pain and improving attention.[C105],[C147]
Lévesque et al.[C72] used neurofeedback among 20 children with ADHD. The
clinical experiment was accompanied by a control fMRI and a Stroop test. The Stroop
test is basically a test for the ability to suppress functional fixation, in instance, the
word “red” is written in blue. The proband’s task is to say either the correct color or to
read the written word correctly. These two pieces of information are confusing due
to the discrepancy between the color of the letters and the meaning of the word. The
results were again promising, the latency of the correct answer accelerated after neu‑
rofeedback. It has been shown to have the ability to improve the functions of some
brain structures, such as increasing the metabolism of the upper parietal small lobe
on the left and front of the aforementioned cingulate gyrus. Thus, neurofeedback was
effective in places where selective attention is generated. Therefore, it is also appro‑
priate and possible to use targeted neurofeedback to increase attention and suppress
sleep not only in children, but also in drivers, pilots, etc.[C26]
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C.7.6
C.7.6.1

Relationship between Neurofeedback and Memory
Electroencephalography (EEG) and “EEG Biofeedback” (BFB)
NEUROTHERAPIST
MONITOR

VIDEO GAMES

SENSING EEG

Fig. C.32

IMPROVED
CONCENTRATION,
ATTENTION,
AND COGNITION

Biological feedback loop and related activities
EEG is a method for obtaining and utilizing the electrical activity of the

brain and applying it in clinical practice among neurologists, psychiatrists and psy‑
chologists. It is also the science of the formation of the electromagnetic field in var‑
ious structures of the brain and its dependence on the metabolic and psychological
state of the brain in normal and abnormal situations. Since 1924, when Professor J.
Berger recorded electrical activity from the human head and called it “elektrenkeph‑
alogramm”, we know this activity is also dependent on our senses and our will. Each
opening of the eyes suppresses the basic alpha rhythm (Fig. C.33) and each menta‑
tion changes the EEG spectrum. BFB also draws on this knowledge as a special kind
of learning or operant conditioning.
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Fig. C.33

Alpha rhythmic activity (left) is blocked after eye opening (low
irregular curve, right). It is the so‑called Berger reaction of alpha
rhythm arrest. The arrow indicates when the eyes were opened. In the
1st and 5th channel, high and slow waves are visible. These are artifacts
created by the movement of eyelids and bulbs.
Learning and memory are like the two sides of the same coin. From a static

point of view one can divide learning and memory into two main types: declarative
(DE) or explicit and non-declarative or implicit (NI). The declarative part of the mem‑
ory has an analyzer area in the old cerebral formation; in the old cortex or archico‑
rtex. The main structure for memory registration in relation to time and place is the
hippocampus. It is an important part of the so‑called limbic system, where there is
not only a memory register, but also the seat of emotions. DE is further divided into
episodic and semantic type of memory. Episodic DE memories are, for example, our
experiences from Christmas, holidays or a school trip. Semantic DE memory are
memorized facts such as historical data, mathematical and chemical formulas, for
which we are usually unaware of when and where we have learned them, and it is
not even necessary to know this.[C6]
NI memory probably has an analyzer area in the cerebellum and perhaps
also in the basal ganglia, which also serve motor functions. We also further di‑
vide NI into skill (the ability to be skilled, to have craftsmanship, to know how to
dance, swim, ride a bike), word completion and non-associative and associative NI.
Non-associative memory includes sensitization (originally an insignificant stimulus
becomes significant repetition), desensitization (the opposite process, which occurs
rather through specific psychotherapeutic training), habituation (similar to desensi‑
tization, with the difference that the original stimulus seemed important at first but
spontaneously ceased) dehabituation (similar to sensitization, but with the difference
that the original stimulus was important, it eventually ceased to be, but by changing
the situation it became important again). These types of learning are highly depend‑
ent on temporal, spatial, emotional and personality contexts.
Associative NI memory is classical conditioning according to I. P. Pavlov
and operant conditioning (B. F. Skinner). Classical conditioning means that external
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stimuli appear at constant time intervals. The first stimulus is conditioned or exter‑
nal, non-specific, “acquired” (i. e. light, sound, touch, etc.). Initially, this stimulus is
irrelevant. It is then followed by a second stimulus, unconditioned, which provokes
a specific (innate) response. It is an unconditional stimulus, such as giving food to an
experimental animal or a painful stimulus, after which there is a specific reaction,
i. e. the unconditioned reflex – for example, the animal salivates, dodges, etc.
Both a conditioned stimulus and an unconditioned stimulus are stimuli de‑
livered from the external environment simultaneously or in a certain time interval.
After a certain period of constant repetition, the connection of the conditioned stim‑
ulus and the unconditioned stimulus is fixed and a conditioned reflex occurs. The
original irrelevant conditioned stimulus (e. g. light) becomes significant because the
unconditioned stimulus has transferred its meaning to the conditioned stimulus by
repetition due to time association. The animal responds to the already conditioned
stimulus by salivating or evasive movement without applying an unconditioned
stimulus. The child cries in the dentist’s waiting room (conditioned reflex) after expe‑
riences from previous painful procedures. Implicit associative operant conditioning
is somewhat similar to classical, but has this sequence of stimuli: the first stimulus is
spontaneous, congenital, endogenous, such as muscle spasm, short cardiac arrhyth‑
mia, sudden anxiety, or other undesirable stimuli, such as epileptic manifestations
in the EEG. These can also be desirable events, such as a decrease in blood pressure,
a decrease in muscle spasm, “correct” rhythms in the EEG, etc. Another stimulus is
triggered by a previous internal stimulus and is external, such as light, sound or suc‑
cess in the “game on the screen”. It is therefore an inverse or backward conditioning.
Moreover, in classical conditioning (conditioned reflex), both stimuli (conditioned
stimulus and unconditioned stimulus) are given from the external environment.
However, in operant conditioning, the first stimulus (internal, endogenous, NePo) is
expected, but occurs spontaneously. Only after this (unconditioned) stimulus, an ex‑
ternal stimulus (conditioned stimulus) is automatically triggered via our electronics;
in the form of success in the game and subsequent rewards. By repeating this task,
both stimuli (NePo and PoPo) are connected as with any other conditioned reflex.
We can already divide operant conditioning into what leads to a ban, for
instance, using a command: “Be careful, there are epileptic manifestations in the
EEG, you must pay attention and focus your will on suppressing the first symptoms
of the attack!”, i. e. symptoms of the aura (Upton and Longmire, 1975). Another type
of operant conditioning leads directly to the reward that everything is fine, as in the
EEG being correct and featuring beneficial rhythms.[C118] The latter type has safer and
greater therapeutic success. Another view of the learning process is dynamic. It takes
even more into account when creating memory tracks. Three phases of memorization
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can be distinguished: immediate memory, short-term memory and long-term memo‑
ry. Immediate memory takes seconds to tens of seconds depending on the difficulty of
the information provided. It is based on the circling of discharges of nerve cells (neu‑
rons) between the main systems of the brain; between the thalamus and the cortex.
Another important communication is the connection between the thalamocortical
system and the limbic system.
This swirling of stimuli creates certain complex biochemical traces in each
neuron involved. This is already a manifestation of short-term memory, which lasts
several hours. Along with sleep, these complex but temporary biochemical substanc‑
es must be further “recoded” or transformed into stronger structures; these are pro‑
teins. However, this is a long-term process and requires a lot of time. Perhaps that is
why our sleep must last so long and we must sleep a third of our lives.
There is a wealth of experimental evidence supporting this data. Children
who improved their behavior after BFB training had an increased amount of the de‑
sired frequency in the EEG (i. e. the so‑called SMR, sensorimotor rhythm). SMR has
the ability to suppress unwanted restlessness and improve mind concentration. At
the same time, there was an improvement in sleep in the form of multiplication of
the so‑called sleep spindles (sigma), which have a frequency of 12 – 14 Hz, duration
of half to 1 second, appear in the second stage of NONREM sleep and probably serve
memory mechanisms.[C119] Both EEG frequencies – SMR and sigma – are very simi‑
lar. They have a frequency between 11 – 18 Hz. This finding is a significant fact. It
shows that the BFB changes the EEG spectrum not only during waking hours, but
also at night during sleep. This also indicates a change in personality. Our question‑
naires sent to parents and teachers in school reported improved behavior in children
with improved psychotests and an improved EEG spectrum (see below). Structural
and physiological, say psycho-physiological, the view of learning can be divided into
internal and external, physiological (normal) and pathological (abnormal). The inter‑
nal physiological mechanism occurs during paradoxical (REM) sleep. This sleep has
many illogical experiences. They can be colorful and wild dreams with emotional
accompaniment, suppressed muscle tone and rapid eye movements, i. e. REM (rapid
eye movement). Children with a diagnosis of ADHD usually have an abnormal EEG
record.[C26],[C27],[C28] We know from literature that about 41 genes in this diagnosis are
disrupted, so genetic predisposition is very probable.[C50] However, the syndrome can
skip one generation, then, for example, attention deficit hyperactivity disorder has
grandfather and grandson, not father and son.

C.7.6.2

Processes during Neurofeedback Training
During BFB learning, we consider this sequence of events in the brain. The

main circuit in the brain is represented by the communication between the largest
— 247 —

Chapter C

subcortical nucleus, the thalamus, and the cortex. The circuit is responsible for man‑
ifestations of consciousness, such as self-awareness and surroundings, reactivity,
recall and memorization, etc. Between the thalamus and the cortex, in waking and
sleeping, even during any seizures, it takes place constantly and throughout one’s
lifetime. Spontaneous circling of excitement takes place. This ringing of nerve im‑
pulses (pulses) is called thalamocortical reverberation (TKR). Verberare is Latin for
whipping, beating while reverberare means reflecting a blow. With the help of EEG
we can well monitor the activity of this cyclically recurring activity in TKR and with
the help of a computer we can perform frequency analysis (FFT). Cycles in TKR oc‑
cur in the form of rhythms of various frequencies ranging from 0.2 Hz to 80 – 120 Hz
(1 Hz = 1 wave per second). For simplicity, the individual frequency bands are named
in Greek letters: sub-delta is the slowest rhythm from 0.1 Hz to 0.5 Hz and is found
mainly in deep sleep, but also during mentoring (i. e. CNV – Contingent negative var‑
iation and CPV – Contingent positive variation). It is followed by delta from 0.5 Hz to
3.5 Hz. Again, it is present in sleep, but also in wakefulness during intense mental ac‑
tivity (mentation), followed by theta from 3.5 Hz to 7.5 Hz, which is present in shallow
sleep and in emotional experience. Alpha continues from 8 Hz to 13 Hz as the main
rhythm during wakefulness, usually with eyes closed and mental relaxation. Final‑
ly, beta continues from 14 Hz to 30 Hz, which is noticeable when the eyes are open,
and sometimes, especially in anxiety, is present when the eyes are closed. Slow beta
(14 Hz to 18 Hz) is also called SMR rhythm and is present in the EEG during wakeful‑
ness without drowsiness, but also without movement and at the same time with good
mental concentration (in Figures 4 and 5 it is underlined). SMR is functionally almost
identical to Gastaut’s Rolandic rhythm and both activities disappear when moving
and falling asleep.
Gamma rhythm is the fastest (30 – 80 – 120 Hz) and is also a manifestation
of the electrical activity of nerve cells (neurons) in TKR networks, but unfortunately
it is almost invisible in the EEG. Gamma rhythm even more faithfully than other fre‑
quency bands shows the activity of neurons in TKR. However, we cannot read it with
electrodes from the surface of the head. It is necessary to use electrocorticography;
electrodes are placed directly on the exposed cortex. This would turn electroenceph‑
alography into electrocorticography and would hence become a surgical as well as
invasive method and impossible for use as an outpatient method.
Thanks to modern electronics we have the ability to immediately analyze
the EEG curve using fast Fourier harmonic transformation (hereinafter FFT) or Ga‑
bor filtering (hereinafter GF), and thus see the EEG curve in the form of frequency
bands. These analyses can detect different frequencies in a complex EEG curve, in
other words separate individual frequencies from an incomprehensible mixture of
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waveforms: delta, theta, alpha, SMR and beta. This creates an EEG spectrum using
FFT or GF analysis, which can then be expressed in numbers, curves, columns with
values or in the form of maps. All of this is visible on the screen, the content of which
is updated at any time.
In this way, we see that in EEG all frequencies still appear in every state
(wakefulness, sleep, mentoring, relaxation, seizure, etc.), but each band is present in a
different amount. In each state, therefore, all the bands are still present, but they are
in different proportions relative to each other.
In waking hours with open eyes and good attention, i. e. during BFB train‑
ing, all frequencies are unevenly represented, SMR activity is almost always meas‑
urable above the sensorimotor area. However, SMR is particularly low in ADHD.
However, because it has suitable characteristics (it is a representative of calmness,
alertness and good concentration), we want the amount of SMR to be the greatest.
This can be arranged through conditioning, i. e. rewarding for the right results in the
game. The reward is primarily in the form of joy, but the child is also graded and re‑
ceives points and treats.
In practice, the trainer sits in front of a screen where a game is taking place
(TV game), i. e. a car on the road stands still to the left and in the wrong place. It needs
to be put in the right place; moved to the right and to driven as fast as possible. How‑
ever, the proband does not control this game in the usual way with a “joystick”, but
by changing the ability to concentrate better on solving the problem, and this leads
to success in the game. A change in the player’s concentration ability will cause a
change in the EEG curve, and therefore in the EEG spectrum. The EEG amplifier and
the computer with the FFT (GF) program recognize the change in the EEG. The entire
technical system is set up in such a way that the trainer is able to influence the game
only if the desired activity appears in the person’s EEG. In this case, it means the
presence of SMR. The individual can also be rewarded for inhibiting theta activity.
In all cases where the SMR appears in sufficient quantity in the proband’s
EEG, the electronic devices move the images on the screen. The child playing the
game is thus rewarded with success in the game, and the car on the screen drives
faster. The reward for success in the game brings joy. The limbic system, especial‑
ly the hippocampus, plays a role in this process, creating emotions and an affective
background for our behavior. There is also a memory register where the “temporal
and spatial index of events” is stored. This joy brings the desire to relive it, and the
will mediates the repetition of the reward. Therefore, alongside the “I‑found-theway‑to‑do‑it” experience, there is also a change in the ability to concentrate and a
change in the actual learning process. And this change is transmitted to brain elec‑
trogenesis. We do not know how the brain does this; it is an almost transcendental
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transformation. In the brain, two worlds are probably realized and contacted; one is
in the biological category (the terms physics, chemistry, biochemistry, etc. apply here).
The other world is in the psychological category (the concepts of learning, motivation,
memory, will, desire, joy, but also disappointment, regret, etc.)
Thanks to training in conditioning, SMR is still increasing and the greater
its amount, the greater the subsequent success. Each frequency band in the EEG has
its own characteristics. If we want to train relaxation, we choose training for alpha
activity. If we want to train sleep, we will reward for increasing the amplitude of the‑
ta activity.
Another technical condition for successful training is the latency between
the appearance of internal stimulus (SMR) to the reward in the game. This is usually
200 – 300 milliseconds (ms). Interestingly, the so‑called cognitive evoked potentials
(KEPs) have a similar length of around 300 ms. KEPs are the averages of the calcu‑
lated special waves in the EEG that arise during discriminative conditioned reflex‑
es. The more difficult it is to distinguish two stimuli – such as high and low tone –
the higher the amplitudes of the waves in KEP. This learning process takes around
300 ms.
In general, this means that the latency from the stimulus received by our
senses to cognition takes at least a quarter of a second. For example, we see the face
of a person we meet at random. The question is: is it our acquaintance? Yes or no? It’s
an incredibly short time, especially if we realize that our memory and cognitive neu‑
ronal mechanisms can accommodate 10,000 faces. A special place in the occipital re‑
gion (gyrus linqualis, Brodmann’s area 19) with a number of about one billion neu‑
rons is created in the cortex for this particular cognitive apparatus (prosopagnosia is
face blindness). The total number of neurons – the nerve cells in the brain – probably
numbers around one hundred billion. Of course, intelligence and motivation play a
role in the conditioning process.
A child with significantly reduced intelligence who does not understand
what to do will generally have difficulty learning. Likewise, children without an in‑
terest in this kind of learning will probably have no success in conditioning.
Clinical studies with SMR in patients or neurophysiological experiments
in experimental animals show interesting data.[C113],[C115],[C118],[C119],[C120] Fast alpha (11 –
13 Hz) and SMR (13 – 18 Hz) are usually formed in a spindle shape and they are fusi‑
form. There is good correlation between attention and these spindles. If the spindles
are present, vigilance and attention are good if no muscle movements are present
and a state of lucid vigility takes place. These spindles disappear when falling asleep
or moving. The number of spindles often increases during increased mental activity,
i. e. during the Raven’s test, above the parietal region of the head.[C25],[C29]
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Both types of spindles have a very similar, albeit different frequency, but
from a psychophysiological point of view they perform an almost identical function.
These are Gastaut’s Rolandic arcade rhythm 10 – 12 Hz[C34] and Sterman’s sensorimo‑
tor rhythm (SMR) 12 – 15 Hz.[C118] Both rhythms appear in the EEG when fully awake
without body movements. If the wakefulness drops to drowsiness or the subject
moves, both rhythms disappear. On the contrary, these rhythms increase with good
mental concentration without body movements.
Experimentally, in the presence of SMR, cats have been shown to reduce
neuronal activity in the motor nuclei of the brain stem (mainly in the nucleus ruber).
At the same time, there was a decrease in muscle tension and motility, as the damp‑
ening effect of SMR activity on the motor nuclei of the thalamus and the brainstem
increased. Thalamic sensor cores have increased their activity in the form of spin‑
dles, which is a convenient situation for the learning process. This suggests the need
to reduce motor skills and increase central sensory activity for concentrated mental
activity. However, to further address these issues, we need more information from
animal experiments and clinical observations.
Interesting data from the area of thalamus-cortex interaction (TKR) are
shown. Alpha, SMR, or arcade rhythm spindles appear to be an iterative process in
terms of mathematical modeling using artificial neural networks. The average al‑
pha rhythm frequency is 10 Hz, so the alpha wave lasts an average of 100 ms. One
alpha wave represents one cycle of excitements that take place between the thalamus
and the cortex, where the process of logical information processing takes place. The
data then returns to the thalamus, so the cycle is closed. One alpha wave is usually
not enough to solve the information process, it must be repeated. There are usually
10 – 20 alpha waves in one spindle, and a cognitive (cognitive) process occurs during
the process of repetition (reverberation of excitations between the thalamus and the
cortex).
Alpha-wave reverberation is a physiological term, iteration with a “repeat”
algorithm is a mathematical term, but both terms represent the same process. This
means that each alpha wave represents a certain approximation from an indefinite
shape to a recognized image. Such a process takes place in the realm of seen imag‑
es, heard sounds and tactile objects. This gradual approximation from the unknown
to the known can be compared to a mathematical iteration, i. e. the repetition of the
same process (convergence), to an acceptable result, similar to, for example, the com‑
puter algorithm in rooting.[C25] During psychological tests, delta or theta activity in‑
creases, and here the attentive reader notices that a problem of delta waves must be
explained. We consider a higher amount of delta to be a pathological process and a
decrease in delta band to be an improvement, and a second time an increase in delta
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waves at BFB is a good phenomenon. This is because delta activity has several ori‑
gins, both physiological and pathological. Physiological, the normal delta activity, oc‑
curs phylogenetically from birth to about 1st to 3rd year and our whole life in deep
synchronous sleep or mental activity. The pathological delta occurs after injury, in‑
flammation or developmentally retarded brains. These deltas cannot be easily distin‑
guished by shape or spectral analysis. We can assess them mainly according to the
situation when they occur, i. e. in the context of the psychological state.[C26],[C27],[C28],[C29]
We analyzed the bands of slow and fast alpha and slow and fast delta ac‑
tivity (60 healthy children were not trained and we used their data from two native
EEG examinations). In 30 children with ADHD we found a very significant decrease
in slow and fast delta waves after BFB training, while fast and slow alpha activity
remained almost unchanged. We consider this a success because the resting delta ac‑
tivity, which testified to biologically retarded development, has decreased. However,
alpha activity was not affected by BFB, as it was already a normal physiological activ‑
ity. The improvement of the clinical picture after SMR training is permanent in about
60 to 70 percent of children. However, where there has been a recurrence of inatten‑
tion, “naughtiness” and excessive activity, we can repeat the training. Usually fewer
training sessions are sufficient; about five to fifteen.

C.7.6.3

Biological Feedback in Neurofeedback and Biofeedback
Training
The neurofeedback method takes its name from self-monitoring using elec‑

troencephalography (EEG). This method is based on the principle of learning, transfer
and operant conditioning, because we use reverse conditioning. An unconditioned
stimulus (a certain EEG frequency) comes first and a conditioned stimulus (the joy
of receiving a reward for success in the game) comes second. The indications for this
treatment are mainly children suffering from ADHD syndrome. However, even chil‑
dren with nocturnal enuresis, stuttering and dysexecutive syndromes often improve
after this treatment. After four months of BFB training with 20 – 30 treatment ses‑
sions, there was a significant psychological improvement. This has been confirmed
by the Prague Children’s Wechsler Test and the EEG spectrum, where there was a sig‑
nificant decrease in slow waves (delta waves usually occur in biological disorders,
such as retardation, genetic disorders, etc.), which indicate accelerated biological and
mental maturation of the brain. Hypothetically possible is this method’s use for mild
cognitive deficits where the method can also improve mental health. As we know
from recent research, new neurons are formed throughout life and can join existing
neural circuits and networks only if they can “be given an opportunity to perform
some function;” preferably a mental activity. In addition, chronogenetics shows that
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certain genes activate transcription factors at different ages. Other indications for bi‑
ofeedback are discussed in the subsequent chapters.
Biological feedback (BFB) is a specialized method combining psychological
and neuroscience knowledge and procedures with the possibilities of modern tech‑
nologies. The progress of both industries over more than 50 years has made it pos‑
sible to reach a level where it does not rely only on subjective perception and eval‑
uation of patient manifestations during diagnosis, but can also use information
obtained from monitoring facilities. The combination of technology and expertise
makes it possible to monitor the dynamic development of the patient’s physiological
variables, and thanks to the overview, it thus provides more options when making
treatment decisions. Typical parameters that can be monitored by technical means
are skin resistance, heart rate, EEG, body temperature, heart rate variability (HRV),
respiratory arrhythmias (RSA), muscle tension (electromyography, EMG), blood vol‑
ume pulse (BVP), peripheral blood flow and more. However, monitoring physiological
variables is only the first step. The next logical step is providing the patient with in‑
formation about their condition and having the patient “self-influence” in the neces‑
sary direction.
The term feedback and the principle of its mechanism originated in the
technical sciences, where it is widely used in influencing and controlling many
physical and technical processes. Without the use of a feedback mechanism (or rath‑
er “corrective feedback”), no technical device working with dynamic values could
work, because sooner or later it would reach an extreme state without the possibility
of a spontaneous return to normal working conditions. And that is the basic idea of
biofeedback. Biofeedback according to the Association for Applied Psychophysiology
and Biofeedback (AAPB) is a process that allows one to learn to change physiological
activity in order to improve health and performance. Precision instruments meas‑
ure physiological activities such as brain waves, heart function, respiration, muscle
activity and skin temperature. These tools provide feedback to the user quickly and
accurately. Often, especially in connection with changes in thinking, emotions and
behavior – they support the required physiological changes. Over time, these changes
may persist without further use of these methods.
To date, a number of studies have been conducted to verify the effectiveness
of various biofeedback modalities. The effectiveness reported in these demonstrates
relatively convincing results in a number of areas. Currently, based on the availa‑
ble literature, the following modalities are mainly used:[C108] EDA (electrodermal) bi‑
ofeedback is essentially the oldest method of biofeedback that Jung has already used
in some way in his association experiment. EDA biofeedback is currently one of the
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world’s most widespread biofeedback modalities. The term GSR – galvanic skin re‑
sponse is often used.
Temp biofeedback – is the use of peripheral temperature and is, especial‑
ly in the U. S. and Western Europe, quite often used in the practice of relaxation
methods.
EMG biofeedback – is used mainly in the field of neuromuscular reeduca‑
tion, relaxation training of various muscle groups, tic therapy, enuresis therapy, etc.
The results in this area are relatively convincing.
EEG biofeedback – represents the use of electrical activity of the brain and
is currently probably the most discussed method of biofeedback in terms of clinical
effectiveness.

C.7.6.4

Neurofeedback in Attention Disorders
The first NFB work in relation to Attention deficit/Hyperactivity disorder

(ADD/ADHD) was published by Lubar and Shouse.[C77] They focused on sensorimotor
rhythm enhancement (SMR). The second approach, by contrast, uses slow cortical po‑
tentials (SCPs) as described by Heinrich et al.[C49] Due to good clinical results, a num‑
ber of controlled studies were later designed to test the effectiveness and specificity
of NFBs in this area. The control condition was defined in various way; from no in‑
tervention, through standard medication, attention training, another type of biofeed‑
back, group therapy to false “feedback” that relates to the EEG only randomly (pla‑
cebo NFB). The methods and results of the controlled NFB studies in attention deficit
disorders are briefly described in Tab. C.1.
Tab. C.1

Tab. Controlled NFB studies in attention deficit disorders

Authors

Year

Subjects

Number
of
sessions

Methods

Results

Linden et al.

1996

18
children

40

NFB (beta/theta)
vs. no intervention

After the NFB,
there has been
an improvement
in intelligence,
attention and
behavior.

Monasta et al.

2002

100
children

34–50

Medication and
education, one
extra group NFB
(beta/theta)

Symptoms
improved in
both groups, but
persisted after
discontinuation of
medication only
in the group after
NFB. Only the
group after the NFB
changed the EEG.
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Year

Subjects

Number
of
sessions

Methods

Results

Fuchs et al.

2003

34
children

36

NFB (SMR
and beta1) vs.
medication The

Improvements of
both groups were
comparable.

Heywood and
Beale

2003

7 children

80

Alternating NFB
(SMR/theta) and
placebo NFB

NFB was no better
than placebo if two
children who did
not complete the
study were included
in the statistics.

Heinrich et al.

2004

22
children

25

NFBs (SCPs) vs. no
intervention

After NFB, clinical
signs improved and
the observational
test reduced the
number of errors
and changed the
characteristics of
the EEG.

Rossiter

2004

62
40 or 60
children or
adults

NFB (beta/theta)
vs. medication

Both groups
improved in the
attention test, in
addition to the
NFB there was an
improvement in
behavior.

Levesque et al.

2006

20
children

40

NFB (SMR/theta
and beta/theta) vs.
no intervention

Using fMRI in the
cognitive role, the
same brain activity
was initially found
in both groups, and
anterior cingula was
activated after NFB.

Drechsler et al.

2007

30
children

30

NFBs (SCPs) vs.
group training
according to KBT
principles

The results showed
a specific effect
associated with
improved control
of brain activity. At
the same time, they
also showed that
non-specific factors
also contribute
to the positive
behavioral effect of
NFB.
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Year

Subjects

Number
of
sessions

Methods

Results

Leins et al.

2007

38
children

30

NFB (beta/theta)
vs. NFBs (SCPs)

Both training
protocols have
led to improved
behavior and
performance in
attention and
intelligence tests.
The clinical effect
was evident even
after 6 months.

Doehnert et al.

2008

26
children

30

NFBs (SCPs) vs.
group therapy
according to KBT
principles

The results showed
that the effect of
NFB is mediated
by specific and
non-specific factors.
After NFB, there
was a tendency to
improve selected
EEG parameters,
which were
associated with an
improvement in
behavioral scales.

Gevensleben
et al.

2009a,
2009b,
2010

102
children

36

NFBs (1 block beta/
theta and 1 block
SCPs) vs. attention
training

Symptom
improvement
was greater after
NFβ and only
after NFβ there
was a reduction
in theta activity.
The NFB effect
persisted even after
6 months.

Bakhshayesh
et al.

2011

35
children

30

NFB (beta/
theta) vs.
electromyographic
BFB (forehead
muscle relaxation)

After NFB, there
was a significant
improvement in
parental symptoms
and also an
improvement in
attention and
reaction time in
psychological tests.
On the contrary,
the improvement in
hyperactivity and
impulsivity was also
caused by nonspecific factors.
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Year

Subjects

Number
of
sessions

Methods

Results

Bakhtadze
et al.

2011

93
children

30

NFB (SMR/
theta and beta/
theta) vs. no NFB
intervention

Positively affected
the P3 component
of evoked
potentials, which
reflects the speed
of information
processing and
decision-making;
processes that
are disrupted in
attention disorders.

Lansbergen
et al.

2011

14
children

30

NFB (according to
EEG, mostly SMR/
theta) vs. placebo
NFB, double-blind
study

All children
cooperated and
most of the parents
did not know
whether it was
NFB or placebo
NFB. Symptoms
improved in both
groups.

Steiner et al.

2011

41
children

about 23

NFB (beta/theta)
vs. attention
training

Clinical signs
improved in both
groups.

In addition to the controlled studies, it is also worth mentioning three
works with prospective prepost design. The first of these[C67] included 86 children
with ADHD who completed 15 to 22 NFB sessions focused on increasing the beta
ratio of 15 – 18 Hz and SMR 12 – 15 Hz relative to other frequencies. After training,
participants were divided according to progress in the NFB into successful and un‑
successful. Measurement of evoked potentials showed that only the successful ones
had a change in brain activity during the attention task after training. The second
study[C142] included 60 children with ADHD who completed 40 beta/theta NFB ses‑
sions. Their performance in the attention test improved significantly after the NFB.
In a third study[C121] taught 23 children with attention deficit disorder to regulate
slow cortical potentials (SCPs) during 30 NFB sessions. The results showed that chil‑
dren not only learned to regulate SCPs, but also improved their behavior, attention
and performance in the IQ test. All changes were stable at followup 6 months after
training.
One can state that the results of NFB in children with attention disorders
are very good. While a 2005 meta-analysis[C81] concluded that EEG biofeedback is
likely to be effective in the treatment of ADHD – and is worth considering in non-re‑

— 257 —

Chapter C

sponders to stimulant medication – a more recent meta-analysis[C5] already considers
NFB in the treatment of ADHD to be effective and specific.

C.7.6.5

Neurofeedback in Epilepsy
EEG biofeedback in the treatment of epilepsy was for the first time success‑

fully used by Sterman and Friar.[C118] The first major controlled study to enhance SMR
activity was conducted by Lantz and Sterman.[C70] A controlled study in the field of
SCPs was published by Kotchoubey et al.[C66] Although the first NFB research on ep‑
ilepsy used SMR training, work on the regulation of SCPs has predominated since
the 1990s. However, the SMR approach still has its proponents.[C137],[C146] Both methods
have been shown to be beneficial in the treatment of epilepsy. Lantz and Sterman[C70]
compared the effect of NFB (SMR) and placebo NFB (another person’s training record)
in 24 drug-resistant patients with epilepsy and found that only after NFB there was
a reduction in seizures. Kotchoubey et al.[C66] tested the effects of NFBs (SCPs), respira‑
tory biofeedback, and new anticonvulsant medications in combination with psycho‑
social counseling in 52 drug-resistant epileptics. The number of seizures decreased
after the NFB and after medication with counseling.
The Kotchoubey et al. has published a number of other studies demonstrat‑
ing that drug-resistant patients with epilepsy are able to learn to distinguish be‑
tween the shift of SCPs in positive and negative directions and that NFB (SCPs) leads
to a reduction in seizure frequency.[C63],[C64] Rockstroh et al.[C99] or Strehl et al.[C121] also
came to the same conclusion. Strehl et al.[C121] also defined the main factors explaining
the success of NFB treatment. These are cortical excitability at the beginning of train‑
ing, epileptic foci and personality variables. Also according to Kotchoubey et al.[C65]
factors such as age, medication, history of epilepsy or localization of foci contribute to
clinical success. On the other hand, SCPs shifts are associated with changes in brain
activity measurable by, for example, functional magnetic resonance imaging (fMRI).
Strehl et al.[C122] used fMRI to examine five patients with epilepsy during SCPs shifts
to positive values (negative values occur before an epileptic seizure – Kotchoubey
et al.[C64]) and found that there is a reduction in brain activity near the electrode, in
the frontal lobe and thalamus. A year later, Fell et al.[C30] showed that electrodes im‑
planted in preoperative examinations in patients with resistant epilepsy show that
hippocampal slow potentials correlate significantly with slow potentials in EEG
scanned on the surface of the head. The current state of knowledge in the field of neu‑
rofeedback epilepsy is summarized by a meta-analysis from 2009.[C124] And a review
study from 2011,[C86] which also includes studies on peripheral biofeedback of the
galvanic skin response. Tan et al.[C124] concluded that NFB significantly reduced the
frequency of seizures in drug-resistant patients with epilepsy. Nagai and Matsuura

— 258 —

Chapter C

conclude that biofeedback can be a powerful supportive approach in drug-resistant
patients with epilepsy.

C.7.6.6

Other Clinical Applications
Other diagnoses in which NFB has been used include depression (controlled

study: Choi et al.;[C55] reviews: Hammond;[C46] Dias and van Deus[C21]), fibromyalgia
(controlled study by Kayiran et al.[C59]), migraines (controlled studies: Siniatchin;[C110]
Walker[C138]), motor impairments especially in combination with brain-computer
interfaces (i. e. Prasad[C96]), insomnia (controlled studies: Cortoos et al.;[C19] Hammer
et al.[C42]), autism spectrum disorders (reviews: Thompson;[C130] Coben;[C15] Holtmann
et al.[C53]), learning disorders (controlled studies: Fernandez et al.;[C32] Becerra et al.;[C9]
Fernandez et al.;[C31] Breteler et al.[C5]), tinnitus (Gosepath et al.;[C36] Schenk et al.;[C106]
Dohrmann et al.[C22]), traumatic brain injuries (review: Thornton[C133]), anxiety disor‑
ders (controlled study: Rice et al.;[C98] review: Moore[C84]), addictions (controlled studies:
Scott et al.;[C104] Arani;[C4] reviews: Trudeau;[C134] Skohadze et al.[C111]), etc.

C.7.6.7

Performance Improvement
Improving performance of healthy people is the most common non-clini‑

cal application of the NFB. NFB has been tested for cognitive performance (Vernon
et al.[C136]), cognitive performance in the elderly (Angelakis et al.;[C3] Becerra et al.[C10]),
artistic performance (Raymond et al.;[C97] Gruzelier et al.[C39]), sports performance
(Landers et al.[C69]), and the professional skills of microsurgeons (Ros et al.[C100]).

C.7.6.8

Experiments and New Research Trends
This group of studies includes works focusing on examining optimum con‑

ditions for learning using NFB, experiments investigating the influence of NFB on
neurophysiological parameters, development and testing of new NFB methods (i. e. to‑
mographic NFB or NFB using functional magnetic resonance), etc.
Learning conditions under NFB have been addressed by, for example, Had‑
rman et al.[C47], who tested whether it was better to recommend to the trainees a men‑
tal strategy for success or to give them no guidance at all. The overall result of the
two groups did not differ and for those who did not receive instructions, the learning
effect within the individual sessions was more pronounced. Also, Siniatchin et al.[C110]
found that feedback is more important for EEG regulation than strategy. Using a wide
range of colors on the biofeedback screen, Kaplan[C58] demonstrated that EEG regu‑
lation occurs unconsciously, without knowledge of the feedback principle; subjects
changed their EEG so that an individually characteristic color palette was created on
the screen. Hinterberger et al.[C51] and Pham[C94] examined the importance of visual
and auditory feedback in NFBs (SCPs) and found that better results can be achieved
with visual feedback, but that auditory feedback is sufficient to regulate SCPs.
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The effect of EEG on physiological parameters has been studied in both NFB
clinical applications (see above) and in healthy individuals. In healthy volunteers, Eg‑
ner et al.,[C24] studied the influence of three NFB types (SMR, beta 1 and alpha-theta) on
EEG spectral topography. They found that training affected the spectral topography of
the EEG, but that the changes did not necessarily correspond to the training in terms
of frequency nor in terms of location. Egner and Gruzelier[C24] also compared the ef‑
fect of SMR and beta 1 NFB on the attention and EEG of healthy individuals. The re‑
sults showed that SMR training led to improved attention and beta 1 training had an
exciting effect. There were no changes in control results. Hinterberger and colleagues
discussed the relationship between negative and positive SCPs and changes in BOLD
(blood oxygen level dependent) signal in fMRI. In the first study, they found that neg‑
ativity (i. e. increased cortical excitation) was accompanied by extensive activation
in the central, prefrontal and parietal cortex and in the basal ganglia. In contrast,
positivity (i. e. reduced cortical excitation) has been associated with extensive cortical
inactivation and activation of frontal and parietal structures, insula, and putamen
(Hinterberger et al., 2003). In the second study, a positive shift in SCPs compared to
a negative shift in SCPs was associated with an increase in BOLD signal in the basal
ganglia.
Negative SCPs, on the other hand, were associated with an increase in BOLD
signal in the thalamus.[C52]
The main limitation of traditional NFB is spatial non-specificity because
the signal sensed by the electrode on the scalp is always a mixture of the activity
of different intracranial sources. This motivated the emergence of a more spatially
specific NFB using fMRI, but also the development of new forms of EEG biofeedback.
Congedo et al.[C17] developed and tested the NFB tomographic method, which can pro‑
vide feedback from selected brain areas. It assumes multichannel EEG sensing and
localization of intracranial sources using low-resolution electromagnetic tomography
(LORETA) (Pascual-Marqui et al.[C89]). The functionality of the tomographic (LORETA)
NFB was subsequently reconfirmed in healthy volunteers (Cannon et al.[C13]). In addi‑
tion to LORETA, the NFB is currently under investigation by the NFB based on inde‑
pendent component analysis (Congedo and Sherlin[C18]). It should provide feedback on
the selected EEG source and be more robust to the presence of artifacts. It also as‑
sumes multi-channel EEG scanning.
NFBs using the BOLD signal obtained in fMRI were first described by
Yoo and Jolesz[C143] and further developed by, for example, Weiskopf et al.,[C140] Ruiz
et al.,[C102] Zotev et al.,[C147] Hamilton et al.,[C38] etc.
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C.8

Biofeedback
The historically most known physiological signals used for BFB are skin

resistance, EEG, ECG, EMG, heart rate, respiratory rate, body temperature and possi‑
bly blood pressure. These quantities can be read non-invasively and in real time. It
is necessary to use a different type of sensor for each type of physiological quantity,
therefore the sensors are not interchangeable. Invasive methods of sensing physio‑
logical signals (i. e. needle EMG) are not suitable for BFB.
In addition, there are quantities in clinical practice whose values can be
measured indirectly from samples taken from body fluids, gases or tissues. However,
these quantities are not suitable for the BFB method due to the relative complexity
of sensing them. Another problem is the fact that after sampling, it takes some time
for the analysis to provide data useful for further processing, so it is usually not a re‑
al-time method. Nevertheless, their use for the needs of the biofeedback method can‑
not be completely ruled out.
Therefore, a physiological signal (or biosignal) can be practically any varia‑
ble or biological parameter that can be sensed from a living organism and monitored
over time. Figure 6.1 shows in a block diagram the steps during which the biological
feedback is removed and further processed during the implementation of the biolog‑
ical feedback method. The BFB itself is shown in steps 1 to 11. Steps 12 to 15 describe
the support and other related activities, without which it would not be possible to
develop the method itself and to develop technical devices for the application of the
BFB.
The amount of recorded physiological signals is low compared to signals we
can perceive subjectively. In addition, they are distorted or overwhelmed by disturb‑
ing environmental signals (electromagnetic smog, acoustic or mechanical vibrations,
etc.). These are superimposed on or mixed with the sensed physiological signal. It is
often difficult to distinguish an active physiological signal from background or inter‑
fering signals.
Safety risks must be avoided during scanning. For this reason the sensors
and related circuits are usually powered by low voltage batteries up to 12 V DC. Once
converted to digital form, the signal is transmitted via the galvanic (direct conductive
connection) element to other circuits that can already be powered from the main cir‑
cuit without endangering the health or life of the proband. Physiological signals are
read by sensors involving electrical signals for subsequent data conversion.
Most physiological variables have the nature of a non-electrical signal and
must first be captured and then converted into an electrical signal. These are, for ex‑
ample, galvanic skin resistance, body temperature, heart rate, respiratory rate, trem‑
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or, etc. In contrast, EEG and ECG signals have the nature of weak electrical signals,
which can be amplified and further processed without modification.
EEG, ECG signals are sensed on the skin surface by contact electrodes.
The EEG electrodes must be mechanically fixed on the scalp and a conductive gel is
placed under the electrode to transmit signals from the skin surface. ECG electrodes
are usually self-adhesive electrodes and placed on the chest.

Fig. C.34

Disc EEG electrodes
For both EEG as well as ECG electrodes it is very important that they are

properly located and fixed on the skin surface because there is a significant risk of
the presence of artifacts, which can entirely degrade the entire measurement. There‑
fore, these signals must be read by qualified and trained personnel. Lay application
and operation of BFB can be problematic.
Skin resistance is usually measured on the fingertips of one hand and cor‑
responds to the usual design of the sensing electrodes. These must be correctly fixed
during application so that there are no artifacts due to the change of finger pressure
on the electrodes.
Body temperature can be sensed from different parts of the body, but for
the needs of the BFB it is most often also sensed from the fingertips, where the fixa‑
tion of the heat sensor is the easiest from the point of view of frequent measurements
during repeated sessions.
Respiratory rate is usually read by a sensor placed on an elastic band fas‑
tened around the chest, and the heart rate is most often sensed by an optical instanta‑
neous blood flow sensor built into a clip that attaches to a finger or an earlobe. Other
types of sensors are rarely used in BFB applications.

Fig. C.35

EEG electrodes
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Fig. C.36

C.8.6.1

BVP Sensor

Preamplifiers
As the name suggests, this is the primary modification of the captured sig‑

nal so that it can be further processed. In real conditions, it is not possible to directly
amplify the captured (electrical) signal to the final level because it contains too many
interfering signals, which are usually higher in amplitude than the biosignal itself. If
this whole mixture of signals were to be amplified to the required level of the active
signal, the amplification circuits would be saturated, and thus the information of the
active signal would be invalidated. For this reason, a procedure is chosen in which
the mixture of active and interfering signals is amplified to a level at which noise
and interfering components can be filtered out of each other. Interfering components
can never be completely filtered out, but it is necessary to achieve a state in which
their distance from the active signal is such that it allows the processing of a “cleaned
active signal” with sufficient quality and reliability.

C.8.6.2

Filter
This is usually a simple frequency filter consisting of a band pass for the ac‑

tive signal. Its task is to suppress everything that does not belong to the active signal.
The most common interfering signals are electrical noise and 50 Hz power grid.

C.8.6.3

Amplifier
It is now possible to amplify the active signal to the level required to con‑

vert it to a digital signal.

C.8.6.4

A/D Converter
So far (apart from periodic signals such as heart rate and respiratory rate)

we have talked about the active signal in its analog form. It is a voltage quantity
whose changes over time take place in a continuous form. For further processing and
statistical evaluation, it is necessary to convert the analog signal into digital form in
the so‑called A/D converter.

— 263 —

Chapter C

C.8.6.5

Galvanic Isolator
The function of the galvanic isolation circuit is to “isolate” the sensing cir‑

cuits from the power grid circuits, thus posing a potential risk to health and life. This
is usually done by means of circuits consisting of LEDs and a phototransistor, which
are sufficiently electrically isolated from each other. The transmission of the optical
signal between these components then ensures that the signal quality is maintained
while eliminating threats.

C.8.6.6

Digital Signal Processing
According to the nature of the scanned biosignal, a sophisticated SW is ap‑

plied, whose task is to evaluate the captured data and prepare them for some form
of presentation based on a predetermined algorithm and criteria, either through sta‑
tistical analysis or through their visualization (audio signaling), which is part of the
presentation for probands participating in the BFB application.

C.8.6.7

Data Presentation, Perception and Reaction of BFB Probands
In this step there is some form of user-friendly presentation of informa‑

tion separated from the original physiological signal (meaning its development and
changes during the application of BFB). This information is processed by the applica‑
tion software into an easily understandable form, most often in the form of a video
game, during which events on the screen are a direct reflection of the development
and changes of the sensed physiological signal (biosignal) of the proband.

C.8.6.8

Proband’s Perception and Response
This is the most important part of the entire BFB action chain. Only here

will it become clear whether the application is successful or not. The probands’ task
is to change the scanned biosignal in their own mind so that it responds adequately
and in the required way to the development of the situation in the video game. Thus,
unlike in a classic video game, they do not use a “joystick” or another device to play,
but only their own conscious mind with which they learn to control their biosignals.

C.8.6.9

Other Components Related to the BFB Method
Like all other technical and medical methods, the BFB method requires

a professional and technical background. Related to this is the implementation of
standard processes, the purpose of which is to objectively evaluate the method (sta‑
tistical analysis of collected data), its professional evaluation, publication of results in
publications, and finally incorporating new knowledge into further development so
that a circular reverberation can be repeated at higher quality.
Basic knowledge of hardware and software technology is one of the man‑
datory levels of knowledge that an expert who uses biofeedback in his or her practice
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must know. Improper connection of the device, possible and incorrect connection of
electrodes to the client can lead to inefficiency in the whole therapeutic process.
• We need to educate a qualified therapist who has a comprehensive education in
biofeedback and neurofeedback methods. Qualification for neurofeedback and
biofeedback alone is not qualification for psychotherapy. Psychotherapy has
clear rules for qualifications (five years of comprehensive education in training
+ theory + supervision) and application, which the use of biofeedback does not
necessarily require (and which both do not meet). Neurofeedback and biofeed‑
back require separate special qualifications.
• We must always perform a comprehensive entrance examination, which must
be correlated with all available medical and psychological documentation (i. e.
pediatrician, child psychiatrist, psychologist, child neurologist, pedagogical
and psychological counseling, speech therapy, etc.). Standardized psychologi‑
cal-pedagogical-medical approaches are used, such as guided exploration, ob‑
jective data from the family and from the school. We use scales or question‑
naires for children, parents and educators to diagnose ADHD/ADD. Conners
questionnaires, a version for parents and teachers, are used.[C88] Computer at‑
tention tests such as CPT II (Conners Continuous Performance Test II) IVA plus,
PASAT and in the USA especially TOVA (Test of Variables of Attention) are also
used.
• Educating the client about the possibilities in using this method. The therapist
provides information about the method and its effectiveness in an understand‑
able and non-misleading way according to evidence-based practice.[C144],[C145] For
clarity, it is appropriate to use a comparison with the training and learning
process that we all know. Let us take the situation of a teacher who, with his
art and enthusiasm, encourages and motivates students to learn effectively and
easily, for example, how to multiply. At the same time, the teacher tries to ease
the pedagogical process using mnemonics or suitable illustrative examples, like
faster running. In biofeedback methods, we are assisted by neurotechnology,
which focuses and accelerates the learning process. The student is rewarded
with sound signals, the number of points or animations on the video game. If a
student does not have this, various traumatic situations can occur.
For example, a student tries, but the teacher does not notice, punishes the stu‑
dent with anger or ridicule, but this humiliates the student and destroys their
self-esteem. Another example: If a student is unwell, asymptomatic, cannot con‑
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centrate and feels unjustly punished. As a result, the student becomes opposed
to the teacher.
Another example: When a student stops trying and the teacher punishes him or
her using bad grades. All of this is eliminated in biofeedback methods. Biofeed‑
back is the only training that allows an individual to always be successful. The
training goals are set by the coach and these goals are variable according to the
client’s current performance. When an individual is “in shape,” he gets difficult
goals, but he doesn’t know it. On the contrary, if he does not train for various
reasons, the coach makes his goals easier, but the client does not know about
it either. As a result, we try to make 80 percent of the time rewarded and only
20 percent of time without receiving rewards.[C62],[C144]
• For neurofeedback methods we usually require an initial diagnosis of EEG ex‑
amination, preferably QEEG – both for diagnostic reasons and forensic reasons.
TRANSCRANIAL MAGNETIC STIMULATION (TMS) is a non-invasive electro‑
physiological and dynamically evolving method used to functionally affect the brain.
A special coil attached to the head is the source of a pulsed magnetic field that passes
through the skull and acts on brain neurons. The principle of action is based on Fara‑
day’s law of induction, where a pulsed magnetic field generated by a stimulation coil
induces an electric field. TMS can induce therapeutic changes in neuronal metabo‑
lism in a relatively small area of the cortex.
Magnetic induction is a vector physical quantity expressing the force ef‑
fects of a magnetic field on a moving particle with charge or magnetic dipole mo‑
ment. Thus, magnetic induction is the main variable in the quantitative description
of the magnetic field.
In terms of use, TMS can be divided into single and paired. Simple TMS is
based on stimulating brain tissue with a single magnetic pulse (often used in neurol‑
ogy to investigate motor evoked potentials). Paired TMS is based on the application of
two consecutive stimuli in a very short time interval. Here, we observe the effect of
the first stimulus (also referred to as the preparatory stimulus) on the motor response
that follows the second stimulus (also called the test stimulus). In the current state
of knowledge, paired transcranial magnetic stimulation is used more for research
purposes, especially to study the irritability of the motor cortex. If there is repeated
stimulation with a magnetic field, applied in a block consisting of a specified number
of stimuli, we speak of repetitive transcranial magnetic stimulation (rTMS). It is used
primarily therapeutically. However, it is also a method suitable for studying physio‑
logical and pathophysiological contexts in the human brain.
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An important role of the action of rTMS is that the changes caused by it
can persist even after the end of the stimulation, hence expanding the possibility for
therapeutic application.
Overall, the effect of rTMS depends on the so‑called stimulation parame‑
ters, such as frequency, intensity, total number of stimuli, orientation and coil type,
as well as the functional states of the cortex. According to the frequency, we divide
rTMS into low-frequency stimulation (stimulation with a frequency ≤ 1 Hz) and
high-frequency stimulation (≥ 5 Hz).
Low-frequency stimulation usually reduces cortical excitability, while
high-frequency stimulation increases it. The effect may persist after stimulation, de‑
pending on the intensity of the stimulation and the total number of stimuli applied.
The effect induced by rTMS is not limited to the stimulated area, but has
also been observed in other areas remote from the stimulation site. This is explained
by the functional interconnection of different areas of the brain. The combination of
repetitive transcranial magnetic stimulation with other methods used for brain map‑
ping, such as functional magnetic resonance imaging (fMRI), positron emission to‑
mography (PET), electroencephalography (EEG) or magnetoencephalography (MEG),
provides significant insights.
Correctly determining the application area is necessary for effective stim‑
ulation and the resulting effects. In most studies to date, this location has been de‑
termined by its relationship to the motor cortex or by the international 10 – 20 EEG
system. More precise placement of the stimulation coil above the desired area of
the cortex allows frameless stereotaxy without the need to use a stereotactic frame.
Frameless stereotaxy uses a three-dimensional position sensor to mark several ana‑
tomical reference points on the subject’s head.
In conclusion, it can be noted that when testing the therapeutic effect of
rTMS, it is necessary to take into account the significant placebo effect that this meth‑
od carries. The placebo effect control is best performed by actively stimulating the
cortical areas, where we do not anticipate their inclusion in the system whose func‑
tions we plan to influence by rTMS (i. e. the motor area versus visual area when test‑
ing rTMS for motor skills).
The benefit and use of rTMS can be monitored in the treatment of various
diseases and conditions (i. e. improvement of mobility and normalization of cortical
excitability in individuals with Parkinson’s disease, short-term positive effect on de‑
pressive syndrome, positive effect on the alleviation of dystonia.)
Quantitative electroencephalography QEEG (brain mapping method) uses
the application of mathematical methods – mainly analysing the power spectrum – to
obtain quantitative metrics that are associated with behavioral cognitive brain func‑
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tions corresponding to the change in physiological state. It is actually also a psycho‑
logical map, informing us about the character traits of the measured.
The brain map can show significant differences in the work of the brain
in digital form even where the EEG is at normal levels. This is a direct reflection of
a person’s cognitive abilities and it is possible to identify ADHD/ADD syndromes, ag‑
gression, anxiety, poor concentration, depression, etc.
Both methods are important for the anamnesis and design of a neurofeed‑
back training protocols over brain centers in children and adults. At the same time,
it is appropriate to use individual portable devices to optimize brain activity at work
and at home.

C.9

Neurorehabilitation Using Devices and Programs
Neurorehabilitation is an important element in caring for people with cer‑

tain brain disorders. It represents a functional adaptation to maximum coping ca‑
pacity with the demands of daily life, including a support for cognitive functions;
cognitive training. Of course, neurorehabilitation also includes initial and ongoing
diagnostics. The initial premise is the brain’s innate capacity to recover from damage
and the possibility of damage compensation.
To improve the parameters and optimize the work of the brain, we can also
use specialized neurotechnological devices, which are associated with active work,
sleep, relaxation, increased focus and reduced stress.
These devices can be divided into those for passive neurofeedback, active
neurofeedback and specialized devices for tactile neurofeedback.
Active devices include various types of neurosets, which use feedback to
read the brain signal from the scalp and show how the brain in real time to the pa‑
tient who conducts training in individual brain zones.
Most training is done in the beta 1 band and is focused on focus. Other
types of training on these devices are focused on meditation and are associated with
alpha and theta wavebands.
The effect of these trainings is very similar to classical neurofeedback and
the results are shown graphically in percentages and time units.
During these trainings, the neuroplasticity of the brain is improved. The
advantage of these active devices is that they can also be used by people after brain
surgery, brain contusion or people with varying degrees of brain damage after a
stroke.
Passive devices include technologies based on audiovisual stimulation
(AVS), which has a variety of programs that can be used for sleep, learning, cognitivi‑
ty enhancement, alpha training and relaxation training to reduce anxiety.
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However, the disadvantage of this way of stimulating the brain is the in‑
crease in blood pressure and heart rate. These devices – when there is photostimula‑
tion of the brain performed in both eyes through specialized glasses – increase the
amplitudes of brain waves according to a specialized program.
This stimulation is further synchronized with music, which further in‑
creases the effectiveness of these devices.
The brain of both children and adults realizes during neurofeedback train‑
ing how it feels when a change in the number of brain waves takes place in a cer‑
tain waveband as a result of seeing a moving video on the screen, hearing a sound
and receiving a reward in real time. It is a confirmation that their brain is working
properly and they are looking forward to being rewarded and successful in further
training. This optimizes brain activity. Brain wave training is usually performed at
beta 1, SMR, or alpha frequencies. Overall, success is determined by the number of
consecutive therapies over the brain centers, including concurrent training on per‑
sonal neurotechnology devices at home. There is high synergy in both types of brain
stimulation. There is also an increase in the plasticity of the brain, thanks to which
the trainee can achieve IQ values, up to 33 points higher according to Othmer’s scien‑
tific research.
This training is different from other methods. Here the tools are not medi‑
cations or interviews but working with the brain directly at each patient’s own pace.
Training progress is monitored digitally. Everyone can improve at home on personal
devices using programs for the whole family. The program is monitored continuously
using EEG and QEEG.
In today’s turbulent times, being able to improve emotions, sleep, learning,
self-esteem, immunity, relieve stress, depression, anxiety is a useful purpose for neu‑
rorehabilitation without drugs.
Nasal stimulation devices are also used, which lower blood pressure and
heart rate, increase SpO2 , and thus lead to oxygenation of the brain due to blood irra‑
diation. At the same time, they work with blood rheology, which is thinner and thus
improves the work of the heart.
Some of the devices also allow frequency training from 0 Hz to 99 Hz.
These devices are very suitable for improving brain function in people
with dementia, Parkinson’s disease, Alzheimer’s disease and multiple sclerosis.
Both types of devices can then be used as additional devices in neurofeed‑
back. When used, there is faster improvement in brain activity due to the extensive
synergy of the methods used.
The word “neurorehabilitation” includes the Latin prefix re (again) and the
Latin word habilitās (ability, competence).
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Neurorehabilitation care strategies are based on stimulating brain plastici‑
ty (simply the ability to recover from damage) and stimulating compensation, which
creates conditions, behaviors, abilities and skills to compensate for damage.
The basic neuropsychological rehabilitation models include, for example,
Luria’s model, hierarchical intervention, closed circle model, the Newcastle Model,
holistic model, hemisphere symphony model.
The possibilities and limits of neurorehabilitation are based not only on
the specific form of brain damage, but also on age, general condition and a number
of physical, mental, social and overlapping factors. To some extent, the issue of moti‑
vation, conditions and other influences (including unconscious gains, etc.) may also
play a role.
It is important to assess the results of rehabilitation care, as described at the
level of:
Disability: the degree of damage to the function, damage or dysfunction
of the organ, and mainly a description of its change under the influence of rehabili‑
tation.
Activities: the most important elements in the field of rehabilitation are
practical activities and their changes. An important and positive indicator of progress
in rehabilitation is the improvement and development in activities and gaining inde‑
pendence in their fulfillment.
Participation: represents the degree of involvement of a given individual in
the events of society. However, it is an indirect indicator (even an individual without
a disability may not be well integrated into society compared to an individual with
severe disability). Participation in social activities and involvement in social ties is an
essential factor in rehabilitation.
With the advent of the digital age and the rise of computer technology, vir‑
tual reality, etc., there are new and interesting possibilities in using neurorehabilita‑
tion procedures with software like NEUROP-III, HAPPY NEURON, COGMED, etc. These
programs allow focusing on a specific cognitive issue in a targeted and systematic
manner. Some programs allow training at home instead of going elsewhere. There
will certainly be a boom in the form of ever-evolving and improving virtual reality,
which is already used today in selected workplaces as an experimental part of reha‑
bilitation for patients after stroke, walking training, etc.

C.10

Comprehensive Health Care Using Less Frequent
Methods
Comprehensive collaboration using a multi-professional approach in treat‑

ing of patients focusing on the use of less frequent methods brings improved health
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care. It allows an individualized approach and reinforces effects using accurate diag‑
nostics and devices across medical disciplines.
Neurotechnology – using computer technology and digital devices – offers
new possibilities in remote collection of diagnostic data and enables increased preci‑
sion in patient care.
It also requires a comprehensive approach that respects specialization, but
also the integration of knowledge and brings a comprehensive understanding of the
whole body of knowledge.
The results of cooperation include an unprecedented range of new knowl‑
edge assimilation in the fields of acupuncture, neurotechnology, sound and rehabili‑
tation.
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Fig. C.37

Interdisciplinary cooperation
It also brings a new human angle on the doctor-patient relationship and

thus determines a new trend in health care. This higher level of health care at the
multi-professional level also brings cooperation across other medical disciplines and
experts, as well as a new perspective on technical concepts and terminology. The re‑
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flection of this cooperation will also be evident in research and will enrich science
with new knowledge.
Interdisciplinary cooperation in the field of prevention is of great impor‑
tance. High-quality diagnostics using digital measurement of body modalities and
the routine use of feedback devices improve quality of life for patients. Emphasis is
also placed on an individual approach and targeted comprehensive patient care.
Digital devices that are used in an interdisciplinary manner allow not only
the creation of accurate diagnoses, but also a comprehensive and very accurate as‑
sessment of treatment procedures over time. These procedures can be applied in oth‑
er areas of medicine.

C.11

Annex 1

C.11.1

Classification of Neurosciences and Used Methods

Neuroscience

Focus

Methods used

Molecular and
cellular

glia, neurons, ion channels, synapses,
neurotransmitters, neuroimmunology,
action potential etc.

histological and immunological
methods

Behavioral

biological psychology, circadian
rhythmicity, photoreception,
neuroendocrinology, homeostasis,
behavior, motor control, sensory
information processing, etc.

animal models, fMRI, PET, EEG,
QEEG, immunohistochemistry,
etc.

System

primary sensory cortex, perception
and integration of sensory
information, nociception, color
vision, smell, taste, spontaneous and
provoked activity, motor system, sleep,
homeostasis, arousal, attention, etc.

genome study,
microstimulation, fMRI,
monitoring of potentials from
local fields, animal models, etc.

Developmental

growth of axons, stem cells,
proliferation and differentiation of
neurons, growth factors, apoptosis,
synapse formation, injuries and
regeneration, etc.

protein chemistry, genome
study, models – Xenopus
laevis, Drosophila
melanogaster

pozornost, kognitivní řízení, jazyk,
rozhodování, emoce, paměť, motivace,
percepce, motorické učení, sexuální
a sociální chování aj.

experimentální kognitivní
psychologie, psychometrie,
EEG, QEEG, MEG, fMRI, PET,
SPECT

attention, cognitive management,
language, decision making, emotions,
memory, motivation, perception,
motor learning, sexual and social
behavior, etc.

experimental cognitive
psychology, psychometry, EEG,
QEEG, MEG, fMRI, PET, SPECT

Cognitive
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Focus

Methods used

Theoretical and
computer

cable theory Hodgkin-Huxley model,
neural networks, voltage-gated
currents, Hebbian learning, etc.

methods of computer science

Diseases and
aging

dementia, depression, schizophrenia,
amnesia, addictions, neurological
diseases, etc.

clinical tests,
neuropharmacology, brain
stimulation, neurosurgery

Neural
engineering

neuroprosthetic, brain-computer
interfaces, etc.

Neurolinguistics

language, Broca’s area, generative
grammar, language acquisition, syntax
etc.

EEG, QEEG, ERP, MEG, PET,
fMRI, TMS

Neuroscience
studies

interface neuroscience and
philosophy, society, culture, media,
art, social sciences interdisciplinary
research etc.

EEG, ERP, MEG, PET,
fMRI, QEEG text analysis,
questionnaire methods,
qualitative studies etc.

C.12

Annex 2

LOCATION OF ELECTRODES AND FUNCTION

Fp1 and Fp2 – Prefrontal area
• improvement of executive functions

Fpz 10 %
Fp2
10 % 10 %

• ability to expect and decide

F7

• mental calm and balance
behavior

Fz
20 %

10 %

• impulsivity treatment, OCD, tics, neurotic

T3 20 %

F8

20 %
F3

C3

F4
20 %

Cz
20 %

C4
20 %

20 %
Pz

20 %

10 %

Fp1

• attention, planning, organization

20 %

F3 and F4 – Frontal area
• energy, increase mobilization, initiation
and motivation
• improvement in motor coordination
• starting and following movements
• treatment of depression
F7 and F8 – Frontal area
• Broca’s speech center F7–T3 = speech production
• motor speech regulation
• beginning of speech, its fluency and word search
C3 and C4 – Central area “middle”
• sensorimotor area
• motor
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T5

P3

O3

20 %

P4

10 % 10 %
Oz 10 % O4

T6

T4

Chapter C

• symptoms somatosensory symptoms (disorders in sensory information ob‑
tained from superficial and internal areas of the body; pain, tingling, dizzi‑
ness, etc.)
CZ
• motor-sensory
• harmonization functions of left and right hemispheres
• brightening
T3 and T4 – Temporal
• stabilization of “arousal;” degrees in brain activation
• emotional and physiological stabilization
• long-term memory
P3 and P4 – Pariental area
• in case of sensory integration deficit
• reduction of muscle tension, improvement of physical comfort
• body awareness, pain, temperature, appetite
• improvement in spatial orientation, balance and coordination
• social emotional awareness, approach, closeness
• treatment of autism, bipolar disorders, reactive attachment disorders
• increase comfort
O1 and O2 – Occipital area
• center of vision
• reduction of visual sensitivity, processing of visual information
• deficits of visual processing (in premature children who had oxygen therapy)
• psychological trauma in one’s history
• alleviation of physical discomfort
• calming, very emotionally satisfying
T5 and T6 – Temporal area
• higher level visual processing with facial expression recognition with strong
emotions
• increase in social interest
• treatment of autism
• arousal stabilization
• used especially for headaches
• balance training
• Wernicke’s center T3 – T5; speech comprehension
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Fp1
• organization, attention, smaller time reactions
• cognitive – emotional appreciation, irritability, intrusiveness, depression, social
awareness; approaching behavior, impulsivity
Fpz
• planning far ahead, decision, motivation
• emotional blockage, excessive sensitivity, impulsivity, rumination
Fp2
• empathy
• emotional blockage, tactless, impulsive, mania, social awareness, avoidance be‑
havior, impulsivity, excessive attachment to the mother
F3
• motivation, ADD, developmental speech defects, concentration, rapid response
• short-term working and auditory memory, attention, verbal remembrance of
episodes, resolution and recognition of faces, planned processing of objects,
problem solving, rigidity, impulsivity, logical memory
Fz
• apathy reduction, increasing intention, motivation, attention
• intention and motivation change, infrequent speech, poor language, apathy, in‑
ternal attention against external attention, impulsivity, rumination
F4
• affect disharmony, coldness without emotions or without barriers, excessive
emotion
• short-term spatial and pictorial memory, place of alertness, selective and last‑
ing attention, shape of faces, visual attention
F7
• pronunciation, an important point in Broca’s aphasia
• working memory – visual and auditory, active attention and divided attention,
filtering, Broca’s field, short-term semantic memory (word recall), time monitor‑
ing, organization, logical memory, rememering
F8
• prosody recall (sound aspect of language, accent), working space memory and
visual memory, Gestalt, emotional processing, maintained attention
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T3
• good stable mood, training in manic depression, panic and also memory
• understanding words, language learning, verbal understanding of Wernicke’s
field, inner voice, long-term memory, declarative and episodic processing, or‑
ganization of episodic sequencing, visualization, remembrance, amygdala and
hippocampus
T4
• balance of emotions and stability of emotions, tranquility
• personality; emotional expression, anger, sadness; categorization and organiza‑
tion, auditory cortex, cognition of words by letters, dyslexia with T5
T5
• construction of meanings, acalculia, short-term memory, inability to under‑
stand written text, connection with Wernicke, logical memory
T6
• face cognition, emotional content, connection with amygdalas, cognition of
objects
C3
• right hemisphere motor skills, ADD, anxiety, worries, depression, frequent out‑
bursts of crying, guilt, passivity together with Fpz and F3, much sleep, waking
up early, lack of rest after sleep, pain in sleep, apnea in sleep, snoring
• motor-sensory interface, hearing
Cz
• motor-sensory function
• motor-sensory interface
C4
• left hemisphere motor skills, problems with nonverbal learning, unable to
draw, dysgraphia, stuttering, anxiety, OCD, aggression, restless sleep, meno‑
pause heat
• motor-sensory interface, vision
P3
• dyslexia, Wernicke’s aphasia
• problems with digit orders, organizational and information problems, setting
boundaries, too much thinking
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PZ
• dyscalculia
• attention deficit, perseverance, self-awareness, association-orientation area, ag‑
nosis, apraxia
P4 a PZ
• self-awareness, opportunity to change attention, body awareness, autism, tics,
anorexia, bulimia, association-orientation area
P4
• visual processing, space mapping, alertness, personality; excessive self-interest,
victim mentality, agnosia, apraxia, context delineations, rumination
O1 and O2
• visual disorders, calm
• * Alpha training on PZ – or on Oz or O2 – calming thoughts, deep calm
• * Alfa training (PZ, Oz, O2) – in depression, PTSD, addiction, eating disorders,
anorexia, bulimia after beta and SMR trainings
• visual processing, procedural memory, dreams and dreams
• Oz
• visual processing, hallucinations

C.13
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D.1

Introduction
The intent of this chapter is to provide clinicians and other medical profes‑

sionals with an introduction to the related fields of sound therapy and music med‑
icine, and to outline some of the many biological mechanisms advantageously acti‑
vated by sound and music, collectively categorised as ‘vibrational medicine’. The
information offered is intended to educate clinicians, nurses, medical students, inte‑
grative medicine practitioners and hospital and clinic administrators, in the thera‑
peutic potential of vibrational medicine.
Since the development of quantum physics in the twentieth century, dis‑
coveries made in medical physics reveal the body as a complex interplay of biof‑
ields[D123] in which energy-information flows throughout the organism. At the level
of the cell, information is exchanged through electromagnetic signals – primarily in
the far infra-red spectrum – in addition to biochemical signals and sonic frequencies.
[D116]

At the atomic level, biological complexities, and energy-information flow, can be

viewed in terms of vibration. Nobel Laureate, Max Planck, said:
“As a man who has devoted his whole life to the most clear-headed science,
to the study of matter, I can tell you as a result of my research about atoms this much:
There is no matter as such. All matter originates only by virtue of a force which brings
the particle of an atom to vibration and holds this minute solar system of the atom to‑
gether”.[D28]
It is in this context that vibrational medicine has its roots: considering the
energetic (vibrational) interconnectedness of the mind-body system. Practitioners of
holistic medicine, or functional medicine,[D143] as it is often referred to, review all as‑
pects of the patient, including their emotions. In this expanded medical model, since
the body is comprised of vibrational energy, a wide variety of vibrational and ener‑
getic modalities are available to support the patient’s physiology, including sound
and music.
Some of the physiological mechanisms initiated by sound therapy and mu‑
sic medicine are achieved by whole-body immersion in specific sound frequencies, or
in music, either recorded or live. Other mechanisms, initiated neurologically, can be
achieved by listening to specific sounds or music by headphones.
An important yet little discussed aspect of physics, with significant impli‑
cations for medical science, is that all sounds, whether single frequencies or a com‑
plex array of musical frequencies, create far infrared light (FIR), due to the atomic
physics of inelastic sonic collisions. The infrared light created by sound and music
is why sound intensity is measured in watts per metre squared[D136] and such light is
modulated in amplitude by the sound, thus, carrying the FIR component of the sonic
energy-information almost 4 cm into the body’s tissues.[D151] As intercellular commu‑
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nication occurs mainly in the far infrared spectrum, the physics of sound-light inter‑
actions infers that sonic-modulated light is conveyed to cells in the medium of their
own ‘language’.[D116]
The author’s studies in acoustic-physics have revealed the quasi-holograph‑
ic nature of sound in which the identical energy-information is contained throughout
the sound ‘wave’, whether emitting from a transducer, a musical instrument or the
human voice. However, the actual space-form of audible sound is spherical, there‑
fore, the energy information conveyed by sound and music can be considered to exist
at all points on the surface of the sound bubble and within its interior.[D82]

Fig. D.1

Depiction of a sound bubble emitting from a violin.
Audible sounds are quasi-holographic in nature and emit spherically
from a sound source.
All points on the bubble’s surface and within its interior, carry identical
energy-information.
(Graphic by Dean Baker)

This important fact has far-reaching implications for the future of sound
therapy and music medicine, particularly in relation to Faraday Wave patterns that
manifest on the surface membranes of cells, organs, visceral fascia and in visceral
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fluids, a subject we will return to in the last section of this chapter, when we discuss
the future of vibrational medicine.
The idea that sound, in the form of music, can be utilised as a therapy in
support of illness is a concept espoused by Pythagoras of Samos, circa 2,500 BCE. One
of his biographers, Iamblichus, reported that Pythagoras believed that music could
be used in place of medicine and that it contributed greatly to health.[D63] Even though
his belief is an over-simplification, in fact, sound and music have been shown in re‑
cent decades to have many therapeutic effects, as the content of this chapter demon‑
strates. According to Socrates (436 – 338 BC), and other writers, Pythagoras of Samos,
(circa 570 – circa 495 BC), travelled in Egypt[D22],[D113],[D142] and absorbed knowledge
from their priest-scientists. Music healers practised their craft in ancient Egypt and
enjoyed privileged relationships with priests and high-ranking government servants.
Music was called ‘physic for the soul’ by Egyptian priest-physicians.[D141]
The Egyptians built Sanatoria (hospitals) in all major towns. The founda‑
tions of the Dendera Sanatorium feature small healing chambers that would have
had excellent reverberative qualities, due to their parallel facing walls and flat sur‑
faces, with acoustics similar to modern bathrooms. The Egyptian music healers used
conventional musical instruments such as the drum, harp, flute, lyre and tambou‑
rine, but ‘sistra,’ were also employed. The sistra is a type of rattle with metal discs
that emits significant levels of ultrasound in the 40 to 60 kHz range, which could
have supplemented the patients’ beneficial results. Each healing chamber featured
a basin containing holy water from the adjacent sacred lake, the water’s miraculous
powers were amplified by pouring it over healing statues inscribed with appropri‑
ate texts.[D101] This principle is not unlike the modern placebo effect, which holds im‑
agined power due to the influence of the patient’s beliefs on their physiology, articu‑
lated by Dr. Bruce Lipton in his book, The Biology of Belief.[D64]

Fig. D.2

Dendera Sanatorium
— 297 —

Chapter D

There is also some evidence that the ancient Egyptians employed vowel
sound chant (as distinct from singing) for therapeutic effect, just as today humming
and chanting are known to stimulate nitric oxide production and to stimulate the
vagus nerve, for example, therapies that will be discussed later in the chapter. The
mere sounds of words were considered a potent and creative force in Egypt, as noted
by R. A. Schwaller de Lubicz, in his book Sacred Science.[D125] Several textual indicators
are known regarding the Egyptian’s use of vowel sounds, of which the following are
two examples.
A quote from Aristotle, Poetics:
In Egypt, when priests sing hymns to the gods, they sing the seven vowels in due succession, and the sound of these vowels has such euphony that men listen to it instead
of the flute and lyre.[D5] Demetrius, circa 200 BCE.
Such euphony would have been enhanced by vowel sound chant in cham‑
bers designed to be reverberative, an acoustic quality that is true of almost all an‑
cient Egyptian temples and tombs.
A letter from Asclepius to King Ammon, from The Corpus Hermeticum:
“The very quality of the sound and pronunciation of the Egyptian language carries
itself the power of what is being spoken… We do not use a noise of words [referring
to the Greeks] but sounds full of power.” [D49]
Imhotep (2,667–2,600 BCE) was the most revered of all physicians in ancient
Egypt and was deified by the Egyptians circa 525 BCE. During his lifetime he was
vizier to King Djoser and architect of Djoser’s Step Pyramid complex at Saqqara. His
legendary abilities include poet, mathematician, astronomer, architect and physician,
and in his medical treatise he regarded disease and injury as naturally occurring,
not punishments sent by gods.[D77]
In the Ptolemaic Period, the Greeks identified Imhotep with Asklepios, their
god of medicine, and in the second century BCE Ptolemy VIII built a shrine to Imho‑
tep at the great temple of Hatshepsut at Deir el‑Bahri, which then became a place of
pilgrimage by the sick. The great physician, Sir William Osler pronounced in 1923
that Imhotep was the first figure of a physician to stand out clearly from the mists of
antiquity.[D141]
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Fig. D.3

The Feast of Opet
In the scene from The Feast of Opet, in a building erected by Queen Hat‑
shepsut at Deir el‑Bahri, a male harpist and three female musicians per‑
form with sistra instruments.[D74]

Returning to Pythagoras, he proposed that by listening to music one could
comprehend and retrace the outer ‘physical’ harmony of the universe, which would
lead to a state of inner ‘mental’ harmony, thus re‑establishing balance in the body
and helping to cure mental disorders.[D141] He later founded an intellectual community
on the island of Croton, Italy. One group of his followers were known as the ‘Acousti‑
ci’, which means ‘to hear’, and from which the word ‘acoustic’ derives. While Pythag‑
oras is credited with the invention of the monochord – a single gut string tensioned
by a fixed weight – which he used for investigating harmonic intervals, the ancient
Egyptians had been making and playing musical instruments since pre-dynastic
times, a history that had already spanned three millennia by the time of Pythagoras’
visit. Therefore, it seems likely that Pythagoras would have absorbed knowledge of
musical intervals, in addition to music as medicine, during his Egyptian travels.
Aristotle (384 BCE – 322 BCE), a pupil of Plato, viewed the therapeutic aspect
of music as creating an emotional catharsis in mental states and spoke about music
imitating passions or states of the soul.[D141] An interesting account of music therapy
with mental illness comes from Asclepiades of Bythnia (124 – 40 BCE), the first phy‑
sician in history to create a health and disease theory resembling what is known to‑
day as molecular medicine. Asclepiades was a pioneer in the humane treatment of
patients with mental disorders, moving patients out of dark confinements and pre‑
scribing work therapy, healthy diet, massages and music therapy.[D141]
Following Greek culture, no radically new theories and practises of music
therapy were reported during a period of roughly 1500 years. However, in the sev‑
enteenth and eighteenth centuries there was a flourishing of writings on music and
medicine, notably that of the German, Athanasius Kircher (1602–1680) who created
an entirely new theory of music’s therapeutic effects. He gave one of the most com‑
prehensive descriptions of music in medicine in his work Phonurgia Nova, in which
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he laid out the foundation for a therapeutic music style that he called Iatromusic,
which is based on acoustic vibrations. The music sets air into vibration, which sets
the ‘corpuscles’ of the body into vibration. Kircher proposed a body-mind directed
connection: mechanical vibratory energy from the music creates a physical-physi‑
ological response in the body, which also brings psychological mind processes into
healing harmony.[D141]

D.2

The Origin of Inaudible Therapeutic Ultrasound and
Audible Sound Therapies
Therapeutic ultrasound was discovered in 1927 by Professor R. Wood and

his assistant, Loomis[D38] and was explored as a medical modality in 1938 by Raiman
Pohlman at Charité University Hospital, Berlin. Pohlman demonstrated the therapeu‑
tic effects of ultrasonic waves in human tissues and went on to introduce ultrasonic
physiotherapy as a routine procedure in medical practice.[D78]

Fig. D.4

Raiman Pohlman, early therapeutic ultrasound apparatus
Left: Treating a gastric ulcer. Right: Treating arthritis.
(From Les Ultra-sons appliques a la medecine. Andre Denier, 1951)

Today, therapeutic ultrasound is typically applied at 1 MHz, 2 MHz or
3 MHz from a piezo-electric transducer, driven by an electronic oscillator and ampli‑
fier. Penetration depths of up to 5 cm are achievable at 1 MHz to support major phys‑
ical trauma, while 2 MHz and 3 MHz frequencies are typically used to treat superfi‑
cial conditions.[D112] The therapeutic benefits of ultrasound are classified into thermal
and non-thermal effects. With the discovery of ultrasound’s medical properties, re‑
search burgeoned and it is now established fact that ultrasound has effective med‑
ical properties: breaking up kidney stones via ultrasonic lithotripsy,[D75] shrinking
tumours via high intensity focussed ultrasound (HIFU), histotripsy,[D31] targeted drug
delivery,[D144] and reducing brain plaque[D95] are a few examples of its many clinical
applications. In hospitals and sports injury clinics throughout the world, therapeutic
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ultrasound is also used to support or accelerate the healing of soft tissues damaged
by physical trauma, although the underlying biological healing mechanisms of thera‑
peutic ultrasound remain poorly understood.[D156]
In 1928, Professor Erwin Schliephake, a German scientist who began his
career at the Physiological-Chemical Institute in Leipzig, discovered that audible
sounds create therapeutic effects. His research inspired Mr. Lindacher, a colleague, to
develop a hand-held, self-applied device that emits infra sonic vibrations.[D100]

Fig. D.5

Professor Erwin Schliephake, and his infrasonic device
In the 1960s, English osteopath, Dr. Peter Guy Manners, developed an au‑

dible sound therapy modality that he named ‘Cymatic Therapy’ that proved effective
for the support of a wide range of ailments. (‘Cymatics’ is derived from the Greek
word ‘kyma’ – meaning ‘wave’ – and was coined by Swiss medical doctor, Hans Jen‑
ny.) In recent years, several manufacturers have developed audible sound therapy
devices[D27],[D61],[D83] one of whom is continuing the work of Dr. Manners.[D27]

D.3

Music Therapy, Music Medicine, and Sound Therapy
Definitions

• Music Therapy is an accepted form of complimentary therapy in many hospi‑
tals and clinics, and may be defined as:
“The clinical and evidence-based use of music interventions to accomplish individualized goals within a therapeutic relationship by a credentialed professional who has
completed an approved music therapy program.” [D2]
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Music Therapy is a proven modality but is limiting in the sense that each
patient requires a music therapist with whom to work. A plethora of books and schol‑
arly articles are available on the subject of music therapy, and therefore is not the
focus of this chapter.
• Music Medicine may be defined as:
“Listening to music [for the purpose of healing] without the presence of a therapist.” [D19]
Music Medicine is a relatively new clinical modality that refers to the ther‑
apeutic utilisation of music, chosen by the patient in a clinical setting without the
intervention of a therapist. As its title implies, music medicine focuses on the demon‑
strable benefits of music as treatment for specific health challenges. The mechanisms
by which music affects the body’s systems are complex and this chapter provide a
short introduction into this subject.
• Sound Therapy is defined by the International Sound Therapy Association as:
“The application of audible sound to the full body or to a specific part of the body,
from electronically-generated sound sources, or from musical sources, as therapeutic support, by a credentialed Sound Therapy practitioner.” [D52]
This definition clarifies that therapeutic audible sound can be generated by
electronic means, or provided by a musical source. The biological mechanisms trig‑
gered by such sonic support will be discussed later in this section of the chapter.

D.4

Meta-analyses of Music Medicine in Clinical Trials
A Cochrane analysis of twenty-six music medicine clinical trials with a to‑

tal of 1,369 participants titled, Music for stress and anxiety reduction in coronary heart
disease patients, concluded that “listening to music may have a beneficial effect on
systolic blood pressure and heart rate in people with coronary heart disease and ap‑
pears to be effective in reducing anxiety in people with myocardial infarction.” The
same report mentioned, “Listening to music may reduce pain and respiratory rate
and appears to improve patients’ quality of sleep following a cardiac procedure or
surgery.”[D18]
A study by the University of Belgrade School of Medicine, led by Dr. Predag
Mitrovic, involved 350 patients diagnosed with a heart attack and early post-infarc‑
tion angina. Half were randomly assigned to receive standard treatment while half
were assigned to regular music sessions in addition to the standard treatment. Re‑
searchers fine-tuned the music selection by working with the patient to determine
the optimal music tempo and tonality, therefore, the initial stage of the study would
technically be classed as music therapy, while the major part of the study would, to‑
day, be classified as music medicine since the participants listened to music at home,
without a therapist. Participants who listened to music reported less anxiety and less
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pain sensation than participants who received the standard treatment alone. Dr. Mi‑
trovic concluded, “Sedative music was more effective than treatment in decreasing
anxiety and pain in patients with HT [hypertension] and EPA [post-infarction angi‑
na]. Patients with HT should have the benefit of using sedative music as an adjuvant
to medication during EPA episodes.”[D92]
Johns Hopkins Medicine also acknowledges the role of music in addressing
illness and indicates a range of illnesses they intend to treat with music, including:
Huntington’s Disease, Parkinson’s Disease, and Dementia.[D55]
McGill University in Montreal is also conducting studies in music medi‑
cine. In a meta-analysis of 400 studies, Dr. Daniel J. Levitin and Dr. Mona Lisa Chanda
found that music improves the body’s immune system function, reduces stress, and
was found to be more effective than prescription drugs in reducing anxiety before
surgery. They also found that listening to and playing music increases the body’s
production of the antibody immunoglobulin A and natural killer cells, boosting the
immune system’s effectiveness, as well as reducing levels of the stress hormone cor‑
tisol.[D44]
At Riuniti hospital in Ancona, Italy, neurosurgeon, Dr. Roberto Trignani
performed an operation to remove a double tumour in the spinal cord of a ten-yearold boy, while molecular biologist and pianist, Emiliano Toso, played a grand piano
in the operating theatre.

Fig. D.6

Dr. Emiliano Toso playing piano in an Operating Room, during live
neurosurgery
Monitoring the boy’s brain activity via an encephalogram, suggested that

the boy perceived the music. Dr. Toso said, “We tried stopping then restarting the mu‑
sic, noticing the patient’s response. Despite the fact that the boy was under total an‑
aesthesia, his brain appeared to perceive the music and this was very exciting.” Dr.
Trignani, head of the neurosurgery unit of Riuniti Hospital, commented, “Everything
went well, there were no complications and there was a magical atmosphere of com‑
plete harmony in the Operating Room.”[D1]
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It is admirable and noble that musicians contribute their time and talent
to playing in hospitals. The harp, in particular, has a long history of use in clinical
settings and nursing homes and it is likely that it will always form an important as‑
pect of patient care. However, to reach larger numbers of patients, and to give indi‑
vidual choice of music genre, a convenient solution is that of ‘modulated ultrasound
speakers’,[D51],[D147] which emit wavelengths of only a few millimetres, thus, the acous‑
tic energy travels as a narrow beam. Ultrasound contains frequencies far beyond
the range of human hearing and is completely inaudible. However, as the low ener‑
gy ultrasonic beam travels through the air, the inherent properties of the air mole‑
cules within the beam give rise to frequency components in the audible band that
can be heard only by the patient to whom the beam is directed. In this future scenar‑
io, the patient would choose the music that they prefer from a bedside console, and
be beamed to them from an ultrasonic ceiling-mounted speaker. Adjacent patients
would not hear the music. In the illustration, a patient is listening to music without
headphones, yet the nurse cannot hear the music.

Fig. D.7

A patient listens to music without headphones and without disturbing
the nurse or other patients
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D.5

A Brief Overview of Some of the Biological Mechanisms
Activated by Full Body Immersion in Music or in Specific
Sound Frequencies
(Detailed explanations are provided later in the chapter.)
Full body immersion in music or in specific sound frequencies (as distinct

from listening with headphones), activates several beneficial biological mechanisms,
five of which are briefly summarised as follows:
• Enhances nitric oxide (NO) production through active and passive acoustic
stimulation of the nasal cavities and lungs by specific sound frequencies and
music, resulting in a broad range of health benefits.
• Promotes pain mediation through stimulation of the body’s large A‑beta fibres
or A‑alpha fibres in the area experiencing pain, thus causing the pain ‘gate’ to
close.
• Increases the availability of oxygen binding to haemoglobin molecules by low
frequency sound pressure, thus breaking the pain-spasm-pain cycle or ‘splint‑
ing cycle’ by increasing the availability of oxygen to affected tissues.
• Activates the meridian system, via ‘sonopuncture’, with many health benefits,
including pain mediation.
• Increases the availability of oxygen binding to haemoglobin molecules by low
frequency sound pressure, thus aiding tissue repair mechanisms.

D.6

A Brief Overview of Some of the Biological Mechanisms
Activated by Headphone Listening to Music, or
Listening to Specific Sound Frequencies
(Detailed explanations are provided later in the chapter.)

• Mediates pain by the ‘Descending Inhibition of Pain’ system, also referred to
as the ‘top-down’ modulation of pain. Such effects can be initiated by music (or
white noise) as a result of activating endogenous opioids.
• Promotes stress reduction with consequent reduction in blood pressure and
cortisol levels, and induces a state of joy with consequent increase in dopamine
levels, leading to a proliferation of leukocytes, thus boosting immune system
efficiency.
• Stimulates the brain binaurally – by binaural beats – to create changes in brain
state, with physiological benefits.
• The vagus nerve is stimulated, thus regulating internal organ functions, in‑
cluding digestion, heart rate and respiratory rate, as well as promoting vaso‑
motor activity and anti-inflammatory effects. Specific very low (sub audible)
frequencies may also be applied by full ear headphones, combined with music.
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Each of these biological mechanisms will be discussed separately.

D.7

Active and Passive Sonic Stimulation of the Nasal
Cavities and Lungs
Before the subject of sonic stimulation of the nasal cavities and lungs is dis‑

cussed, it is important to outline some of the natural health benefits of nitric oxide
(NO), which is naturally produced in many areas of the body including the cilia in
the nasal cavities and the alveoli in the lungs. NO reduces blood pressure by vasodi‑
lation[D26] and many other health benefits are derived from this important molecule,
for example: promotion of wound healing by cellular proliferation and angiogen‑
esis,[D71] mediation of cutaneous oedema and inflammation, cytotoxic action against
pathogens,[D88] increases cerebral blood flow and oxygenation to the brain,[D98] inhib‑
its the aggregation of platelets within blood vessels thus helping prevent thrombot‑
ic events,[D67] supports reduction of pulmonary hypertension and chronic obstructive
airway disease.[D6]
Intima

innermost layer of blood vessel lined with
endothelial cells that release nitric oxide

Endothelial cells

Arterial lumen

Red blood cells
Media

middle layer of blood vessel containing
smooth muscle cells

Smooth
muscle cells

Adventitia

outer layer of blood vessel

Nitric oxide

Fig. D.8

Nitric oxide relaxes smooth muscle cells in the walls of blood vessels,
resulting in vasodilation
(Courtesy of NIOX)

NO can be produced in the body from the inorganic nitrates in green leafy
vegetables and from fruits, particularly by the oral microbiome[D56] and is also stimu‑
lated by exercise,[D72] which can form part of a rehabilitation program, but the initial
focus in this section is NO production in the nasal cavities brought about by both ac‑
tive and passive sonic stimulation. ‘Active’ stimulation refers to the practise of vocal
humming, which has been shown to greatly elevate NO production.[D42],[D157] The move‑
ment of air across the nasal cilia generates NO, from which the many health benefits
are derived, although the exact mechanisms by which NO is produced by the nasal
cilia is not fully understood.[D68]
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The practise of nasal breathing is well known in the Yogic practise of pra‑
nayama, which means ‘breath control’ in Sanskrit, a practise that is mentioned in the
Bhagavad Gita, written at some point between 400 BCE and 200 BCE.[D160]
In a paper titled, Assessment of nasal and sinus nitric oxide output using single-breath humming,[D73] the authors show that NO is significantly increased by a single
breath exhalation while humming, as shown in the graph.
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Fig. D.9

Original tracing of Nitric Oxide during a single-breath nasal
exhalation with (dotted line) and without humming (solid line)
The authors of this study also carried out experiments to determine the op‑

timum humming frequencies, and concluded that a measured frequency of 130 Hz
created the highest NO output of the sinus cavity in a human subject. The study does
not specify whether the human subject was male or female but in either case the re‑
sult is surprising when remembering that the sinuses consist of relatively small cav‑
ities, featuring Helmholtz resonant frequencies in the range 1 kHz to 2 kHz,[D79] de‑
pending on gender and maturity.
An interesting fact concerning this range of resonant frequencies concerns
the ancient Egyptian use of the sistra instrument, the rattle with metal discs, men‑
tioned in the introduction. At the Festival of Opet the sistra was used to stimulate
the nostrils: “Receive the sistra presented to your nostril that he may give rejuvenating
breath…” [D74] a statement suggesting that the ancient Egyptians were aware that sistra
emitted a specific quality of sound that caused a rejuvenating effect on the sinus cav‑
ities.
Adult female skulls and sinus cavities are typically smaller than those of
adult males; smaller sinus cavities support higher resonant frequencies. It should
also be remembered that humming does not generate a single frequency but gives
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rise to an array of harmonics and that the prime resonant mode of the sinus cavi‑
ties is automatically ‘selected’ during vocal humming as a natural aspect of Helm‑
holtz resonance (the resonant property of a gas-filled cavity). Therefore, although the
fundamental humming frequency of maximal excitation was found to be 130 Hz, (in
the study Assessment of nasal and sinus nitric oxide output using single-breath humming)
the sinus cavities would almost certainly have been excited by a specific harmonic of
this frequency.
Nitric Oxide is also generated by the alveoli in the lungs[D109] and can be
stimulated by both active and passive sonic stimulation; actively by humming or
singing, and passively by externally applied sonic frequencies or music. Indicators
regarding the optimum frequencies for passive stimulation can be obtained from
studies in which the respiratory system has been modelled in terms of its resonant
sonic characteristics.[D15],[D48] In the study by University of Illinois,[D48] the Helmholtz
resonant frequency of a healthy volunteer is shown to be in the order of 100 Hz, in‑
creasing to around 250 Hz for a person suffering from pulmonary fibrosis. These fre‑
quencies will vary between individuals due to gender and lung capacity as a func‑
tion of the patient’s genetic makeup. Similarly, the Helmholtz resonant frequencies of
the sinus cavities will vary between individuals.
Identifying the precise resonant frequencies of the patient’s lungs or nasal
cavities is not necessary to offer therapeutic intervention if the practitioner applies
either broadband white noise[D32] or music to the patient. Both of these sound sources
contain thousands of frequencies and Helmholtz resonance principles are such that
a cavity will automatically ‘choose’ the frequency from a broadband sound source at
which the cavity is naturally resonant. In the case of white noise, this sound source
can be filtered through a parametric equaliser[D104] that facilitates the selection of spe‑
cific bands of frequencies that are appropriate for stimulating either the lungs or si‑
nus cavities. By such filtering of white noise, any unpleasant sensations associated
with the noise experience can be minimised. White noise generators are commer‑
cially available from many manufacturers and the audio signal from the generator
drives a conventional audio amplifier and speaker. The speaker(s) should offer a fre‑
quency response that covers the range needed, e. g., ideally as low as 20 Hz for excita‑
tion of lungs, and as high as 2 kHz for excitation of sinus cavities. Commercially man‑
ufactured reference monitor speakers, which are typically used in recording studios,
are ideal for this purpose because they offer an extended low frequency response
and are typically fitted with ‘tweeters’ for reproduction of high frequencies.
These same principles in which a patient’s sinus cavities or lungs automati‑
cally choose the specific frequency at which the cavity is naturally resonant, also ap‑
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ply to many musical instruments, for example, harps and gongs, whether played live
in a clinical setting or via high fidelity reproduction equipment.
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Helmholtz Resonance
f = resonant frequency of cavity, c = speed of sound in air, S = area of
opening, V = volume of air in the cavity, L = length of the tube

When applying recorded music to a patient for the purposes of lung and/
or sinus activation, parametric filtering is not required because music provides a
pleasant experience, assuming that the sound pressure levels are modest, e. g., 60 to
80 dBA when measured in close proximity to the patient. The patient should make the
music choice, although it is important that the music chosen contains a wide range of
frequencies to ensure optimal stimulation of the lungs and sinus cavities.
In addition to stimulation of nitric oxide production, acoustic stimulation
of the sinus cavities and lungs can also help to clear mucus and improves symptoms
of Chronic Obstructive Pulmonary Disease (COPD) and chronic bronchitis.[D130] In a
26‑week randomised control trial the “Lung Flute” respiratory device, which pro‑
duces a low frequency acoustic wave, the symptoms and health status of people with
COPD and chronic bronchitis improved. The authors stated that mucus hypersecre‑
tion and impaired mucociliary clearance is prevalent in many patients with COPD,
and contributes significantly to the morbidity and mortality of this disease, and con‑
cluded that the Lung Flute is a safe and effective treatment in COPD with chronic
bronchitis.[D130]

D.8

Chronic Pain Mediation by Audible Sonic Stimulation
of Nociceptors
Pain is a vital function of the body, providing early warning of damage or

potential damage. It is both a sensory and emotional experience, affected by psycho‑
logical factors such as past experiences, beliefs about pain, fear or anxiety.[D115] Tis‑
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sue injury, for example, initiates the liberation of various inflammatory mediators,
including prostaglandins, cytokines and chemokines. Leukocyte migration to the in‑
jured area, a characteristic of the inflammatory response, is associated with pain and
tenderness, and is involved in wound healing.[D155] Acute pain is well understood and
can be successfully mediated by analgesic medications; it is not within the scope of
this chapter.
Chronic pain is a common, complex, and distressing problem, which has a
significant impact on individuals and society.[D87] Chronic pain, like most diseases, of‑
ten arises from a series or combination of multiple events.[D87] The biological processes
that lead to the chronic pain state further increase sensitivity to painful stimuli and
perceived levels of stress, which further modifies pain-related gene expression, cre‑
ating a pathological pain cycle.[D29] Even when there is a solitary precipitating event
in the genesis of chronic pain (e. g. injury), there remain a series of factors that affect
the duration, intensity, and effects (physical, psychological, social, and emotional) of
chronic pain.[D87]
The International Association for the Study of Pain, define pain as ‘An un‑
pleasant sensory and emotional experience associated with, or resembling that as‑
sociated with, actual or potential damage’[D114] and chronic pain is ‘pain which has
persisted beyond normal tissue healing time’.[D17] Pain is regarded as chronic when it
has lasted for more than three to six months.[D86]
Considering that pain is a universal experience, it is not understood why
only a relatively small proportion of humans develop a chronic pain syndrome.[D120]
Prolonged use of analgesics, such as chronic opioid therapy, is associated with con‑
stipation, sleep-disordered breathing, hypothalamic-pituitary-adrenal dysregulation,
fractures (as a result of osteoporosis) and significant declines in health-related qual‑
ity of life and increased health care costs.[D7] Therefore, it would be advantageous to
mitigate chronic pain without long term use of analgesics.
In this section we discuss audible sonic stimulation of the body’s nocicep‑
tors, as an alternative therapeutic modality in the treatment of chronic pain. Unlike
prolonged use of analgesics, audible sonic interventions have no known adverse side
effects.

D.9

Nerve Signal Conduction by Sound
To lay a foundation for discussion in the principles of pain mediation by

sound, it is important to mention discoveries concerning nerve signal transmission
by sound.
In 1952, Alan Hodgkin and Andrew Huxley, working with a squid’s giant
axons, described how action potentials (or nerve impulses) in neurons are initiated
and propagated, known today as the Hodgkin–Huxley model.[D126] It is regarded as
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one of the great achievements of twentieth century biophysics, for which they re‑
ceived the Nobel Prize in Medicine in 1963. Their theory, involving the flow of elec‑
tric currents in nerves, became the standard teaching model in medical and biolo‑
gy textbooks. However, one aspect that puzzled researchers was the relatively slow
conduction speeds in nerves, when compared with conduction speeds of electric
currents in conductors. The speed of light in vacuum is 2.998 × 108 metres per second,
which is approximately equal to a distance of 30 cm per nano second. The speed of
an electrical signal in a coaxial cable is about 2/3 of this, or 20 cm per nano second,
therefore, in one second the signal in a coaxial conductor will travel approximately
200,000,000 metres, which equates to a little over half the distance between the earth
to the moon.
Nerve fibres, by comparison conduct signals several orders of magnitude
slower than that of coaxial cables. The highest conduction speeds for nerve fibres are
those of muscle axons, which can achieve speeds of over 100 metres per second.
The comparison with coaxial cables is made because in the four main clas‑
sifications of primary afferent nerve fibres, three of them (A Alpha, A Beta and A
Delta) are myelinated, meaning that the nerve axon is enclosed in a myelin sheath,
therefore resembling the dielectric material of a coaxial cable. Type C nerve fibre
is unmyelinated, resembling a single electrical conductor. With coaxial cables, the
speed of conduction is a function of the diameter of the fibre and the diameter of its
outer sheath, and this is similar for myelinated nerve fibres; the larger fibres feature
higher conduction speeds.

Αα

Αα

Αα

13 – 20 µm Ø
80 – 120 m/sec

6 – 12 µm Ø
35 – 75 m/sec

1 – 5 µm Ø
5 – 30 m/sec

Fig. D.11

C

0.2 – 1.5 µm Ø
0.5 – 2 m/sec

The main classifications of afferent nerve fibres and their conduction
speeds, which are very slow compared with electric currents in
coaxial cables
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However, in 2005 a new model of nerve conduction was proposed by re‑
searchers at the Niels Bohr Institute at the University of Copenhagen, whose exper‑
iments showed that nerves conduct sound (soliton impulses), which in turn generate
electrical pulses, due to the piezo electric effect.[D47] In their paper they note that “…
measured propagation velocities, which are ~100 m/s in myelinated nerves, find a
satisfying explanation”. Put differently, propagation of nerve impulses by sound ex‑
plains the slow conduction speeds, while such sonic impulses give rise to electrical
impulses that travel to the brain for interpretation.
Sonic propagation of nerve signals was first proposed by Konrad Kauf‑
mann, in a 1989 unpublished paper.[D57] Other researchers have found similar results,
supporting the Neils Bohr Institute findings to a large degree.[D131],[D132] This discovery
has significant implications for sound therapy and music medicine, particularly for
whole body immersion in music and specific sound frequencies.

D.10

Principles of Pain Mediation by Sound
Nociceptors are the specialised sensory receptors responsible for the de‑

tection of noxious (unpleasant) stimuli, transforming the stimuli into electrical sig‑
nals, which are then conducted to the central nervous system.[D115] They are the free
nerve endings of primary afferent fibres and are distributed throughout the tissues
of the body, including the skin, viscera, muscles, joints and the meninges of the brain,
(though not in the grey matter of the brain).
The four main classifications of afferent fibre have specialised roles, for ex‑
ample, response to light touch, or to acute events, or response to chemical or thermal
stimuli, but crucially all types of afferent nerve fibre respond to mechanical pres‑
sure. And since sound may be defined as:
“Mechanical radiant energy that is transmitted by longitudinal pressure waves in a
material…” [D85] it becomes clear that all types of afferent fibre respond to sound.
This fact is reinforced by the Niels Bohr Institute discovery that nerves conduct
sound as soliton pulses.
When nociceptors are stimulated, nerve impulses are transmitted to three
spinal cord systems: the cells of the substantia gelatinosa in the dorsal horn; the dor‑
sal-column fibers that project toward the brain; and the first central transmission
(T) cells in the dorsal horn.[D84]
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Cross section through spinal column showing the dorsal root ganglion
(Graphic: Emri Terim)

The theory by which sound frequencies can mediate pain are based on the
‘Gate Control Theory of Pain’, which was first proposed in 1965 by Ronald Melzack
and Patrick Wall.[D84] The theory was initially met with skepticism, but despite having
to undergo several modifications, its basic conception remains unchanged. Their the‑
ory provides a physiological-neural explanation for pain perception and ultimately
revolutionized pain research. Gate Control Theory proposes that there are gates be‑
tween the afferent nerves and the brain, located in the spinal column, which control
how pain messages flow from the peripheral nervous system to the central nervous
system.
For example, pain-signals conduct freely along small A‑delta afferent fibres
(that sense sharp pain) and small type C afferent fibres (that sense dull pain) open the
gate, resulting in the perception of pain in the brain. By stimulating the large A‑beta
fibres or A‑alpha fibres in the area experiencing pain, a reaction is caused in nearby
inhibitory neurons. Once activated, Inhibitory Neurons, which sit on the same path
as the Projection Neurons, the gate closes, thus muting pain signals before they reach
the brain. Stimulating A‑beta fibres or A‑alpha fibres can be achieved by specific
sound frequencies, as mentioned below.
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The Melzack-Wall Gate Control System
(from Melzack and Wall)
L = large diameter nerve fibers, S = small diameter nerve fibers. The fib‑
ers project to the substantia gelatinosa (SG) and first central transmis‑
sion (T) cells.
Activity in large fibers inhibits signals from small fibers.
(Drawing from Ronald Melzack & Patrick Wall: Pain Mechanisms: A New
Theory.)

Some of the optimal frequencies found to be beneficial for pain media‑
tion via nociceptor stimulation were discovered in Finland by clinical psychologist,
Petri Lehikoinen, in the range 27 Hz to 113 Hz. Lehikoinen developed a therapeutic
system: Physio Acoustic Sound (PAS) therapy, that was approved in the USA by the
Federal Drug Administration (FDA) and in the UK by the British Standards Institute
(BSI) for three claims: decreased pain, increased blood and lymphatic circulation and
increased muscle relaxation and mobility.[D8] In Norway, Olav Skille placed particular
emphasis on specific therapeutic frequencies at 40 Hz, 52 Hz, 68 Hz and 86 Hz.[D8]
Vibratory analgesia was also studied by Salter and Henry, examining
P1‑purinergic receptors in the dorsal horn by adenosine, the neurotransmitter. In
their study with cats, sound at 80 Hz induced depression of lower lumbar nociceptive
neurons, which remained affected for up to four hours after cessation of the sound.
The depression of the neurons revealed that adenosine was responsible for the anal‑
gesic effect, suggesting that gate control may be mediated by the release of adenosine
resulting from the application of sound.[D8]
Whole Body Vibration (WBV) is also becoming a popular therapy for low
back pain and to improve functional abilities of patients, however the term “Whole
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Body Vibration” appears to be something of a misnomer in the sense that it has come
to mean vibration applied specifically via the feet, that is, a vibrating platform of
which the patient stands. However, WBV can be adapted to use in beds, as mentioned
below. From seven randomized control trials involving 418 patients, four studies us‑
ing pain as an outcome measure showed that WBV had a beneficial effect on pain
compared with the control group.[D154] Although current WBV platforms can produce
vibration frequencies up to 100 Hz, frequencies below 30 Hz are most commonly
used.[D8]
Apart from their use in pain mediation and pain management, WBV de‑
ployed via a bed can support patients in an Intensive Care Unit (ICU). Critical illness‑
es can lead to a mean weight loss of 17 % within the first 10 days of stay in the inten‑
sive care unit and up to 40 % within 4 – 6 weeks. Early mobilization has a variety
of beneficial effects, including mobility, reduced risk of venous thromboembolism,
pneumonia, in addition to socioeconomic advantages. Effective active rehabilitation
requires a conscious patient who is willing to participate, whereas WBV can be ap‑
plied passively in bed.[D14]

Fig. D.14

Whole Body Vibration
Deployed to the patient by fixing the device to the foot of the bed
(Courtesy of German Centre for Lung Research)

The WBV device was attached to the foot of the patient’s bed, thus inducing
vibrations into the bed frame. The patient lay in the supine position and the bed was
inclined by 25° to transmit a sufficient load to the patient’s lower limbs. Many benefi‑
cial health parameters were reported in the study but crucially, a significant increase
in the patients’ oxygen saturation level (SaO2) was seen in the second period, between
the first and second minute.[D90] This increase in oxygen binding to haemoglobin mol‑
ecules by low frequency sound may have important implications for pain, as men‑
tioned below, in the section: Breaking the ‘pain-spasm-pain’ cycle in spinal injury.
In a study titled, The Effects of Long-Term 40 Hz Physioacoustic Vibrations on
Motor Impairments in Parkinson’s Disease: A Double-Blinded Randomized Control Trial,
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the authors focussed on testing the efficacy of 40 Hz vibrations in support of Par‑
kinson’s disease, a progressive neurodegenerative disorder. Symptoms are typically
characterised by tremor, rigidity, bradykinesia and postural instability.[D90] 40 Hz was
chosen because among the range of gamma frequencies (25 – 140 Hz) it has shown
consistent evidence for neuroprotection. The physioacoustic therapy employed was
that of special reclining chairs with built in low frequency transducers. The 40 Hz
audio signal was inputted to the chairs using a scanning technique that caused the
frequency to vary between 39.96 Hz and 40.06 Hz, resulting in a kinaesthetic pulsat‑
ing effect. The placebo control group also sat in a reclining chair band heard a 40 Hz
tone without receiving any bodily vibrations.
The twelve-week course was completed by twenty-one participants in the
treatment group and fifteen participants in the placebo group and both groups were
not significantly different at baseline in age or motor symptom severity. The authors
found that 40 Hz vibration administered by the special chair (which literally induces
uniform vibration throughout the body, as distinct from WBV platforms that induce
vibration only via the feet) was found to significantly reduce overall motor symptoms
of Parkinson’s disease.[D90] The authors suggested that the most viable mechanism
for the efficacy of low frequency vibration is that it may act to disrupt the patholog‑
ical oscillatory activity within basal ganglia-thalamocortical circuits. The vibration
transmitted throughout the entire body may act to perturb abnormally synchronised
oscillations, in addition to eliciting supplementary releases of endogenous dopa‑
mine.[D90]

D.11

Neurogenic Pain
Pain can also be experienced that is not a consequence of nociception, cate‑

gorized as ‘neurogenic’ pain, stemming from neural circuit dysrhythmias or discon‑
nections.[D8] However, neurogenic pain has been found to be mediated by vibratory
analgesia as a result of cortical dynamics.[D50] For example, in a study with fibromy‑
algia patients, positive effects were obtained due to oscillatory coherence, with 40 Hz
vibro-tactile stimulation of the body.[D91]
Another vibro-tactile study mentioned that patients with chronic pain syn‑
dromes, such as fibromyalgia, complain of widespread pain and tenderness, as well
as non-refreshing sleep, cognitive dysfunction, and negative mood. Several lines
of evidence implicate abnormalities of central pain processing as contributors for
chronic pain, including dysfunctional descending pain inhibition.[D138] Their study
enrolled 28 normal pain-free controls, 29 fibromyalgia patients, and 19 subjects with
neck or back pain. Pain was administered to all subjects via sensitivity-adjusted heat
stimuli to each forearm and pain intensity was noted using a mechanical visual an‑
alogue scale (VAS). Subsequently, the 100 Hz vibrating probe, with a round footplate
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(diameter 4 cm) was placed either on the same forearm next to the heat stimulus or
on the forearm opposite to the heat stimuli. The authors concluded that vibro-tac‑
tile stimulation effectively recruited analgesic mechanisms not only in normal pain
free controls, but also in patients with chronic musculoskeletal pain, including fi‑
bromyalgia.[D138]

D.12

The Descending Inhibition of Pain by Music and White
Noise
A second mechanism of pain mediation, sometimes referred to as the “top

down” modulation of pain[D149] but more accurately described as the “Descending In‑
hibitory system”[D108] or “Descending Analgesia System”[D30] can be activated by music
that creates a strong emotional response. Such music-invoked emotions can be de‑
scribed as “thrills”.[D43]
Music offers a wealth of benefits with no negative side effects and is, there‑
fore, a favourable option for those who are looking for alternative pain management
therapies.[D108]
The origin of this second pain mediation mechanism arose from an early
study by Dr. Henry K. Beecher, titled Pain in men wounded in battle in which he notes,
“Three-quarters of badly wounded men, although they have received no morphine
for a matter of hours have so little pain that they do not want pain relief medication…
Strong emotion can block pain.”[D10]
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Ascending and Descending Pain Pathways
(Courtesy of walterskluwer.com)

Descending Inhibition concerns tracts arising from the brainstem that ter‑
minate on the spinal cord to suppress sensory transmission and consequently pro‑
duce analgesia.[D108] Music induced analgesia is hypothesized to occur as a result of
the release of opioids during music listening,[D30],[D43] thereby engaging the descending
analgesia system that creates anti-nociceptive responses in the spinal cord. Descend‑
ing inhibitory pathways use endogenous opioids, hydroxytryptamine (5‑HT) and
noradrenaline and their effects are mediated through supraspinal, midbrain-spinal
and brainstem-spinal circuits.[D139] A large number of brainstem structures suppress
pain through descending projections to the spinal dorsal horn, and in most cases
their descending pain suppressive effect is relayed through the periaqueductal gray
matter (PAG) and the rostral ventromedial medulla (RVM).[D108] The RVM in the brain‑
stem is a particularly important relay site for integrating descending influences to
the spinal cord.[D108]
In an early (1960) seminal paper on this subject, titled “Suppression of
Pain by Sound”, by Gardner, Licklider and Weisz, the authors refer to “Audio Anal‑
gesia”. They mention that in about 90 % of 5,000 dental operations, including tooth
extractions, sound stimulation was the only analgesic agent required.[D40] Patients
wore headphones and listened to relaxing music before the dental procedure. Dur‑
ing the procedure the headphones were fed with white noise. The intensity of white
noise used in these procedures was reported in another early paper (1962) The Effects
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of White Sound and Music upon the Superficial Pain Threshold by Robson and Daven‑
port, to be as high as 120 decibels.[D119] A foot switch was used by the dentist to low‑
er the sound level to enable communication with the patient by an external micro‑
phone.[D119] The reported 120 decibels was believed to “not damage hearing when
used for relatively short periods”, however, by today’s safety standards this is a dan‑
gerous sound level and long or repeated exposure to sound at or above 85 dBA can
cause hearing loss.[D33] (A‑weighted decibels). However, the fact that so many dental
operations were accomplished without the use of injected analgesics is impressive
and suggests that trials of white noise at 85 dBA should be conducted, to assess if this
safe level is efficacious as a descending analgesia substitute to music.
In the study: Music Modulation of Pain Perception and Pain-Related Activity in
the Brain, Brain Stem, and Spinal Cord: A Functional Magnetic Resonance Study, the au‑
thors concluded that when pain was administered [by a well- characterised thermal
method] to female participants, who were asked to select their favourite music of any
genre, perceived pain ratings were significantly reduced in activity in brain regions
that process music and pain modulation.[D30] Brain stem and spinal cord structures
showed similar activity changes concurrent with descending modulation, demon‑
strating activation of the PAG region with corresponding suppression within the
dorsal horn region.[D30] The authors also concluded that endogenous opioids may ex‑
ert widespread analgesic effects by influencing several brain and brain stem regions
within the descending analgesia pathway.[D30]

D.13

Breaking the “Pain–Spasm–Pain” Cycle in Spinal Injury,
by Sound
The first suggestion of a pain-spasm-pain cycle is generally credited to Janet

Travell who wrote in 1942, “If muscle spasm causes pain, and pain reflexly produces
muscle spasm, a self-perpetuating cycle might be established…”[D146] Today, it is well
known that spinal injuries typically create muscle spasm to “splint” the site of injury,
providing protection while the healing process takes place.
In a round table discussion between four physicians, titled, Diagnosis and
Treatment of Low-Back Pain because of Paraspinous Muscle Spasm: A Physician Roundtable, published in the journal Pain Medicine, Dr. McCarberg states:
“From an initial injury the patient develops pain. Motor neurons are acti‑
vated as a reflex to splint that area causing muscle spasm. Muscle spasm clearly caus‑
es pain, but the exact cause of pain is poorly understood. Regardless, this pain will
cause more muscle spasm… Hopefully, if this cycle is interrupted, a chronic problem
will not occur.”[D80] The trauma caused by a spinal injury, or other injury, causes pain,
which leads to muscle tension. A cascade of effects then results in which the muscle
tension decreases the blood circulation, which (hypothetically) causes hypoxia and
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further pain in the affected muscles. The spasm then intensifies, which causes the
hypoxia to intensify and the pain to intensify, therefore causing far more pain than
the injury.
Pain
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Pain cycle
The decrease in blood circulation is hypothesised to be a direct result of

compression of intramuscular blood vessels, a concept that is supported by the fact
that it is known that blood supply to a muscle is decreased during voluntary contrac‑
tion and that pain following muscular exercise is very similar to pain induced by ex‑
perimental reduction in the blood supply to a muscle.[D121] Further support for hypox‑
ia in muscles comes from a study of intramuscular blood flow in the supraspinatus
muscle of six healthy subjects. A muscle contraction pressure of 5.6 kPa (42 mm Hg),
which is 16 % of maximal voluntary contraction, reduced local muscle blood flow
significantly. The authors concluded that high intramuscular pressures found in su‑
praspinatus muscle during exercise, impeded local muscle blood flow.[D121]
A potential solution to breaking the pain-spasm-pain cycle is by locally ap‑
plied low frequency sound < 50 Hz. KKT International offer therapeutic support for
spinal injuries by the application of very low frequency sound (primarily 16 Hz),
a non-invasive treatment to relieve pain by improving spinal alignment of the back,
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shoulders and pelvis, while enhancing the health of the spinal discs, ligaments and
muscles.[D61]

Fig. D.17

KKT Spine device
During the author’s in vitro experiments with whole human blood, con‑

ducted in 2021, significant increases in the level of pO2 were measured with an Ox‑
ford Instruments ‘Oxylite’ system when the blood was immersed in low frequency
sound for 20‑minutes This research will be the subject of a forthcoming paper, how‑
ever, the likely mechanism that underpins this phenomenon is the mechanical pres‑
sure generated by low frequency sound, similar to the low frequency pressure pulses
from heart beats in the circulatory system, thus increasing oxygen-binding to haemo‑
globin molecules in red blood cells. Support for this potential method of increasing
oxygen availability, comes from the earlier mentioned study on Whole Body Vibra‑
tion in which the oxygen saturation level was found to increase significantly be‑
tween the first and second minute, following application of low frequency vibrations
to supine patients.[D14]
Further support for breaking the pain-spasm-pain cycle by sound arose
from the author’s acoustics experiments in Egypt’s Great Pyramid, in 1997. An injury
to the author’s lower back, three weeks prior to the experiments, caused the muscles
in the sacroiliac joint area to spasm, creating intense pain. Taking over-the-counter
analgesic medications provided no noticeable mediation of the pain. However, with‑
in twenty minutes of generating low frequency sound in the King’s Chamber, the
pain completely subsided. It is assumed that the injury had been healed during the
three-week prior period, but the splinting pain spasm had remained. Hypothetically,
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the low frequency sound environment in the King’s Chamber was largely, or perhaps
wholly, responsible for reversing the hypoxic environment in the muscles of the sac‑
roiliac area, thus causing the spasm to release.

Fig. D.18

John Stuart Reid in King’s Chamber sarcophagus, 1997
In addition, as mentioned earlier in the section on Nitric Oxide, NO is gen‑

erated by the alveoli in the lungs[D109] and can be stimulated by both active and pas‑
sive sonic stimulation. In the highly reverberant King’s Chamber, the low frequen‑
cy sounds passively excited the author’s lungs, presumably leading to an increase in
NO, with consequent vasodilation effects, thus helping to break the pain-spasm-pain
cycle.

D.14

Pain Relief and Anxiety Relief by Acupressure and
Sonopuncture
Acupressure is an alternative medicine methodology that originated in an‑

cient China. Treatment effects are achieved by stimulating acupuncture points using
acute pressure.[D69]
The World Health Authority, in their 1991 international acupuncture no‑
menclature report, lists 14 main meridians and 361 classical acupuncture points, in
addition to 8 extra meridians and 48 extra points.[D159] These same classical acupunc‑
ture points, which can be activated by acute local pressure, can also be activated by
sound, since sound may be defined as: “Mechanical radiant energy that is transmit‑
ted by longitudinal pressure waves in a material…”[D85] This is the basis of ‘sonopunc‑
ture’, a therapeutic modality that is a species of acupressure.
A comprehensive review paper of fifteen acupressure studies concluded
that acupressure is shown to reduce dysmenorrhea pain, labor pain, low back pain,
chronic headache, and other traumatic pains. The clinical trials showed that acupres‑
sure can be efficiently conducted by health care professionals as an adjuvant therapy
in general practice for pain relief.[D25] The authors also concluded that their system‑
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atic review paper begins to establish a credible evidence base for the use of acupres‑
sure in relieving pain and that an evidence-base of reliable and valid evaluation is
crucial for clinicians. In terms of the implication for nursing education, practice, and
research, the review provides important evidence that acupressure uses a noninva‑
sive, timely, and effective way to support its effectiveness in relieving a variety of
pains.[D25]
D. Carey, a licensed acupuncturist, developed a therapeutic method us‑
ing tuning forks of specific frequency to activate acupuncture points while she was
Clinical Dean at the Northwest Institute of Acupuncture and Oriental Medicine, in
1995. The intent was to seek a non-invasive therapy that could be taught to students
and used in clinics with patient populations who were critically ill, including those
suffering from HIV/AIDS, chronic pain, and trauma.[D37] Today, this method of sono‑
puncture training is available in a certified course, providing an integrative medi‑
cine model that dovetails with many clinical specialities and can provide support for
patients pursuing traditional Western medicine therapies.[D36]

Fig. D.19

Sonopuncture, self-applied or practitioner-applied, by tuning forks,
courtesy of
(Courtesy of Dr. E. Franklin)

Dr. E. Franklin, a colleague of D. Carey, who suffered from stress-related
asthma, mild depression, and severe lower back pain, experienced immediate relief
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from one treatment with tuning forks applied to acupuncture points. Her pain level
was reduced from an 8/10 to a 3/10 and her depression lifted. Dr. Franklin submitted
her dissertation in 2014, a multiple case study of self-care with seven hospital nurses,
using tuning forks as an intervention to ameliorate symptoms of severe stress and
compassion fatigue. At the outset of the study, six of the participants reported pain
that they attributed to the stress in their lives. At the conclusion of the study, four
reported reduced pain. All participants identified some aspects of working with the
tuning forks that had archetypal significance and expressed interest in continuing to
use the tuning forks. An important finding of the study was the recognition of the po‑
tential for tuning fork therapy in supporting patients suffering from pain and those
in palliative care or hospice.[D35]
Licensed acupuncturist, M. E. Wakefield, L. Ac., awarded ‘Educator of the
Year’ by the American Association of Oriental Medicine in 2005, is co‑author of Vibrational Acupuncture: Integrating Tuning Forks with Needles,[D134] with MichelAnge‑
lo, M. F. A., vibrational medicine advisor. Their book uniquely explores the synergy
of tuning forks and acupuncture. For pain mediation, via sonopuncture, the authors
recommend applying a tuning fork of 136.1 Hz to specific acupuncture points. Al‑
though sonically activating acupressure points typically supports several intercon‑
nected bodily systems, the following examples focus mainly on pain mediation:
• Lu‑7 Lieque, ‘Broken Sequence’ alleviates headaches, sore throat, migraines,
toothache, pain in the wrist.
• SI‑3 Houxi, ‘Back Stream’ alleviates neck pain, acute lumbar sprain, pain in
the shoulder and elbow.
• UB‑62 Shenmai, ‘Extending Vessel’ alleviates headache, backache, leg ache, in‑
somnia.
• TH‑5 Waiguan, ‘Outer Pass’ alleviates headache, facial pain, finger pain, hand
tremors.
• Bl‑58 Feiyang ‘Taking Flight’ mediates sciatic pain, alleviates headache, back
pain.
Another important therapeutic use of tuning forks was discovered
by E. D. McKusick, M. A., author of the book, Tuning the Human Biofield.[D81] Energy-in‑
formation is constantly radiated from the body in the form of biofields, as mentioned
in this chapter’s introduction.[D123] The biofields include bio-photonic energy, for ex‑
ample, modulated infrared electromagnetism that is a natural consequence of cel‑
lular metabolic processes, in addition to modulations in the electromagnetic fields
emitted by the heart, brain and other organs. Quoting from the book’s foreword by
Dr. Karl H. Maret, who practices Complementary and Alternative Medicine, “when a
holographic sound field such as that produced by a tuning fork, which contains com‑
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plex data structures of pure frequencies with changing phase relationships interacts
with the biofield of a person, the cellular memories of various tissues can be reawak‑
ened, potentially leading to a healing response. Quantum physical field theory pre‑
dicts the occurrence of a number of coherent dynamic phenomena in liquid water
inside cells and tissues that may be stimulated by sound. This process affects the free
electron clouds existing within these coherent water domains, [thus modifying] cel‑
lular processes through their interaction with the hydration shells surrounding cell
membrane receptors.”
The biofield tuning method has been shown to consistently reduce anx‑
iety, as well as relieve pain, and in a collaborative, grant funded, Institutional Re‑
view Board study, between the Biofield Tuning Institute and the Consciousness and
Healing Initiative, fifteen participants with clinical anxiety received a one-hour ses‑
sion each week, for three weeks, followed by interviews. The study implemented the
State-Trait Anxiety Inventory (STAI) to measure anxiety level, and participants were
screened for clinically significant levels of anxiety using the Generalized Anxiety
Disorder (GAD) system. All participants met clinical thresholds for generalized anx‑
iety disorder. The results of the study were significant, with the mean level of STAI
moving from 52 to 33. Most participants reported that although their anxiety did not
completely go away, they were able to separate themselves from the anxiety and had
developed a new relationship to it. Participants also found that they were more in
touch with their anxiety triggers and, therefore, these triggers did not have as much
of an impact or influence on their behaviour.[D13]
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Fig. D.20

A biofield therapeutic tuning session in progress
(Courtesy of E. D. McKusick)

D.15

Pain Relief by Sonopuncture Administered by Electronic
Devices
Although sonopuncture is typically applied by tuning forks, devices

that emit low frequency vibration can also achieve sonic activation of acupressure
points[D99] in addition to devices that emit ultrasound.[D135] The acupressure points
on the soles of the feet can also stimulate the meridian system by applying audible
sound frequencies.[D27] Dr. M. Cromwell developed a therapeutic device that uses a
vibro-tactile transducer, emitting a range of audible sound frequencies into acous‑
tic gel-filled pads on which the soles of the feet rest, thus stimulating the meridian
system. Together with her assistant, Kate Holland, CCP, they conducted a six-week in‑
vestigative pain study in 2016, with three individuals, a female of 30‑years, a male of
38‑years and a male of 68‑years.[D53]
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Fig. D.21

Sonopuncture applied via vibro-tactile transducer and acoustic gelfilled pads
(Courtesy of Dr. M. Cromwell)

The female participant entered the study with chronic headaches and sci‑
atica and rated her neck pain at 6 on the VAS scale, which escalated to an 8 during
headaches. She was unable to sleep due to her lower back pain and sciatica, which
she remarked was constant and rated as a 6 on the VAS scale. She was taking overthe-counter medication for pain and insomnia. During the period of the study, the
souls of her feet were sonically stimulated twice a week, for 30‑minutes. During the
third week she reported that her back pain had diminished to 3 on the VAS scale.
By the end of the study, her ability to sleep had improved significantly and she was
no longer taking over-the-counter pain medications. She also reported a reduction in
the number and severity of headaches and rated the headache pain as 4 on the VAS
scale.[D53]
The 38‑year old male entered the study with a rotator cuff injury of the
right shoulder and was suffering chronic pain, registering 8 on the VAS pain scale,
though not taking pain medication. His arm abduction was limited to 50 degrees.
During the period of the study the souls of his feet were sonically stimulated once
a week, for 30 minutes. During the sonic therapy he reported feeling warmth and
movement of the muscles of his shoulders. At the end of the study, he reported mini‑
mal pain of 2 on the VAS scale and demonstrated that he had recovered a full range of
motion of his right shoulder.[D53]
The 68‑year old male military veteran entered the study with chronic neck
pain, symptoms of PTSD and insomnia. He chose to participate in the study by utiliz‑
ing a daily, at‑home program, involving two thirty-minute daily sessions. He reported
pain of 8 on the VAS scale and high levels of anxiety at varying times of the day or
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evening. He could only sleep two-three consecutive hours without waking and oc‑
casionally took over-the-counter sleep aids. After the first two weeks of daily sonic
stimulation of the souls of his feet his sleep patterns improved and he decided to stop
taking sleep medication. At the end of the six-week study he was able to sleep approx‑
imately 6 hours each night without interruption. At the end of the study the military
veteran also reported a reduction of neck pain to 3 on the VAS scale and reported feel‑
ing less stress when going into public places.[D53]
In summary for this section on Acupressure/Sonopuncture, these studies
show that there exists a significant potential for pain reduction, in addition to sup‑
port for a range of other chronic conditions, including depression, PTSD, insomnia
and others.

D.16

Oxygen-Driven Healing by Sound
Limitations in the ability of the vasculature to deliver O2 ‑rich blood to tis‑

sue leads to, among other consequences, systemic hypoxia. Cells confronting hypox‑
ic challenge either induce an adaptive response that includes increasing the rates of
glycolysis and conserve energy, or undergo cell death.[D24] Conversely, cells utilise O2
in the aerobic metabolism of glucose to generate Adenosine Triphosphate (ATP) which
fuels most active cellular processes, including tissue repair.[D24]
Hypoxia sensing and response is activated upon exposure to a state of ox‑
ygenation that is lower than the pO2 to which the cells or tissue is adjusted under
normal conditions. This response cascade is centrally important in coping with the
challenge of O2 deficiency. Hypoxia is a hallmark of all ischemic diseases.[D24] As men‑
tioned earlier, in the section, ‘Breaking the pain-spasm-pain cycle in spinal injury,
by sound’, pO2 was shown to significantly increase during experiments with in vit‑
ro blood immersed in a low frequency sound environment, thus increasing oxygen
binding to haemoglobin molecules in red blood cells. Support for this sonic method of
increasing oxygen in blood, comes from the earlier mentioned study on Whole Body
Vibration in which the oxygen saturation level was found to increase significantly
between the first and second minute, following application of low frequency vibra‑
tions to supine patients.[D14] Also, in the author’s forthcoming paper on this subject,
the optimal range of sonic frequencies, found during in vitro experiments to power
the increase in pO2 in blood, was 20 Hz to 120 Hz, which is similar to sounds created
by human hearts[D118] when auscultated by electronic stethoscope. This suggests that
immersing patients in low frequency sounds is mimicking the heart’s low frequency
pressure pulses, thus supporting their pO2 level.
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D.17

Musical Stimulation of the Immune System
(via Headphones or Full Body Immersion)
Illness in any form can cause emotional distress and emotions can play a

significant role in a patient’s recovery from illness or from an operating procedure.
Stress and fear cause the release of cortisol [and adrenalin/ epinephrine] from the
adrenal glands[D122] helping prepare the body for ‘fight or flight’ by providing extra
glucose, tapping into protein stores via gluconeogenesis in the liver.[D140]
However, cortisol also suppresses the immune system[D127] and other bodily
systems considered by Nature to be ‘non-essential’ in the short term, making the pa‑
tient more vulnerable to contracting pathogens. While pharmaceutical sedatives are
routinely prescribed to mediate a patient’s stress and fear, music can produce a simi‑
lar outcome without medication.
Music can evoke happy memories of times, places, or life events that can
quickly transform a patient’s mood into a sense of joy, in which state the brain and
enteric nervous system in the digestive tract produces dopamine, which boosts the
immune system.[D59],[D124] In parallel with the increase in dopamine, a patient’s favour‑
ite music causes a reduction in cortisol levels.[D9] Joy also triggers the pituitary gland
in the brain to release beta-endorphins into the bloodstream, which produce analge‑
sia by binding to mu‑opioid receptors that are present throughout peripheral nerves.
Mu‑opioid receptors have been identified in the central terminals of primary afferent
neurons, peripheral sensory nerve fibres and dorsal root ganglia.[D137]
The pituitary gland also stores of the neuropeptide, oxytocin, colloquially
known as the ‘love hormone’. Oxytocin is made in the hypothalmus and transported
to large, dense-core vesicles of the posterior lobe of the pituitary gland[D103] where it
is released into the blood stream in response during sexual activity and orgasm in
addition to childbirth. In a broader context there appears to be a general consensus
among studies that music listening enhances oxytocin synthesis[D58] and postopera‑
tive patients listening to music through headphones demonstrated an increase in se‑
rum oxytocin and reported higher levels of relaxation, compared to a control group
with no music.[D97] Oxytocin and its receptors appear to hold the leading position
among the candidates for the substance of ‘happiness’,[D70] and in a study focussed on
autistic children, significantly lower levels of oxytocin was found in their blood plas‑
ma, suggesting a ray of hope in finding a role for oxytocin in treatment of autism,[D70]
that is, in both of these cases, (evoking happiness and supporting the treatment of au‑
tism) there is an obvious link in the form of music, whether applied via headphones
or full body immersion.
A further important connection between music and the immune system
was reported in a 2019 study by Augusta University, USA. The researchers found that
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when mice were subjected to low frequency sound vibrations, macrophages in their
bloodstream proliferated significantly.[D161] This effect has not yet been demonstrat‑
ed in humans, however, it seems likely that human blood will respond in a similar
way to that of murine blood. The possible mechanism that powers the proliferation
of macrophages in blood that is immersed in low frequency sound, is an increase in
the pO2 level, as discovered in the Whole Body Vibration study on supine humans,
mentioned in the above section, ‘Oxygen-driven healing by sound’. In that study the
level of pO2 was found to increase significantly between the first and second minute,
following application of low frequency vibrations to supine patients.[D14] It is impor‑
tant to mention that this aspect of the connection between music and the immune
system would occur only during full body immersion, since the full circulatory sys‑
tem would require stimulation by low sonic frequencies.

D.18

Binaural Beats (via Headphones) to Create Changes
in Brain State, with Physiological Benefits
Binaural beats were discovered accidentally in 1839 by the Prussian scien‑

tist, Heinrich Wilhelm Dove, during experiments with two tuning forks of dissimi‑
lar frequency. He has been referred to as ‘The Father of meteorology’[D93] for his work
in that field, however, as late as 1915 his discovery of binaural beats was considered
a trivial special case of monaural beats.[D102] Monaural beats occur when two sounds
of slightly different frequency sound simultaneously, resulting in a pulsating effect
caused by the mixing of the two sounds, which are reinforced during moments when
their phases align, and diminished when their phases oppose each other. But dur‑
ing headphone listening, when two slightly different frequencies are experienced,
the composite difference frequency is known as a binaural beat and it provides a
mechanism for stimulating the auditory system at very low frequencies, below the
frequency range of hearing.[D62] Listening to binaural beats produces the illusion that
the sounds are located somewhere within the head. The lower auditory centres of the
brain are in the medulla oblongata, and impulses from the right and the left ears first
meet in the left or right superior olivary nucleus. These structures are part of the ol‑
ive, an organ that in this view lies behind the brain stem. It is probable that binaural
beats are detected here.[D102] The difference frequency between sounds presented to
the left and right ears entrains the brain rhythms to that frequency.
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Fig. D.22

Depiction of binaural beats
(Courtesy of Hemi-Sync® hemi-sync.com)

In a carefully designed, double-blind, binaural beats crossover study, ti‑
tled: Binaural Auditory Beats Affect Vigilance, Performance and Mood. Physiology and
Behavior, 29 volunteers were tested. The recordings used in the study contained a
background sound of pink noise and a carrier tone, within which was embedded an
entraining difference frequency between left and right channels. (The purpose of
the pink noise was to mask the sound of the carrier tone.) The participants were kept
blind to the true purpose of the study and were unaware of the presence of binaural
beats in the headphones. The results of the study provided evidence that presenta‑
tion of simple binaural auditory beat stimuli during a 30‑minute vigilance task can
affect both the task performance and changes in mood associated with the task. The
effects on behaviour and mood were observed in the absence of participant expecta‑
tions, and experimental control ruled out placebo effects. The authors concluded that
simple binaural-beat auditory stimulation can influence psychomotor and affective
processes, even when people are unaware that such signals are being presented, and
that this technology may have applications for the control of attention and arousal
and the enhancement of human performance.[D62]
In another double-blind crossover study, titled: Reduced pain and analgesic
use after acoustic binaural beats therapy in chronic pain – A double-blind randomized control cross-over trial, the authors concluded that theta rhythm binaural beats reduced
pain intensity, stress and analgesic use, compared to sham stimulation, in chronic
pain patients. A further conclusion was that the subsequent significant reduction in
analgesic medication consumption in chronic pain patients’ daily living could offer a
valuable tool, augmenting the effect of existing pain therapies.[D41]
Robert Monroe of The Monroe Institute, created a system of binaural beats
in which individuals listen to a combination of audio binaural beats mixed with mu‑
sic, pink noise and/or the natural sound of the ocean waves that has been named the
‘Hemi-Sync’ process. Studies with this system have shown improvements in senso‑
ry integration[D89] relaxation, meditation, stress reduction, sleep and pain manage‑
ment[D158] enriched learning environments and enhanced memory.[D60]
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D.19

Sonic Stimulation of the Vagus Nerve (via Headphones)
and by Vocalisations
The vagus nerve represents the main component of the parasympathetic

nervous system, which oversees a vast array of crucial bodily functions, including
control of mood, immune response, digestion and heart rate and carries an extensive
range of signals from the digestive system and organs and vice versa.[D20] Upon exit‑
ing the jugular foramen, an auricular branch is given off, giving innervation to the
auditory canal and external ear. This is the only branch of the vagus nerve given to
the head. As the vagus nerve descends the neck via the medulla oblongata, branches
leave to the pharynx and larynx before continuing into the thorax where it connects
with the heart and other major organs. The laryngeal and auricular connections are
of special interest in the context of sound therapy and music medicine, discussed lat‑
er in this section, following an overview of the vagus nerve and methods of its thera‑
peutic stimulation.
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Vagus nerve branches and functional anatomy of the inflammatory
reflex
(Adapted with permission, Pavlov and Tracey[D106])

Schematic description
Inflammatory mediators, such as cytokines, are released by activated mac‑
rophages and other immune cells upon immune challenge. These mediators are
detected by sensory components of the afferent arm of the inflammatory reflex.
Neural interconnections between the NTS, AP, DMN, NA and higher forebrain
regions integrate afferent (red) and efferent (blue) vagus output, thus, regulat‑
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ing immune activation, supressing pro-inflammatory cytokines,[D20] and reduc‑
ing inflammation. Vagus efferent output can be supported by auricular and la‑
ryngeal input.
The bi‑directional communication between the brain and the gastrointes‑
tinal tract, sometimes called the ‘brain-gut axis’, is a complex system that includes
the vagus nerve, and is becoming increasingly important as a therapeutic target for
gastrointestinal and psychiatric disorders, such as inflammatory bowel disease, de‑
pression and posttraumatic stress disorder.[D20] The gut is an important control centre
of the immune system and the vagus nerve has immunomodulatory properties. As a
result, this nerve plays important roles in the relationship between the gut, the brain,
and inflammation.[D20]
There is a ‘hard-wired’ connection between the nervous system and im‑
mune system as an anti-inflammatory mechanism. Counterregulatory mechanisms,
such as immunologically competent cells and anti-inflammatory cytokines normally
limit the acute inflammatory response and prevent the spread of inflammatory me‑
diators into the bloodstream. The dorsal vagal complex, responds to increased cir‑
culating amounts of tumour necrosis factor (TNF‑α) by altering motor activity in the
vagus nerve,[D20] therefore, stimulation of the vagus nerve can help restore cytokine
balance, leading to a reduction in chronic inflammation. The vagus nerve is a ma‑
jor component of the neuroendocrine-immune axis which is involved in coordinat‑
ed neural, behavioural, and endocrine responses that provide an important first-line
innate defence against infection and inflammation and helps restore homeostasis in
the body.[D16] Inflammatory diseases in which tumour necrosis factor (TNFα) is a key
cytokine are good candidates for treatment targeting cholinergic anti-inflammatory
pathway (CAP).[D16]
In essence, the inflammatory reflex is a physiological mechanism through
which the vagus nerve regulates immune function and inhibits pro-inflammatory
cytokine production,[D106] thus, preventing excessive inflammation by alerting the
brain to the presence of cytokines, which triggers the release of anti-inflammatory
molecules that reduce the inflammation and maintain a healthy balance.[D150]
One of the most important potentials for vagus nerve stimulation concerns
its role in cancer prognosis. In a review paper titled, The Role of the Vagus Nerve in
Cancer Prognosis: A Systematic and Comprehensive Review, the authors highlight the
fact that cancer remains the second leading cause of mortality worldwide, with pros‑
tate cancer being the most prevalent cancer type in men and breast cancer in women.
Cancer is a complex condition since it includes several hundreds of different types
and because it involves and is affected by multiple body systems. Studies have shown
that three basic biological factors contribute to the onset and progression of tumor‑
— 334 —

Chapter D

igenesis: (1) oxidative stress, leading to DNA damage, (2) inflammation that contrib‑
utes to escape from apoptosis, angiogenesis and metastasis, and (3) excessive sympa‑
thetic activity, which affects where cancer cells will metastasize. One factor common
to these three factors, which inhibits all three and influences cancer prognosis, is va‑
gus nerve stimulation because it reduces oxidative stress, informs the brain about in‑
flammation and profoundly inhibits inflammation, and inhibits sympathetic activity
since it is a major branch of the parasympathetic nervous system.[D76] An interesting
and potentially crucial aspect of vagus nerve activity concerns the link to Heart Rate
Variability (HRV), the variability of interbeat cardiac intervals that is strongly corre‑
lated with vagal nerve activity and cardiac autonomic regulation.
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Power Spectral Density of HRV is typically expressed in milliseconds
squared (ms²), plotted against frequency
(Courtesy of EliteHRV.com)

The Power Spectral Density (PSD) of high frequency heart rate variability,
(HF–HRV is cardiac frequency activity in the range, 0.15 to 0.40 Hz) is strongly asso‑
ciated with cardiovagal activity.[D46] (By comparison, low frequency cardiac activity
(LF) is in the range 0.04 to 0.15 Hz). LF and HF frequency bands are widely used to
quantify parasympathetic and sympathetic regulation.[D46]
The vagus nerve plays a major homeostatic role, indicated by people with
high HRV who have shown improved recovery rates to physiological stress in car‑
diac, hormonal and immune systems, compared to those with lower HRV. In twelve
studies that investigated the association between vagal tone activity and prediction
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of prognosis in cancer, which included 1,822 patients, the emerging evidence was
consistent in demonstrating a prognostic role of vagal activity and a significant cor‑
relation between survival time and high frequency heart rate variability. Using the
vagal nerve index of HF–HRV, when data was analyzed from a cohort of women with
metastatic and recurrent breast cancer it was found that in a sample of 87 women,
higher HF–HRV significantly predicted long term survival. It was also found that the
predictive validity of HF–HRV improved when dividing it by the patients’ heart rate,
thus reflecting a more vagal/sympathetic ratio. The authors of the review study call
for seriously considering adding HRV to the clinical estimation of prognosis in on‑
cology.[D76]
Another important aspect of vagus nerve stimulation, and one that con‑
cerns us all, is the rate at which we age. In a study titled, Effects of transcutaneous
vagus nerve stimulation in individuals aged 55 years or above: potential benefits of daily
stimulation, the authors point out that [the rate of] ageing is associated with attenuat‑
ed autonomic function. One segment of their study involved self-administered, elec‑
trical transcutaneous vagus nerve stimulation (tVNS), of 20 females and 9 males, once
daily for two weeks. (tVNS is described in the next section). Measurements includ‑
ed heart rate, blood pressure and respiration. Frequency-domain, time-domain and
non-linear heart rate variability, and baroreflex, were derived for the final five min‑
utes of each recording. In addition, participants completed the SF‑36 Profile of Mood
States questionnaire at the beginning of each session. The authors reported improve‑
ments in participants’ vagal tone and autonomic tone and mentioned that their study
provides “novel and timely data showcasing that daily tVNS can have profound auto‑
nomic benefits in individuals aged ≥ 55 years” They concluded that “For the first time,
we have shown that age-related autonomic, quality of life, mood and sleep changes
may be improved with tVNS administered every day for two weeks.”[D21]
In the next section, methods of vagus nerve stimulation are discussed in‑
cluding electrical, sonic, auricular and laryngeal, all of which improve vagal tone
with many potential health benefits. The vagus nerve can also be stimulated by acu‑
puncture, which is discussed in Dr. Solar’s chapter.
Electrical stimulation of the vagus nerve (VNS) was first studied in the
1930s and 1940s with animals, which laid the groundwork for studies in humans.
Following successful clinical trials, the FDA approved the use of an implanted electri‑
cal vagus nerve stimulator for the treatment of certain types of epilepsy in 1997. The
procedure involves implanting electrodes near the vagus nerve in the neck, along
with a control device and battery implanted into the chest. The same mode of treat‑
ment was later also approved by the FDA for use in chronic, drug resistant depres‑
sion.[D150]
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Transcutaneous (through the skin) vagus nerve (tVNS) is currently emerg‑
ing as an alternative and seeks to administer electrical stimulation to the vagus
nerve without the need for implant surgery, thus avoiding the associated risks. Stim‑
ulation is typically applied via the auricular branch of the vagus nerve via the tragus
of the pinna. The European Union certified tVNS as an alternative treatment for epi‑
lepsy and pain in 2010 and 2012 respectively.[D150]
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Antitragus

The pinna, showing the location of the tragus, where the vagus nerve
terminates
(Courtesy of Tori Lewis Fibonacci Web Studio)

As early as 2001, researchers showed that electrical stimulation of the va‑
gus nerve via the tragus, using a form of electroacupuncture reduced the depend‑
ence of patients with coronary arterial disease on vasodilator medication.[D162] In
their study, titled, Vagal neurostimulation in patients with coronary artery disease, the
authors stimulated the area of the ear near the auditory passage that contains end‑
ings of the auricularis nerve, by means of electrodes attached to short acupuncture
needles, inserted to a depth of 0.1 to 0.3 mm. The authors concluded that electrical
stimulation of the auricularis nerve results in tonic activation of the central vagus
nerve structures and that an increase in vagal tone improves cardiac blood supply in
patients with severe angina via dilation of spastic cardiac micro vessels.[D162] Referred
pain to the ear from myocardial infarction has also been reported, due to the connec‑
tivity of ear and the heart, via the vagus nerve.[D3]
A carefully designed study concerning speech category learning in adults
revealed that a simple, earbud-like device, developed at University of California San
Francisco (UCSF), significantly improves the ability to learn the sounds of a new lan‑
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guage. Mandarin Chinese is a particularly challenging language to learn due to its
distinctive changes in pitch, which change the meaning of words. In their study, ti‑
tled, Non-invasive peripheral nerve stimulation selectively enhances speech category
learning in adults,[D66] the authors moulded the shape of a participant’s left ear using
silicon putty. The resulting silicon form was embedded with two-disc electrodes,
4 mm diameter, contacting the cymba concha and cyma cavum of the outer ear, re‑
gions shown to be innervated by the auricular branch of the vagus nerve.[D65] Elec‑
trical stimulation of the electrodes was provided by a commercial constant current
device, deploying amplitudes below perceptual thresholds to allow participant
blinding, resulting in stimulation intensities several milliamps lower than those
used in previous non-invasive tVNS work.[D66]

Fig. D.26

Experimental tVNS device, University of California San Francisco,
Department of Neurological Surgery, Courtesy of Dr. M. K. Leonard
An earphone was inserted in the participant’s right ear and fed with specif‑

ic tones, to train the participant in tonal recognition and Mandarin speech training.
The authors’ primary focus was to investigate the extent to which pairing non-inva‑
sive, sub-perceptual threshold tVNS with behavioural training enhances the ability
to categorize non-native speech categories in adults. Their results showed that when
tVNS was paired with speech categories that were easier to learn, participants per‑
formed significantly better that those who did not receive tVNS stimulation.[D66] Cru‑
cially, this group-specific learning improvement also generalised to new speech ex‑
emplars presented without accompanying stimulation and corrective feedback, thus
demonstrating that tVNS can be used to accelerate speech perceptual learning in hu‑
mans in a highly specific manner. The authors posit that sub-threshold tVNS engag‑
es the ascending brainstem network, and that some aspect of these neuromodulatory
pathways cause a learning enhancement.[D66]
In the study titled, Anti-inflammatory properties of the vagus nerve: potential therapeutic implications of vagus nerve stimulation,[D16] electrical tVNS frequencies
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used to activate vagal afferents to mediate depression and epilepsy are quoted as 20 –
30 Hz and activation of the cholinergic anti-inflammatory pathway (CAP) as 1 – 10 Hz.
The authors mention anti-inflammatory properties of the vagus nerve both through
its afferent (activation of the HPA axis) and efferent (activation of the CAP) fibres and
that it is a good therapeutic target in inflammatory conditions of the digestive tract,
for example, irritable bowel syndrome, and rheumatoid arthritis.

D.20

Sonopuncture tVNS
Several commercial manufacturers are now producing devices that pro‑

vide electrical transcutaneous vagus nerve stimulation,[D39],[D94],[D105] and others that
utilise infrasonic sound.[D129] Returning to the subject of sonopuncture and to the re‑
search by the Niels Bohr Institute, discussed earlier in this chapter, it was shown that
nerves conduct sound (soliton impulses), which in turn generate electrical pulses, due
to the piezo- electric effect.[D47] Therefore, although a corpus of research shows that
the vagus nerve can be electrically stimulated via the tragus and other acupressure
points of the ears, it is clear that this can also be achieved sonically, and that such
sonic stimulation will, automatically, lead to electrical stimulation of the auricular
branch of the vagus nerve, due to the piezo-electric effect. In this scenario full ear
headphones should be worn, enabling the full pinna of the ear to receive sound fre‑
quencies.

Fig. D.27

Very low frequencies for tVNS can be delivered sonically, via
headphones
The very low frequencies commonly deployed in tVNS therapies can be cre‑

ated sonically via high specification headphones, and several manufacturers now
— 339 —

Chapter D

produce headphones that can deliver sounds as low as 5 Hz.[D11],[D12],[D34],[D128] Although
no studies of this type have yet been conducted, this form of sonopuncture may hold
great therapeutic potential in support of a wide variety of illnesses, some of which
have been mentioned in this section, including chronic inflammation. Sonic stimu‑
lation of the vagus nerve would be achieved by sinusoidal tones, generated by an au‑
dio signal generator and fed to headphones via a suitable audio amplifier with the
ability to handle very low frequencies. However, specially prepared music could also
be deployed therapeutically, that is, music to which the very low frequencies identi‑
fied in tVNS studies could be added to the music, either embedded in the recording or
added separately to the amplifier input feed from an electronic signal generator. In
such a scenario the patient would be able to enjoy the many health marker benefits
of listening to music, mentioned earlier in this chapter, while the vagus nerve would
be vibrationally stimulated by sonopuncture frequencies below the range of hearing,
adding further health benefits, for example, reducing chronic inflammation.
Before discussing vocal stimulation of the vagus nerve we make a special
mention of the work of French otolaryngologist, Alfred A. Tomatis (b. 1920, d. 2001).
Dr. Tomatis received his Doctorate in Medicine from the Paris School of Medicine
and formulated a theory that many vocal problems are actually hearing problems,
based on the concept that the voice cannot produce what the ear cannot not hear, today
referred to as ‘The Tomatis Effect’.
Tomatis developed the ‘Electronic Ear’, a device that utilizes bone conduc‑
tion and sound filters to improve the tone of the muscles in the middle ear, to sen‑
sitize the listener to the missing frequencies, particularly in the high registers. The
ear starts forming a few days after conception and is fully developed by the fourth
month of pregnancy. Tomatis theorized that information coming from the fetal ear
stimulates and guides the development of the brain. He believed that a number of
auditory communication problems begin in pregnancy, with the fetus not properly
responding to the voice of the mother. In children with ASD, he believed that his elec‑
tronic ear device simulated the sound of the mother’s voice as heard in the uterus,
leading the child to gradually accept and respond to her real unfiltered voice. He re‑
ported that this method often brought startling results, with children crying with joy
as they recognized their mother’s voice for the first time. He wrote: “It is this [vagus]
nerve that helps the singer to consciously rediscover the correct respiration rhythm
as well as cardiac and visceral rhythms so that a synergy is created between this in‑
ternal network and the larynx… It is equally important in mastering a fluid and cor‑
rect verbal flow of speech… Without doubt singing is one of the best ways to free our‑
selves from the burden of parasympathetic or neurological imbalances.”[D145]
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Vocal Stimulation of the Vagus Nerve
Last in this section, the laryngeal connection to the vagus nerve expresses

and directly influences internal visceral states through the voice. In the article, Stalking the calm buzz: how the polyvagal theory links stage presence, mammalian evolution,
and the root of the vocal nerve,[D23] Joanna Cazden discusses Stephen W. Porges ‘polyva‑
gal theory’ which emphasises phonation, respiration and hearing. Porge’s research
proposes that the voice is strongly influenced by neuro-regulation that underlies our
ability to communicate, and because the vagus nerve mediates both our emotional
state and our laryngeal muscle activity, our visceral states directly influence and are
expressed through the voice.
Full appreciation of the autonomic vagus nerve, its influence on behaviour
and its implications for vocal performance, requires a distinction between the neuro‑
physiologic aspects of the autonomic system’s two main sub-branches, the sympathet‑
ic and parasympathetic.[D23] These two aspects of the autonomic nervous system can
be thought of as a sympathetic accelerator and a parasympathetic break, providing
bidirectional neural communication between our organs and brainstem.[D133] Sever‑
al nerve tracts in the brain can send sympathetic signals to stimulate a faster heart
beat but only the vagus nerve sends a slowing signal, achieved during exhalation:
the heart beats slightly faster as we inhale and slower as we exhale.[D111] This effect is
termed, Respiratory Sinus Arrhythmia (RSA), which is a measure of vagal tone. The
auditory nerve (CN VIII) that carries sound signals from the ears to the brain receives
close crosstalk from the myelinated vagus nerve. Porge mentions that the voice is a
potent trigger of the physiological states of others and that emotional prosody is an
audible sign of autonomic status, recognised in the brain of the listener. Because the
laryngeal nerves branch directly from the vagus, the voice transmits our inner resil‑
ience and expressive visceral state to others through sound.[D23]
In the study, Music Structure Determines Heart Rate Variability of Singers,[D152]
it is suggested that singing can be viewed as initiating the work of a vagal pump:
Singing produces slow, regular and deep respiration which in turn triggers RSA,
causing a pulsating vagal activity. In addition, as discussed in the section Active and
passive sonic stimulation of the nasal cavities and lungs, singing, chanting and hum‑
ming stimulates nitric oxide production in the nasal cavities and lungs, with many
associated health benefits.
Playwright, John Guare, said, “the purpose of art is to exercise the muscles
of the soul, so that when the challenges of life come, we are prepared”. Porge’s poly‑
vagal theory suggests that these “muscles of the soul” may be found in the tiny area
of the brainstem where a single myelinated pathway influences the remarkable va‑
gus nerve.[D23]
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Vibrational Medicine: the Future
The depiction of a therapeutic bed of the future, as fictionalised in the tel‑

evision series ‘Star Trek’, inspired the imagination of millions of viewers into what
may be possible in the twenty-third century. Yet even now, medical physics of the
twenty-first century is beginning to develop a non-invasive diagnostic bed capable
of indicating asthma, sepsis, and even several types of cancer by monitoring exhaled
gases and compounds from patients. The technology that makes this possible is a
mass spectrometer, the same type of instrument on board NASA’s Perseverance rov‑
er on Mars, searching for signs of life. Other instruments that can be integrated into
this future bed include thermal and hyper-spectral imagers that will track tempera‑
ture and skin colour to monitor a patient’s metabolism, while ultrasound sensors will
non-invasively measure blood flow and oxygenation to analyze the heart’s activity
and blood circulation in real-time.[D148]
Brain activity can also now be measured without attaching electrodes to a
patient’s scalp, by superconducting quantum interference device (SQUID) magneto‑
meter, making it possible to monitor neurological conditions remotely. The distance
between the skull and the magnetometer is typically 2 cm at present but future im‑
provements in sensitivity may make it possible to build the magnetometer into the
structure of the bed, providing EEG readouts in bed-head displays. Such powerful di‑
agnostic aids seem like science fiction, yet are becoming a reality.
Also mirroring Star Trek, active healing technology could be built into
hospital beds of the future. For example, as this chapter has highlighted, chronic
pain mediation without use of analgesics is already possible by means of sound vi‑
brations applied to specific body parts, which can be achieved while a patient is su‑
pine. Commercial vibro-acoustic beds have been developed by several manufactur‑
ers[D4],[D45],[D153] and their use in clinical environments is likely to play an increasingly
important role in hospitals of the future.
In addition to pain mediation, whole body vibration to supine patients
could greatly enhance a patient’s blood oxygen levels, as the author’s preliminary
studies have shown, thereby supporting the healing of many illnesses. Sonic stimu‑
lation of a patient’s lungs and nasal cavities would also increase their nitric oxide lev‑
els, thereby encouraging vasodilation, lowering blood pressure and providing many
other health benefits.
Music delivered to every patient, via ultrasonic speakers, would help ele‑
vate their mood and therefore, dopamine levels, providing a helpful boost to their im‑
mune system, crucial to healing processes.
One of the greatest challenges facing medicine in the twenty-first century
is in eradication of cancer, yet a discovery made by Professor James Gimzewski of
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UCLA, in 2002, offers an intriguing potential for eradicating not only cancer cells but
perhaps any pathogen. Using an Atomic Force Microscope, he and his colleague, Dr.
Andrew Pelling and team, were able to listen to the sounds of cells for the first time.
Surprisingly, they found that the respiration sounds of cells lie in the audible range
when amplified, naming their new approach to cell biology, ‘sonocytology’, referring
to the ‘songs’ of cells.[D96],[D107] Raman spectroscopy offers an accessible alternative
method of recording the songs of cancer cells, which differ significantly from that
of healthy cells. In a study by the author, in collaboration with Professor Sungchul Ji
of Rutgers University, sounds from cancer cells and healthy cells, derived by Raman
spectroscopy, were made visible with the aid of a cymascope instrument, imprinting
the sound vibrations onto medical grade water, rather like a fingerprint on glass, thus
leaving a visual signature of the cell sounds. A typical cymaglyph (sound image) of a
healthy cell sound is symmetrical, while that of a cancer cell is skewed by compari‑
son. The study, titled, Imaging Cancer and Healthy Cell Sounds in Water by Cymascope,
Followed by Quantitative Analysis by Planck-Shannon Classifier was published in the
Water Journal (waterjournal.org), as the revealing medium of sonic vibrations in the
cymascope instrument is water.[D117]

Fig. D.28

Healthy cell cymaglyph (left), cancer cell cymaglyph (right)
This collaborative study was a first step toward creating visual imagery for

a surgeon who would wear specially adapted eyewear, to see, in real time, chang‑
ing sound patterns as the Raman laser probe is scanned across the tissues during an
operating procedure. However, the most exciting aspect of this new technology lies
in its potential for early cancer detection and ultimately to destroy cancer cells. By
taking a biopsy of a cancer, its sonic signature could be detected and amplified, then
used to modulate an ultrasound beam directed at a tumour. In such a scenario the tu‑
mour cells would absorb sufficient acoustic energy (of the cancer cell’s own sonic sig‑
nature) to be destroyed. Such a therapeutic procedure would likely be given during a
series of outpatient visits, in which a percentage of the tumour’s mass would undergo
a controlled shrink on each visit, to minimise the toxic waste of dead cancer cell ma‑
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terial. For leukemia sufferers, this principle holds the potential for sonic irradiation
the patient’s blood via a specially adapted intraoperative recirculating system.
Another area of future sound-based medical physics concerns the G0 phase
of the cell cycle in which a system of cells becomes quiescent due to environmen‑
tal changes, for example, glucose depletion, heat shock, free radicals, pathogen in‑
vasion, or toxicity. When a system of cells is in the G0 phase this creates imbalance
in the body, resulting in physiological symptoms, yet, hypothetically, cells in this
‘sleeping’ state can be stimulated to return to the normal cell cycle by immersion
in specific sound frequencies or in music. (Recall that Professor James Gimzewski’s
research.[D96],[D107] indicated that the sounds emitted by cells are in audible frequen‑
cy ranges, typically centred around 1 kHz.) The quasi-holographic nature of sound,
and the spherical space-form of audible sounds, mentioned in the introduction to this
chapter, is why Faraday Wave patterns manifest on the surface membranes of cells,
organs, visceral fascia and in visceral fluids. Although not within the scope of this
chapter, it is also why all of the energy information within a specific sound frequen‑
cy, or within music, is conveyed to the cell’s interior. Also popularly known as ‘cy‑
matic patterns’ after Dr. Hans Jenny, who coined the term to mean ‘visible sound’, the
importance of this natural phenomenon is vital in relation to the future of vibration‑
al medicine. The integral membrane proteins and primary cilia of cells are, in a very
real sense, massaged by the anti-nodal pressure points of such microscopic sound
patterns, stimulating cells in ways that have yet to be discovered.
Sound organises matter, a fact that can be seen in simple Chladni Plate ex‑
periments with particulate matter, and in more sophisticated experiments with the
CymaScope instrument, in which liquid water is used as the imprinting medium to
transpose sonic periodicities to water wavelet periodicities.[D82] Life as we know it
cannot exist without liquid water; ‘structured water’, or ‘exclusion zone’ (EZ) water,
is discussed in depth by Professor Gerald H. Pollack, in his ground-breaking book,
The Fourth Phase of Water.[D110] He proposes that EZ water (H3O2), literally generates the
electricity that helps power all living creatures. Here then is a connection waiting to
be explored between sound frequencies that organise water molecules, and EZ water
that powers life. Professor Pollack has discovered that EZ water is built by light, par‑
ticularly infrared light, yielding a potentially fascinating connection between sound
and our physiology: inelastic sonic collisions create sonically-modulated infrared light
that powers the EZ water-building mechanism in cells, which in turn powers our biology.
The organisational aspect of sound and its EZ water-building mechanism is already
beginning to provide insights into what might come to be termed ‘sono-biology’,
a field in which the role of structured water and sound is likely to become increasing‑
ly important in medicine.
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These are just some of the many advances in medical science that hold the
potential to support humankind in the quest to reverse disease, extend life and im‑
prove quality of life. The role of sound in medical modalities is growing each year for
drug-free therapies and for diagnostic applications, and is finding welcome support
among many physicians, and in hospitals worldwide. I predict that Sound Therapy
and Music Medicine will have an important role in the future of medicine, one that
deserves to be developed and nurtured.
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E.1

Introduction
The field of Physical and Rehabilitation Medicine (PRM) is a specializa‑

tion whose philosophy certainly addresses the patient in the most comprehensive
way possible. The complexity of its approach is enhanced by its diagnostic as well
as therapeutic procedures linked at three fundamental levels of care and collabora‑
tion. Within the PRM field itself there is a teamwork multi-professional of various
specialists including PRM doctor, physiotherapist, masseur, speech therapist, psy‑
chologist, occupational therapist. In various areas of focus within this specialization
there is physical therapy, medical, occupational, psychosocial, educational rehabilita‑
tion. Then within actual rehabilitation we engage in a complex process we tackle the
patient’s challenges as far as their inclusion in society is concerned, including after
polytrauma events. The addressed issues range from medical ones (physical, mental)
to those including family life, working life as well as social life, aided by rehabilita‑
tion methodologies, but also various resocialization activities (sheltered workshops,
sports for people with long-term disabilities, etc.). An interdisciplinary approach
uses close cooperation with a wide range of medical specialists. Most often these in‑
clude neurologists, orthopedists, surgeons, general practitioners, psychiatrists, in‑
ternists, radiologists, otorhinolaryngologists, but others as well. In equal measure,
a multi-disciplinary approach is used as part of a comprehensive but individual‑
ized approach, especially for patients with more complex issues. There is also cooper‑
ation with social workers, prosthetician, IT workers, priests, lawyers, etc. Of course,
across healthcare, the effort to use these levels of cooperation runs is parallel and
overlaps. One of the conditions for increasing the quality of the treatment process is
to deepen a complex process of rehabilitation at all levels.
PRM specialists address not just a localized finding but also the overall re‑
lationships in the body, including its psychological, spiritual, educational and social
aspects. In PRM we usually try to treat the person and not just their illness. This is
contained already in its name; re‑habilitation stands for making one able again. Our
goal is to minimize the possible limitations of the patient’s activities in their personal
and social life as well as the restrictions on the patient’s participation in these activ‑
ities. This is why there is such a considerable interest today among young colleagues
in Europe and around the world in physiatry, balneology and medical rehabilitation.
Physical and Rehabilitation Medicine can be considered the oldest
medical field with rich history. But the philosophy presented by this field is very
modern. Promoting the activation of the human body’s own physiological
mechanisms and control programs, especially through physical stimuli, physical
therapy and education, has not only therapeutic but also preventive effects and
is close to a wider range of the population, especially the younger generation. Mini‑
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mizing the pharmacotherapeutic and surgical approach only to absolutely indicated
conditions has physiological, ecological and economic advantages.
PRM as a specialization is offered at basic as well as advanced levels in
postgraduate studies in various countries of Europe and across the world with train‑
ing lasting at least 4 years. Basic information regarding this field is currently taught
mostly to students at medical schools. Specialists in each state are grouped in nation‑
al PRM associations and these are the affiliates of international organizations of phys‑
ical and rehabilitation medicine. The most important in Europe are the Union of Eu‑
ropean Medical Specialists in Physical and Rehabilitation Medicine (UEMS PRM) and
the European Society of Physical and Rehabilitation Medicine (ESPRM). The Interna‑
tional Society of Physical and Rehabilitation Medicine (ISPRM) is an association that
organizes PRM activities worldwide.
Taking a forward-looking perspective, it is important to think through
possible developments in PRM and how its methodologies and effectiveness can be
promoted. In addition to its organic growth and continued innovation in known
methods, this specialization has great potential in tapping considerable reserves in
developing a two-pronged approach. This may seem relatively paradoxical. On the
one hand, there is a physiological activation of known as well as vaguely perceived
possibilities within the human body, including the power of the subconscious, adap‑
tation mechanisms and information, elements of phylogeny and ontogenesis. On the
other hand, there is natural potential to exploit enormous developments in modern
technologies, including robotics, neurotechnology, virtual reality, etc. Future devel‑
opments in all of these are rather difficult to anticipate today.

E.2

Various thoughts Related to Historical Developments
in Physical and Rehabilitation Medicine
Physical and Rehabilitation Medicine is generally considered as a relatively

young specialization. However, the opposite is true. The use of physical remedies is
one of the most traditional treatments with the longest tradition. Since the beginning
of their existence, people have used natural physical stimuli to protect their own
health. It was so not only in ancient cultures (Egyptians, Greeks, Romans, Indians),
but even in prehistoric times (Fig. E.1).
The territory of Slovakia is an important area in the history of physical and
rehabilitation medicine. One of the reasons is the wide range of natural healing re‑
sources and a rich tradition in their use.
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Fig. E.1

About 120,000 BC, in the area of today’s Gánovce, in eastern Slovakia, a
Neanderthal woman immersed her body in thermal mineral springs.
But she fell and fainted due to heat and the released gases. Minerals
gradually filled her brain cavity, and in the form of a travertine brain
cast, they have remained unique in the world until today.[E37]
The Slovak territory formed the border of the Roman Empire for about

400 years. Not only did the Romans use the healing waters and mud (Piešťany,
Dudince, Tr. Teplice.), but Marcus Aurelius, the emperor and Stoic philosopher, wrote
the Meditations in the Hron river basin between 171 and 179 A. D. It analyzes the
meaning of life. Among other things, he writes: “The doctor ordered him to ride a
horse or take a cold bath, or to walk barefoot.” These are all recommendations for
improving human health in the PM & R area: horseback riding and walking (exercise
therapy), barefoot walking (pressure and heat stimuli on the foot microsystem), cold
baths (physical therapy) (Fig. E.2). Galenos was the personal physician of Marcus Au‑
relius and his son, Emperor Commodus. Galenos is considered the main authority in
European medicine until the 16th century. He himself promoted regular exercises as a
treatment procedure.
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Fig. E.2

Roman emperor Marcus Aurelius. Already in the 2nd century A. D.,
even at Hron, he consciously used the positive influence of riding a
horse.
The use of natural healing resources – especially in the regions that had

them – was significant during the Middle Ages as well as in modernity as way to in‑
fluence the human body. This created the right for the establishment of professional
associations in the field of PRM. Slovakia, as part of Austria–Hungary, with its heal‑
ing climatic conditions and rich natural healing resources provided such an excel‑
lent environment. Therefore, the Balneological Society of Hungary, one of the oldest
in the world, started operating here in 1890.
After the establishment of Czechoslovakia on April 3, 1920, the Czechoslo‑
vak Balneological and Climatological Society was established as the very first pro‑
fessional medical society in the new state. After the establishment of the Slovak Re‑
public, it was transformed into the Slovak PRM Society through the Czechoslovak
Physiatric and Czechoslovak Rehabilitation Society. Its predecessors worked with
prominent and world-renowned rehabilitation experts. Václav Vojta developed reflex
locomotion. It was the world’s most effective methodology for the youngest children
at risk of central coordination disorder and cerebral palsy. Karol Bobath was born
in Slovakia. Together with his wife Berta, they created the most used rehabilitation
methodology in the world (Bobath concept). Vladimír Janda developed a muscle test
to evaluate muscle strength. He developed a theory of movement stereotypes, mus‑
cle imbalances and the crossed vertebrogenic syndromes. Karel Lewit introduced
post-isometric relaxation and, together with Janda, developed and expanded the mo‑
bilization-manipulation techniques used in medicine worldwide. Zbojan introduced
auto-mobilizing Antigravity relaxation (AGR), etc.
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New leaders in the field continue to emerge from this rich historical back‑
ground: Kolář’s dynamic neuromuscular stabilization (DNS), Špringr’s acral coactiva‑
tion therapy (ACT), Rašev’s unstable platforms and vibrating rods, Smíšek SM system,
Košinova’s autoreflex prenatal and postnatal positions (APPP).
After the fall of the Iron Curtain in Central Europe in the revolutionary
year of 1989, the countries of Western Europe were affected by the strong rehabilitation school in Czechoslovakia and in the former German Democratic Republic.
Across Europe, the process of developing specialized Departments of physical and
rehabilitation medicine (Dpt. of PRM) has accelerated and the specialization of PRM
physicians has begun to spread (Austria, Germany, Great Britain, etc.). At the same
time, the implementation of their role became more widespread: leading a diverse
rehabilitation team in a professional manner, indicating a wide range of therapeu‑
tic procedures and coordinating comprehensive patient care using interdisciplinary
and multi-professional methods. Until then, the system prevalent in Western Euro‑
pean countries – which often lacked a PRM physician as well as a physiotherapist
working directly with colleagues from other specializations – is gradually being
abandoned as being unprofessional. Only a physician professionally specialized in
wide and diverse issues across PRM rehabilitation practice can engage in proper and
long-term professional development. From a medical point of view, this physician
communicates with colleagues from other specializations and can consult physical
and rehabilitation procedures with a team in the Department of PRM, most often the
physiotherapists themselves.

E.3

Physical and Rehabilitation Medicine
Physical and Rehabilitation Medicine is a field that offers today’s highly

specialized, pharmacologically saturated, economically demanding and often dehu‑
manized medicine mostly a more natural and complex approach, emphasizing the
promotion of more physiological procedures for the human body.
The complementarity of the PRM specialization is conditioned by its indi‑
vidual components, sub-fields. On one hand, these represent the multifaceted nature
of diagnostic and therapeutic procedures, but on the other hand they are united in
the overall philosophy of this field.
Physiatry deals with the influence and use of physical stimuli on the hu‑
man body. In Central Europe and the Mediterranean countries there is strong tradi‑
tion in balneology – using mainly with the action of natural remedies – as well as
climatological treatment. Medical rehabilitation, in turn, examines and applies
the means of medical rehabilitation in the narrower sense of the word (physical and
movement therapy) and also therapeutic physical education, occupational, psy-
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cho-social and educational rehabilitation in the prevention, diagnosis and treat‑
ment of diseases.
Only collective care allows us to meet such broad and diverse goals. It is
managed and coordinated by an PRM physician (physiatrist, rehabilitation doctor,
balneologist). The team includes a physiotherapist, masseur, spa specialist, occupa‑
tional therapist and a nurse. Often, there is also a speech therapist, psychologist, and
a medical, special and social pedagogue, etc.
PM & R uses a wide range of treatment stimuli. As these are diverse factors,
for the sake of clarity we divide them according to several criteria. The different con‑
vened groups sometimes partially overlap.
According to the method of origin, we divide physiatry-rehabilitation
factors into those that are natural (solar radiation, natural healing waters, pe‑
loids, etc.) and artificial (sources of electrical, mechanical and other energy).
From the point of view of the patient’s cooperation in the treatment
process, therapeutic procedures can be passive and active. The passive ones in‑
clude physical, balneological and climatic factors. The dynamically developing spec‑
trum of therapeutic physical education forms is included in the second group of pro‑
cedures characterized by active patient cooperation.[E25],[E53],[E54] We can apply a very
wide range of energy forms through passive means. However, they should primarily
represent a supportive and complementary part in medical rehabilitation. The main
one should be kinesiotherapy actively performed by patients. It is natural that pa‑
tients themselves regularly and systematically take responsibility for their health.
An important specific feature of several stimuli used by the PRM method‑
ologies is the parasympathicotonic retuning of the autonomic nervous system. This
is also related to the alleviation of meteosensitivity (sensitivity to weather changes)
and negative manifestations of meteorotropic diseases (diseases that react negatively
to certain weather changes: ischemic heart disease, asthma, functional and degener‑
ative diseases of the musculoskeletal system, etc.).

E.3.1

Physical Therapy
According to the form of energy used, physical therapy is characterized as:

• mechanotherapy (massages, ultrasound, shock waves, devices performing pas‑
sive movements, traction, vibrations),
• electrotherapy (electrodiagnostics and electrotherapy, direct and alternating
currents),
• phototherapy (laser, bioptron),
• thermotherapy (positive and negative, total local),
• hydrotherapy (local and total, hypothermic, isothermal and hyperthermic,
coatings, additive baths, drinking treatment),
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• combination therapy (ultrasound – electrotherapy, hydrotherapy – mechanoth‑
erapy, etc.);
• balneotherapy (extermal and internal form, peloids, healing waters and gases);
• climatotherapy (inland, altitude, photoactinic, thermal, aerochemical and neu‑
rotropic effects).
Although we apply physical therapy locally, its effect is not only isolated
to a given place, but is more complex. It is important to realize that both primary
and secondary effects are the results of physiatric procedures. The primary effects
occur at the point where energy is applied and depend on its ability to penetrate
deeply and to affect tissue. Secondary effects are conditioned by the mobilization of
substances formed and released in the skin, subcutaneous tissue and muscles and
subsequently by their spread through vaso-neurohumoral pathways and action
throughout the body.
In a large part of PRM methodologies, we encounter not only local but also
a remote segmental as well as overall response of the body. These reactions are
controlled by the nervous system (especially the vegetative one), hormonally (adrenal
pituitary connection) as well as metabolically (release of biologically active substanc‑
es). At present, the importance of cellular and subcellular responses and related ther‑
apeutic regulatory information mechanisms is also emphasized.[E54]
Most physiotherapy procedures create hyperemia that induces for multi‑
ple effects. Among the essential ones we consider analgesic, anti-inflammatory,
antispasmodic, trophic and resorption effects. To these, we also add those effects that are immunostimulatory, regenerative, bactericidal, irritant, sedative, sympatholytic and others. Based on the effects, we then derive indications for
physical therapy.[E24],[E54],[E78]
The healing effect of physical therapy and various types of massages is ex‑
tended also through reflex relationships, acupuncture points, and microsystems.
These are found throughout the human body. Using contact impact in physical ther‑
apy for local effects, we also condition their local, remote and overall effect on the
human body.
Contraindications in the application of physical procedures depend spe‑
cifically on their individual forms. However, among these we generally consider:
acute inflammation, tumor and tuberculosis tissues in the vicinity of the application, feverish and bleeding conditions, osteosynthetic material, epilepsy,
pacemaker, sensory disorders, locally open wounds, thrombophlebitis and
varices, etc.
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E.3.1.1

Mechanotherapy
A very diverse group of rehabilitation methodologies using the action of

mechanical energy is mechanotherapy. Some of these approaches overlap with pas‑
sive movements. The source of mechanical energy acting on the patient may be a
therapeutic device or the therapist. The techniques of manual medicine also work on
the principle of transferring a certain form of mechanical energy, but most authors
do not include them in mechanotherapy for didactic reasons.
Each communication among cells, molecules and atoms takes place
in the form of vibrations through a certain frequency – sound. Within PRM methodolo‑
gies, we can offer vibration in the form of mechanotherapy: therapists (in the form of
massage) and equipment (ultrasound, vibration sources using a variety of devices).
In addition, we can create vibrations using various breathing techniques
combined with singing and targeted preference for certain sounds (á‑m‑é‑n, á‑ú‑m).
It is certainly no coincidence that the vibrations of the words Amen and Om in their
singing are very close and are used by Christianity, Hinduism, and Buddhism, as a
very important spiritual expression. Yogi schools also reinforce the healing effects of
the sound vibration of Óm.
Mechanotherapy, according to most authors, includes massage, which
has been in used since antiquity to present day. There are various types of massages
performed by masseurs. PRM most often uses classical massage, reflexology massage,
manual lymphatic drainage and various types of Asian manual procedures. Massag‑
es affect muscle tone, blood flow to the skin and muscles, lymphatic circulation, inter‑
nal organs, pain, psyche, etc.
Instrumental mechanotherapy includes:
• ultrasound;
• instrumental sources of vibration, vacuum, overpressure, traction;
• instruments performing passive movements and positioning;
• pressure wave;
• ultrasound.
Mechanical stimuli that are generated by the devices have a very diverse
therapeutic effect.
Ultrasound and its subaqual application – both continuous and pulsed –
affects a micromassage and the heating of the affected area. Its analgesic, dispersive,
resorption and hyperemic effects accelerate tissue regeneration. We do not apply it to
growth zones in young people.
Vibrational stimuli – according to their length and the characteristics of
vibration – create not only a significant proprioceptive, facilitating effect, but they
also elicit relaxing results. They are applied to the overall influence of the body’s
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muscles, but also specifically to the paretic muscles. Vacuum compression devices
use alternating vacuum and overpressure to affect the activation functions within
the vascular system, most commonly in lymphedema. The use of traction tables for
back pain is effective and justified, although it is slowly disappearing from physical
medicine and rehabilitation departments.
Devices performing passive movements are most often used after knee
surgery (plastic of lig. cruciatum anterior) in order to restore its mobility. From the
point of view of rehabilitation, it is important to restore the stabilizing function of
the knee and the supporting function of the lower limb. Consequently, mobility itself
tends to adjust. If the device-induced passive movements become a source of nocicep‑
tion, the overall adjustment of the knee function will be delayed in the long run. The
mobility can be relatively adjusted.
Shock waves are most often used in the treatment of painful changes at
the interface of soft tissues and bones (enthesopathy, tendinopathy) and in influenc‑
ing osteogenesis. The principle of treatment is the application of instrument-generat‑
ed pneumatic pulses of ballistic waves with a significant pressure gradient.

E.3.1.2

Electrotherapy
Electrotherapy is an area of physical therapy in which we use the action of

electricity. It can be applied in the form of direct current or alternating current.
We use electricity in PRM for electrodiagnostics and electrotherapy.
As part of electrodiagnostics, we determine the irritability of the neu‑
romuscular system and subsequently we can use it in its electrical stimulation (I/t
curve, biofeedback).
We use the therapeutic, especially analgesic, effect of electric current and
electromagnetic fields much more often. Electrotherapy can be contact-based or con‑
tactless according to the form of its application. In contact electrotherapy, the treated
segment is part of an electrical circuit. When it is contactless, the treated area is af‑
fected by the surrounding electromagnetic field.
Contact electrotherapy includes:
• direct current; it supports the longer-term metabolism of the affected tissues.
For galvanization we can use it to promote the absorption of hematomas. The
four-chamber limb galvanic bath (hydrogalvan) enables deep whole-body gal‑
vanization using water electrodes. It is also suitable for influencing the auto‑
nomic nervous system in vasoneurosis, restless legs syndrome and cramps. Di‑
rect current is also used to a limited extent in the application of medication to
the target area in the form of iontophoresis;
• low frequency current up to 1,000 Hz, which includes diadynamic, Träbert
and Leduc currents, TENS, etc.;
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• medium frequency currents up to 100,000 kHz, including interference cur‑
rents,
• electrodiagnostics and electrostimulation using rectangular pulses up to
1,000 ms to irritate muscle fibers.
Contactless electrotherapy covers:
• high-frequency currents with a frequency above 100 kHz, frequencies from
1 MHz to 2.5 GHz are used in therapeutic application. We recommend short‑
wave, microwave, ultrawavelength diathermy. They do not need direct contact
of the electrodes with the body surface. As these currents penetrate deep, their
thermal and hyperemic effect is mainly used also to impact internal organs;
• magnetotherapy using the action of a magnetic field passing through the
whole body. The field can be static or alternating (low or high frequency). The
most biologically efficient appears to be low frequency, with a frequency of up
to 100 Hz. We use the specifics of magnetotherapy in its application also in pa‑
tients with polyneuropathies, with osteosynthetic material, with leg sores in is‑
chemic disease of the lower limbs, to support osteogenesis;
• distance electrotherapy; in a contactless way it produces various forms of
electric currents of classic contact electrotherapy using very weak magnetic
fields.

E.3.1.3

Phototherapy
Light therapy uses the healing effect of not just visible light (400 – 760 nm)

but also of ultraviolet (UV 100 – 350 nm) and infrared (IR 750 – 1,000 nm) radiation. The application of electromagnetic radiation from these three areas uses photochemical and biostimulating effects of photon energy. The antirachitic, bacteri‑
cidal and erythema-pigmentation effect of UV radiation has traditionally been used.
Today, it is not applied as a monotherapy to departments of PRM. Similarly, light ther‑
apy with sunlight is performed only within the framework of climatotherapy. Even
overheating with infrared radiation (solux) is no longer common in departments of
PRM. Today, light therapy generally uses linear polarized light. This means the
light beam oscillates in only one plane and not in all directions. This gives it the abil‑
ity to penetrate deeper into tissue. Polarized light primarily has an analgesic, anti-in‑
flammatory, anti-edematous, immunostimulatory and biostimulating effect. It is most
often used to influence the healing of wounds, pressure sores, painful soft tissues. We
apply polarized light with laser devices and various types of biolamps.
The light generated by laser is both monochromatic (has a single wave‑
length) and coherent (if the monochromatic wave is time-oriented so that the phase
of all the waves is the same). At PRM, we use low-power (biostimulation, power 1 –
500 mW, class IIIb) and high-power lasers (accented analgesic effect, 500 mW – 12 W,
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wavelength 1,064 nm, with penetration up to 12 cm, class IV). Recently, dynamic
developments in the field of light therapy have brought new classes of high-perfor‑
mance MLS (multiwave locked system) lasers. They enable the use of a combination
of low and high laser beam energy through the quality of a new pulse, based on the
combination and synchronization of two laser-beam emissions. One with high and
the other with low power. They synchronize the anti-inflammatory and analgesic ef‑
fect. They are fully robotic, multi-wave and affect a large area. They are also cur‑
rently used for patients with bronchopneumonia in COVID‑19 and post-COVID syn‑
drome. The laser is applied in a separate dark room with goggles for both the patient
and the therapist.
Just like a laser, biolamps are a source of linear polarized light, but one that
is incoherent and polychromatic, in wavelengths from 480 to 3,400 nm, without UV
light. It is a light with low intensity (2.4 J/cm²/min), which can be applied to a larger
area, 2 – 3 times per day, over a longer time period.

E.3.1.4

Thermotherapy
Thermotherapy is a part of physical therapy in which we bring or remove

heat to the body. Accordingly, we divide it into negative, in which we take heat ener‑
gy from a living organism, and positive, in which we supply it. The form of applica‑
tion in both can be general (for the whole organism) and local (for the treated place).
Heat treatment is closely linked to hydrotherapy, although we also use other sources
of heat stimuli.
In medical procedures we use heat transfer by conduction (wraps, thermo‑
phores), convection – flow (total and partial baths) and convection with radiation –
radiation (hot air and steam baths). To cool the body or its parts, evaporation can
also be used.[E54]
Coldness is used mainly for local application (ice and cryogel bags, cover‑
ings, cooling sprays), most often due to analgesic or anti-inflammatory effects. Total
hypothermia is applied in the cryochamber for 1 – 4 minutes to ‒175 °C. It stimulates
the pituitary-adrenal system and has an anti-inflammatory and analgesic effect.
With repeated, longer-term use, it also has a muscle relaxant and especially immu‑
nostimulatory effect.
Total hyperthermia is applied in the form of a total peloid wrap or bath
(aqueous, peloid, hot air). It mainly conditions hyperemia, muscle relaxation and has
a sedative effect. Local thermotherapy is most often given to patients on the back and
hands in the form of paraffin and peloid wraps, compresses, or their various combi‑
nations (limoplast). It has a muscle relaxant and analgesic effect.
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We use the alternation of hyper and hypothermic stimuli (different types of
sauna) to tune the autonomic nervous system and retune towards parasympathicoto‑
nia, support of the immune system and mental health.

E.3.1.5

Hydrotherapy
Hydrotherapy comprehensively uses various factors of the aquatic envi‑

ronment: thermal (hypothermic, isothermal, hyperthermic), pressure (antigravity,
hydrostatic), mechanical (whirlpool, underwater massage) and the chemical action
of various ingredients (carbon dioxide, sulfur, iodine, menthol, etc.). Most of these
mechanisms can be very advantageously used in the treatment of the musculoskele‑
tal system in the post-traumatic and postoperative period for their trophic, analgesic,
anti-edematous, muscle relaxant and other effects in influencing the local finding or
the whole organism (tuning the autonomic nervous system, supporting the immune
system and mental health). Mutual interaction among factors adds and expands posi‑
tive effects as well.
Most often, hydrotherapy effects are accentuated in combination with
thermal stimuli. Whether local (treadle baths) or in general (Scottish sprays, steam
sprays, total baths, showers, etc.). Especially in spa treatment.

E.3.1.6

Combination Therapy
In a natural effort to achieve the greatest possible effect of treatment by

combining the action of various forms of physical therapy and their mutual
summation and potentiation, combination therapy was formed. Although we often
do not realize it, it is widespread.
At Dpt. of PRM, we have been encountering a combination of electrothera‑
py and mechanotherapy for a long time. The combination of diadynamic (today also
TENS) with ultrasound in relieving soft pain is a tradition. Electric current is cur‑
rently most often applied through massage vacuum electrodes.
The combination of hydrotherapy with mechanotherapy (whirlpool baths,
subaqual massage) and hydrotherapy with direct current electrotherapy (limb gal‑
vanic bath, electrotherapy bath) is used mainly in spa facilities. Mechanotherapy is
also used in combination with a form of shock-wave therapy in co‑application with
diathermy addressing a wide range of diseases of the musculoskeletal system, includ‑
ing enthesopathy, distortions, capsulitis, low back pain (LBP), etc. In parallel, differ‑
ent pharmacological substances can be administered transdermally. Intra-articular
application of chondroprotective substances (hyaluronic acid, vitamin C and ozone)
has therapeutic potential as well. These can be administered in the form of combina‑
tion therapy, including low-frequency stimulation; electroporation, diathermy, laser).
Light therapy in the form of UV radiation is combined with additive baths (saline
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solution) in the treatment of skin and joint diseases (psoriasis). Infrared radiation is
used with distance electrotherapy for local hyperemia and hyperthermia of the or‑
ganism. The Snoezelen method also uses a combination of physical stimuli (light,
sound, olfactory) in the treatment of a wide range of diagnoses.

E.3.2

Balneology
There is a variety of views on the tradition of spa treatment across Europe

and around the world. This is due to the variety of climatic conditions and the avail‑
ability of natural healing resources, which determine the existence of spa facilities.
The Mediterranean environment and the rich natural healing resources, especially
of Central Europe, represent suitable opportunities for the development of spa treat‑
ment. For example, Slovakia with an area of 49,000 km² has approximately 1,800
sources of mineral and thermal waters, of which 95 have a designation of natural
healing water and 40 are specified as natural mineral water suitable to be filled into
packaging. In a relatively small area, it has almost all types of natural healing waters
used for balneotherapy. Nowhere in the world do we encounter similar natural con‑
ditions in such a small geographic area. On the contrary, many developed countries
in Europe (Nordic countries, Benelux, Great Britain, etc.) and the USA have not built
a more significant spa tradition despite a much larger geographic area. These usually
do not possess sufficient natural conditions. This is why they have not created wide
professional background in the area as well as a tradition related to it.
Spa treatment provides a possibility of complementary and effective forms
of influencing the physiological and pathological processes in the human body. We
should therefore protect and develop this area around the world. The complex effect
of spa therapy is made possible by the effects of the chemical and physical properties
of natural healing resources, but also by the calming effect of the entire spa environ‑
ment. At present, it is a standard to use all recognized methods of physiatry and reha‑
bilitation medicine, including diet therapy, education, psychotherapy, etc. During spa
treatment the patient does not have to come for procedures from home. Complicated
travel, especially for algic people, often worsens their condition and weakens the ef‑
fect of outpatient therapy at Dpt. of PRM.
In addition to the classic spa facilities, of which there are almost 1,300 spas
in Europe, there are also hospital-type workplaces, which also provide balneothera‑
py and the entire infrastructure of the spa as an added value. Both types of medical
facilities can specialize not only on the targeted impact on selected systems of the hu‑
man body (respiratory, digestive, etc.) but also on certain age groups (child rehabili‑
tation).
Correctly indicated spa treatment – in a timely manner – for patients with
neurological (lesions of central and peripheral motoneuron), orthopedic-traumato‑
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logical, cardiovascular, respiratory, gastroenterological, metabolic-endocrinological,
gynecological, urological, immunological, dermatological and psychiatric conditions
have great significance. This is so not just from the point of view of the diagnosis but
also from a perspective of the overall condition.
According to the tradition of different countries, taking into account in par‑
ticular the patient’s state of health, the health insurance company can reimburse all
expenses for spa treatment or only reimburse the patient for medical procedures.

E.3.2.1

Climate Therapy
Climatotherapy uses the beneficial effects of specific climate conditions on

the human body in the treatment and prevention of diseases. In climate therapy we
use photoactinic, thermal, aerochemical, neurotropic factors. These are evaluated
based on long-term monitoring of meteorological data, air purity, ozone concentra‑
tion, anions and habitat assessments in the location where the patient/client stays for
several weeks.
Natural climate therapy uses the beneficial effects of the local climate
on the human body in climatic spas.
From a therapeutic point of view, the climatic conditions that are suitable
for treatment are divided into a stimulating, mildly stimulating or protective climate.
At present, artificial climate can be used to elicit targeted results in treating a vari‑
ety of diseases and influencing their causes. This environment can be created in spe‑
cialized facilities (climate chambers) as needed. In Europe, the maritime, mountain
and alpine climates are mainly used for climate therapy.
Coastal climatic conditions – with a specific marine aerosol suitable for in‑
halation and a saltwater bath – create the fundamental conditions for providing the
so‑called thalassotherapy. Global warming is currently causing the best thalassother‑
apy spas in Europe to gradually move from the south to the north (the Netherlands,
Poland, Germany, the Baltic states).
Inland and temperate climate zones are divided according to altitude
into lowlands up to 400 m above sea level with mild climate, subterranean temperate
up to 800 m above sea level with a moderately stimulating climate, alpine climate up
to 1,200 m, and alpine climate over 1,200 m and alpine climate above 2,500 m with
a strongly stimulating climate. The natural climatic conditions of caves and mining
areas are also used in the form of speleotherapy.
Complex effects of climate therapy are most often used in the treatment of
respiratory, immunoallergic and skin diseases.
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E.3.2.2

Balneotherapy
Balneotherapy has a long tradition in Europe at least since antiquity. It is

a treatment using natural resources. These are substances that have been creat‑
ed by the action of geological movements, and based on their physical and chemical
characteristics they possess a healing effect. These include peloids, water and gasses.
Spas were usually created at their source.[E93] They have a comprehensively positive
effect on the physical and mental functions of the patient and his re‑socialization.
Peloids are organic as well as inorganic substances created by geological
processes in nature. Ground and mixed with water, they are used in balneotherapy
for positive impacts. These can include wraps, compresses or baths. Peloids include
peat (organic matter formed by the decomposition of plants), bogs (organic and inor‑
ganic substances) and various muds (muds formed in the area of thermal and miner‑
al springs, sea muds, muds from crushed rocks and many others).
Healing waters represent a very wide range of natural remedies depend‑
ing on their chemical and physical characteristics. We divide them according to tem‑
perature, pH, osmotic pressure as well as according to overall mineralization, main
ionic components, and dissolved gasses. Healing water is such natural water, which –
based on its chemical composition and physical properties – has a demonstrable
healing effect. It can be applied in the form of a drinking cure, baths or inhalation. Ac‑
cording to scientific definition, only water that contains more than 1 gram of soluble
solids or 1 g of soluble CO2 in 1 liter of water is considered to be mineral water. Howev‑
er, this definition does not apply to balneology.
In terms of dissolved gas content, carbon dioxide (CO2) is most commonly
used in the treatment of cardiovascular diseases. Sulfur (sulfane content, in the past
the term hydrogen sulphide) is used mainly in the treatment of musculoskeletal dis‑
eases for hyperemic, analgesic, anti-inflammatory antispasmodic and trophic effects.
Water radon (gas radon radiation α) is used in treatment mainly in Austria, the Czech
Republic and Germany.
Natural carbon dioxide (recently technologically in pressure cylinders un‑
related to spa facilities) is also in the Slovak Republic in the form of dry dry carbonic
baths and for subcutaneous application goes most often used gas in Slovakia. We also
use natural healing waters in balneotherapy to inhale aerosols from bicarbonate cal‑
cium waters and brines.
Forms of application of balneotherapy with peloids, mineral waters and
gases are:
• external (partial and total baths),
• internal (drinking treatment, inhalations, rinsing, insufflation).
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In addition to diseases of the musculoskeletal system, we also use them in
cardiovascular, pneumophysiological, gastroenterological, urogenital, dermatologi‑
cal, psychological, metabolic and immunological diseases.

E.3.3

Rehabilitation Medicine, Kinesiotherapy
Within a dominant place is taken by kinesiotherapy (KT). This includes ex‑

ercises under professional supervision, leading to therapeutic goals. It supports the
development of impaired functions of the human body and minimizes the mani‑
festations of motor inactivity (impaired motor skills, orthostatic collapses, physical
and mental changes, etc.). From the point of view of medical rehabilitation, KT is the
most important form of treatment and is currently developing most dynamically.
Today we also use the term kinesiotherapy.
Exercises according to the patient’s participation in their implementation
are divided into passive, actively assisted and active.
Passive movements are those without the active participation of the pa‑
tient. They are performed slowly by therapists along with a device. Passive move‑
ments, using some part of their body, can also be performed by patients. However,
they cannot cause pain. We use them in patients with impaired consciousness, in the
first post-surgery days, in plegic conditions, in contractures and in avoiding the de‑
velopment of increased muscle tension by active movement. Passive movements im‑
prove proprioceptive afferent, trophic, lymphatic and blood circulation. They main‑
tain the range of mobility and prevent contractures and deformities.
Passive movements also include positioning, traction, extension, manipulation and mobilization. From the point of view of the complexity of the ther‑
apy, however, the manipulation performance on the joint segment alone represents
only a partial solution. The locomotor system needs to be influenced more holistical‑
ly: muscle imbalance, support and stabilization function, movement stereotypes, etc.
And that’s the domain of PRM.
The procedures performed by devices are included by most authors in
mechanotherapy. This belongs to physical therapy.
Patient positioning is a very important component of comprehensive care.
Its goal is the prevention of pneumonia, pressure sores, contractures, joint deformi‑
ties, etc. Positioning can be divided into anti-decubitus, functional and special posi‑
tions.
Anti-decubitus positioning is performed with patients that have impaired
consciousness, or lying in a forced position, or with pain worsened by movement.
We change it every two hours to positions on the back, side and obliquely at 30° and
135° (on the half-abdomen with a supported chest and head). We are especially care‑
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ful with febrile and excessively sweating patients, in the summer months, in rooms
without air conditioning.
Functional positioning is done with patients who have impaired nerve regu‑
lation or are long-term unconscious and have the risk of impaired limb function. We
position the limb so that functioning muscle groups that do not have a counterweight
do not shorten and hence do not condition the formation of contractures.
Positioning in special positions for states in which we want to achieve a cer‑
tain goal. The elevated torso position facilitates blood circulation and respiration,
thus preventing pneumonia. In the position with raised lower limbs, we improve
blood flow to the heart. This can reduce swelling of the legs and the likelihood of
thrombosis. The position on the paralyzed side can improve its perception, etc.
We also create passive movement during handling techniques as an articulated clearance. Manual mobilization techniques (repetitive springing, soft
techniques, manual traction, postisometric relaxation) of various schools (manual
medicine, osteopathy, chiropractic) mainly affect functional disorders of the muscu‑
loskeletal system (joint blockages, pain triggers, etc.). During motorization, the patient
is actively involved in the treatment process and performs repeated as well as repeti‑
tive springing in a blocked joint, or a performs a combination of breathing with gen‑
tle force stimulus (postisometric relaxation – PIR, antigravity relaxation – AGR), or in‑
tense force stimulus (muscle energy techniques – METs), see Fig. E.3.

Fig. E.3

Various forms of motorization
Active assisted exercises for patients who are able to perform move‑

ments partially on their own. We help them and guide them to carry out their move‑
ments in a complete and correct manner.
Active exercise is the most widely used component of kinesiotherapy.
They cover a very wide range of different forms of KT.
During active movement, the muscle performs various types of contrac‑
tions. We use them according to the goal of the exercise. With isometric contraction,
the length of the muscle does not change and there is no movement. We apply it, for
instance, for muscular hypertrophy and increasing muscle strength for drills using
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quadriceps femoris. With concentric contraction, the muscle shortens. We use it to de‑
velop muscle mass. With an eccentric, braking contraction, the muscle lengthens. At
the same time, there is maximum proprioceptive facilitation and support of the fi‑
brous stroma. We use it to adjust the stabilizing function of the joints.
According to the participation of agonist and antagonist muscle groups in
movement, we divide exercises into pendulum, swing, pull and resistance. We gradually
use them in this order.
According to the resistance that the patient is able to overcome, we recog‑
nize the exercises: in the imagination, with help, active and against resistance. We cre‑
ate resistance manually, with the patient’s body weight, water, or tools (expanders,
dumbbells, etc.).
Depending on the form and goal we divide exercises into open or closed
(kinematic/kinetic) chains. In practice, it is appropriate to combine both types of ex‑
ercises.
With closed movement chains, the distal segment (limb) is fixed/supported
(punctum fixum) on a fixed surface and the weight (body) is transferred to it, while the
proximal segment (axial system) performs movement (punctum mobile). There is syn‑
chronous involvement of muscles with antagonistic function (muscle co‑activation)
and thus a dynamic stabilization of the joints. Their position is centered, and there is
a targeted increase in muscle strength and subsequently an indirect adjustment in
the range of motion.
With open movement chains, the movement is performed by the distal seg‑
ment/limb (punctum mobile), the weight (body) is not transferred to it and the axial
system serves as a supporting/“static” component (punctum fixum). Open locomotor
chains are used to influence isolated muscle groups (agonists) during strength train‑
ing (peripheral paresis, bodybuilders) as well as for training of functional phased
movements and for increasing the range of motion in the joint.
We divide all physical activities into dynamic and static. Among dynamic
we include activities focused on endurance, dexterity, speed, etc. For static activities
we include resistance, balance exercises, etc.
Each physical activity is characterized by a certain ratio of speed, endur‑
ance, strength and dexterity. Their distribution varies with age. Predispositions to
exercise motor skills are genetically determined, but they can be developed through
training.
Podľa cieľa pôsobenia poznáme aktívne cvičenia na:
According to the goal, we know active exercises to:
• adjust instability. We use Pilates exercise and its modifications (Pilates Med‑
ical – Kazimír, Klenková), dynamic neuromuscular stabilization (DNS – Kolář),
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etc. to adjust the overall stabilizing function. Unstable pads are easy to use,
which we effectively use even for local instability (knee, ankle),
• adjustment of muscle imbalance. It is one of the main causes of functional
back pain. In influencing it, we use the examination of shortened and weak‑
ened muscles. Kaltenborn exercises are also used, which also influence the de‑
velopment of individual segments of the spine.
• mobility adjustment. With limited mobility, we alleviate soft tissue shorten‑
ing and joint stiffness. In case of excessive (hypermobility) we try to alleviate
congenital or acquired ligament laxity. We mainly use exercises on unstable
mats (segment cushion, barefoot, etc.),
• adjustment of support functions. Insufficient and incorrect use of the sup‑
porting function of the upper and lower limbs overloads the axial apparatus.
In addition to suitable exercises using unstable pads, fit-balls, educating the pa‑
tient is very important. Explanations and practical examples of using the sup‑
porting function of the limbs are necessary even after injury.
• increase in muscle strength. It is used for weakened (postoperative) and pa‑
retic muscles. We train according to a muscle test that ranks muscle strength.
We also increase muscle strength in strength sports (weightlifting, wrestling).
During these exercises, the structures of the locomotor system are mainly
stressed. We use short-term exercises with maximum muscle load against re‑
sistance,
• increasing endurance. It is used mainly for internal diseases. These are
longer-lasting exercises that have an increasing load intensity from 50 % to
80 % of the expected maximum heart load. We mainly affect the cardiorespira‑
tory system, but also the metabolism and the psyche.
• improving speed. The most significant development of speed ability is in the
school age, when its neural basis is formed. Speed training uses directional
runs, swing exercises, starts, etc. The cardiovascular system is particularly af‑
fected,
• improving dexterity. It is based on repeated training of neuromuscular coor‑
dination. We use it for central disorders. The most pronounced is the activated
nervous system.
• increasing endurance. It is used mainly in diseases in individual systems of
the human body, especially the cardiovascular and respiratory systems, but
also metabolism and the psyche. These are longer-lasting exercises that have
an increasing load intensity from 50 percent to 80 percent of the expected max‑
imum heart load. Such endurance exercises of moderate and medium intensi‑
ty should be combined with a certain component of resistance exercises, while
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monitoring the patient’s possible shortness of breath, color of his mucous mem‑
branes and pulse. This should not exceed the value we get if we subtract the
patient’s age from the number 180.
Within KT we use the most common synthetic exercises. The movement
is performed with the whole body or the whole limb. We apply it in coordination
training, after stroke, etc. If we divide the movement into individual components and
focus on a specific muscle, we perform analytical exercises (paresis of the fibular
nerve).
We perform exercises individually or in groups (3 – 6 patients) with or
without tools. We can influence the effect of exercises by prolonging their length, in‑
creasing frequency, speed and resistance, changing exercise types and muscle con‑
traction. To facilitate the involvement of weakened muscles, we also use exercises in
the pool and in the suspension.
Exercises using various technical devices have a future in rehabilitation.
Traditionally, the most common devices used a pulley. The most widespread devices
have used a pulley system. Great possibilities are offered by assisted robotic and
non-robotic rehabilitation using feedback. It provides the ability to repeatedly
perform, monitor and adjust treatment for different purposes and intensities.
Respecting postural ontogenesis is considered very important in today’s
modern kinesiotherapy. We can thus use therapeutic programs that are immutable,
pure and indestructible on the basis of phylogenetic and ontogenetic development.
They respond to by every person, healthy or ill. As part of comprehensive kinesio‑
therapy, training in the perception of position and movement of one’s own body is
also preferred. We also support the implementation of selective movement and total
and local release. Today, considerable attention is paid to the function of the foot, di‑
aphragm and the use of three-dimensional spiral movement training. Unlike most
procedures performed within the PRM, we need special courses to master such kine‑
siotherapy methodologies.
When indicating physical-rehabilitation procedures, we proceed from in‑
dividual findings from the patient. However, within the areas of the most common
diagnoses that we encounter at PRM departments, it is possible to summarize certain,
very general principles of their rehabilitation.
In neurological symptomatology, congenital or acquired, we primarily
support the patient’s independence and dexterity. We prescribe comprehensive reha‑
bilitation care. Within kinesiotherapy, training of gross and fine motor skills, often
using specific methodologies (reflex locomotion according to Vojta, autoreflex prena‑
tal and postnatal positioning according to Košinová, DNS, electrical stimulation, etc.)
and rehabilitation aids.
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For degenerative diseases, we recommend relieving the affected area,
physical and balneological treatment, relaxation of soft tissues, activation of stabiliz‑
ers and proprioception of the arthritic joint, as well as training of limb support func‑
tion.
Inflammatory diseases require physical therapy, prevention of ankylo‑
sis by active, assisted and passive movements and anti-deformation aids. For trau‑
matic changes, we recommend a minimum immobilization time, physical therapy,
strengthening weakened muscles and their stabilizing function, as well as training
the supporting function of the affected segment.
In the post-surgery period, we focus on the patient’s verticalization as
well as their respiratory and cardiovascular systems from a therapeutic and preven‑
tive point of view. Respiratory gymnastics activates the diaphragm and intercostal
muscles, improves chest mobility, helps with coughing, etc. In order to adjust respira‑
tory functions, soft techniques, gentle mobilization of the spine with ribs and manual
vibrating techniques are also suitable. Their action can also be accentuated by the
vibrating action of sound by singing or targeted spelling.
Vascular gymnastics is focused on improving peripheral vascular conges‑
tion, preventing thromboembolic disease and adjusting lower libs trophy. We influ‑
ence the overload of soft tissues by adjusting the exercise regime using physical
therapy or soft techniques.
For diseases covered by internal medicine, we use endurance and re‑
sistance exercises of medium intensity. By their action, the body as a whole and its
individual systems are re‑tuned to parasympathicotonia. In combination with other
procedures (soft techniques, mobilization of the spine and ribs, balneological proce‑
dures, etc.) we also influence somato-visceral relationships.
Endurance and resistance exercises of medium intensity condition positive
adaptive changes in the following systems:
• cardiac: reduction of cardiac pumping demands, reduction of heart rate (slow‑
ing of sinoatrial node depolarization), increase of end-diastolic heart volume,
improvement of myocardial contractility, longer resistance to short-term is‑
chemia, slowing of cardiac aging;
• vascular: muscle capillarization, improvement of endothelial function, metabol‑
ic processes slowing atherosclerotic changes of arteries, increased extraction of
O2 from the blood and muscle adaptation, reduction of coronary artery spasms,
increase in plasma volume, strengthening of the fibrinolytic system,
• respiratory: reduction of ventilation requirements, lower respiratory rate, im‑
provement of respiratory mechanics, increase of oxidative enzymatic capacity
of large muscles, ventilation equivalent for O2 decreases;
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• fat and sugar metabolism: increased fat utilization, decreased muscle glycogen
burning, increased insulin receptor sensitivity in tissues, consequent lower in‑
sulin and catecholamine production, decreased triacylglycerol and LDL choles‑
terol, increased HDL cholesterol, reduced visceral fat, better healing of wounds,
lower frequency of diabetes mellitus type II.
Impacting the postural and locomotor function play a key role in the treat‑
ment of various diseases of the musculoskeletal system.

E.3.3.1

Posture
Posture refers to all of one’s motor skills that are aimed at maintaining

position.[E24] It reflects and affects the overall condition of the human body. Posture
can also be defined as active posture of body segments against external forces,
of which the force of gravity is the most important,[E87] which is almost identical
to Kolář’s:[E53] active posture against external forces. Understanding the posture
as an active holding of the controlled CNS according to a certain program and real‑
ized through the locomotor system within the limits given by anatomical conditions
and biomechanical principles is of fundamental importance.
Posture is at the beginning and end of every movement and is thus natural‑
ly part of it as a basic condition. For this reason, we consider achieving and maintain‑
ing an optimal posture to be the main prerequisite for the proper functioning of the
locomotor system and, indirectly, other human systems.
Posture can be negatively impacted by disorders which are:
• pathological-anatomical (orthopedic): hip dysplasia, post-traumatic morpholog‑
ical changes, etc;
• neurological: cerebellar, vestibular, etc.;
• functional (these are the most common): impaired postural stabilization func‑
tion of muscles during static positions and movement.
Disorders of individual parts of the locomotor system subsequently affect
the locomotor system as a whole. This is characteristic of functional disorders. These
are chained within the locomotor system. One change conditions another. There is a
generalization of functional disorders. This can be presented at the level of:
1.

Central nervous system at the level of:
–– cortical-subcortical
–– spinal;

2.

Executive musculoskeletal system at the level of:
–– Myo-fascial
–– Ligaments and joints.
The generalization of reversible functional disturbances in the locomotor sys‑
tem MSDs can be observed in the vertical and horizontal planes.
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A. During the generalization of disorders in the vertical plane, the follow‑
ing may spread:
1.

ascendingly from the periphery to the CNS (Fig. E.4a).
Repeated long-term overloading (i. e. writing with a pen or trauma) conditions
the emergence muscle imbalance, also in the axial system, and gradually dis‑
orders of movement stereotypes fixed in the CNS, or fixation of pain in the CNS.

2.

descendingly from the CNS to the periphery (Fig. E.4b).
Depressed mood conditions anteflexion posture, with the subsequent develop‑
ment of muscle imbalances and disorders of movement stereotypes, the for‑
mation of pain triggers and joint blockages in the axial system and in the pe‑
riphery.
B. Generalization in the horizontal plane is manifested at one level – in one

anatomically functional unit (Fig. E.4c). If we find the trigger point in the muscle
bundles of the forearm supinator, then we can expect it also in their corresponding
muscle bundles of the forearm pronator. If we find joint dysfunction (blockade) in the
area of the cervicocranial junction, we can also expect it in the area of the sacroiliac
joint.
a)

b)

c)
CNS

CNS

movement
stereotype

joint
dysfunction
(blockade)

muscle
imbalance
joint dysfunction
(blockade)
TrP (trigger point)
movement
stereotype
muscle imbalance

joint
dysfunction
(blockade)

joint dysfunction
(blockade)
TrP (trigger point)
trauma

Fig. E.4

Generalization of disorders in the vertical plane: a) ascendingly
from the periphery to the CNS, b) descendingly from the CNS to the
periphery, c) the cervicocranial transition and the sacroiliac junction
are in a close functional relationship.
Influence of posture using procedures from the PRM department allows us

a wide range of different factors and methodologies. They involve several levels of
human development, different systems and structures of the human body.[E42] Such a
comprehensive therapeutic range allows us to influence the posture very effectively.
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It corresponds to current knowledge and therapeutic efforts, which understand the
locomotor system as one complex whole, in which all its components are closely relat‑
ed to each other.
From the point of view of how we influence rehabilitation through the
systems of the human body, we can divide its effect on it into (Graph E.1):
• direct through the locomotor system,
• indirect through other systems (respiratory, psychosocial action, etc.).
Cardiopulmonary
system
Indirect
Digestive system
Mental functions

Posture
Direct

CNS

Myoskeletal system

Spinal and stem

Muscles

Supra-stem

Joints

Cortical

Fascia, etc.

Graph E.1

Effect of rehabilitation on posture

Direct effect of rehabilitation on the musculoskeletal system can be
divided very schematically into influencing:
• Central nervous system (CNS) as a control component,
• Myoskeletal system as an executive component, although we know the im‑
portance of sensorimotor, especially proprioceptive, facilitation in musculoskel‑
etal control processes.
The principal influence on the control component can be didactically divided
into 3 levels:
1.

spinal (joint pressure and joint tension, etc.),

2.

subcortical – supraspinal (influencing the central postural pattern),

3.

cortical (adjustment of movement stereotypes).
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The effect of rehabilitation on posture thus represents a very wide range
of concurrent factors acting on multiple systems, different developmental levels
and different structures.
The most dynamically developing forms of TPE are currently based on the
use of the subcortical – supraspinal level. The most famous of these is Vojta’s reflex‑
ive locomotion. Kolář’s DNS, Švejcar’s active segmental centering, Čápová’s concept
of basal postural programs, Košinová’s concept of autoreflex prenatal and postnatal
positioning are also based on the subcortical-supraspinal level. Its use was signifi‑
cantly developed by the Bobaths in neurodevelopmental therapy. Janda’s adjustment
of movement stereotypes, in turn, affects the cortical area. All these procedures, not
only individually, but especially within the framework of comprehensive long-term
rehabilitation support the potential of the brain to change its activity and adapt even
to severe disabilities. This ability – neuroplasticity – can take place as a functional
plasticity because of the transfer of certain functions from the damaged part of the
brain to the intact part of the brain. But also, there can be a structural change in the
physical structure of the actual brain tissue.
When influencing posture with powerful components, we can affect all
structures: muscles, fascia, joints, ligaments, etc.
Periférna patológia je najdostupnejšia terapii. Predstavujú ju reaktívne
zmeny. Sú zákonité a stereotypné v rôznych anatomických štruktúrach. Kľúčom pre
pochopenie týchto funkčných súvislostí na mimosegmentálnej úrovni je centrálny
posturálny program, ktorý dozrieva v priebehu posturálnej ontogenézy koncom I. tri‑
menonu[E52],[E60]. Peripheral changes viewed from the angle of generalizations were re‑
worked and influenced the entire locomotor systems of various schools. In short, joint
dysfunctions (blockages) have been emphasized by chiropractors since the 19th cen‑
tury. Hermachová[E29]. developed the important influence of the skin and its changes
(shifting, hyperalgesic zones, dermographism) in greater depth. Osteopaths pointed
out the importance of influencing fascia changes (retraction, displaceability). Muscle
dysfunctions (shortened and weakened muscles) were reworked by Brügger[E5] and
Janda.[E45] Myofascial pain, trigger points (TrP) were studied by Travell and Simons.[E83]
Palpation-sensitive and soaked periosteal points can be affected in different ways.
From the point of view of the pathogenetic therapeutic approach, one can
say it does not matter at which level of peripheral dysfunction we first approach the
disorder in the musculoskeletal system. By influencing the primary TrP, for instance,
we will affect associative TP, but also skin changes, muscle spasm and joint dysfunc‑
tion. Through any of these structures, we can achieve partial adjustment of other pe‑
ripheral – and also indirectly – central dysfunctions. Because our approach is always
to enter the central postural (global locomotor) system pattern. It is optimal if in ther‑
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apy we know the pathogenetic chain and identify key articles currently leading to‑
ward an access point in therapy.
During comprehensive rehabilitation care, we also prescribe passive ortho‑
pedic aids as well as comprehensive pharmacotherapy, most often analgesics. Howev‑
er, we place emphasis on physiotherapy-rehabilitation procedures. They act actively
and in a way etiopathogenetically. This is especially true of kinesiotherapy methodol‑
ogies and lessons on proper physical activities (the “back school”). Such an approach
directly and purposefully affects pathology and also has a preventive effect. Forms of
therapeutic physical education that have an intense effect on the central nervous sys‑
tem – the controlling component of the locomotor system – have a special position. Of
course, mechanically and by acting through the CNS, they also affect its powerful –
musculo-skeletal component.
In understanding and solving the problem of posture, we cannot, as a basic
axial component, mechanically separate the spine from other peripheral components
of the locomotor system. Therefore, within the effective treatment of the locomotor
system, we must always influence the stabilization function of the axial system, and
thus postural functions (standing, sitting, etc.). This applies to various diagnoses:
shoulder impingement syndrome, elbow fractures, total endoprostheses of the sup‑
porting joints and the like. Adjustment in one segment induces adjustment in anoth‑
er. However, the opposite is also true. Disorders are chained. The pathological plano‑
valgous position of the feet conditions other non-physiological positions: forelegs,
thighs, hip joints. This is transmitted to the axial system – the pelvis and the spine,
which is manifested in posture and walking.
According to current opinions, the failure of the stabilizing function is not
only the result of:
• overloading the previously ideal posture, but also;
• inadequate development of the supporting base, especially until the end of the
first trimester.
The condition of movement is to ensure stabilization/stability. Stabilization
is only possible if there is firm support with a support base.
There is a close relationship between the support and stabilization function
both in terms of the limbs themselves and the functioning of the axial system – the
support function of the lower limbs is closely linked to the pelvic floor and it is part
of the deep stabilization system of the spine (DSSS).
We make insufficient use of limb support in terms of:
• quantity
• quality.
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This impacts the strain put on other areas in the musculoskeletal system,
which first conditions pain and dysfunctions and gradually degenerative changes as
well.
We must understand the locomotor system comprehensively. On the one
hand, it performs its basic functions (locomotor, postural, communication, etc.) and
on the other hand, the locomotor system is a sensitive mirror in which the dysfunc‑
tions of individual systems of the whole organism are projected. It is the most sen‑
sitive indicator of CNS involvement, both disorders based on morphological changes
(sudden strokes, cerebral palsy, etc.) and functional disorders (neuroses, psychoses).
Disorders of the digestive system, cardiovascular system, etc. are also man‑
ifested as viscerovertebral syndromes in the musculoskeletal system. Conversely,
disease states of the locomotor system are manifested in other systems, like cor ky‑
phoscolioticum as vertebrovisceral syndromes. We can influence all these relation‑
ships in various intensities within a comprehensive and individually targeted reha‑
bilitation process.

E.3.3.1.1

Postural and Locomotor Function
The postural and locomotor system belong to the basic functional systems

of the musculoskeletal system. The postural function ensures the maintenance and
adjustment of the position of individual segments and the entire system in the grav‑
itational field. The locomotor system changes the position of individual segments or
the entire system against the surroundings.
Movement is a process that takes place in several stages. We call the logis‑
tical preparation of the system for movement the preparatory phase, the setting of
irritability determines the degree of readiness that precedes the movement. The tak‑
ing and maintaining a resting position of the organism in the gravitational field from
which the movement can emerge is called posture and the taking of a targeted posi‑
tion is called attitude followed by one’s own movement.
The logistical preparation of the movement, posture and attitude precede
the movement, the change of position accompanies the movement and after the end
of the movement the final position is maintained again. We can say the location is
a constant guide to movement. Movement and positioning take place as a dynamic
process, although positioning appears to us as a static phenomenon and movement
as a dynamic phenomenon. We consider posture and movement to be two different
aspects of the same process. Both are closely related and one precedes the other (hold‑
ing – movement – holding).
Postural and locomotor functions are also collectively referred to as gross
motor skills. Gross motor skills ensure the stability of the starting position of the in‑
dividual and allows his or her change in space so that the locomotor system is able
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to provide basic biological functions. Fine motor skills are used for refining objects,
differentiated activities and communication. We call these ideomotor or ideokinetic
movements. We also cannot strictly separate the system of gross and fine motor skills,
because they are interconnected and interdependent.[E88]
Postural and locomotor function can also be differentiated thanks to the dif‑
ferent types of muscles that dominate the individual systems. In the parts of the pos‑
tural system that adjust and secure the relative position of the segments, motor units
(MU) of a tonic nature predominate, which are able to exert less effort over a longer
period of time. However, if the corrective need exceeds the capacity of the tonic fib‑
ers, a phased intervention is required. Therefore, the postural system also contains
phasic MU. Similarly, the locomotor system contains, in addition to phasic MU, also
slow tonic MU.
The mutual position of the vertebrae maintains in depth the back muscles,
which is imposed by paraaxial – intersegmental position regulation. Muscles stored
more peripherally control a larger number of segments – intersector position con‑
trol. The long and strong muscles of the surface layer make the muscles faster, more
phased. They run across several sectors and activate to increase an imbalance that
the deep muscles would not be able to handle, thus integrating the function of the
spine as a whole. It is clear that the postural system uses basic muscle groups accord‑
ing to immediate need. The activity of the postural system is complex and anticipated
according to the expected state of the external environment and is compared with
previous experience when selecting a suitable program. From this experience, cer‑
tain postural programs are gradually evolving, but they are already determined in
advance by genetically transmitted “talents” in the form of certain global movement
patterns. They have a common unified goal – the verticalization and locomotion of a
living individual.
Muscular activity, controlled by the central nervous system, plays a ma‑
jor role in securing the internal forces that secure the posture. In order to perform
optimal movement, it is necessary to take and maintain an optimal posture, which
includes both the straightening of the axial organ, i. e. the torso with the neck and
head, as well as its strengthening.[E91]. Autochthonous torso straighteners and deep
neck flexors are essential for straightening. When erecting, the muscles ensuring the
strengthening of the torso are also important, i. e. the muscles of the abdominal wall
and the diaphragm. Strengthening the abdominal cavity is essential for strengthen‑
ing the torso. This then acts as a viscoelastic column on which the spine can rest. This
column also transfers part of the weight of the cranial parts of the body directly to
the bony pelvis, without having to act on the lumbar spine, lumbosacral and sacro‑
iliac connections. This is essential to protect the spine from excessive stress and to
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strengthen the torso as a whole.[E94] By strengthening the torso, the limbs gain punc‑
tum fixum for their movement. On the contrary, in locomotion, where the punctum
fixum is on the limbs, the strengthening of the torso allows the torso to move as a
whole.[E86] The necessary strengthening is achieved by increasing the intra-thoracic
and intra-abdominal pressure, which is mainly due to the activity of the diaphragm,
abdominal muscles, but also the pelvic floor.
During locomotion, the limb and girdle muscles are engaged as engaging
and stabilizing. It is determined by their course to the axis of the long bones. The ax‑
ial muscles of the back and limb muscles form functional chains, so that the activity
of one muscle is applied to a greater extent than is given by its attachments. These
muscle-tendon chains integrate the function of the axial organ with the function
of the limbs and justify the understanding of the postural-locomotor system as one
functional unit.[E88]
The postural function is performed mainly by the axial apparatus – head,
spine and pelvis and also uses the function of the limbs. The locomotor function is
performed mainly by the limbs, but the axial organ of the body is also used. Due
to the very close connection of the axial organ with the limbs, it is also possible to
speak of the postural – locomotor system as a separate functional unit of gross motor
skills.[E88]
To understand postural function we distinguish:[E53]
• postural stability: the ability to ensure such posture so that there is no unin‑
tended or uncontrolled fall
• postural stabilization: active (muscle) posture of body segments against the
action of external forces controlled by the CNS
• postural reactivity: reactive stabilizing function strengthening the individ‑
ual movement segments of the joints. Thus, the most stable punctum fixum is
obtained and the joint segments resist the effects of external forces. In children,
provoked changes in position cause legitimate movement reactions, which we
use as positional reactions to diagnose CNS maturity.
In examining posture we base our comparisons with the so‑called
ideal posture, which we derive from the central programs of postural ontogenesis. In order to define an ideal posture, we must start from biomechanical and neu‑
rophysiological functions. By biomechanical function we mean the nature of the
load and by neurophysiological function the muscle control processes, which enable
the involvement of stabilizing (postural) muscle function (even during movement)
so that this load is optimal for the joint system. Their interconnectedness is part of
postural development. The ideal posture is determined by the central program.
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Posture evaluation during both static and locomotor function must therefore be un‑
derstood in ontogenetic contexts.[E53]

E.3.3.1.2

Development of Postural – Locomotor Functions
Physical activity can be divided in terms of CNS development and thus mo‑

tor development into two developmental periods: intra and extrauterine.
The period of intrauterine development plays a fundamental role in
terms of the development of postural – locomotor functions. However, we still have
insufficient information about it, so its importance is still not sufficiently appreciated.
Sperm moves through propulsion; a movement typical of reptiles. However,
it is also preserved in mammals. Also this genetic information (energy-information
system?) we use in ontogenesis, when after fusion with the egg, the embryo enters
the uterus. At 8 weeks, the fetus moves the upper and lower limbs in an uncoordinat‑
ed manner. In the 10 th week, it inserts its finger into the mouth in a targeted manner
and indicates sucking. From the 12th week we register swallowing. In week 26, the
fetus moves in the uterus, pushing through the lower limbs and spiraling. It does this
regularly and thus prepares physically and programmatically for the next develop‑
ment periods. Prenatal and postnatal. What we prepare prenatally, we can then build
on in the postnatal phase and continue to develop postural-locomotor functions.
During intrauterine development, the fetus develops in the aquatic envi‑
ronment and thus the direct effect of gravity is less applied. Basal framework move‑
ment models are genetically fixed patterns. They represent an operating system
for creating later detailed motion models. These movement models form only
a kind of framework for later movement programs, filled in the postnatal period through learning. As was previously mentioned, in the 8th – 10 th week of preg‑
nancy there already are spontaneous non-specific movements (preterm general
movements). These last until childbirth. In the case of maternal disease or fetal in‑
jury, not only damage to the maturing control and executive structures of the fetal
locomotor system can be expected, but also a reduction in its intrauterine genetically
determined locomotor activity. Subsequently, intra and extrauterine summary delay
in fetal and child development with probable CP development can be expected.
In the extrauterine period, when the musculoskeletal system is exposed
to the full effects of gravity after delivery, postural and locomotor functions develop and adapt to the effects of gravity based on information from proprioceptors
and telereceptors. The ideomotor handling and communication function is connected to them. Thus, whole movement programs acquired by learning (acquired
patterns) are created on the basis of fixed patterns. This process is carried out
through testing, learning and repeated practice.[E88]
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Within the first 8 – 9 months, according to most neurophysiologists, the im‑
mature CNS does not have the ability of long-term memory and is not capable of mo‑
tor learning. Children under 6 months of age can only remember events 24 hours old.
At 9 months, they can remember a month-old experience. Only in the last trimenon
is the ability of long-term memory and recall of thoughts created. The process of ver‑
ticalization is thus ensured by genetic memory and preformed patterns of postural
functions. Genetic memory is the ability to pass information from one generation to
another. However, we can influence these areas by repeated procedures (motor learn‑
ing theory).
Genetically redefined basic schemes of motor skills in postnatal develop‑
ment are first realized by the development of postural functions and are gradually
enriched. On the contrary, some primitive reflexes are gradually disappearing. This
is done through the effect of afferentation, gained through experience during the
functional maturation of complex control centers. This creates a wealth of acquired
individual movement patterns based on experience. If there is a restriction of physi‑
cal activity in the phase of motor ontogenesis, motor deprivation arises, which has
an adverse effect on the motor development of the individual. A similar situation oc‑
curs with sensory deprivation due to a lack of sensory stimuli. Organic lesions of
some CNS structures, which are of pre-, peri- and postnatal origin, also delay motor
ontogenesis and, in severe cases, deviation. Afferent stimuli coming into the CNS
from the periphery and motor programs therefore play a crucial role in the devel‑
opment of postural – locomotor functions. The control system, which aims to fulfill
certain tasks, analyzes the specific situations of which it is informed by afferentation
and starts the relevant motor program.
At present, there is no consensus among experts on the extent to which
motor programs are innate and what role motor learning plays in their application.
However, no one questions their existence. A crucial part of motor programs is the
capture and maintenance of posture.[E87]
The essence of the ontogenesis of human motor skills is the development of
posture, or the ability of high-quality ergonomically advantageous positioning in the
joints, their centering, through coordinated muscle activity. During postural ontogen‑
esis, in the first phase of motor development, the holding of the axial organ devel‑
ops in a lordotic – kyphotic curvature, the position of the pelvis and chest is adjusted.
The ideal posture reflects on the physiologically ongoing central programs of postural
ontogenesis and allows a balanced interplay between spinal extensors and neck flexors
and intra-abdominal pressure (it is an interplay between the diaphragm, abdominal muscles and pelvic floor muscles). This is followed by the development of targeted phased mobility, i. e. locomotion. We understand the development of the demanding (gripping),
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resp. supporting (rebounding) functions, which develop in a double functional manifestation:
1.

Ipsilateral pattern (rotation) – stepping and rebounding take place on the
equilateral upper and lower limbs

2.

Contralateral pattern (crawling, climbing) – stepping and rebounding take
place on the contralateral upper and lower limb.
The demanding and supporting function is associated with the ability to

stabilize (strengthen) the spine, pelvis and chest, i. e. with the maturity of stabilizing
functions that allow targeted movement of the limbs. This is ensured by the coopera‑
tion of antagonist groups.[E53]
In some kinesiotherapy procedures, we can also use the prenatal and post‑
natal post-locomotor developmental stages in treatment. By placing the patient in a
certain developmental position, using at the same time a certain subtle propriocep‑
tive stimulus, we can even trigger various movement automations. Using the prenatal
positioning and movement (APPP) according to Košinová, we know e. g. to induce the
locomotor automation that the baby performs during childbirth. Childbirth postur‑
al-locomotor automation trains the baby in an intrauterine manner, when it repeat‑
edly performs individual movement sequences from it, so that it then, very actively,
engages in the whole process of childbirth.[E55] Birth postural-locomotion automatism
goes trained by the child already intrauterine, when it repeatedly performs individu‑
al movement sequences; so that it itself, very actively, participates in the entire birth
process.
With postnatal positions we can run for instance bed rotation automation,
through which the patient can move further to the four-position without backward
activity and can continue to walk automatically using four limbs. Gradually, he ver‑
ticalizes himself to a standing position and switches to walking automation. We can
call it in the newborn, holding him in a vertical position behind the torso and placing
his feet on the mat. Of course, due to the immaturity of the body’s structures, this is
not appropriate.

E.3.3.1.3

Analysis of Postural-Locomotor Functions
From the point of view of a comprehensive clinical examination of the lo‑

comotor system, it is necessary to analyze in detail the individual postural-locomo‑
tor functions. We base our observation on the motor development of the individual.
We analyze: lying, crawling, climbing, quadruping, verticalization, sitting, standing,
walking, moving, lifting objects.
Although it may not seem important from the clinical point of view, this is
not so. Especially in patients with back pain, we can detect an inappropriate bad hab‑
it during sleep, which can be the source of their uncontrollable problems. From the
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point of view of laying horizontally, we focus on maintaining symmetry and avoid‑
ing a slight rotation and anteflexion positioning (including the head). We emphasize
the need to maintain the position of the head and torso in one axis in all positions.
Based on these principles, we analyze the position on the back, side, obliquely face up
(semi-grouping), obliquely face down (semi-procuring). The patient can also use the
abdomen position, but with the chest and head supported so that he does not have to
rotate it and can breathe freely.(Fig. E.5). It is also important to note the need to use
limb support function when changing the individual positions. This does not over‑
load the back.

Fig. E.5

Positions during sleep
A very important PLF in the current period is the sitting posture. As a high

percentage of the population of industrialized countries spend long hours in it, its
analysis, especially in patients with back pain, is part of the clinical examination.
We can divide sitting into relaxing – the least tiring (Brűgger), relaxing (yoga, with a
supported head) and ergonomic (with an optimized working environment). There are
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different opinions on the right seating position. It can be said that none is suitable if
we stay in it for a long time.
From the point of view of correct sitting, however, there are principles on
which there is a general consensus: the head is straight with the chin inserted, the
shoulders avoid anteposity and intrarotation, breathing also into the lateral and pos‑
terior attachments of the diaphragm, caudalized shoulders, lumbar lordosis in phys‑
iological position, pelvis in middle position, hip, knee and ankle joints (HJ, KJ, AJ) are
approximately in 90’ triflex, lower extremities (LE) are multiplied to approximately
60’, the hypermobile all the way to 90’, and active support for whole feet (Fig. E.6).
The time length of all forms of sitting, but also of any other static load, must
be shortened as much as possible. The optimally correct static seat should be alternat‑
ed at the same time with a finely dynamized seat and work in a standing or semi-sit‑
ting position (Fig. E.6). At the same time, it is optimal to create suitable ergonomic
conditions for sitting and standing.

Fig. E.6

Correct sitting and its dynamization
Dynamization of correct sitting using aids represents a more comprehen‑

sive therapeutic – preventive approach. It affects the motor system:
• through executive musculoskeletal system by co‑activating muscle groups
through exercises in a closed kinetic pattern, through the adjustment of muscle
imbalance, etc.
• executive CNS re‑tuning and reprogramming: a feeling of gentle swaying that re‑
duces psychological tension and increases well-being, increasing spinal affer‑
entations by facilitating a central postural pattern through a pattern of normal
posture on the back from the end of the 1st trimester, etc.
The interconnection between the executive anatomical structures and the
controlling CNS not only conditions the creation of chain disorders, but also allows us
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to influence them at the same time on several levels. The generalization of function‑
al disorders can therefore be comprehensively influenced through physical therapy
focused on postural locomotor programs, which can include seating dynamization
and not only techniques using the barrier phenomenon (joint mobilization, manipu‑
lation).
In examining a person’s postural behavior, we currently rely mostly on the
concept of upright posture. This approach is proven in practice, but it cannot be con‑
sidered the only one and sufficient. In the case of upright posture, this is not a clear‑
ly defined condition. There is no reliable and unambiguous definition of the upright
standard.
Therefore, today it seems that clinical disorders involving posture, here
is an adequate approach in terms of postural ontogenesis, in terms of individu‑
al elements of postural activity and reactivity in the ontogenesis of human move‑
ment.[E24],[E53]
We perform clinical examinations in the anterioposterior and frontal
planes and we do so from the overall point of view as well as the position of individ‑
ual parts of the body. From head to toe, we monitor symmetry and consider possible
causes of musculoskeletal overload (tilt, accentuation of curves in the anteroposteri‑
or plane, position of ankle and knee joints, pelvis, shoulder blades, shoulders, head,
symmetry of details, etc.).
Walking is a postural-locomotor function that can provide much infor‑
mation about the locomotor system and at the same time significantly impact it. We
investigate symmetry, speed (distance in meters per second), step phases (available,
support, rebound phase), length, width and cadence of steps (number of steps per
minute), upper limb junction, descending longitudinal arch of the foot, foot deflec‑
tion, neurological deficit, etc. A very important indicator of walking from the point
of view of orthopedics and PRM is its hardness – noise. However, this is not consid‑
ered during the examination. Excessive long-term mechanical shocks caused by vig‑
orous gait represent a form of microtrauma and are consequently a source of pain in
the musculoskeletal system, especially the LE and the shaft. These areas are certain
shock absorbers. Initially, we do not find a definite clinical diagnosis for hard walk‑
ing. Non-specifically, we talk about calcaneodynia, gonalgia, lumbargia, etc. Noisy
walking gradually conditions functional (enthesopathy) and later also degenerative
changes (osteoarthritis). Especially on the supporting joints of the lower limbs and on
the axial apparatus.
We recorded the occurrence of hard walking in 2,580 patients with mus‑
culoskeletal pain in 79 percent of them. Of the 52 primary school pupils, 67 percent
had it.[E36] These are serious findings. In an effort to prevent its mechanical negatives,
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we found that by instructing patients about the need for softer walking, its noise was
statistically significantly reduced by 10 db, in all monitored sound scales. Another ef‑
fective measure to mitigate its negatives is the regular use of unstable pads. After
5 weeks of their use, we used the “foot-checker” device to find out the reduction of
the foot area (creating the arch of the foot), the occurrence of hard walking and sym‑
metrization and the shift of the body’s center of gravity to the heels. This reduces the
likelihood of DK and back pain. At the same time, we used a stabilometer to detect a
reduction in body deflection in the Th4 /5 segment and an acceleration of the muscle
response in the antero-posterior and lateral directions in the LS transition. This is a
manifestation of a significant improvement in the stabilizing function of the entire
locomotor system, especially the spine. For these reasons, we recommend evaluat‑
ing the hardness in the gait examination and using the more etiopathogenetic term
hard gait symptom instead of the non-specific terms achylodynia, coxalgia, etc. We
successfully use unstable pads to correct functional disorders of the lower limbs and
spine. They can also be used effectively in the treatment of various traumas (LE dis‑
tortions and fractures, lesions of the meniscus of the knee) and degenerative changes
(arthrosis of the load-bearing joints, halux valgus) (Fig. E.7).

Fig. E.7

Utilisation of unstable pads
As part of the patient’s clinical difficulties, it is necessary to analyze pos‑

ture and use of limb support function during changing positions, verticalization and
daily activities (work at home and at work, getting out of the bath, lacing shoes, lift‑
ing things, etc.). As part of performing gross (moving, sitting, eating, etc.) and fine
motor skills (creative activity), it is necessary to instruct patients about the constant
use of limb support function in terms of quality and quantity. From the point of view
of saving the axial apparatus, it is necessary to avoid positions in the forward bend
with added LE.
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From the point of view of treatment as well as prevention in using individ‑
ual PLFs, we can summarize and recommend:
• to avoid: one-sided static load in combination with a forward bending move‑
ment;
• to use: support function of the limbs, activation of the stabilization spine sys‑
tem, using ergonomic devices and techniques for dynamic positioning and con‑
tinuous change.
It is very welcome for a PRM physician if his or her full-day work in clinical
practice and especially his or her presence in the outpatient clinic, is continually en‑
gaged in a learning process, formed by observation, deep thought and feeling, as well
as a search for overcoming difficulties and finding innovative solutions related to the
patient as well as oneself. This would ideally cover the whole range of activity, from
the moment of the patient’s arrival, their undressing, examination and also during
subsequent administrative activities.

E.3.3.1.4

Neurophysiology
The motor system is structurally and functionally hierarchically organized.

Basic motor reflexes are at the spinal cord level and are controlled by the higher CNS
centers. The highest superior motor part is the cerebral cortex.[E85] The hierarchy of
motor representation depends on a parallel hierarchy of sensory inputs.[E16] Virtually
all parts of the CNS are involved in motor control. Securing the position of the body
has a reflex character – the supporting motor is reflex motor. It is primarily controlled
by the motor centers of the brainstem, especially the reticular formation and vestibu‑
lar nuclei, through the coordination of positional, postural and righting reflexes. The
basis of all postural reflexes is muscle tone, insured and maintained at a certain lev‑
el, especially by proprioceptive spinal reflexes and the gamma system.[E84]
Conditioned reflexes do not form in the cortex of the cerebellum itself,
but arise in cooperation of the cortex with subcortical structures. They are created in
cooperation with the limbic system, which also ensures the creation of the necessary
memory engrams for “remembering” these learned conditioned movement reflexes.
Following a movement command, activity first occurs in the subcortical areas, in formatio reticularis, and in the limbic system. It then appears in the basal ganglia and
later passes into the cortical association areas. Eventually, the cortical motor area (ho‑
munculus) appears, and only then is the activity transferred from the cortical area
of the Betz cells to the spinal motoneurons and from there to the muscles. Thus, the
initiation of motion is not based on the primary motor cortex, as has long been as‑
sumed, but rather the cortex is the organizer, integrator, and executive organ of the
motor function. The stimulus to move thus comes from subcortical structures and the
limbic system, which can be described as a primitive motor system.
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According to current research, the limbic system can be considered the
oldest motor system. It determines the overall focus of movement, has a very diffuse
effect on the whole motor and also affects emotions and the vegetative system. The
limbic system is considered mainly as a system that motivates movement (emotion‑
al brain), as a system that controls it. It plays a role in initiating and preparing for
movement. We attribute to this “emotional brain” the evaluation of sensory percep‑
tions according to their significance for the organism and the subsequent basic orien‑
tation of the motor response to a given stimulus: adversive or abversive.[E88]
The structures provide a solid starting point for movement subcortically
and therefore their activity precedes their own movement. Motion control depends
on afferent exteroceptive signals that determine the movement intent. And also, it
depends on proprioceptive signals which control the course of one’s own movement
with proprioceptive feedback. Intensive sources of these signals are various forms of
therapeutic physical education (unstable platforms, hippotherapy, acral coactivation
therapy, SM system, etc.).
Upright posture and balance stabilization is the product of a complex dy‑
namic system that is based on the integration of CNS inputs from multimodal senso‑
ry sources, including afferent information primarily from the visual, vestibular, and
proprioceptive systems.[E66]
Functional aspects are now increasingly used in kinesiology and in mo‑
tion assessment. Prerequisites for movement assessment include knowledge not just
in anatomy and biomechanics, but especially in neurophysiology and in cybernetics.
Following functional anatomy it is also important for clinical aspects of movement
disorders to monitor the actual purpose of movement – the teleological aspect.[E24]
It is assumed that there must be at least two descending systems to control
free movement. One is for agile muscle function on the limb and the other for the
supporting and strengthening function of muscles at the limb root and on the body
axis. They cannot be labeled according to their neural pathways, as has been the case
so far, but according to their actual function. Therefore, it is necessary to distinguish
the system of fine acral motor function from the system of supportive root and axial
mobility. Based on the above knowledge, we divide the locomotor system according
to functional systems of teleokinetic motor skills and recognize the following
systems:
1.

root and axial motor support systems (gross motor skills):
a) system for postural motor skills (static motor skills – hold), whose determin‑
ing center is the formatio reticularis and its executive organ consists of ves‑
tibular cores in the brain stem,
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b) system for locomotion (dynamic motor skills – move), whose control center
are the corticosubcortical centers.
2.

acral agility system (fine motor skills):
a) acral agility system, controlled from the cerebral cortex, performing
ideokinetic movements,
b) communication motor system controlling the muscles of the face, speech
organs, including gestures. It is also controlled directly from the cerebral
cortex.
The coordination of all these systems, which cooperate with each other, is

ensured by the CNS.[E88]
Although by posture we generally understand active motor skills aimed
at maintaining position, teleological thinking in a particular case is usually a more
specific process. About securing the positions of body diagrams, which have a specif‑
ic purpose, mostly an orientation function. We are therefore also talking about the
so‑called initial orientation position before performing the motion plan.
In this context, two principles should be emphasized:
1.

The principle of integrity, where position is considered as the reaction of the
whole system, not only a certain part of the musculoskeletal system

2.

The principle of dynamics, where each position is given not only statically
but also a certain dynamic balance of forces and vectors.[E24]
Hence, each movement presupposes not only upright posture, but

also much more specifically defined motor postural activities. These abilities
are genetically defined and developed individually during ontogenesis.
Teleologically, we can differentiate between several levels of postural be‑
havior. From the point of view of postural ontogenesis, orientational postural
abilities place the individual into a specific three-dimensional space. They can be
further specified as pertaining to antigravity or to balance. We also evaluate pos‑
tural abilities that stabilize the individual and thus allow him to perform another
certain dynamic movement. These so‑called stabilization capabilities can again be
differentiated into antigravity, etc. Postural behavior can also be assessed in terms
of the purpose of maintaining system integrity. In a movement disorders clinic, this
protective hold is often dominant. On closer inspection, these are overlapping levels
of postural abilities. In their specific kinesiological content, we can trace genetically
determined elements, more or less standard to uniform in each individual, and ele‑
ments of motor skills obtained during ontogenesis, which can be and are different in
each individual.
From a practical point of view, the unifying element for monitoring postur‑
al motor skills is the so‑called automatic body position control. Under physiological
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conditions, every person has this ability at a newborn age. Based on this automatic
control of the position of the body, the upright mechanisms gradually programmat‑
ically manifest during ontogenesis as a prerequisite for further more discrete move‑
ments.

E.3.3.1.5

Motor Control
The motor control system works on the basis of certain programs which it

selects and modifies according to the current situation. If the function of a part of the
locomotor system is weakened or disabled, the control system chooses another pro‑
cedure so that the original goal is met. Thanks to this possibility of substitution and
compensation, the organism as a whole can perform its motor and other functions
even with varying degrees of damage to its individual components. However, using a
replacement program puts a strain on the remaining components. If such a burden is
excessive, their function also fails.[E87]
The basal element involved in human movement is the postural system. It
forms the basis for the function of the locomotor system. An essential part of human
development is the typical relatively long-lasting ontogenesis. It proceeds accord‑
ing to phylogenetically fixed principles based on predefined movement programs of
terrestrial tetrapoids. Postural ontogenesis is the same for each, healthy developing
individual in its sequence, although individualized in detail.[E56] Vojta’s reflex loco‑
motion works with general movement programs. Although these old movement pro‑
grams do not occur in isolation in postural movement ontogenesis, they are availa‑
ble as a building block for the development of bipedal locomotion, or for therapeutic
intervention to optimize muscle functions. The goal and result of ontogenetic devel‑
opment, the work of control mechanisms and musculoskeletal effectors is human
bipedal locomotion – walking.[E61] During human ontogenesis, locomotion develops
gradually from older primitive patterns of quadrupedal locomotion to a vertical
bipedal gait pattern.[E88] Although the hypothesis of a repetition of phylogenetic de‑
velopment within prenatal ontogenesis is already obsolete, a certain phylogenet‑
ic continuity is obvious. The human developmental trajectory begins to differ from
the development of other apes after a period of independent locomotion in toddlers,
possibly due to the adaptation of separate upper limb movement (i. e. an object grip)
during rhythmic locomotion.[E12] The complexity and distribution of human postural
control and locomotion in humans explains why it takes many years in humans com‑
pared to other vertebrates, at least until adolescence.[E27]
Posture and locomotion control are interdependent at many different levels
of the CNS, from the motor cortex, to the basal ganglia, brainstem, and spinal cord.[E23]
A real upright position is possible only when the influence of central management
levels prevails, which will allow postural stabilization in the vertical. According to
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the neurophysiological hierarchical concept, during the development of the child, the
influence of the cerebral cortex, which suppresses the manifestations of spinal and
subcortical reflexes, gradually begins. Corticospinal locomotion control allows walk‑
ing even in difficult rugged terrain without loss of stability.[E11]
In different parts of the CNS there is a functional network of neurons pro‑
ducing a specific rhythmic movement, i. e. walking, breathing, chewing, sucking
movements, emptying, without conscious effort and without the aid of peripheral af‑
ferent feedback. Such cross-linked rhythmic motion neuronal pacemakers are
called central motion pattern generators (CPGs). In mammals, central move‑
ment pattern generators represent networks with centers at the cervical and lumbar
levels, where they control the front (upper) and hind (lower) limbs.[E22] Thus, in most
mammals, CPG-based neural control of locomotion is at the spinal level.
These neural networks, which produce patterns of movement, are extreme‑
ly adaptable and able to produce different motor behaviors. We can also use this dur‑
ing walking re‑education with hippotherapy, walking weight training with manual
assistance on a moving sidewalk, or robot-assisted training, despite damage to higher
areas of the CNS. Although CPGs can generate coordinated motor patterns in isolation,
efficient functional control of the respective motor patterns requires afferent and su‑
praspinal input.[E96]
An optimal amount of afferent arousals is essential to stimulate locomotor
centers in the spinal cord. The command to start and end rhythmic activity comes
from the supraspinal level.[E13] Thus, CPGs produce simple rhythmic movements and
are modulated and controlled by higher supraspinal centers (basal ganglia, cerebel‑
lum, cortex). The locomotor pattern generator is located in the spinal spinal cord sep‑
arately for each limb. As long as all limbs are active, the activity of all generators is
coordinated with each other. The generator is not able to operate spontaneously. It
is believed that the locomotor pattern generator is activated by a signal originating
from a certain region of the reticular formation of the midbrain, referred to as the
mesencephalic locomotor region. This center not only starts a locomotor generator,
but also determines the nature of the locomotion.[E57]
However, rhythmic activity generated by CPG is possible without regular
rhythmic firing from higher centers, but is influenced by proprioception, which plays
an essential role in the actual realization of movement.[E28] Spinal CPGs use a number
of proprioceptive stimuli to modulate muscle activity, but kinetic and kinematic in‑
formation through skin receptors, muscle spindles and Golgi bodies is crucial for the
resulting human locomotion. The production of CPG rhythmic activity may even be
initiated by proprioceptors themselves.[E11]
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More complex patterns of innate reactions arise in nerve circuits that do
not have the character of a classical reflex arc. The pattern of behavior is determined
by endogenous arousal activity, which does not require peripheral stimulation of the
sensory organs. However, afferent signaling from limb proprioceptors is important.
The task of afferent signaling is to reflexively adjust the motor program of the motion
pattern generators so that the resulting locomotor movement is harmonized with the
terrain on which it takes place.
Human locomotion is a phylogenetically stored basal locomotor program
that does not manifest in its complexity at once, but its components occur in the pro‑
cess of postural-locomotor ontogenesis. A motion program is an organized set of
simple motion patterns (subroutines) stored in memory, from which they can
be recalled.[E88]
Regarding the phylogenetically instilled global movement programs – like
autonomous movements (without reaction to an external stimulus) with the involve‑
ment of the whole body – different authors in the context of the ontogenesis of human
motor skills use different names, including motion framework programs,[E88] and
global locomotion models.[E92] These are applied in the form of “stepping stones” to
adapt to movement in a given environment.
According to Vojta,[E90] these global movement models (framework pro‑
grams) are genetically grounded (fixed patterns) and structurally fixed (postural
and locomotor). They are maintained and improved through their practical use.[E88]
According to most authors, other, acquired patterns are subsequently derived from
these genetically determined programs.
The skeleton of movement stereotypes, on which all other human
movements are based, are usually called global models, or coordination
complexes of reflex locomotion. These are phylogenetically incorporated into the
human genome and are equipped with an autonomous, gradually craniocaudal di‑
rection of CNS maturation,[E44] in order to adopt a bipedal gait program.[E92] There are
two phylogenetically determined forward movement complexes (global patterns), the
components of which are integrated in human postural movement ontogenesis. They
are reflex crawling and reflex rotation. The development of the natural way of
locomotion culminates around the child’s 12th month when the program of the global
movement stereotype of bipedal gait is fulfilled on the basis of models placed in the
brainstem and lateral spinal ganglia.[E88]
Čápová[E8] emphasizes that the genetically reformed patterns of postural
motor skills, which she calls basal postural programs (for lower limb support, axial
organ stabilization, etc.), need to be triggered therapeutically in the most natural sit‑
uations. This is also close to the Bobath concept and hippotherapy, which according
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to our assumptions has the potential to address all the described levels and functions
of the CNS and unmask, in optimally set positions, components of genetically determined global motor programs. All of this supports the crystallization of control
processes and their use while influencing the forming executive components of the
locomotor system.
The central nervous system and its activities represent an area whose
knowledge will always be a big but insufficiently fulfilling challenge. Most current
knowledge about CNS management is based on a number of theoretical assump‑
tions. Although this area will always be a certain terra incognita, we can say that
motor control is hierarchical at all levels of the CNS. Through various forms of kine‑
siotherapy, we can facilitate spinal, supraspinal, and cortical structures and their
corresponding prenatal and postnatal programs as well as subroutines that control
and shape the human locomotor system. We use primarily developmentally, but also
functionally suitable positions, support function and sensorimotor, especially propri‑
oceptive stimuli.

E.3.3.2

Occupational Therapy
Occupational therapy (ergon – work) is aimed at improving the health of

the patient at work. Its goal is to achieve and maintain maximum self-sufficiency
and independence of a person in work, leisure and regular activities (ADL). It targets
activities that patients consider important to their lives. They enable them to main‑
tain adequate quality of life and involvement in society. Occupational therapy pro‑
cedures are focused on motor (gross and fine motor skills, graphomotor skills), sensory (senses, proprioception, stereognosis) and cognitive-communication-social
(orientation, behavior). In addition, occupational therapy deals with the issue of compensatory aids (allow performance of activities), ADL and pre-occupational rehabilitation.[E77] Occupational therapy can be divided into:[E93]
• conditioning, which strengthens the patient’s physical and mental fitness.
Sports games and manual hobby activities (modeling). It distracts them from
adverse health conditions.
• targeted at the affected area. It focuses on restoring basic movements, cre‑
ating the right work stereotypes and work positions. Occupational therapy is
usually performed with some instrument that the patient uses to create a new
product. This motivational activity represents a smooth transition to indi‑
vidual KT,
• focused on self-sufficiency education. It focuses on routine daily activities
indoors and outdoors (hygiene, shopping),
• focused on work integration, which gives the patient better life prospects.
His residual work potential as well as his physical, sensory and mental abilities
— 401 —

Chapter E

for possible inclusion in the work or educational process are determined. We
also apply it in the period when the patient returning to his original job needs
to get used to work performance and pace in convalescence.
In fulfilling the goals of “occupational therapy”, we proceed from the prin‑
ciples that it should be interesting, purposeful, adequate to the patient’s personality,
respecting his possible pain and real needs, in a suitable environment. It should al‑
ways be part of comprehensive rehabilitation.

E.4

Less Frequent Procedures in Medical Rehabilitation
In medicine we proceed from a principle of primum non nocere. This is one

of the reasons why certain treatment methodologies take longer to be accepted by the
wider professional society. And this certainly applies to PRM as well. According to
Vojta, the well-known and unique reflex locomotion for children in the youngest age
category is still utilized in many countries. One of the reasons for this is that children
cry during this treatment. Another reason is that there are not sufficient EBM stud‑
ies covering this treatment and obtaining them is understandably problematic, not
just for ethical reasons. This also applies to other methodologies in the field of PRM,
including mobilization and movement application. One of the factors that often con‑
strains the use of new knowledge concerns economic considerations.
Medicine is certainly one of those areas of society where new scientific dis‑
coveries and knowledge are among the first to be applied. It is specifically current
developments in information technologies which today bring incredible opportuni‑
ties to all medical specializations. From this point of view, we are living at a histor‑
ic turning point. A few years ago, we did not even dream about the possibilities of
such diagnostic methods (imaging, biotechnological, etc.) and therapeutic procedures
(remote-controlled, computer-controlled and computer-implemented operating proce‑
dures, etc.). In a few decades, medicine has made leaps that have not occured for cen‑
turies. Nevertheless, we can safely assume that the biggest changes in entire health
systems are still ahead of us. And in a very short time. And it will allow them to de‑
velop and use information technology.
At the same time, there can be no doubt that PRM will be one of those areas
to undergo a significant impact through technology. Our approach is comprehensive
and we try to evaluate and influence the physical, mental, social and spiritual aspects
of the patient’s personality. We address not only the patients’ executive structures
and organs, but also their management systems. And it is in their influence that revo‑
lutionary technologies will be increasingly used in the near future.
At the same time, it can be assumed that new technologies will make it
possible to objectify and make more intensive use of the huge potentials of the hu‑
man body, which have hitherto only been empirically suspected and only partially
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known. This is both in the area of the central nervous system functions that have
only been partially used so far, and in the area of the presumed energy information
systems in most living organisms.
The expected significant restructuring of the functioning of health systems
will bring the development of new health professions, but also the transformation
or decline of some current specializations. Many forms of treatment, including re‑
habilitation, will certainly be modified. Undoubtedly, the wider use of telerehabilita‑
tion will be introduced. This can be especially expected with some forms of kinesio‑
therapy.
At the same time, we can say with a very high probability that no technol‑
ogy will replace a person as a diagnostician and therapist. And this applies to both
mental and physical approaches. Nothing can replace the human though, analysis,
feeling, touch, etc., be it diagnostic or therapeutic.

E.4.1

Technology
The use of various devices (tools, instruments) has always been part of the

PM & R procedures. Whether it was the application of physical therapy or the use
of various devices in therapeutic physical education in the evaluation, adjustment
and renewal of motor abilities, skills, muscle strength, fitness (stationary bicycles,
cross-country machines, iron lungs after poliomyelitis, traction tables, ergometric,
booster and vibrating equipment, unstable platforms, expanders, etc.). From time
immemorial, various forms of medical devices (barrels, prostheses, wheelchairs,
etc.) have been used in a comprehensive rehabilitation technologically correspond‑
ing to the given time. Many Slovak personalities have joined this process throughout
history. A native of Bratislava, inventor J. W. Kempelen, the founder of experimental
phonetics and a pioneer of speech therapy, designed a talking machine. It was the
world’s first successful attempt at a mechanical speech synthesizer. He imitated the
anatomical model of the human speech system. This talking machine also influenced
A. G. Bell, the inventor of the phone.
Kempelen published his research experience in 1791 in Vienna, in an inspiring
work named The Mechanism of Human Speech. He also created the first and practically
usable writing device for the blind and simultaneously taught a composer and a star of the
Vienna Opera to read and write. He used letters cut out of paper and text created by a paper perforation pin. In the 18th century, there were no aids for the blind, and the prevailing
view was that people with such disabilities were incapable of education. The singer demonstrated the typewriter and teaching methods in Paris, which prompted the establishment of
the first school for the blind. Her mentee was the inventor of the script for the blind, Louis
Braille. Dr. Ľudovít Markušovský, a native of Štrba in the 19th century, was the first in the
world to use the nasal speculum, which he designed himself. And there are other examples.
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The current huge development of hitherto unknown technologies, especial‑
ly computer technologies, brings significant positive changes not only in the whole
spectrum of diagnostic and therapeutic rehabilitation devices, but of course also in
the development of rehabilitation aids. These tendencies concern not only the design
side, the comfort of use and minimization of these devices, but above all the expan‑
sion of the range of possibilities of their applications and more effective influencing
of the affected functions. The integration of modern technologies significantly enrich‑
es and modernizes complex rehabilitation, while, of course, partially disrupting the
usual theoretical, clinical and management stereotypes. This development will un‑
doubtedly intensify, bringing with it opportunities which would certainly be seen as
a form of science fiction by previous generations.
Karel Čapek has came up with the word and idea of a “robot” some
100 years ago. What are robotic and assistive technologies? There is no clear consen‑
sus on which devices we classify as robotic. Generally robots are considered to be
technologies that tend to perform partially or completely: movement, mechanical
arm/limb control, environmental sensing and manipulation, and intelligent
behavior, especially human or animal-like behavior.[E10] Robots have action
components/units and sensors. The activity they perform is based on the sensed
state (limbs, body) or environment (including virtual) and the existence of an intel‑
ligent response to this state or environment. Without intelligence, it is “just” an au‑
tomaton.
Assistive Technology (AT), newer assistive products/products, are de‑
fined as any item, device, or product system that has been commercially purchased, modified, or adapted and that is used to extend, maintain, or develop
functional abilities of individuals with disabilities.[E17],[E18] It is a wide range of
facilities, services, strategies and procedures that are designed and used to alleviate
and address the problems faced by individuals with disabilities.[E1]
ATs are devices to support the independent functioning of people with im‑
pairment or disability. They represent a wide range of devices from technically sim‑
ple (built‑in handles for catering needs) to technologically advanced devices – high
tech devices (electric carts, computerized communication systems, alternative access
systems). The aim of AT is to contribute to the effective improvement of life of people
with disabilities, but also of the elderly, by overcoming and solving their functional
problems, reducing their dependence on others and contributing to their integration
into family and society.[E21],[E74]
Robotic devices used to influence human motor skills can work passively,
actively, or interactively. In passive devices, the movement of the affected limb is lim‑
ited to a certain extent within which the patient can perform active movement. In
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devices that are active, the human body, or part of it, is guided along the trajectory
by means of controls and performs a passive movement. In interactive devices, the
device provides a supportive strategy in response to the possibility of performing an
affected part of the locomotor system. We consider robotic rehabilitation to be part of
a comprehensive rehabilitation program.
The robots are equipped with adaptive control systems that allow individ‑
ualization of the rehabilitation intervention according to the specific needs and re‑
maining abilities of the individual patient, in order to support sensorimotor, cogni‑
tive and behavioral recovery. Robotic rehabilitation procedures make it possible to
increase the intensity and/or frequency of therapeutic interactions, to enrich sensory
experiences and/or to facilitate the performance of environmental actions and inter‑
actions.
The robotic system is made up of several subsystems:
• mechanical support system is generally made up of poles and joints. It pro‑
vides physical support to other subsystems and mechanical constraints that al‑
low or restrict movement at different planes,
• control/execution system allows to perform activities related to locomotion
or handling. It is related to the ability to move the mechanical parts of the ro‑
bot. Through this system it is possible to implement motion control strategies
using servomotors, transmission elements and other components,
• sensor system capable of obtaining data on the internal state of the mechani‑
cal system (proprioceptive sensors such as position sensors) and external envi‑
ronmental conditions (exteroceptive sensors such as force sensors),
• control system that combines activity with perception and that can control
the execution of the activity with respect to the objectives set by the action
planning technique and the limits set by the robot and the environment.
In order for the robotic system to be functional, it is also equipped with a
power supply system (it can use the electrical network or storage systems) and a user
interface for controlling and planning the operation of the device. Depending on the
functionality, these subsystems can be:
• motion equipment that allows the robotic system to move in space using wheels
or mechanical legs,
• manipulation device that allows the robotic system to interact with the envi‑
ronment through mechanical arms, final effectors, artificial hands.[E20]
Robotic technology must be equipped with the following subsystems: me‑
chanical support, action units, sensors and control system.
• exoskeletal devices that allow direct control of movement in each limb seg‑
ment and create the forces needed to move each segment separately, according
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to each independent component required. movement. Exoskeletal devices are
divided into:
–– fixed exoskeletal devices that perform their function in a predefined space
(Fig. E.8),
–– wearable exoskeletal devices, where all components can move with the per‑
son wearing them.

Fig. E.8

Lokomat® Pro 3D, Hocoma AG – exoskeletal device

• end effector devices, in which the whole limb moves under the required forc‑
es through one contact area located in the distal part of the limb[E59] (Fig. E.9).

Fig. E.9

Gloreha II Professional (BTL, 2018) – end-effector device

Fig. E.10

Armeo Spring®, Hocoma AG – combined device
— 406 —

Chapter E

Both types are used mainly in the rehabilitation of the upper and low‑
er limbs. The difference between the two categories is how the movement is trans‑
ferred to the limb. Exoskeletal systems perform the same type of movement that the
patient performs. The human-device interface is extended to the whole limb, or part
of it, and the number of degrees of freedom of the machine is equal to the number of
joints on which the rehabilitation procedure acts. On the other hand, the mechanical
structure of the end effector and patient device is limited to the effector to which the
patient is connected via a special mechanical interface.
Exoskeleton-based devices have a mechanical structure that reflects the
skeletal structure of the patient’s limb. Therefore, movement in a defined joint of
the device directly creates movement for specific limb joints. Exoskeletal devices act
directly on the patient’s individual joints. They have to accurately reflect the target
limb, but for different sized patients and are therefore difficult to construct. They
have or do not have a built‑in haptic (tactile) control system.[E62]
In end-effector devices, the device is in contact with the patient’s limb at
its distal portion – the end effector. It is attached to the patient’s limb. The movement
of the end effector changes the position of the limb. The limb segments form a me‑
chanical chain. Therefore, the movements of the end effector indirectly change the
position of the other segments of the patient’s body. The end effector robots enable an
interactive control strategy. If the patient is unable to complete the task, the robot will
provide support and at the same time allow data collection. We use them in walking
education. The first robotic technologies developed specifically for the rehabilitation
of patients after stroke were end-effectors. The advantage of end-effector systems is
their simpler structure and thus less complex control algorithms. However, it is diffi‑
cult to isolate specific movements of a particular joint because these systems produce
complex movements.
According to purpose of use, robotic devices can be divided into:
• assisting/compensating: increase the ability to perform an activity or allow
it to be performed, although it is not possible
• interactive/re‑educational: they are aimed at inducing and accelerating
the restoration of function by increasing neuroplasticity in acute and chronic
phase.[E20]
Depending on which part of the body and related functions the robotic devices have to influence (assist or re‑educate), we divide them for:
• upper limb and thus mainly the achievement and/or manipulation of objects.
These systems can be further classified according to the joints of the upper
limb affected by the interaction with the device (shoulders, elbow, wrist, hand),
• lower limb and thus mainly the effect of gait and balance.[E20].
— 407 —

Chapter E

Based on the principle of motor learning, which describes the correlation
between repetition of activities and improvement of motor function, robotically as‑
sisted locomotor therapy using computer-controlled electronic orthoses was devel‑
oped in the late 1990s (University of Zurich, 1998). Activation of spinal and supraspi‑
nal CPGs (central pattern generators), as described in animal experiments, supports
the theoretical basis of this therapeutic model.[E48]
The results of animal model studies suggest the existence of neural circuits
in the spinal cord responsible for locomotion, which are able to generate a central
pattern generator independently of supraspinal activity.[E6],[E13],[E64] CPGs are activat‑
ed by the lower brain centers (brainstem, basal ganglia), which in turn activate the
muscles performing cyclic and repetitive gait movements.[E65] Because higher brain
centers are often impaired in children with CP, CPG activation and automatic recip‑
rocal mechanisms are thought to play an important role in stimulating gait through
locomotor training.[E64] The existence of CPG in humans could also be supported
by the fact that the reflex of the gait mechanism is preserved in anencephalic neo‑
nates.[E3],[E11] An optimal amount of afferent arousals is essential to stimulate locomo‑
tor centers in the spinal cord. This can be achieved by repeating the movements of
the lower limbs in a rhythmic physiological pattern.[E58] The beneficial effect of robot‑
ically assisted locomotor therapy with the Lokomat device has also been recorded in
more severe forms of CP after 20 therapeutic units, with a frequency of 4 to 5 times a
week. The maintenance regimen can then be applied 2 to 3 times a week.[E50]
According to the assistance provided by the device, Basteris et al.[E2] sug‑
gested this division:
• passive: the robot performs the movement without the contribution of the
subject,
• active: the robot does not exert force on the patient’s limb,
• assisted: the robot helps to move by relieving weight or exerting forces to help
the subject,
• active with assistance: the robot provides assistance only when the subject
cannot actively perform it,
• passive mirror: two-handed device, healthy limb controls the passive move‑
ment of the affected limb,
• corrective: the robot stops the movement in case of patient error,
• guided along the path: the robot guides the subject when it deviates from a
predetermined trajectory,
• resistance: the robot creates resistance and prevents the subject from moving.
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From the point of view of feedback returned to the user, we can divide ro‑
botic devices into:
• visual, haptic, auditory and non-feedback.
According to the spatial dimension of the performed movement, we
classify robotic devices into:
• planar systems operating in 2 dimensions,
• three-dimensional systems.
According to the type of parameters collected we can divide robotic de‑
vices into:[E20]:
• kinematic: range of motion (ROM), trajectories, accelerations, etc.,
• dynamic: intensity, duration and frequency of forces and pressures, etc.,
• other parameters: i. e. physiological (i. e. muscle activation by EMG, etc.).
Other aspects that we can take into account when classifying robotic sys‑
tems are the level of difficulty of the proposed task (fixed or variable), or the type
of control system (impedance control or input control).
Another classification aspect could be related to the presence of the motor
system (active systems versus passive systems). Some studies examine the effec‑
tiveness of the use of non-motorized electromechanical devices providing the only
passive support in performing motion.
Despite the definition adopted for robots, which takes into account the pres‑
ence of motors, studies characterizing the use of electromechanical or servo-assisted
systems are included in analyses.
Robotic devices, like all medical devices according to their intended use,
are classified according to Regulation 2017/745 of the European Parliament and of the
Council of 5 April of the following:
• Class I: non-invasive, except those that supply/mediate energy to the human
body in potentially dangerous form,
• Class IIa: non-invasive devices that supply/mediate energy to the human body,
• Class IIb: non-invasive devices that supply/mediate energy to the human body
in a potentially dangerous form.
The comprehensive rehabilitation process should include four basic
steps. First, it is necessary to evaluate the type of failure, the extent of damage,
functional and structural deficit. Secondly, it is necessary to set rehabilitation
goals and develop a short-term and long-term rehabilitation program with
which we can achieve them. Thirdly, we perform treatment. Mostly, over time.
And fourth, it is necessary to evaluate the effect of the treatment and the scope
of the achieved goals. In standard rehabilitation, it is often quite difficult to accu‑
rately quantify the problem the patient is experiencing as well as the degree of ad‑
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justment. Modern technologies could really help in this. Especially when objectify‑
ing the whole rehabilitation process. And they have a huge potential to enrich all its
four steps.
The use of robots in rehabilitation has a significantly increasing tenden‑
cy. Several studies have supported the hypothesis that robotics-based therapies have
similar and, in some areas, better outcomes than traditional rehabilitation methodol‑
ogies.[E63] With the introduction of robotic modes, as with any new process, a number
of questions arise that need to be answered in order to make them more user-friendly
and attractive. Currently, one of the main problems is the issue of economic costs. To‑
day, they represent an insurmountable obstacle for most physiotherapy and rehabil‑
itation departments. Issues of safety, ease of use of technology, and mastery of thera‑
peutic procedures are less of a barrier. The effectiveness of individual methodologies
is also significantly advancing by technological development. Of course, very inten‑
sive development is taking place in addressing the issue of the availability of simpler
and cheaper systems accessible through telerehabilitation for home use.
At present, in there is a growing importance of telerehabilitation, includ‑
ing procedures that can capture, display and influence the function of the brain as
an important governing body. There is a growing spectrum of diverse technologies
and innovation based on new principles. This development is a natural consequence
of the rapid expansion of electronics and communication technologies, enabling new
opportunities for a more independent life for patients, especially with neurological
diseases. It is difficult to assign and characterize them in terms of previous types of
modern technology. We can call them new modern and advanced technologies.
According to the dominance of their application, we can simplify divide
advanced technologies into:
• diagnostic (quantitative EEG – qEEG, neuro-imaging techniques – i. e. low-res‑
olution electromagnetic tomography LORETA, diffuse optical tomography –
DOT, etc.),
• therapeutic (transcranial DC stimulation – tDC,[E79] transcranial magnetic stim‑
ulation – TMS, transcranial random sound stimulation – tRNS, etc.),
• diagnostic-therapeutic (virtual reality), although with most of these devices
we can at least partially use the diagnostic and therapeutic function.
Depending on which part of the system is dominated by advanced
technologies, we can divide them into:
• executive, – managerial, – executive as well as managerial.
Efforts to capture and influence brain function by non-pharmacological
means are long-standing in human society. We record the first successful experi‑
ments at the end of the 18th century with a direct current of important scientists of
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the period Galvani and Volta. In 1801, Galvani’s nephew Aldini successfully used
transcranial direct current (tDCS) to influence melancholy. Current research consid‑
ers modern application of tDCS to be appropriate in patients with depression,[E4] with
neuropathic pain after spinal cord lesions[E79] and in influencing daily activities.[E14]
Methodologies that focus on the activity of the central nervous system, especially the
brain, are classified as neurotechnologies.
Neurotechnologies are a set of methods and tools that allow the direct connection of technical components to the nervous system. These techni‑
cal components are electrodes, computers, or any intelligent technology. They are a
grouping of different techniques aimed at optimizing the activity and performance
of the (human) brain. They are based on the practical application of scientific knowl‑
edge and technology, but also on the knowledge of ancient spiritual teachings. They
also make it possible to visualize the brain and its activities. They work on the prin‑
ciple of feedback (biofeedback). It is a system feedback in which information about a
system/function is returned in order to influence/maintain the function.
Neurotechnologies can objectify and change the neurophysiological state.
For example, by known electroencephalography (EEG) and quantitative EEG (qEEG –
brain mapping) they can capture, analyze and change brain activity, which is re‑
flected, among other things, in the change and character of individual waves: alpha,
gamma, etc. This can be used to speed up the rehabilitation process for the sick, the
adaptation of athletes, etc.
Among the 20 Top Neurotechnologies produced in 2020 are devices that
should positively affect the quality of sleep and breathing disorders (sleeping apnea
syndrome), support the ability to learn and exercise physical activities, provide infor‑
mation to teachers about student involvement during the educational process, reduce
stress, act as an antidepressant, enable mental video games – without working oper‑
ating the “mouse,” allow monitoring of bodily functions, etc. These are modern and
small devices and involve a headband-size device at most.
The future of modern technology lies in the connection/interaction between the brain and the computer. Brain signals are obtained and analyzed from
the brain-computer interface (BCI), transformed into commands, which are trans‑
mitted to output devices performing the required activities. The brain-computer
interface is a connection for cooperation between the biological brain and
the computer, for their two-way communication.[E75] The main goal of BCI is to
restore or replace a necessary function for people suffering neuromuscular disease
(ALS, CP, stroke, spinal cord injury, etc.).

— 411 —

Chapter E

Telerehabilitation supplements traditional clinical assessment and allows
for the sharing of information, or even the exchange of medical data, between pa‑
tients, families, caregivers, physicians, health professionals and researchers.
Telerehabilitation offers people living in remote areas the opportunity to
access health care remotely: the possibility of early diagnosis and early initiation of
treatment in acute cases, improving the continuity of specialized care with the pos‑
sibility of shortening hospital or rehabilitation center, continuous monitoring of pa‑
tients at risk, reducing travel costs, time saving, etc.
Telerehabilitation is often used as a complement to virtual reality (VR) re‑
habilitation at home and monitored remotely by therapists. VR reality techniques and
high-speed networking create an environment that allows clinicians and technical
staff in various fields to interact with three-dimensional visualization of patient-spe‑
cific data.[E30] Virtual reality is used mainly in orthopedic and neurological problems
in the upper and lower limbs, in influencing balance, cognitive and speech disorders.
The patient can actively, by self-monitoring on the screen, through feedback provided
by information from various sensors (magnetic, camera, etc.), influence gross (walk‑
ing, moving, tilting) and fine (facialis) motor skills[E49],[E51] (Fig. E.11).

Fig. E.11

Armeo Power ®, Hocoma AG‑exoskeleton and virtual reality
In recent years, virtual reality as a therapeutic tool has become a new and

important topic in neurological disease research. From a kinematics knowledge per‑
spective, the VR provides an opportunity for high-intensity, task-oriented and multi‑
sensory feedback training that can support patients’ visual, auditory and tactile per‑
ception/entry and increase their interest in the rehabilitation process, allowing them
an engaging experience to a greater or a lesser extent. All of this effectively improves
the treatment content. Previous studies have confirmed that VR technology plays an
active role in the treatment of patients with stroke, cognitive impairment and in im‑
proving the quality of life for the elderly. VR has also been shown to improve equilib‑
rium responses and activities of daily living in patients with Parkinson’s disease.[E9]
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When considering whether to include VR in treatment intervention, we
must also consider the following factors:
1.

visual and multimodal presentation of the environment and tasks will be most
appropriate to achieve the desired behavior,

2.

manipulation of objects in the environment will change the sense of presence,

3.

certain populations that are more sensitive to the virtual environment will re‑
act differently than expected,

4.

the use of aids /equipment (i. e. goggles) will change motor performance.
In addition, significant weaknesses remain in our understanding of the im‑

pact of VR on physical rehabilitation, due to the lack of well-designed clinical trials
that assess dosing and technological equivalents.[E47]
The environment in which patients on facilities perform activities and
tasks can be divided into:
• real,
• virtual.
Clinical and research findings support the usefulness of the interaction
between rehabilitation and new technologies. From the simplest rehabilitation aids
to the most sophisticated ones – robotic, neurotechnology, virtual reality. Howev‑
er, there is also the question of their inclusion in comprehensive health care in any
country and in any economic conditions to improve the quality of life of a growing
number of people with varying degrees of disability, the elderly, polymorbids, etc.
According to the form in which the exercise using advanced technologies is performed, we can divide them into:
• mechanical,
• virtual,
• combined.
The introduction of new advanced technologies will undoubtedly bring
about difficult‑to‑predict changes in the functioning of health systems today, espe‑
cially in the provision of medical and preventive care. PRM will undoubtedly be a
significant area both from the patient’s point of view and from the position of phy‑
sicians as well as the support staff. It will certainly affect its structure, number, pro‑
fessional orientation, but also the content of education of future health professionals.
They will have to be better prepared in terms of information technology as well as
technical knowledge for managing highly specialized equipment. In spite of the fact
that this issue is usually not very close to them and even if technologies are designed
in a way that is easy to use. All of will certainly impact the financial situation across
the healthcare system.
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It is likely that more technically oriented specialists, programmers will be
needed, and at the same time it cannot be ruled out that the number of traditional
medical jobs in rehabilitation and social facilities such as physiotherapists, occupa‑
tional therapists, speech therapists, special, medical, social educators and the like
will gradually decrease. This is despite the fact that due to the increasing age of the
population, an increase in the number of patients can be expected.
From the point of view of ensuring the availability of highly specialized
rehabilitation procedures using new modern technologies, it seems very appropriate
to create networks of such high-level facilities, where such centers would be concen‑
trated within individual European countries and would provide these technically
and economically demanding methods covering the most severe CNS challenges. This
could ensure effective support in promoting neuroplasticity as a fundamental and
critically important mechanism of neuronal functioning through which the brain re‑
ceives and processes information. At the same time, it adapts and changes itself in the
interaction within its genetically determined possibilities.
These centers could also conduct clinical trials while influencing the devel‑
opment of new advanced technologies. Although a growing number of research in‑
stitutes are already addressing the issue of modern technology, more active and mass
involvement of PRM physicians will be needed in the future to focus research on real
clinical issues and their practical solutions. At the same time, natural international
research cooperation between such workplaces also appears to be very necessary, as
well as the possible use of such facilities by patients from other countries.
On the other hand, it can be assumed that simpler technologies will be
widely available for ordinary physiotherapy and rehabilitation departments and
simple and inexpensive facilities/products that can be used in home care.[E19],[E20] All
the more so as the goals of health services are modifying, especially in industrialized
countries. It is no longer just an effort to heal, but more often also to achieve a longer
period of well-being, a better quality of life, maintaining the best possible level of ac‑
tive life and independence.

E.4.2

Hippotherapy
Hippotherapy (HT) is one of the less-frequently used procedures in compre‑

hensive care, especially for patients with multiple disorders. However, its impact is
very complex and it is used across a wide range of diseases of the musculoskeletal
system, internal medicine and psychiatry.
The influencing factors active during HT are divided into: non-specific, spe‑
cific and psychosocial.[E31]
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Of the non-specific elements used in other sensorimotor methods, the fol‑
lowing are applied in HT:[E35],[E67]
• tactile skin stimulation through contact with the fur eases the touch site (i. e.
the finger extensors) and inhibits the opposite (flexors);
• the effect of heat positively affects muscle activity and suppresses spasticity.
The horse has a higher body temperature of 38 °C and this accumulates in con‑
tact points of the moving horse and the rider;
• exercise against resistance representing the weight of a given segment rein‑
forced by gravity;
• supportive reactions allow the facilitation of extensors when pressing into
the joint (relying on extended HK on horseback) and flexors when pulling from
the joint by positioning the patient on the abdomen across the horse’s back;
• defensive reaction against falling, such as balance training, using postural
muscles according to the deviation of the patient’s center of gravity in lockstep
and while the horse is standing;
• labyrinth reflexes for the patient positioned on the back, changes in the posi‑
tion of the head, induced relaxation;
• deep neck postural reflexes support upper extremities (UE) flexion and ex‑
tension lower extremities (LE) during positioning on the horse by tilting the
head. By tilting the head UE extension and LE flexion. Turning the slightly tilt‑
ed head facilitates HK extension on the facial side and flexion on the head;
• lumbar deep postural reflexes support the LE extensor on the side of the
lumbar spine, which we use in walking education;
• extension of shortened tissues due to gravity and segment weight;
• irradiation of irritation in the controlling and executive component of the
musculoskeletal system, especially in muscle contraction, conditions the
strengthening of weaker synergists and some distant muscle groups due to the
influence of stronger muscles;
• awareness of proprioceptive arousals in the emotional experience of HT
amplifies the described mechanisms.
Among the non-specific factors, we would like to point out the use and in‑
fluence of the central (global postural – locomotor) program, especially through
the patterns of normal posture from different stages of kinesiological development
(Fig. E.12).
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Fig. E.12

Hippotherapy with a child in a position from the end of the second
trimenon
HT also emphasizes parasympathicotonia and represents endurance and

resistance exercises of low and medium intensity.[E40]
The action of HT‑specific elements is conditioned by the influence of
the horse and its step. The horse ‘s step as a unique element enables forward and
backward movement; it is the basis of motor development, especially uprighting.
At the same time, the horse engages in a bipedal gait as one of the basic movement
patterns.[E95] During the step, there is a rhythmic transmission of three-dimensional
movement stimuli from the horse to the patient.
Psychosocial factors have a balancing effect on emotions, feelings of mis‑
trust, anxiety, etc. Through the influence of self-confidence, self-awareness, they lead
to communication, cooperation, development of intellectual functions, etc. They are
used in deep psychology in the meaning of the horse as a symbol and sign, etc.
The interaction of these factors affects the posture directly and indirectly
and there is an engagement in adjustment:
muscle imbalance, mobilization of joints, normalization of muscle tone, improvement of movement coordination, disruption and reduction of the development of
pathological stereotypes (respiration, abduction and extension of the hip joints, abduction of the shoulder joints), facilitation of new movement stereotypes, facilitation
of post-rhythmic mechanisms, adjustment of movement symmetry, improvement of
adaptation to various stimuli, improvement of balance, adjustment of speech disorders, improvement of respiratory system function, influence of cardiovascular system, dysfunctions of gastrointestinal system, etc.
Of the lesser-known and less discussed influences we would like to
point out the co‑activation of muscle groups through movement synergies such as closed
movement (kinematic) chains, the use of generalization of chain disorders and eccentric
exercise, influencing the deep stabilization system, acting through muscle loops as well as
muscle-tendon chains.
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E.4.3

Borderline Phenomena
In everyday life, but also in medical practice, we encounter phenomena

that we call borderline, or parapsychological (PSI) phenomena. Almost every‑
one has encountered them, but they are difficult to explain. For example; years lat‑
er, we’ll remember someone we haven’t seen for 20 years, and they call us right that
very second. Although almost no space is devoted to this issue within society or ed‑
ucation – and is mostly considered as unprofessional – there is in this area serious
research as well as professional current journals specifically focused on this area,
like Social Science and Medicine, Journal of Parapsychology. The closest to them in
psychology is psychiatry with psychology and PM & R. Borderline phenomena are a
challenge throughout the development of mankind, but their intensive research took
place mainly in the period of the so‑called Cold War on both sides of the Iron Curtain.
The ability to understand and take advantage of non-standard phenomena by which
one could remotely “read the opponent’s thoughts” or even “control” them would cer‑
tainly give each party a great advantage in competing with the other. Especially in as
far as the military is concerned. Within the socialist camp, in addition to the Soviet
Union and Poland, there was intensive research in this area in former Czechoslova‑
kia. This area’s thought center was the Psychoenergy Laboratory in Prague, headed
by prof. F. Kahuda. In Slovakia, the Military University in Liptovský Mikuláš and the
Institute of Physics of the Slovak Academy of Sciences in Bratislava addressed the is‑
sue. At the Slovak Medical Society, the Psychotronics Section was established with‑
in the activities of the Slovak Geriatric Society (SGS). It was first led by Gustáv Solár,
M. D., PhD. This was the basis for the establishment of the Slovak Psychotronic Society
and later the Slovak Society of Natural Medicine. An acupuncture section was created
at the SFS, led by Prim. Jozef Šmírala, M. D., CSc. The Slovak Acupuncture Society de‑
veloped from it. These organizations prepared scientific conferences and specializa‑
tion courses focused on the issue.
After the “revolutions” of 1989, the activity of the so‑called healers – ex‑
traordinarily sensitive individuals, “sensibles” – increased. In addition to domestic
ones, a large number of healers from the republics of the disintegrated Soviet Union
began to work in Slovakia. Most of them came from Russia and Ukraine. Also for this
reason the Ministry of Health of the Slovak Republic (MH SR) established a Depart‑
ment of Natural Medicine and Acupuncture within the Research Institute of Human
Bioclimatology (RIHB), which dealt with the given phenomenon and their possible
objectification and use. At the same time, the position of chief expert at the Minis‑
try of Health of the Slovak Republic for acupuncture and natural medicine was cre‑
ated. One of his tasks was the question of providing professional medical opinion on
this issue. Unfortunately, after the dismissal of the Minister of Health, Soboňa, M. D.,
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due to government reshuffle in 1998 this position was scrapped and later, RIHB as a
workplace dedicated to research in the field of physical and rehabilitation medicine,
as well. The same fate waited for the conferences on psychotronics (organized since
the socialist era), as well as for events covering natural medicine as part of post-grad‑
uate studies of physicians. These venues were an opportunity for doctors of various
specializations to get acquainted with a given issue, exchange experiences and learn
diagnostic and therapeutic procedures of extrasensory perception in borderline
phenomena (PSI). It was a unique approach worldwide, which has gained consider‑
able popularity and respect in medical circles over the years. To this day, the cancel‑
lation of these activities is irreplaceable, as this issue will still be there. But it is a pity
if we do not study the issue and leave it in the hands of lay people. Because these can
certainly affect the health of our population in an inappropriate manner. The very
idea that mainly doctors possessed this knowledge, knew how to diagnose given is‑
sues and used it in treatment was incredibly progressive and correct. All the more so
because Slovakia still had scientists from the socialist period on the issue and at the
same time had a strong tradition of folk medicine that uses these phenomena. After
the fall of the Iron Curtain in 1989, interested people from the academia[E73] as well as
from popular science circles[E82] came to study here.
As part of the study of the ability of extrasensory perception and its use in the
diagnosis and treatment of humans, we also monitored several people (the so‑called sensibles – healers) from Russia. We performed a standard comprehensive clinical examination of a patient with back pain. Subsequently, the sensibile individual – who until that moment was located in another room – was brought in to make their medical biodiagnostics.
We then compared their conclusions with ours and, if necessary, we also used auxiliary
investigation medical examination methods.
I had some interesting experiences with one healer who also treated the former
secretary general of the Communist Party of the Soviet Union, Leonid I. Brezhnev.
When diagnosing a patient, after medical biodiagnostics, this doctor told me
that he did not have a gallbladder. However, the patient claimed that he did not have it
surgically removed. However, the healer insisted on her claim. I sent the patient for an ultrasound diagnosis, assuming I could prove to the nurse that she was wrong. However, the
patient’s finding surprised me: gallbladder agenesis.
In another study, we followed contactless biotherapy of healers in patients with
dorsalgias. We evaluated the intensity of the patient’s subjective perception of pain with a
visual analogous scale and objectively monitored it not only from the clinical examination
but also thermographically. Before and after each treatment. They were 4. In the case of
one patient, the extraordinarily sensitive individual told me after the patient left: “I did not
treat her back, but urinary stones.” The patient did not come the next day, but only on the
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third. She couldn’t. She was on call at night due to renal colic. The results of the subjective
evaluation of the pain relief of the whole group of patients were statistically highly significant. They were thermographic after 4 applications of biotherapy and bordered statistical
significance. Similar thermographic results were also found in a study looking at the effects – new at that time – of physical therapy (magnet, laser, bioptron), which we had done
before.

E.4.4

Hippotherapy and a Posited Energy-Information System
Comprehensive effects of HT do not only include, according to our opinion,

the physical, sensory, psychological and social aspect of the human being, but also
the person’s energy information (E‑I) area. It is conditioned by the presumed energy
information system (eis) of a person. Some of its functional subsystems are acupunc‑
ture points, meridians, display microsystems, and chakras. The projected functional
division of the EI system has traditionally been called an aura or biofield.[E33],[E34]
Acupuncture pathways and points represent an energy information net‑
work affecting the whole body. Microsystems such as the ear, palm and others are
places where information about the whole organism is projected into a small space.
A certain objectification of the existence and functioning of the acupuncture system
allows the electroacupuncture (EAV) method of Voll, Ryodoraku acupuncture, and
the electroacugraphy method (EAG) according to Solár, etc.
The foundation of the assumed energy-information environment
(field) as a universal communication system is information and energy potential.[E72] The energy information environment is in a broader sense a kind of mor‑
phogenetic field and a morphic resonance according to the English biologist Rupert
Sheldrake. Our assumptions about the operation of eis during HT are based on the
theoretical work of a part of the scientific community, on the medical knowledge of
older, especially Eastern cultures, and on our own experience. Important theoretical
scientific works include the concept of bioplasma (Injušin, 1950), superluminal con‑
nections (Bell, 1964), holograms (Gabor – Nobel Prize 1971, Böhm, Pribram), morpho‑
genetic fields,[E76] quantum-vacuum interaction,[E70] (Laszlo, 1996), etc.
In the first half of the 1990s, scientists at the Slovak Academy of Sciences,[E97]
Italy[E7] and Japan[E46] independently studied the effects of magnetic fields on living or‑
ganisms. They pointed to a possible existence of superconductivity and the Josephson
phenomenon, or similar phenomena, in living organisms. These phenomena have so
far only been confirmed at extremely low temperatures of ‒200 °C. These are revolu‑
tionary assumptions in terms of physics, medicine and biology.
Based on these results, some authors assume the existence of special recep‑
tors in living organisms for very low magnetic and electromagnetic fields with an in‑
ductance of 10‒15 Tesla and do not exclude contactless information transmission. This
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could explain certain parapsychological phenomena, such as telepathy, clairvoyance,
automatic drawing, etc. Energy information processes are assumed to take place at
centimeter wavelengths. Since the prerequisite is a non-linear generation of electro‑
magnetic radiation, which can have high content of subharmonic frequencies and
these can also transmit a certain part of information, in the field of energy informa‑
tion communication processes can take place at cm wavelengths. According to other
experts, the explanations quoted are absolutely mechanistic and the assumed energy
information systems operate within completely different mechanisms.
In the course of our lives, we may encounter various phenomena, the ex‑
istence of which we also explain by a presumed e‑i system. Their most significant
use in the world is in the field of medicine, especially ancient cultures. This includes
the use of ancient Chinese medicine, especially acupuncture and its components; dis‑
play microsystems (Fig. E.13). Some Indian medical and philosophical schools use
a chakra system (Fig. E.14). Throughout the period of Christianity, we can observe,
within its cultural manifestations, the painting of the halo around the heads of saints
(Fig. E.15). There are several examples under the Old and New Testaments that can
be explained by the operation of the envisaged e‑i system. In Mark 16:18, for example,
we read, “… they shall lay hands on the sick, and they shall recover.” Homeopathy is used
all over the world due to its presumed energy information effect.

Fig. E.13

Some acupuncture pathways, points and microsystems of the ear
and foot
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Fig. E.14

Biofields and pure chakras shine with colors. Such an image can occur
in a relatively healthy person for a short time. It is unique, although it
should prevail.

Fig. E.15

Saint Luke with the halo
As part of rehabilitation, we often have a close and personal contact with

the patient during the diagnostic-therapeutic process, taking up a longer period of
time. Even on this basis, we often encounter phenomena that can also be explained
on the basis of knowledge about the expected bioenergoinformation processes. For
example, when performing HT, we encounter that a person’s emotions such as joy,
sadness, fear are immediately registered by the horse. And not only when a person is
with the animal, but also when he is still far away. The horse reacts with its behav‑
ior (tilts its ears, raises its head, etc.) to rapid changes in emotions, which can hardly
be explained by the horse’s excellent smell and biochemical processes in the human
body, as they do not manifest themselves so quickly. The horse reacts particularly
quickly to the appearance of uncertainty and fear in humans.

— 421 —

Chapter E

In our opinion, after establishing a good communication relationship be‑
tween the patient and the animal, based on a positive emotional relationship, the
rider’s attitude can also be influenced by the energy portions offered by the horse.
Energy portions supplement the patient’s weakened energy system. This can be man‑
ifested by the rapid uprightness of a weakly seated patient after riding a horse.
With the interplay of certain factors (intensity of communication relation‑
ship, distances of two objects) it can be assumed that in different areas of the energy
envelope of the object there is a spontaneous, unprogrammed, energy transfer from
object to object. Unlike the targeted, programmed energy-information effect of a real
sensibile (not a charlatan) on an object. At the same time, due to the presumed exist‑
ence of special receptors for very low magnetic fields, a sensitive individual (animal,
human, plant – Backster phenomenon) can contactlessly capture some information.
We assume that the energy information system also participates in the dif‑
ferentiation of relations between different subjects. We know from interpersonal
relationships that someone is sympathetic to us at first sight and someone unsympa‑
thetic (Fig. E.16). In HT, this manifests itself in the patient-horse relationship. This is
then reflected in posture and the effectiveness of HT. The first meeting between the
patient and the horse, and thus the first interaction of their presumed energy infor‑
mation fields, could create their future relationship together. This includes their sym‑
pathy, indifference or non-sympathy. Based on experience, it can be argued that the
negative interaction of individual energy information systems (“biofields”) between
human and horse is not common. The feeling of mutual sympathy is perceived by
both parties in the same way. However, this is not the rule. This differentiation in re‑
lationships is, of course, reflected in the overall psychomotor skills and especially in
posture (Fig. E.17, Fig. E.18).
a)

Fig. E.16

b

c)

a) – sympathy, b) – non-sympathy and c) – indifferent attitude among
living creatures is also reflected in their posture. These relationships
sometimes show up between people at first glance. It can be assumed
that the first meeting of the horse and the patient, and thus the first
interaction of their presumed energy information fields, could
together determine their future relationship, which may also affect the
effectiveness of hippotherapy.
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Fig. E.17

The relationship between the patient and the horse is reflected in the
whole of psychomotor skills, and especially in posture. The horse with
which we have a positive relationship – is sympathetic to us and gives
us a feeling of security – is met with our relaxed attitude, and we have
an upright and natural posture.

Fig. E.18

On a horse that is not sympathetic to us and has us worried about it,
we sit stiff or crooked. So our relationships then have a positive or
negative impact on the mechanical transmission of three-dimensional
stimuli, but also on other factors.
If we have a negative relationship with someone, we are more tense and

change posture negatively. In this way, the combined psychological aspect and the
expected energy-information influence will also have a negative effect on the horse’s
mechanical action on our posture. If we have a positive attitude towards someone,
we are rather relaxed and upright. We sit on the horse, which we like, in a more re‑
laxed and upright manner. That is why it is good for the patient to be able to choose
from several suitable horses. And so the mechanical stimuli from the horse affect us
more effectively.
We are aware that our hypothetical explanation of the possible action of
these mechanisms through eis is, of course, considerably simplistic for several rea‑
sons (unclear exact mechanism of the eis, our limited knowledge of this field of phys‑
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ics, etc.). However, all of this brings a certain progress towards a deeper understand‑
ing of these issues.

E.4.4.1

Presumed Energy-Information Processes in Hippotherapy
The electromagnetic field acts around every living and non-living object.

Currently existing technology is able to capture only certain components of this elec‑
tromagnetic field. Non-contact thermographic capture of infrared radiation is known
in medicine (Fig. E.19). Since 1934, thanks to a photograph by Russian scientist Kir‑
lian, we have been able to capture a layer of photons in a high-voltage field (Fig. E.20,
Fig. E.21).

Fig. E.19

Thermographic image of backpain

Fig. E.20

Kirlian’s photograph in a high-voltage field captures electromagnetic
emission from a leaf

Fig. E.21

Kirlian’s photograph of the fingertip
SQUID (superconducting quantum interference device) brought special in‑

terest in the capture and objectification of extremely low magnetic fields in the 1960s.
This magnetometer has potentially been the focus of attention in addressing issues
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related to possible eis. Although these technologies currently allow us to capture cer‑
tain components of the electromagnetic field, it can be assumed that the objectifica‑
tion of energy information processes will continue to be a significant and hardly sur‑
mountable scientific as well as technological challenge.
The possibility of a certain objectification of ei processes is provided by the
drawing of the projected functional division of the ei system (“aura”). It is a draw‑
ing – an “aurogram” – of the subjective projection of the eis via an extraordinarily
sensitive individual. The aurogram uses 5 basic colors. Anyone who through extra‑
sensory perception views the projected functional divisions of the EI system, the
“aura,” has their connection between the individual colors and their corresponding
functions. Some see energy waste as black and some as blue. Some extraordinarily
sensitive individuals “see” only in black and white. Due to a certain “international”
dimension of understanding, so that sensibiles can understand one another, there is
a certain common convention/dictionary of the meaning of the individual colors of
the aura.
Red color in “aurograms” represents a basic storage component. In humans,
red also expresses activity, creativity and spirituality. Red gradually multiplies the
amount of yellow or green and it depends on each of us. Yellow reflects positive emo‑
tions, goodness, love. Blue is an energy protection and positive communicative com‑
ponent. Green is a negative communicative component and is an indicator of energy
system disruption. Black is not good. It is a reflection of energy waste. It arises mainly
when a person has a negative effect on other people, in connection with a protective
blue, which the negative person destroys themselves. However, it can also arise when
a negative communicative component acts on a weakened person who does not have
his protective blue component in order.
In an effort to objectify the expected ei processes, the extraordinarily sen‑
sitive individuals in various cities in Slovakia and the Czech Republic, recorded –
through the use of extrasensory perception – the course of HT using an aurogram
without knowing about the existing study.[E32],[E41] The results of our observation were
in principle the same in the drawings of all extraordinarily sensitive individuals.
As the patient sat on the horse, their biofields began to interact. There was a sponta‑
neous, unprogrammed bioenergy-information transfer from the animal field to the
patient and vice versa. By observing the color changes in the patient’s aura, the en‑
hancement of the red color of spirituality and selflessness, the yellow color of posi‑
tive emotions and communication with the environment and the blue, expressing the
protective and at the same time communicative energy component, were captured in
all sensibiles. Black was gone. At the same time, there was a weakening of the green
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light as an indicator of a breach of the energy system. Green persisted in the most af‑
fected places (Fig. E.22, Fig. E.23).

Fig. E.22

Energy information process at the beginning of hippotherapy

Fig. E.23

Energy information process at the end of hippotherapy
Of course, each person responds to HT with certain individual differences.

However, we assume that unprogrammed bioenergy-information transfer from the
animal field to the patient and vice versa is a natural constant phenomenon of this
treatment method. It is also important to be aware of the difference between the in‑
fluence of the living creature’s magnetic field itself (the magnetic induction of the hu‑
man body is 10‒10 Tesla) and the image of the aura as a reflection of the eis. However,
the assumed bioenergy-information processes must necessarily also be considered in
other diagnostic and therapeutic procedures.
We monitored the possible energy information influence of other persons
on the energy-information interaction of the horse and the patient during HT in an‑
other of our studies. Five extraordinarily sensitive individuals from different plac‑
es in Slovakia and the Czech Republic drew out the expected energy information in‑
teractions during HT. They also didn’t know about each other. Their drawings of the
projected functional division of the system also had the same basic characteristics in
this research, which supported our assumption that the treatment procedure is in‑
fluenced by other people in terms of energy information.[E39] Especially with thera‑
pists and parents present. Their presence had a positive but also a negative effect on
the patient’s mental and energy information state. And thus also on their posture and
the mechanics of movement. Therefore, when planning HT, but also other therapeutic
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procedures, it is necessary to think preventively about various possible combinations
of interactions between the horse, the patient and other persons involved in the given
diagnostic/treatment process.
The altered energy information work of the horse can be observed most
often when a parent participates as a spectator of hippotherapy. A restless parent
represents an increased energy burden for the horse. In addition to acting on an
energy-weakened patient, the horse also tunes an anxious parent in terms of ener‑
gy information (Fig. E.24, Fig. E.25). During the interaction of the energy informa‑
tion systems of the participating people and the energy information of the horse, a
non-functional pathogenic component is taken over. The horse takes over these nega‑
tive portions. According to some sensibiles, the remnants of negatives remain mainly
above the mane and tail. Despite this, the horse can probably get rid of it gradual‑
ly. Such an energy load reduces the functionality of the horse’s protective blue cover.
However, red, yellow and blue are highlighted in the patient and parent as indicators
of positive energy information events. However, such a parent and child negatively
affect the horse. In another situation, the horse and the more stabilized child may
cooperate with energy information and reflect the parent’s restlessness (Fig. E.26).
However, this represents a greater burden for both. However, the child can also be
positively influenced by a calm parent who cooperates with the horse in terms of en‑
ergy information (Fig. E.27).

Fig. E.24

A restless parent represents an increased energy information burden
for horses. In addition to acting on an energy-weakened patient, the
horse also tunes an anxious parent for energy information. The fear of
the child and the parent is transmitted to the horse.
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Fig. E.25

The child ceases to be afraid. But he is influenced by his parents,
who are less afraid than at the beginning. Red, yellow, and blue are
highlighted in the patient and the parent.

Fig. E.26

The horse and the more stabilized child cooperate with energy
information and reflect the parent’s anxiety.

Fig. E.27

A peaceful parent cooperates with the horse in terms of energy
information and has a positive effect on the child, for whom the fear
component persists. Gradually, the child is highlighted in blue, yellow
and red. Ideal condition. The child with a painful spine and the parent
are calm. The horse is doing well.
However, based on our observations, we can state that, especially in the be‑

ginning of hippotherapy, the presence of the parent is dominated by the increased
energy load for the horse. However, it depends, of course, individually on the parent’s
personality, his way of going through the treatment process and their attitude to it.
Therefore, it is advisable to individually consider the presence of parents, especially
in beginning hippotherapy. After repeating several hippo-rehabilitations, most peo‑
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ple participating in individual therapies will gradually develop a sense of security
and positive emotions. This also allows, from the assumed energy information point
of view, less burden for the participants and more intensive therapeutic action on the
patient (Fig. E.28).

Fig. E.28

The ideal state in which everyone cooperates with energy information.
The results of our observations also showed a significant energy informa‑

tion influence of the therapist (Fig. E.29). According to our findings, their positive at‑
titude towards the patient and the treatment improves the patient’s condition from
this point of view as well. However, a negatively oriented therapist can worsen ener‑
gy information processes.

Fig. E.29

Therapist and horse have a positive mechanical and energy
information effect on the patient.
On the basis of our observations, in planning HT we should also take into

consideration that the horse, with its strong energy field, positively affects the weak‑
ened patient’s field and also that the patient field has a negative effect on the horse’s
field (Fig. E.30, Fig. E.31). Therefore, after dismounting or removing the patient from
the horse, it is advisable not to place a new patient on the horse immediately, but let
10 – 15 minutes pass when the horse has no rider. The energy state of the horse is par‑
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tially adjusted and the new patient is not affected by the negatives from the previous
energy interaction. At the same time, it is time to disconnect the energy information
connection between the horse and the original patient. This persists for a short time
after HT and could also affect further treatment.
As our work has shown, the horse as a therapist is gradually not only phys‑
ically tired but also weakened in terms of energy information after the accomplished
work. For these reasons, we must also adhere to the basics of energy information hy‑
giene. The horse should not work for more than 2 hours. He should be able to stay in
the paddock, preferably with other horses, where he should also be able to roll freely
on the ground or in the mud. The horse thus “cleanses” of energy information waste
and regenerates its field. Of course, the mechanical as well as the energy information
effect of a horse cannot be so effective if HT were performed unrestrained.

Fig. E.30

The horse before hippotherapy is energetically balanced.

Fig. E.31

The horse after hippotherapy with one patient. Changes in the
aurogram of the horse itself after HT indicate an overall emphasis on
green and black in the mane area. At the same time, the weakening of
red, yellow and blue is captured.
In our opinion, the assumed energy information system is an old universal

communication system, which is involuntarily but intensively used even with severe
disabilities at the level of mental, psychological and social communication (CP, autis‑
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tic). Developmentally younger communication systems are more sensitive to various
pathological noxa, which is manifested by their various damage and dysfunctions.
We assume that in the framework of hippo-rehabilitation, the forms of HT
focusing primarily on the patient’s body aspects play a more significant role in the
energy component of ei processes, and its information component plays a significant
role in pedagogical as well as psychological horseback riding. These specialize in im‑
pacting learning and tackling psychological disorders. In sports horseback riding
for the disabled (RSD), which focuses primarily on the reintegration of people, it is
possible to assume more intensive use of the eis information component, as a certain
compensation for their disability, i. e. sensory challenges of the blind as well as their
orientation in space.

E.4.4.2

Hippotherapy and the Principles of Classical Chinese
Acupuncture
The World Health Organization (WHO) recognizes acupuncture as a diag‑

nostic and therapeutic methodology. Acupuncture points and pathways represent an
energy information network that is localized throughout the human body (as well
as other living beings) and with its help we can comprehensively influence it. At the
same time, there are microsystems (ear, palm, foot, etc.) where information about
the whole organism is projected into a small space. In our opinion, repeated physical
stimuli (pressure and heat) in places where the rider touches the horse during hippo‑
therapy, acupressure affects the acupuncture points and paths. This is most often the
area stimulated when sitting: the inside of the thighs and the sitting area (Fig. E.32).
We influence other important acupuncture pathways and their points when position‑
ing on the abdomen and especially on the back.[E32]

Fig. E.32

Renal tract and posterior middle
The first point of the anterior middle (JM) and the 1st point of the posteri‑

or middle (TM) are located between the coccyx and the external genitalia. According
to classical Chinese theory, these unpaired pathways, JM and TM, have a regulato‑
ry effect on the basic harmony of Yin and Yang energies. Thus, these are pathways
with a significant control function of the entire system of acupuncture pathways and
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thus with the possibility of overall influence of the organism. The JM pathway has a
control and regulatory function on all 6 Yin meridians and thus Yin organs. TM has
a control and regulatory function on all 6 Yang meridians and their corresponding
organs. The TM pathway has specific effects on the central and peripheral nervous
system, as well as mental functions. The first point JM and the first point of the TM
path are simultaneously the centralization points of the connection of the yin and
yang paths and at the same time they are the Luo interconnection points between the
JM and the TM path.
JM1 and TM1 can be used locally in the treatment of functional genital
disorders, as they affect the functions of the organs in the small pelvis. On the other
hand, the work of researchers at the University of Boston pointed out to some women,
who often ride horses or bicycles, to reduce the irritation of the genitals in the area of
the large lips and clitoris to a vibrator connected to 30 volts. An increased threshold
of sensitivity in the genital area of these women, as a result of damage to nerve end‑
ings in this area, may thus contribute to the emergence of possible sexual dysfunc‑
tions. Dysfunctions of these organs can also manifest themselves in low back pain,
which negatively affects the posture. Acupressure through TM1 and JM1 on organs in
the small pelvis can therefore be expected to affect the posture.
Lesions of the hip joint can be affected when sitting on a horse, when we
also act on the 30 th point of the gallbladder path (VF). Coxes tend to be damaged both
in children (dysplasia, subluxation and dislocation, especially in CP) and in adults
(coxarthrosis). Hip pathology is also manifested by postural disorders and low back
pain. Restriction of hip mobility disrupts the function of the surrounding meridians.
And it is in the area of the groin that the meridians of the liver (HE), stomach (VE),
spleen–pancreas (LP) and complex (extraordinary) meridians intersect. By mobiliz‑
ing a given segment, their energy failures are corrected and subsequently eroded.
The complex influence of the posture enables the action on paired acupunc‑
ture pathways. We influence the tissues of the locomotor system, emotions and senso‑
ry organs assigned to them. We prefer to work on the locomotor system mainly in hip
rehabilitation, we focus on emotions in pedagogical-psychological horseback riding
and we use stimulation of sensory organs in sports riding for the disabled.
Sitting on a walking horse, we stimulate the kidneys (RE), liver (HE) and
spleen-pancreas (LP) by stimulating the inner thighs (Tab. E.1). From the tissues of
the kidneys we affect the bones, cartilage, teeth, nails and hair. We use it to affect
anxiety and fear, and from the senses to the ears. The path of the liver affects the
muscles, tendons, ligaments and nerves, the emotions of anger and the sensory or‑
gans are the eyes. The pathway of the spleen-pancreas acts on the muscles, subcu‑
taneous tissue, desires, worries and the target organ is the mouth. Influencing the
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mouth area can help to correct speech problems while affecting muscle tone, mobiliz‑
ing the axial system and temporomandibular joint, etc.
Tab. E.1

Effects of the most commonly affected acupuncture meridians
during HT

Meridian

Tissues

Emotions

“Sensory” organ

Ren

Bones, nails, teeth

Fear, worries,
restlessness

Ears

Hepar

Muscles, ligaments,
nerves, tendons

Anger

Eyes

Lien–Pancreas

Subcutaneous tissue,
muscles

Concerns

Mouth area

Acting mainly

Hipporehabilitation

Pedagogical
psychological riding
and vaulting

Sport horseback riding
for the disabled

The individual acupuncture points in a given area can be differentiated
during HT by rhythmic pressure-heat effects depending on whether the horse is wide
or narrow. When positioning on the abdomen, we stimulate the JM, RE, LP and par‑
tially VF, HE and VE pathways. When positioning on the back at the same time, in ad‑
dition to the TM, we influence the important and complex path of the bladder (VU). It
has a particularly close relationship to the locomotor system – especially to the spine.
Emotions are affected by fear and the target organs are the ears. By influencing fear,
anger, etc. by acting through the mentioned paths VU, HE, RE and others, the acupres‑
sure action on the locomotor system is deepened. This is potentiated by the action of
leaching endorphins on the basis of movement and acupressure itself. The visceral
component plays a similar role, influenced by the action on internal organs, through
the TM, JM, HE, VF, VE, RE, and other pathways.
Stimulation of sensory organs, especially proprioception, plays a funda‑
mental role in influencing posture. Acupressure affecting the mouth area, accentu‑
ated by mechanical reduction of masticatory muscle tension, mobilization of the
temporomandibular joint, etc., has a positive effect on the cervicocranial transition.
Chiropractors have already pointed out his key role in posture, as confirmed by to‑
day’s manual medicine. This is how we can talk about holistic acupressure during
HT, while it also affects extraordinary trajectories and a number of similarly acting
extra points.
The overall influence of the organism during HT can be partially assumed
by acting on the microsystem of the hand (stimulated by handrails, mane, etc.), foot
(in inversion pressed to the horse’s body) and during positioning also the ear. Em‑
peror Marcus Aurelius wrote in the already quoted work Meditations: “The doctor or‑
dered him to ride a horse or take a cold bath, or to walk barefoot.” Marcus’ personal
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physician, known as Galenos, knew the possibilities of the therapeutic use of the foot
microsystem by changing pressure and temperature stimuli when walking barefoot.
Galenos himself emphasized the importance of the healing movement and of sweat‑
ing (detoxification) of the rider.
While riding, we also stimulate the palms of our hands and thus also affect
the peripheral points of the other pathways of the lungs (PU), heart (CO) and pericar‑
dium (PE) (Tab. E.2). Since Yin is in deficit in most of the current population of the
industrialized world, with often excessive Yang, stimulation of Yin pathways (PU, CO,
PE, RE, HE, LP) is appropriate.
Tab. E.2

Effects of occasionally affected acupuncture meridians during HT

Meridian

Tissues

Emotions

“Sensory” organ

Vesica urinaria

Bones

Fear, worries

Ears

Vesica fellea

Muscles, ligaments,
nerves, tendons

Anger

Eyes

Gaster

Subcutaneous tissue,
muscles

Worries, Desires

Mouth

Cor

Vessels

Joy

Tongue

Pericard

Vessels, blood

Joy, pleasure

Tongue

Pulmo

Skin, hair

Sadness

Nose

Acting mainly

Hippo-rehabilitation

Pedagogicalpsychological riding
and vaulting

Sport horseback riding
for the disabled

The influence of Yin meridians predominates in the sitting rider. In HT, acu‑
pressure influencing the Yang meridians predominates during HT. We can therefore
assume that HT, which does not overwhelm the horse’s health, has a positive
effect on the horse itself through the acupuncture system. Thus, adequately per‑
formed HT can benefit both the patient and the four-legged therapist.

E.4.4.3

Hippotherapy and Principles of Ancient Indian Medicine
In our opinion, during HT we influence energy centers, chakras, which

are discussed by traditional Indian energy medicine. With the horse’s steps – and
through repeated pressure and thermal stimulation of the assumed location of the
chakras – we can expect an impact on the entire human body (Fig. E.14). The first
chakra, located in the perineal area, is stimulated while sitting on a walking horse.
This energetically affects the lower limbs and the pelvic floor organs. In the case of
first chakra disorders, infertility and weakening of the “life force” occur. When posi‑
tioning on the back and abdomen, we can assume stimulation of the 2nd to 6th chakras
and thus, through energy information and viscerovertebral and vertebrovisceral re‑
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lationships, influencing the posture and internal organs of the gastrointestinal, uro‑
genital, cardiopulmonary and endocrinological systems.
With this chapter, we wanted to present a comprehensive, holistic view of
hippotherapy, a treatment method that uses action on several levels in terms of bio,
psycho, social unity of the human being in impacting posture. From phylogenetical‑
ly ancient – genetically encoded elementary psychomotor and social patterns – to a
species-specific movement pattern of postural ontogenesis all the way to the assumed
energy information processes. In particular, we wanted to point out the phenom‑
ena that, in our opinion, together condition the differentiation of the horse-human
relationship, comprehensively affect the rider, which is particularly evident in the
patient’s posture and also affect the horse. We should therefore think about the pre‑
sumed existence of these phenomena from the point of view of both the rider and the
horse.
We realize that this chapter simplifies and schematizes the described phe‑
nomena. Of course, their interpretation, corresponding to the current, very limited
knowledge on the issue, is of course at the level of theory. However, we have tried to
point out these anticipated processes, as they pose a challenge. Their objectification
will be problematic for a long time to come, but in medicine, empirical knowledge
has mostly preceded scientific objectification.
However, pointing out energy-information phenomena is specifically nec‑
essary from this point of view. We encounter their various forms within the frame‑
work of rehabilitation as far as diagnostic as well as therapeutic procedures are con‑
cerned. Especially those where there is close and longer personal contact. And these
are also common in the PRM field: treatment of the patient using manual medicine
procedures, various forms of LTV and massages, etc. Within these, many certainly
know the feeling that after working with a given patient – and it may be at the very
beginning of our working day – we may feel a sudden surge of unexpected fatigue,
heaviness or exhaustion. This is a manifestation of a transfer mechanism of certain
energy-information waste material which has been transmitted to us. Through our
research conducted during HT application, these phenomena could be clearly and
comprehensibly presented so as to make these processes understandable and applica‑
ble to methodologies.

E.5

Summary

For a long time, the importance of the PRM field has been growing

worldwide. From the perspective of the future, this will be one of the main specializations providing health care. This applies to both industrialized and underde‑
veloped countries. It is conditioned by a wide and diverse range of factors. Due to the
rise in living standards and advances in science, technology and medicine, human
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life is prolonged and therefore, due to aging populations, the number of people with
chronic (cardiovascular, metabolic, mental, degenerative, respiratory, etc.) diseases is
increasing. These patients need comprehensive care where a broad range of rehabil‑
itation processes plays an irreplaceable role. At the same time, patients who would
not have otherwise survived, do survive. This applies to all ages. From newborn ba‑
bies all the way to geriatric patients. These are mostly conditions after polytraumas,
cancer, inflammatory and metabolic diseases. However, for many, deterioration in
health (limitations in gross and fine motor skills, paresis, spasticity, sensory dam‑
age) and social status persists throughout their lives. And it is the role of the PRM de‑
partment within the framework of psychosocial and occupational rehabilitation that
teaches these people to cope with the new situation and reintegrate into society as
comprehensively as possible. The number of people with minimal physical activity,
sedentary employment, followed by obesity and painful conditions is also increasing.
Here, too, the PM & R department will stand out thanks to its modern philosophy of
an active approach to the citizens’ own health and life, its healing and educational
component in the front line. The PM & R specialization also represents a bridge between classical medical education focused on diseases and structural changes
from the perspective of the International Classification of Diseases (ICC) and
treatment methodologies aimed at modifying function, which in turn is evaluated by the International Classification of Functions, Disabilities and Health
(ICF). Today, it already represents an invaluable and comprehensive help (clinical,
research) in evaluating the patient’s real functional possibilities. At the same time,
ICF is still evolving dynamically, mainly due to simpler and less time-consuming
clinical use.
The key to making better use of physical and rehabilitation medicine to
affect the health of the population in the 21st century is, in addition to innovating
standard practices, a more effective focus on the use of two areas that pose major
medical challenges. On the one hand, it is the discovery and activation of reserves
and potentials available within the human body. These are often underused,
although we know about them (the power of the subconscious, phylogenetically old
patterns of behavior, emotions, energy information system), but many are still hid‑
den, unknown and only intuitively suspected. Certainly, part of taking greater re‑
sponsibility for a wider range of practical rehabilitation in this century, there will
be increased need to use of advanced diagnostic and therapeutic technologies
and their associated opportunities afforded by scientific and technical developments.
Here is also potent space for connecting with a human imagination and its possibili‑
ties. However, more technology must not dehumanize healthcare and it must always
be dominated by a human approach.
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As part of the growing shift in the use of the PRM, the combination of the
use of technology with the objectification and streamlining of the untapped, espe‑
cially unknown potentials of the human body is a major challenge for the future.
Even today, however, the search for intersections of diagnostic and therapeutic proce‑
dures in various fields of medicine, technology, art and the like can bring progress in
comprehensive patient care. The most important medical and preventive area in the
field of physiatry, balneology and medical rehabilitation is movement therapy. How‑
ever, individual kinesiotherapy procedures can be used diagnostically at the same
time.
From the point of view of a holistic approach to patients, it is already a mat‑
ter of the day, the solution of possible interactions of the effects of physical or phys‑
ical therapy and methodologies using the assumed energy information system. For
instance, the action of various kinesiotherapeutic procedures (DNS, SM, Kaltenborn),
light therapy, sound and the like, on tendon-muscle acupuncture pathways (or vice
versa). It can be assumed that the effect of individual forms of physical therapy may
affect the activity of the points of the musculoskeletal acupuncture pathways and
possibly vice versa. Similarly, various forms of physical stimuli (light, electrical,
sound) can affect the adjustment of muscle characteristics, respiratory and heart rate,
CNS activity and the like.
At present, we see tendencies, rediscovering the use of activities, carried
out by ancient cultures and tribes living outside “civilizations.” These include the
therapeutic use of sound and music. This has not been sufficiently used and explored
in industrialized countries. And it certainly has its absolute justification. Mechani‑
cal sound energy conditions the vibrations of cells and their structures. At the same
time, it transforms into other forms of energy (thermal, light), which in turn presents
new stimuli as well as information for the body. These also trigger other neurohu‑
moral responses.
Music is a form of art that arises from tones. These are formed by regular,
periodically occurring oscillations. Music influences emotions, stimulates movement
and dance. Music and dance are constantly connected with the development
of man as a social being. They influence it comprehensively, at all levels: physical,
mental, spiritual, social and energy-information. We can trace it from the beginnings
of human existence; from prehistory, through antiquity, the Middle Ages, the Modern
Age to this day. From the music and dances of “primitive nations” to the modern man
of industrial society. Music and dance can allow for speeches that we do not normally
encounter. In an induced trance, people can walk through charcoal without feeling
pain and getting burned. The power of emotions, communication, rhythm, etc. points
to the hitherto sufficiently unknown and unused reserves and potential that hu‑
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mans possess within them. This is used in different techniques, including breathing,
mind-setting, exposure to the cold as they have been developed by different schools
of thought, like yoga, Wim Hof. etc. They need to be discovered seriously and sensi‑
bly, recognized and not circumvented by ignorance or silence. Alternatively, labeling
them as non-scientific and non-medical will not due them justice. We certainly know
that emotions and physical activity are closely linked by the limbic system.
PRM has the potential to affect all systems of the human body even in acute,
subchronic and chronic conditions. As part of its wider and more effective use, it is
necessary to deepen the philosophy of its team-like three-level complexity. Both at
the level of access within the PRM area itself and from the point of view of multi-pro‑
fessional collaboration (internists, neurologists, orthopedists, etc.) and multi-discipli‑
narity (scientists, technicians, social workers, etc.) and their increased levels of coop‑
eration. The WHO has already declared the importance and prospects of physical and
rehabilitation medicine through its new program, Rehabilitation 2030: A Call For Ac‑
tion as well as its action paper, Rehabilitation: key for health in the 21st century.

E.6
[E1]

References
Andrich, R., Mathiassen, N. E.,Gelderblom, G. J. (2013) Service delivery sys‑
tems for assistive technology in Europe:An AAATE/EASTIN position paper.
Technology and Disability, January 2013; 25(3):127–146, DOI: 10.3233/TAD130381.

[E2]

Basteris, A., Nijenhuis, S. M., Stienen, A. H., et al. (2014) Training modalities
in robot-mediated upper limb rehabilitation in stroke: a framework for
classification based on a systematic review. J NeuroEngineering Rehabil 11,
111, DOI: 10.1186/1743-0003-11-111.

[E3]

Borggraefe, I., et al. (2008) Improved Gait Parameters After Robotic-As‑
sisted Locomotor Treadmil Therapy in a 6‑Year-Old Child wtih Cerebral
Palsy. Movement Disorders, 25 January 2008; 23(2):280–283, DOI: 10.1002/
mds.21802.

[E4]

Brunoni, A. R., Moffa, A. H., Fregni, F., Palm, U., Padberg, F., Blumberg‑
er, D. M., Daskalakis, Z. J., Bennabi, D., Haffen, E., Alonzo, A., Loo, C. K. (2016)
Transcranial direct current stimulation for acute major depressive epi‑
sodes: meta-analysis of individual patient data. British Journal of Psychiatry,
208(6):522‑31, DOI: 10.1192/bjp.bp.115.164715.

[E5]

Brügger, A. (1993) Kinesiologické aspekty omezení funkce při pohybu
a držení tela. Rehabilitácia, XXVI, 3, s. 136 – 144.

[E6]

Cazalet, J. R., et al. (1995) Localization and Organization of the Central
Pattern Generator ofr Hindlimb Locomotion in Newborn Rat. The Jour-

— 438 —

Chapter E

nal of Neuroscience, 1995 Jul 1; 15(7):4943–4951, DOI: 10.1523/JNEUROS‑
CI.15-07-04943.1995.
[E7]

Costato, M., Milani, M., Spinoglio, O. L. (1996) Quantum mechanics: A break‑
trough into biological system dynamics. Bioelectrochemistry and Bioenegetics, 1 October 1996; 41(1):27–30, DOI: 10.1016/0302-4598(96)01922‑8.

[E8]

Čápová, J. (2016) Od posturální ontogeneze k terapeutickému konceptu.
Repronis, s. 198, ISBN 978-80-7329-418‑2.

[E9]

Cheng, L., Kejimu, S., Fenglilng, D., Xiaoqin, L., Yanfen, W., Baoulu, Zh.,
Lin, H., Mei, J. (2019) Effects of virtual reality rehabilitation training on gait
and balance in patients with Parkinson´s disease: A systematic revieew.
PLoS One, 2019 Nov 7; 14(11):e0224819, DOI: 10.1371/journal.pone.0224819.

[E10]

Engelberger, J. F. (cited 2014, September 9, Wikipedia, available from: http://
en.wikipedia.org/wiki/Joseph_Engelberger).

[E11]

Dietz, V., et al. (2002) Locomotor activity in spinal man: significance of affer‑
ent input from joint and load receptors. Brain, 2002 Dec; 125(12)2626–2634,
DOI: 10.1093/brain/awf273.

[E12]

Dominici, N., Ivanonko, Y. P., Cappellini, G., D’Avella, A., Mondí, V., Cic‑
chese, M., Fabiano, A., Silei, T., Di Paolo, A., Giannini, C., Poppele, R. E., Lac‑
quaniti, F. (2011) Locomotor Primitives in Newborn Babies and Their Devel‑
opment. Science, 2011 Nov 18; 334(6058):997‑9, DOI: 10.1126/science.1210617.

[E13]

Duyesens, J., et al. (1998) Neural control of locomotion, Part 1: The central
pattern generator from cats to humans. Gait Posture, 1998 Mar 1; 7(2):131–
141, DOI: 10.1016/s0966-6362(97)00042‑8.

[E14]

Elsner, B., Kwakkel, G., Kugler, J., Mehrholz, J. (2017) Transcranial direct
current stimulation (tDCS) for improving capacity in activities and arm
function after stroke: a network meta-analysis of randomised controlled
trials. Časopis neuroinžinierstva a rehabilitácie, 13. 9. 2017; 14(1):95, DOI:
10.1186/s12984-017-0301‑7, ISSN 1743-0003.

[E15]

Engelberger, J. F. (cited 2014, September 9, Wikipedia, available from: http://
en.wikipedia.org/wiki/Joseph_Engelberger).

[E16]

Ghez, C., Krakauer, J. (2000) Movement. In: Kandel, E. R., Schwartz, J. H.,
Jessell, T. M., Eds, Principles of neural sciences, McGraw-Hill Companies, New
York, pp. 653–673.

[E17]

Giustini, A. (2004) From acute intervention to domiciliary and social inte‑
gration: research to build Community Based Rehabilitation (CBR) on effec‑
tiveness. International Journal of Rehabilitation Research, 27(1):44–45.

[E18]

Giustini, A. (2005) Certainties and prospects in PRM. EuraMedicoPhys.,
41:215–219.
— 439 —

Chapter E

[E19]

Giustini, A. (2018) Neuroscience, Rehabilitation and Technologies: Persp‑
tectives and critical points for a synergic development. Journal of Neuroscience and Neurological Disorders, Vol. 2, 052–059, DOI: 10.29328/journal.
jnnd.1001015.

[E20]

Giustini, A. (2019) Cooperation between PRM specialists and companies
to develop research, education and clinical applications. 2European R2S2
Robotic Rehabilitation Summer School, ESPRM Robotic Committee, Porto
Potenza Picena, Italy, 13–19 May 2019.

[E21]

Giustini, A., Varela, E., Franceschini, M., Votava, J., Zampolini, M., et al.
(2014) EUMS – Position Paper. New Technologies designed to improve
Functioning. European Journal of Physical and Rehabilitation Medicine,
22 July 2014; 50(5):579–583, PMID: 25051208.

[E22]

Goulding, M. (2009) Circuits controlling vertebrate locomotion: moving in
a new direction. Nature Reviews Neuroscience, 10(7):507–518, DOI: 10.1038/
nrn2608.

[E23]

Grasso, R., Zago, M., Lacquiniti, F. (2000) Interactions Between Posture and
Locomotion: Motor Patterns in Humans Walking With Bent Posture Ver‑
sus Erect Posture. Journal of Neurophysiology, 2000 Jan; 83(1):288–300, DOI:
10.1152/jn.2000.83.1.288.

[E24]

Gúth, A., a spol. (2005) Liečebné metodiky v rehabilitácii. Bratislava,
Liečreh, ISBN: 80-88932-16‑5.

[E25]

Gúth, A. (2016) Rehabilitácia pre medicínske, pedagogické a ošetrovateľské
odbory. Bratislava, Liečreh, ISBN: 9788088932383.

[E26]

Gúth, A., Zálešáková, J. (2002) Z histórie a vzdelávania v odbore FBLR. Rehabilitácia, XXXV, 4, s. 193 – 256.

[E27]

Hadders-Algra, M. (2005) Development of postural control during the first
18 months of life. Neural plasticity, 12(2–3), 99–108, DOI: 10.1155/NP.2005.99.

[E28]

Haghpanah, S. A., Faramand, F., Zohoor, R. H. (2017) Modular neuromus‑
cular control of human locomotion by central pattern generator. Journal
of Biomechanics, 28 February 2017; Vol. 53, 154–162, DOI: 10.1016/j.jbio‑
mech.2017.01.020.

[E29]

Hermachová, H. (2001) O kožním vnímání, jeho změnách a ovlivění. Reha‑
bil. fyz. Lék., 8(4):182–184, ISSN 1805-4552.

[E30]

Holden, M. K. (2005) Virtual enviroments for motor rehabilitation: reivew.
Cyberpsycholog behave, 2005 Jun; 8(3):187–211, DOI: 10.1089/cpb.2005.8.187
(Ref.: https://goo.gl//AnHicA).

[E31]

Hollý, K., Hornáček, K. (1998) Hippoterapia – liečba pomocou koňa. Bratisla‑
va, Eternapress, TC IMA-SHA-ZTPM.
— 440 —

Chapter E

[E32]

Hornáček, K. (1999) Akupresúrne pôsobenie pri hippoterapii – prevencia
vertebrogénneho syndrómu. Acupunctura Bohemo Slovaca, 6(3):6–7, ISSN
1335-5627.

[E33]

Hornáček, K. (1999) Supposed bioenergy informational processes during
therapeutic riding. Scientific and Educational Journal of Therapeutic Rid‑
ing, New Zealand, Massey University Printery, pp. 58–64.

[E34]

Hornáček, K. (2000) Differentiation – Energy – Posture. The Proceedings
of the 10 th International Therapeutic Riding Congress “It’s the horse that
makes difference,” Angers, 2000 April 26–29, pp. 266–272.

[E35]

Hornáček, K. (2005) Basal, Though Overlooked Factors Affecting Posture
in Therapeutic Riding. Scientific and Educational Journal of Therapeutic
Riding, New Zealand, Massey University Pointery, pp. 1–11.

[E36]

Hornáček, K. (2009) Symptóm tvrdej chôdze. Rehabilitácia, 46(1):56–60, ISSN
0375–0922.

[E37]

Hornáček, K. (2019) Slovenská spoločnosť fyziatrie, balneológie a liečebnej
rehabilitácie. In: Breza, J., Bernadič, M., Mácová, Ž. a kol. História Slovenskej
lekárskej spoločnosti. Vydala Slovenská lekárska spoločnosť, Bratislava,
s. 103 – 112, ISBN: 978-80-89305-54‑4.

[E38]

Hornáček, K., Adamcová, N., Hlavačka, F., Čepíková, M. (2005) Dynamizujúci
sed zmierňuje bolesť a upravuje posturálnu funkciu u pacientov s funkčnou
patológiou pohybového systému. Rehabilitácia, 42(1)31–36, ISSN 0375–0922.

[E39]

Hornáček, K., Čverhová, J., Gállová, I., Júzková, J., Štítnická, E. (2000) Vplyv
energoinformačných interakcií na postúru pri hippoterapii. Psychotronica
Slovaca 2000, Nitra 11 – 12. novembra, Slov. Psych. Spoloč. Zborník z kon‑
gresu, s. 38 – 41.

[E40]

Hornáček, K., Hollý, K., Páleníková, A., Klobucká, S., Mihaliková Fillová, M.,
Kafková, A., Přemylová, P., Poliačiková, E., Hargašová, E., Graňo, F. (2021)
Hippoterapia v medicíne. Bratislava, Liečreh, 399 s, ISBN 978-80-8893248‑2.

[E41]

Hornáček, K., Jusková, J. (1998) Supposed bioenergetic informational pro‑
cesses during therapeutic riding. Abstracts. 3. europäischer Kongress für
Therapeutisches Reiten, Haar bei München, 17. – 19. September 1998.

[E42]

Hornáček, K., Martuliak, I. (2005) Bolesti chrbta. (s. 152 – 173), Hornáček, K.
(2005) Myofasciálny syndróm. (s. 174 – 182). In: Kulichová, M., a kol. Algezi‑
ológia, Žilina, EDIS, 299 s., ISBN 80-8070-445‑7.

[E43]

Huijgen, B. C., Vollenbroek-Hutten, M. M., Zampolini, M., Opisso, E., Bern‑
abeu, M., et al. (2008) Feasibility of home-based telerehabilitation system
compared to usual care: arm/hand function in patients with stroke, trau‑
— 441 —

Chapter E

matic brain injury and multiple sclerosis. J Telemed Telecare, 14(5):249‑56,
DOI: 10.1258/jtt.2008.080104 (Ref.: https://goo.gl/cdoK4C).
[E44]

Huppi, P. S., Maier, S. E., Peled, S., Zientara, G. P., Barnes, P. D., Jekaz, F. A., Vol‑
ge, J. J. (1998). Microstructural Development of Human Newborn Cerebral‑
White Matter Associated in Vivo by Diffusien Tenser Magnetic Resonance
Imaging. Pediatric Reasearch, Vol. 44, pp. 484–590, DOI: 10.1203/00006450199810000-00019.

[E45]

Janda, V. (1982) Základy kliniky funkčných (neparetických) poruch hybnos‑
ti. Brno, Ústav pro další vzdělávání středních zdravotnických pracovníků,
139 s.

[E46]

Jibu, M. (1996) From conscious experience to memory storage and retrieval:
The role of quantum brain dynamics and bosson condensation of evanes‑
cent photons. International Journal of Modern Physics B, June 1996; Vol. 10,
No. 13n14, pp. 1735–1754, DOI: 10.1142/S0217979296000805.

[E47]

Keshner, E. A., Lamontagne, A. (2021) The Untapped Potential of Virtual
Reality in Rehabilitation of Balance and Gait in Neulogical Disorders. Front.
Virtual Real., 11 March 2021; Vol. 2, DOI: 10.3389/frvir.2021.641650.

[E48]

Klobucká, S. (2018) Vybrané kapitoly z pediatrickej neurorehabilitácie. Bra‑
tislava, Herba, 200 s., ISBN 978-80-89631-83‑4.

[E49]

Klobucká, S., Kollár, B., Klobucký, R. (2020) Effect of robot-assisted gait train‑
ing on motor functions in adolescent and young adult patients with bilater‑
al spastic cerebral palsy: A randomized controlled trial. NeuroRehabilitation,
22 December 2020; 47(4):495–508, DOI: 10.3233/NRE-203102.

[E50]

Klobucká, S., Kováč, M., Žiaková, E., Klobucký, R. (2013) Effect of Robot-As‑
sisted Treadmill Training on Motor Functions Depending on Severity of
Impairment in Patients with Bilateral Spastic Cerebral Palsy. Journal of Rehabilitation Robotics, 31 January 2014, Vol. 1, pp. 71–81, DOI: 10.12970/23088354.2013.01.02.1.

[E51]

Klobucká, S., Žiaková, E., Klobucký, R. (2014) Improvement of Gross Motor
Functions in Patients with Cerebral Palsy after Robotic Assisted Treadmill
Training (RATT) Depending on Age. In: YATES H.: Handbook on Cerebral
Palsy: Risk Factors, Therapeutic Management and Long-Term Prognosis, New
York, Nova science publishers, pp. 231–247, ISBN-13: 978-1633218529.

[E52]

Kolář, P. (1998) Senzomotorická podstata posturálních funkcí jako základ
pro nové přístupy ve fyzioterapii. Rehab. Fyz. Lék., 5(4):142–147, ISSN 18054552.

[E53]

Kolář, P., a spol. (2009) Rehabilitace v klinické praxi. Praha, Galén, 713 s.,
ISBN: 978-80-7262-657‑1.
— 442 —

Chapter E

[E54]

Kolesár, J., a spol. (1980) Fyziatria. Martin, Osveta, 258 s.

[E55]

Košinová, Ľ., Borská, M., Kováčová, E., Vargovská, A. (2019) Autoreflexné
prenatálne, postnatálne terapeutické polohy. Banská Bystrica, Koprint,
2. vydanie, 124 s., ISBN 978-80-890057-79‑5.

[E56]

Kračmar, B., Chrástková, M., Babčáková, R. (2016) Fylogeneze lidské loko‑
moce. Praha, Nakladatelství Karolínum, 464 s., ISBN 978-80-246-3379‑4.

[E57]

Králiček, P. (2011) Úvod do speciální neurofyziologie. Praha, Galén, 3. vy‑

[E58]

Kříž, J., et al. (2010) Tréning lokomoce v závěsu u pacientů po poranení

dání, 235 s., ISBN‑10: 8072626183, ISBN‑13: 9788072626182.
míchy. Česká a slovenská neurologie a neurochirurgie, 73/106(2)124–130, ISSN
1802-4041.
[E59]

Laut, J., Porfiri, M., and Raghavan, P. (2016) The Present and Future of Robot‑
ic Technology in Rehabilitation. Curr Phys Med Rehabil Rep, December 2016;
Vol. 4, pp. 312–319, DOI: 10.1007/s40141-016-0139‑0.

[E60]

Lewit, K. (2001) Rehabilitace u bolestivých poruch pohybové soustavy,
část II. Rehabil. fyz. Lék., 8(4)139–151, ISSN 1805-4552.

[E61]

Liška, M. (2010) Fylogenetické aspekty lidské lokomoce. Nepublikovaná
diplomová práce, Praha, Fakulta tělesné výchovy a sportu, Univerzita Kar‑
lova v Praze, Česká republika.

[E62]

Líška, O., Feriančík, M. (2015) Využitie strojového videnia v automatizova‑
nom rehabilitačnom zariadení na báze priemyselného robota. Transfer
inovácií, 32/2015, pp. 242–245, ISNN 1337-7094.

[E63]

Lo, A. C, et al. (2010) Robot-asisted therapy for long-term upper-limb im‑
pairment after stroke. New England Journal of Medicne, 2010 May 13;
362(19):1772–1783, DOI: 10.1056/NEJMoa0911341.

[E64]

Mac Kay-Lyons, M. (2002) Central Pattern Generation of Locomotion: A Re‑
view of the Evidence. Physical Therapy, 1 January 2002, 82(1):69–83, DOI:
10.1093/ptj/82.1.69.

[E65]

Marder, E., Bucher, D. (2001) Central pattern generators and the control of
rhytmic movements. Current Biology, 11(23)986–996, DOI: 10.1016/S09609822(01)00581‑4.

[E66]

Mergner, T., Schweigart, G., Müller, M. M., Hlavačka, F., Becker, W. (2000)
Visual contributions to human self-motion perception during horizontal
body rotation. Archives italiennes de biologie, 1 April 2000, 138(2)139‑66,
https://doi.org/10.4449/AIB.V138I2.530.

[E67]

Mikula, J. (1992) Uplatnění facilitačních principú v hippoterapii. Sborník
Hippoterapie, 1. seminář, s. 24–25.

— 443 —

Chapter E

[E68]

Pfeiffer, J. (1997) Ergoterapie. (s. 50–52) In: Votava, J., a spol. (1997) Základy
rehabilitace. Praha, Karolinum, 139 s., ISBN: 80-7184-385‑7.

[E69]

Pfeiffer, J., Votava, J. (1997) Léčebná tělesná výchova. (s. 44–49) In: Votava, J.,
a spol. (1997) Základy rehabilitace. Praha, Karolinum, 139 s., ISBN: 80-7184385‑7.

[E70]

Poponin, V. P. The DNA phantom effect: Direct measurement of a new field
in the vacuum substructure. (Available from: http://www.rialian.com/rn‑
boyd/dna-phantom.htm).

[E71]

Pribram, K. H. (1971) Languages of the brain. New York, Englewood Cliffs,
Prentice Hall, p. 326.

[E72]

Rosinský, T. (1991) Bioterapia. Bratislava, Flash channel, s. 111, ISBN: 80900545-0‑1.

[E73]

Rubens, D., Gyurkovics, D., Hornáček, K. (1995) The Cultural Production of
Bioterapia: Psychic Healing and The Natural Medicine Movement in Slova‑
kia. Social science & medicine, 1995 Nov; 41(9):1261–1271, DOI:10.1016/02779536(95)00009‑V.

[E74]

Sandrini, G., Binder, H., Homberg, V., Saltuari, L., Tarkka, I., et al. (2017)
European core curriculum in neurorehabilitation. Functional Neurology,
6 Jul 2017; 32(2):63–68, DOI: 10.11138/FNeur/2017.32.2.063 (Ref.: https://goo.
gl/ZvaFMM).

[E75]

Shih, J. J., Krusienski, D. J., Wolpaw, J. R. (2012) Brain-Computer Interfaces in
Medicine. Mayo Clin Proc., 2012 Mar; 87(3):268–279, DOI: 10.1016/j.may‑
ocp.2011.12.008.

[E76]

Sheldrake, R. (1988) The presence of the past: Morphic resonance and the
habits of Nature. London, Collins, ISBN: 089281537X.

[E77]

Schönová, V., Kolář, P. (2009) Ergoterapie. (s. 297–299) In: Kolář, P.,
a spol. (2009) Rehabilitace v klinické praxi. Praha, Galén, 713 s., ISBN:
9788072626571.

[E78]

Schreier, B. (2009) Fyzikální terapie. (s. 285–292) In: Kolář, P., a spol. (2009)
Rehabilitace v klinické praxi. Praha, Galén, 713 s., ISBN: 9788072626571.

[E79]

Soler, M. D., Kumru, H., Pelayo, R., Vidal, J., Tormos, J. M., Fregni, F., Navar‑
ro, X., Pascual-Leone, A. (2010) Transcranial direct-current stimulation.
Mozog, 1 September 2010; 133(9):2565–2577, DOI: 10.1093/mozog/awq184.

[E80]

Stibor, J. (1953) Vedecká schúze. Čs. fysiatrická společnost v Praze. Fysiatrický věstník, ročník 31, 2(143), s. 74–76.

[E81]

Stibor J. (1953) Zprávy. Resoluce. Fysiatrický věstník, ročník 31, 2(143), s. 93.

[E82]

Šprinclová, Z. (2021) Žítkovské bohyně a živá magie. National Geographic
Česko, 4/2021, s. 44–53.
— 444 —

Chapter E

[E83]

Trawell, J. G., Simons, D. G. (1992) Myofascial pain and dysfunction. The
trigger point manual. London, Baltimore, Wiliams & Wilkins, ISBN
0683083678.

[E84]

Trojan, S., Druga, R. (2005) Motorický systém polohy. In: Trojan, S., Druga, R.,
Pfeiffer, J., Votava, J. (2005) Fyziologie a léčebná rehabilitace motoriky člově‑
ka. Praha, Grada Publishing, s. 44, ISBN 80-247-1296‑2.

[E85]

Varsik, P. (1997) Základné princípy funkcie nervového systému. In:
Varsik, P., Černáček, J. a kol. (1997) Neurológia I. – Základy vyšetrovania.
Bratislava, Ludema, s. 199 – 224.

[E86]

Vařeka, I, Dvořák, R. (1999) Ontogeneze lidské motoriky jako schopnosti
řídit polohu těžiště. Rehabil. fyz. Lék., 6(3)84–85, ISSN 1805-4552.

[E87]

Vařeka, I, Dvořák, R. (2001) Posturální model řetězení poruch funkce pohy‑
bového systému. Rehabil. fyz. Lék., 8(4):33–37, ISSN 1805-4552.

[E88]

Véle, F. (2006) Kineziologie. Praha, Triton, 374 s., ISBN 80-2754-837‑3.

[E89]

Věstník Balneologické společnosti československé v Praze, s. 1–68, ISNN
1805-2673 (Available from: http://www.medvik.cz/link/MED00177507).

[E90]

Vojta, V. (1993) Mozkové hybné poruchy v kojeneckom veku: včasné diag‑
nóza a terapie. Praha, Grada, ISBN 80-85424-98‑3.

[E91]

Vojta, V., Peters, A. (1995) Vojtúv princip. Praha, Grada-Avicenum, ISBN: 80-

[E92]

Vojta, V., Peters, A. (2010) Svalové souhry v reflexné lokomoci a motorické

7169-004‑X.
ontogenezi. Praha, Grada, 3. vydání, ISBN: 978-80-247-2710‑3.
[E93]

Votava, J., a spol. (1997) Základy rehabilitace. Praha, Karolinum, 139 s.,
ISNM 80-7184-385‑7.

[E94]

White, A. A., Panjabi, M. M. (1990) Clinical biomechanics of the spine. Phila‑
delphia, J. B. Lippincott, Second Edition, ISBN 0-397-50720‑8.

[E95]

Zahrádka, L. (1995) Hippoterapie. In: Kulichová, J., a kol. (1995) Hipporeha‑
bilitace. Praha, Dr. E. Grégr a syn, s. 32–38.

[E96]

Zehr, E. P., Duysens, J. (2004) Regulation of arm and leg movement dur‑
ing human locomotion. The Neuroscientist, 2004 Aug; 10(4):347–361, DOI:
10.1177/1073858404264680.

[E97]

Zrubec, V., Cigáň, A., Maňka, J., Skákala, M., Vrabček, P. (1991) High Tc super‑
conducting structures in biological objects? In: Proc. Weak Superconductivity,
Singapore, New Jersey: World Scientific, 1991, pp. 237–243.

— 445 —

The Planckian
Distribution Equation and
the Cell Language Theory:
Novel Methods to
Study and Practice
Acupuncture Science

Chapter F

F. The Planckian Distribution Equation and
the Cell Language Theory: Novel Methods
to Study and Practice Acupuncture Science

Ji, Sungchul

Department of Pharmacology and Toxicology, Ernest Mario School of Pharmacy,
Rutgers University, Piscataway, N. J.

F.1.Introduction................................................................................................................448
F.2.

A Comparison between Eastern and Western Medicine........................451

F.3.

Dissipative vs. Equilibrium Structures in the Universe.........................452

F.4.

The Planckian Distribution Equation.............................................................455

F.5.

The Planck-Shannon Plot as a Quantitative Method for
Identifying Superstructures...............................................................................460

F.6.

The Petoukhov Hypothesis...................................................................................463

F.7.

Cymatics and Chladni Patterns..........................................................................463

F.8.

Standing Waves.........................................................................................................464

F.9.

The Cell Language Theory....................................................................................466

F.10.

The Human Body as the Hologram of the Living Cell:
The Bioholographic Model of the Human Body.......................................... 470

F.11.

The Zhang-Popp Model of Acupuncture (ZPMA)........................................ 472

F.12.

Is the Western Medicine Facing a Crisis?...................................................... 474

F.13.Applications................................................................................................................477
F.14.References.................................................................................................................... 478

— 447 —

Chapter F

F.1

Introduction
My first encounter with the power and efficacy of acupuncture[F1] occurred

about 5 – 6 years ago when I had severe and acute pain on my right shoulder, the
pain being so severe that I could not lift my right arm high enough to take my T‑shirt
off. My wife took me to her acupuncturist in Fort Lee, New Jersey, about an hour’s
drive north of Kendal Park where we then lived. I had heard about acupuncture be‑
ing effective in relieving some pain through my wife’s and her friends’ experiences
but did not take their stories too seriously, because I did not believe that acupuncture
was based on real science producing reproducible healing effects. I had anticipated
that my acupuncturist would relieve my shoulder pain by sticking several acupunc‑
ture needles where my pain was located. However, to my surprise, he put several
needles near the toe of my left foot! And yet my right shoulder pain was gone in a
matter of few minutes. This one experience was enough to convert me from a skep‑
tic to a believer in acupuncture science. I am here using the term ‘science’ to mean
any organized system of human knowledge established through Western sciences or a
long history of human experience such as Chinese medicine[F55] and equivalents. In
this sense acupuncture is a science of the human body on an equal footing with the
modern medical sciences. Since this totally unexpected experience, I began to receive
acupuncture regularly, initially from an acupuncturist but later from my wife under
the supervision of her acupuncturist, and moxibustion[F37] as well, by both my wife
and myself (see Fig. F.1), again under the supervision of our acupuncturists. Moxi‑
bustion is more painful than acupuncture but supposed to be as effective as acupunc‑
ture in healing various diseases, or even more effective than acupuncture for certain
diseases.
(a)

(c)

Source: https://quizlet.com/307611615/lungmeridian-key-points-diagram/
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(b)

(d)

Source: https://en.wikipedia.org/wiki/
Moxibustion

Fig. F.1

My self-administered moxibustion at the meridian points at or near
Chize (LU5).
(a) My left arm. The painful burning sensation lasted about 60 seconds,
which can be tolerated with some resolve.
(b) My right arm.
(c) Simplified meridian-point map.
(d) Moxibustion being administered to an old man in a Chinese village.

While lying flat on my back on my acupuncturist’s table one day, my eyes
happened fall on the maps of the human body posted on the wall next to me (see the
upper panels of Fig. F.2 below). The threeness of the panels intrigued me. Why three,
why not four or more? I finally justified the threeness by connecting it to an extend‑
ed version of Prigogine’s Theory of dissipative structures[F45],[F46] – (i) the first panel
= equilibrium structure (bones are relatively static and use up less energy than mus‑
cles); (ii) the second panel = dissipative structure (muscles dissipate a lot of free ener‑
gy into heat), and (iii) the third panel = relational structure (the relations among cells
in the body mediated by neurons, the basic unit of the nervous system). The theory of
dissipative structures and equilibrium structures and the TRAL model of morpho‑
genesis[F25] are presented in Sections F.3 and F.10 below.
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(3) Context
(Environment)
Probability

Probability Landscape
(2) P
 robability Space
(Measurement)

(1) P
 robability Space
(Mechanisms)

2N nodes
N‑hypercubes

Fig. F.2

The human body as the hologram of the living cell.
(Upper panels) The ‘macroscopic’ human body viewed as the triad of the
skeletal, muscular, and nervous systems.
(Lower left panel) Cell division increasing the number of cells from 1 to 8
(= 23) in 3 cycles of mitosis.
There are about 40 trillions of cells in the human body[F14] and it will
take about 45 cycles of cell divisions for a zygote to become an adult hu‑
man being.
(Lower right panel) The TRAL (tree-ring-and-landscape) model of the
mechanism of the evolutionary and developmental (EvoDevo) biology.[F25]
The model was inspired by dendrochronology[F8] and embodies the tri‑
adic metaphysics of Peirce (1839–1914).[F31],[F51]

The two main theoretical frameworks to be discussed are (i) the Planckian
Distribution Equation (PDE)[F27],[F28] and its derivative known as the Planck-Shannon
classifier[F33],[F34] and (ii) the cell language theory[F19],[F20],[F32] – that may be applied to the
phenomenon of healing in Eastern medicine (including acupuncture) in order to de‑
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velop the science of Eastern medicine to the level comparable to the well-established
branches of Western medicine such as neurosurgery and internal medicine.

F.2

A Comparison between Eastern and Western Medicine
Acupuncture,[F1] along with moxibustion[F37] and herbal medicine (see

Rows 1, 2 and 3 in Tab. F.1) is an important branch of the traditional Chinese med‑
icine,[F55] a prominent component of what is here referred to as the Eastern medicine.
Eastern medicine is (millennia-long and is primarily experience-based and employs
the top-down approach emphasizing “Effects fist; mechanisms later.” In contrast,
Western medicine is only two or three centuries-old and is primarily Western sci‑
ence-based, employs the bottom‑up approach, and respects the philosophy of “Mecha‑
nisms first; effect later” (see Rows 5 and 6 in Tab. F.1).
Despite the profound differences between Eastern and Western medicine,
there are some common features between them (see Rows 4, 7, 8 and 9 in Tab. F.1).
For instance, the Planckian Distribution Equation (PDE)[F27],[F28] which was derived
from Planck’s blackbody radiation equation (see Panels e) and f) in Fig. F.4) applies
to both the electrical signals (i. e., skin conductivity) generated from the meridian
system of Chinese medicine and the fMRI signals measured from human brains (see
Row 4 in Tab. F.1) (see Section F.4 for more details on PDE).
Tab. F.1

A comparison between the Eastern and the Western medicine.
Eastern Medicine

1.

acupuncture

Western Medicine
MRI Scanner Cutaway

fMRI

Patient

Radio
Frequency
Coil

Patient
Table

Gradient
Coils
Magnet
2.

moxobustion

surgery
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Eastern Medicine
herbal
medicine

200

‒200

fMRI signals from the human brain before and after
infusion of psilocybin
(Carhart-Harris et al., Front. Hum. Neurosci., 03/2/2014)

Acupuncture meridian skin conductivity
distribution.

4.

0

drugs

0

100

200

Experimental
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F.3

Dissipative vs. Equilibrium Structures in the Universe
Prigogine (1917–2003) divides all structures in the Universe into two class‑

es – equilibrium and dissipative structures.[F45],[F46] Dissipative structures are material
systems that exhibit non-random behaviors in space and/or time driven by (or cou‑
pled to) irreversible processes. Living processes require both equilibrium (e. g., skele‑
tal system, enzyme structures) and dissipative structures (e. g., motions of muscular
system, ion gradients across cell membranes). Operationally we may define the equilibrium structures of living systems as those structures that remain, and dissipative
structures as those that disappear, upon removing free energy input. Some dissipative structures can be generated from equilibrium structures through expenditure of
free energy, as exemplified by an acorn and a cold candle, both equilibrium structures,
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turning into an oak tree and a flaming candle, dissipative structures, respectively,
upon input of free energy:
Free Energy
Dissipative Structures

Equilibrium Structures

(1)

The flame of a candle is a prototypical example of dissipative structures
(see the left panel in Fig. F.3). The pattern of colors characteristic of a candle flame
reflects the space- and time-organized oxidation-reduction reactions of hydrocarbons
constituting the candle that produce transient chemical intermediates, some of which
emit photons as they undergo electronic transitions from excited states to ground
states. From a mechanistic point of view, the flame of a candle can be viewed as
high-temperature self-organizing chemical reaction-diffusion systems in contrast to the
Belousov-Zhabotinsky reaction (see the middle panel in Fig. F.3) which is a low-tem‑
perature self-organizing chemical reaction-diffusion system. The Belousov-Zhabotinsky
(BZ) reaction was discovered by Russian chemist, B. P. Belousov, in 1958 and later con‑
firmed and extended by A. M. Zhabotinski.[F3]

Fig. F.3

Dissipative structures in physics (left panel), chemistry (middle panel),
and biology (right panel).
According to the Bhopalator model,[F17] living cells are formed from two

classes of material entities that can be identified with Prigogine’s equilibrium structures (or equilibrons for brevity) and dissipative structures (or dissdipatons).[F23] What
distinguishes between these two classes of structures is that equilibrons remain and
dissipatons disappear when cells run out of free energy originating from chemical
reactions.
My reading in 2018 of the energy-information model of acupuncture pro‑
posed by Solár[F53] motivated me to recognize two kinds of dissipative structures
which I designated as ‘dissipative structure 1’ and ‘dissipative structure 2’ in Tab. F.2
below. One advantage of recognizing two kinds of dissipative structures, D1 and
D2, is to be able to distinguish between two states of the acupuncture meridians
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of the human body – the quiescent (or pre-stimulation) state and the stimulated (or
post-stimulation) states (see Row 5 in Tab. F.2). It is interesting to point out that the
Zhang-Popp-Rubik model of acupuncture[F44],[F50], [F57],[F59],[F60] described in Section F.11
also implicates dissipative structures without distinguishing between what is here
referred to as D1 and D2 dissipative states of the acumeridian system. I do not know
whether empirical data support such a dichotomization of acupuncture experience,
but the scientific evidence currently available seems to support it (see Rows 2, 3, and
6 in Tab. F.2). Perhaps most significantly, the predicted D1 and D2 ‘acupuncture me‑
ridian states’ (AMS) may be experimentally measured and quantified using the re‑
cently developed Planck-Shannon classifier,[F33],[F34] according to which D1 AMS should
appear as a set of uncorrelated points in the Planck-Shannon plot and D2 AMS as a
linear regression line (see Row 3 in Tab. F.2). Another important point of Tab. F.2
may be that the acupuncture meridians are not only dissipative structures of Prigogine
but also holograms of the human body (see Row 6 in Tab. F.2). This unexpected out‑
come of Tab. F.2 seems to be consistent with the “standing-wave superposition hy‑
pothesis” of acupuncture proposed by Zhang and Popp in 1996[F44],[F50], [F57],[F59],[F60] (see
Section F.11 for more details).
Tab. F.2

Three types of structures in the Universe, which may apply to the
acupuncture systems of the human body.

Name

Equilibrium
structure

Dissipative
structure 1

Dissipative
structure 2

1. Symbol

E

D1

D2

2. Thermodynamics

At-equilibrium

Near-equilibrium

Far-from-equilibrium

3. Mathematics

Random sets of
data points

Long-tailed
asymmetric
histograms (LAHs)

Sets of LAHs showing
linear correlations in
the Planck-Shannon
plot

4. Example

Dead body

Physiological body

‘Acupuncture
Meridians’ (?)

5. Acupuncture

Human anatomy in
Western medicine

Quiescent
acupuncture points
along meridians

Excited acupoints
along meridians

6. Holographic analogy

Holographic film

Unorganized
holographic images

Organized
holographic images

[F20],[F32]

If proven to be true on further investigation, the idea that the acupuncture
meridians well-known in Chinese medicine for millennia may finally find a West‑
ern-science-based explanation as the holograms (or superstructure[F34]) of the human
body.
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F.4

The Planckian Distribution Equation
Blackbody radiation (see Panel a) in Fig. F.4) refers to the material objects

that completely absorb photons impinging on them (hence appearing black) and yet
emit photons upon being heated thereby generating blackbody radiation spectra (see
Panel c) in Fig. F.4). M. Planck (1858–1947) succeeded in deriving the mathematical
equation given in Eq. (2) in Panel e) in Fig. F.4 that quantitatively accounted for the
blackbody radiation spectra. The key to his successful derivation of the so‑called
Planck radiation equation (PRE), also called Planck’s law[F58] was his assumption that
light is emitted or absorbed by matter in discrete quantities called “quanta of ac‑
tion,” which led to the birth of quantum mechanics revolutionizing physics in the early
20 th century.
In 2008,[F23](pp. 327–336) I noticed that the single-molecule enzyme–turnover–
time histogram published by Lu et al.[F36] (see Panels b) and d) in Fig. F.4) resembled
the blackbody radiation spectrum at 3,000 °K (Compare Panels c) and d)). This obser‑
vation led me to generalize the Planck radiation equation, by replacing its universal
constants and temperature by free parameters, A, B, and C, as shown in Eq. (3).
PDE has been found to fit long-tailed histograms reported in many fields,
ranging from atomic physics to econophysics (see Panels g) to l) in Fig. F.4). These
findings may indicate that, underlying all the varied phenomena obeying the Planck‑
ian distribution equation, there exist common mechanisms (just as all the phenom‑
ena obeying the Gaussian distribution law implicate common mechanisms, namely,
random processes). One possible common mechanism underlying the Planckian distri‑
bution may be sought in the postulated universality of the wave–particle duality in all
organized material systems, from atoms to the universe itself,[F27],[F28],[F31](pp. 342–360) and
this possibility is in part supported by the fact that the first term of the Planck radia‑
tion equation, Eq. (1), and hence of the Planckian distribution equation, Eq. (2), is re‑
lated to the number of standing waves in a physical system and the second term to the
average energy per mode of the standing waves.[F4] The wave-particle duality-based
mechanisms postulated to underly the universality of PDE is schematically represent‑
ed in Panel n) in Fig. F.4.
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Observation
a)

b)

Real-time Observation of Chemical
Reaction of Single Enzyme Molecules
Cholesterol Oxidase with Fluorescent Active site FAD
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Mathematical equation
e)

Planck radiation equation (PRE):

f)

Planckian Distribution Equation (PDE):

u(λ, T) = (2hc2 /λ 5)/(ehc/λkT ‒ 1) (2)

y = (A/(x + B)5)/(eC/(x + B ‒ 1) (3)

u = intensity of radiation; h = Planck constant; c = speed
of light; λ = wavelength; k = Boltzmann constant;
T = temperature

y = frequency
x = bin number
A, B, and C = free parameters
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Some examples of long-tailed histograms fitting PDE
GPE/BRE Fitting Blackbody Radiation Spectrum at
3000 °K
a = 3.933 × 1016, b = 19.314, A = 0.3854, B = 49.256,
RMSD = 0.1375
Solver, S. Ji, 5/10/2014
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h) Blackbody Radiation-like Equation (BRE) fits T‑Cell
Receptor Variable-Region Gene Diversity predicted
by Murugan et al. (2012)
Data from Figure 13, arXiv: 208.3925w1 [q‑bio.QM]
20Aug2012
BRE: y ‒ (a/(Ax + B)5)/(Exp(b/(Ax + B)) ‒1)
a = 1.835, A = 9.186
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Common Mechanisms
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Fig. F.4

The isomorphism between blackbody radiation (left column) and
single-molecule enzyme catalysis (right column).

Panel g) in Fig. F.4: Blackbody radiation spectrum at 5,000 °K
Since PDE was derived from the Planck radiation formula which fitted the
blackbody radiation that reflects the internal structure of atoms, it would be
logical to conclude that the fitting of the blackbody radiation spectra to PDE in‑
dicates that PDE is capable of representing the organization of matter within an
atom and any other material systems whose long tailed histograms fit PDE.
Panel h) in Fig. F.4: Human T‑Cell Receptor Gene Sequence Diversity
The T‑cell receptor consists of two chains, α and β, and each chain in turn con‑
sists of transmembrane, constant, and variable regions. The variable regions
of T‑cell receptors, called CDR3 (Complement Determining Region 3), recognize
pathogens and initiate an immune response. The CDR3 length between con‑
served residues ranges from 20 to 80 nucleotides. Murugan et al.[F38] analyzed
the nucleotide sequence data of T‑cell beta chain CDR3 regions obtained from
nine human subjects, each subject generating on average 232,000 unique
CDR3 sequences. The germline DNA encoding the beta chain of human T‑cell
receptors has 48 V‑genes, 2 D‑genes, and 13 J‑genes. These gene segments are
recombined via a series of stochastic recombination mechanisms catalyzed by
appropriate enzymes to generate a large repertoire of CDR3 sequences. Each
CDR3 sequence can be viewed as the result of a generative event describable
by several random variables, including V-, D-, and J‑gene choices. From the set
of observed CDR3 sequences, Murugan et al.[F38] were able to formulate a math‑
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ematical equation called the generative probability function that predicts the
probability of generating CDR3 sequence σ, Pgen(σ). Pgen(σ) is the sum of the prob‑
abilities of all recombination events involved in producing CDR3 sequence σ.
A typical example of the CDR3 sequence histogram predicted by Pgen(σ) for one
subject is given in (Panel e) in Fig. F.4, which fits the Planckian distribution
equation (I am grateful to Mr. Vinay Vadali for this simulation).
Panel i) in Fig. F.4: RNA Levels in Budding Yeast
When glucose is switched to galactose within a few minutes, budding yeast
cells undergo massive changes in the copy numbers (0 to several hundreds) of
its mRNA molecules encoded by 6,300 genes over the observational period of
hours. Garcia-Martinez et al.[F10] measured the levels of over 5,000 mRNA mol‑
ecules at six time points (0, 5, 120, 360, 450, and 85 min) after a glucose–galac‑
tose shift, using microarrays, generating over 30,000 mRNA level data points.
Of these data, 2,159 mRNA levels were chosen arbitrarily and grouped into
250 bins to generate a histogram shown in Panel i) (see Experimental). As can
be seen in this figure, the histogram fits the Planckian distribution almost ex‑
actly.
Panel j) in Fig. F.4: RNA Levels in Human Breast Tissues
Using microarrays, Perou et al.[F40] measured the mRNA levels of 8,102 genes in
the normal human breast cells, the breast cancer tissues before and after treat‑
ing with the anticancer drug, doxorubicin, for 16 weeks in 20 breast cancer pa‑
tients. Of the 8,102 genes, we analyzed 4,740 genes and their transcripts. A to‑
tal of 4,740 × 20 = 94,800 mRNA levels were divided into 60 bins to generate a
histogram shown in Panel i). Again the experimental curve fitted the Plancki‑
an distribution equation with great fidelity. It is significant that PDE fits mRNA
data measured from both unicellular (yeast) and multicellular systems (human
breast tissues), indicating that PDE captures the basic molecular mechanisms
common to both systems.
Panel k) in Fig. F.4: fMRI Signals from the Human Brain Before and After Psilocybin
Carhart-Harris et al.[F5] measured the fMRI (functional Magnetic Resonance
Imaging) signals from the brains of 15 healthy volunteers before and after the
60‑second intravenous infusion of psilocybin. Cerebral blood flow (CBF) val‑
ues decreased in all regions of the brain and the subjects reported that their
“thoughts wandered freely”. Out of the 9 brains regions examined (2° visual,
1° visual, motor, DAN, auditory, DMN, R‑FP, L‑FP, salience), four regions exhib‑
ited significant changes in their fMRI signals characterized by increases in the
deviations of the local signals from their mean, i. e., an increase in variance.
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By “local” is meant to indicate brain tissue volume elements (voxels) measur‑
ing a few mm in linear dimensions. When the distances of the signals of in‑
dividual voxels from the group-mean fMRI signal are calculated and grouped
into bins and their frequencies are counted, histograms shown in Panel k) were
obtained, which fitted PDE. The numerical values of the Planckian distribution
equation fitting these two histograms differed, especially the b/A ratios, which
increased from 0.93 to 1.62 by the psilocybin infusion. (The b/A ratio refers to
the 4‑parametger version of PDE, i. e., y = (a(Ax + B)5)/(eb/(Ax + B) + 1) which can
be reduced to the 3‑parameter version, i. e., y = (A/(x + B)5)/(eC/(x + B) ‒ 1) by the fol‑
lowing substitutions: A = a/A5, B = B/A, and C = b/A).
Panel l) in Fig. F.4: Word-Length Frequency Distribution in a Kerry’s Speech
The histogram of the word-length frequency distribution in a speech deliv‑
ered by John Kerry in 2004 fits PDE almost perfectly. The histogram also fits the
Menzerath-Altmann equation discovered by glottometricians[F9] equally well.
This indicates that, in general, a given histogram can be fit into more than one
mathematical equation, which may be referred to as the “Unreasonable Arbi‑
trariness of Mathematics” in contrast to Wigner’s thesis that mathematics is un‑
reasonably effective.[F58]

F.5

The Planck-Shannon Plot as a Quantitative Method for
Identifying Superstructures
Once a long-tailed histogram is fitted into PDE, two numbers, IPS and H, can

be computed from the resulting PDE:
(i) The Planckian Information of the First Kind (I PF) defined as the binary loga‑
rithm of the ratio of the area under the curve of PDE to that of Gaussian-like symmet‑
ric curves, Eq. (4).
y = Ae ‒(x ‒ μ)^2/(2σ^2) (4)

where A is a free parameter, μ is the mean and σ is the standard devia‑
tion.

[F33],[F34]

(ii) The Planckian Information of the Second Kind (I PS) defined as the negative
binary logarithm of the skewedness of the long-tailed histogram.[F33],[F34]
IPS = ‒log2 (|µ ‒ mode|/σ) (5)

The Shannon entropy (H) is calculated based on Eqs. (6) and (7):
H = ‒Σp i log2 p i (6)

where p i is the probability of observing the ith data point calculated as
p i = yi / Σyi (7)
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where yi is the frequency of the ith data point and the index i runs from 1
to n, the total number of the data point. The size of n must be large enough (usually
greater than 35–40) to give relatively smooth histograms that can be fitted to PDE.
It is often more convenient and more reproducible to calculate I PS than to
calculate I PF from PDE. Thus, the information encoded in the shape of a long-tailed
asymmetric histogram can be visualized as a point in what is called the Planck-Shannon space (or plane, or plot) constructed by plotting H on the x‑axis and I PS on the y‑ax‑
is. Some examples of the Planck-Shannon plots of the mRNA levels measured from the
human breast cancer tissues are shown in Fig. F.5.
“Structure” is here defined as any set of data points that can be represent‑
ed as a long-tailed histogram fitting PDE. “Superstructure” is defined as a set of 3 or
more correlated structures. For example, the metabolic pathway transforming glu‑
cose to pyruvate (called the glycolytic pathway) implicating about a dozen enzymes is
a structure since the intracellular levels of the mRNA molecules synthesized by these
enzymes produce a long-tailed histogram that fits PDE.
We analysed 10 metabolic pathways (including CGI protein, DKFZP pro‑
tein, KIAA protein, ribosomal protein, zinc finger protein, etc, each encoded by about
50 genes) measured by Perou et al. from 20 breast cancer patients before and after
treating with doxorubicin for 16 weeks.[F40] Five examples of the Planck-Shannon
plots of the mRNA levels measured from human breast cancer tissues before and af‑
ter treating with the doxorubicin, are shown in Fig. F.5. Before treatment, all 5 pa‑
tients exhibited superstructures called ‘supermetbolivc pathways” each consisting of
7 – 10 points on the Planck-Shannon plot with correlation coefficients between 0.73
and 0.91. After the drug treatment, the correlation coefficients of the supermetabolic
pathways decreased below 0.60 for Patients 2, 11, and 14, indicating that doxorubicin
destroyed the supermetabolic pathways in these patients but not in Patients 5 and 15.
The clinical significance of these effects on supermetabolic pathways for these pa‑
tients is not yet clear.
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The Planck-Shannon plots of 7 – 10 metabolic pathways (for each
histogram) before and after treating with doxorubicin for 16 weeks.
Patient # (survival months; number of pathways in the plot). The x‑axis
encodes the Shannon entropy, H, and the y‑axis encodes the Planckian
information of the second kind, I PS .[F34]
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F.6

The Petoukhov Hypothesis
Through an entirely different approach from what is described here, Sergey

Petoukhov[F41] reached the conclusion that the properties of living systems can be
modeled using resonance waves, in agreement with the conclusions summarized in
Panel n) in Fig. F.4. To provide a glimpse of his thoughts, some of his statements are
reproduced below:
“Any living organism is a great chorus of coordinated oscillatory (also called vibrational; my addition) processes (mechanical, electrical, piezoelectric, biochemical, etc.),
which are connected with their genetic inheritance along chains of generations.”
“From a formal point of view, a living organism is an oscillatory system with
a large number of degrees of freedom. Resonances in such a system can serve as mechanisms for harmonization and ordering of its set of oscillatory processes.”
“A new slogan can be proposed: “any living body is a musical instrument” (a synthesizer with an abundance of rearrangements of resonant modes).”
These statements are consistent with my own writing published four dec‑
ades earlier:[F16]
“An ordinary enzyme possesses 103 to 104 vibrational degrees of freedom. It is
therefore reasonable to assume that the vibrational motions of individual bonds in the enzyme will be far more important in enzyme catalysis than the translational or rotational
motions of the enzyme as a whole. Given all the vibrational frequencies of the individual
bonds in an enzyme, as well as their three–dimensional arrangements, we can in principle
deduce the thermodynamic and catalytic properties of the enzyme under any conditions.”
All of the above statements support the conclusion that the universal appli‑
cability of PDE to many long-tailed histograms is attributable to (i) its role in generat‑
ing functions and organizations through goal-directed selection of subsets of Gaussian
processes, and (ii) the wave–particle duality operating in living systems.

F.7

Cymatics and Chladni Patterns
The term cymatics, defined as the study of waves (“cyma” meaning wave

in Greek),[F7] was probably not widely known until the invention of CymaScope (in
2002),[F48] which could visualize sound waves using water as the sensitive sound sen‑
sor. Prior to the invention of CymaScope by J. S. Reid,[F48] a less sensitive wave-generat‑
ing device known as Chladni plates[F2],[F6] were used to visualize vibrations and stand‑
ing waves (Fig. F.6). The various vibrational patterns seen in Fig. F.6 were generated
by drawing a bow over a piece of metal plate whose surface was sprinkled with sand
particles that rearrange themselves as the metal plate vibrates in sections separat‑
ed by “nodal lines” where the surface is temporarily motionless, thus attracting sand
particles and forming so‑called Chladni patterns. It is known that the higher the fre‑
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quency and the larger the amplitude of the input vibrations, the more complex the
Chladni patterns become.[F2],[F6]
On the Chladni plate, sand particles accumulating on the regions (called
‘nodes’) that remain steady without any up and down (vibrational) motions form a
standing wave. Different standing waves have different number of nodes and an‑
tinodes.

Fig. F.6

Formation of the standing waves of particles (called Chladni figures)
on a metal plate vibrating at different frequencies. Retrieved
from [F2],[F6].

F.8

Standing Waves
The following descriptions of the universality of standing waves repro‑

duced from [F54] are very informative because they provide easy‑to‑understand defini‑
tions of the basic concepts underlying wave phenomena:
“Whenever a wave (sound, heat, light, …) is confined to a finite region of space
(string, pipe, cavity, …), something remarkable happens – the space fills up with a spectrum
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of vibrating patterns called “standing waves”. Confining a wave “quantizes” the frequency.
Standing waves explain the production of sound by musical instruments and the existence
of stationary states (energy levels) in atoms and molecules. Standing waves are set up on
a guitar string when plucked, on a violin string when bowed, and on a piano string when
struck. They are set up in the air inside an organ pipe, a flute, or a saxophone. They are set
up on the plastic membrane of a drumhead, the metal disk of a cymbal, and the metal bar
of a xylophone. They are set up in the “electron cloud” of an atom. Standing waves are produced when you ring a bell, drop a coin, blow across an empty soda bottle, sing in a shower stall, or splash water in a bathtub. Standing waves exist in your mouth cavity when you
speak and in your ear canal when you hear. Electromagnetic standing waves fill a laser
cavity and a microwave oven. Quantum-mechanical standing waves fill the space inside
atomic systems and nano devices.”
“A mass on a spring has one natural frequency at which it freely oscillates up
and down. A stretched string with fixed ends can oscillate up and down with a whole
spectrum of frequencies and patterns of vibration. These special “Modes of Vibration” of
a string are called STANDING WAVES or NORMAL MODES. The word “standing wave”
comes from the fact that each normal mode has “wave” properties (wavelength λ, frequency f), but the wave pattern (sinusoidal shape) does not travel left or right through space – it
“stands” still. Each segment (λ/2 arc) in the wave pattern simply oscillates up and down.
During its up‑down motion, each segment sweeps out a “loop”. All points on the string oscillate at the same frequency but with different amplitudes. Points that do not move (zero
amplitude of oscillation) are called ‘nodes’. Points where the amplitude is maximum are
called ‘antinodes’.”
The concept of standing waves is universal in that standing waves can oc‑
cur in both non-living and living systems and in microscopic systems (e. g., atoms and
moecules), mesoscopic systems (e. g., living cells), macroscopic systems (e. g., Chladni
plate, drums, guitars), and cosmological systems (e. g., cosmological microwave back‑
ground radiation, i. e., the electromagnetic waves left over from the Big Bang). The
Chladni plate can serve as a convenient metaphor or model for visualizing the or‑
ganization of all kinds of systems that are driven by oscillatory sources. For example,
the Chladni plate can be a useful metaphor for cell metabolism as summarized in
Tab. F.3.
Tab. F.3

The Chladni figures as a metaphor for dynamic cell metabolic patterns.

1. Parameters

Chladni plate

Living cell

2. P
 articles organized

Sand particles

mRNA molecules

3. D
 iameter of particles

~ 1 mm (or 10 ‒3 m)

~ 10 nm or 10 ‒8 m)
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4. Patterns formed

Standing waves of sand
particles

Standing waves of mRNA
concentration gradients

5. S
 ystem that oscillates

Chladni plate

Cell metabolism

6. Waves

Sound waves

Chemical concentration waves

7. Energy source

External vibrations caused
by, e.g. oscillator

Enzyme activities inside the cell

8. W
 ave controller

Physicist

Living cell and its
microenvironment

F.9

The Cell Language Theory
There is no doubt that cells (see A and B in the third column Tab. F.4) in our

body communicate with each other using molecules (see M1 and M2) as messengers,
just as humans communicate using words as messengers (see the second column in
Tab. F.4). These two types of languages are compared visually in Tab. F.4. The key
points of Tab. F.4 are (i) that “Water is to the cell language (cellese) what air is to the
human language (humanese)” and (ii) that “Both cellese and humnese obey the same
semiotic principle of irreducible triadic relation.” (see the last four rows in Tab. F.4).
When two persons, A and B, communicate, two phenomena occur synchro‑
nously – communication at the macroscopic scale (e. g., the vibration of the vocal cord
of the speaker generating sound waves) and at the microscopic scale (e. g., neural fir‑
ings generating electromagnetic and chemical waves in the auditory cortex and oth‑
er parts of the hearer’s body; see the second row in Tab. F.4). The former may be re‑
ferred to as macro-communication mediated by mechanical waves in the air (see the
second column labeled Humanese) and the latter as micro-communication mediated
by electromechanical and chemical concentration waves in the brain and associat‑
ed structures (see the third column labeled Cellese). The basic features of macro-com‑
munication have been studied for millennia in semiotics and linguistics[F12],[F35] and
most of the details about micro-communication at the molecular and cellular levels
have been revealed only since toward the end the last century[F19],[F20],[F32] (e. g., see the
hypothalamic-pituitary-adrenal axis[F15] in the second row and the third column in
Tab. F.4).
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Tab. F.4

A comparison between the human and cell languages.
The renin-angiotensin-aldosterone system (RAAS) and the hypothalmus-pituitary-adrenal axis (HPAA) are the two main systems of cells that con‑
trol the water content of the human body.

Language

Human Language
(Humanese)

Cell Language
(Cellese)
Cells A

System

M2

M1

Cells B
A

B

“apple”

Cells A = hypothalamus, pituitary
Cells B = adrenals, kidney, liver
M1 = CRH, ACTH, AD
M2 = aldosterone, renin, angiotensin II

‘Semiotic Principle’
or Irreducible Triadic
Relation (ITR): Three
elements (A, B, and
C) are essential for
communication.
Or f × g = h; i.e. f followed
by g leads to the same
result as h. Also called
‘Commutative Triangle’
Medium of
Communication

A
(Object)

f

B
(Sign)

g

C
(Interpretant)

h

Air

Water

Equilibrium Structure
(Equilibron)

Words, written

Molecules

Dissipative Structure
(Dissipaton)

Words, spoken

Concentration gradients

In 1997,[F19],[F20],[F32] the concept of cell language was formulated based on the
finding that, out of the 13 design features of human language characterized by lin‑
guists,[F35] 10 were found to have molecular counterparts (for a partial list of these, see
Rows 1 through 8 in Tab. F.5).
Just as verbal sentences (as written) are strings of words arranged linearly
in the Euclidean space, so the cell-linguistic (or molecular) sentences are visualized
as series of gene expression events arranged in space and time leading to dissipative
structures or dissipatons. (See Row 3 in Tab. F.5). Of all the folds of DNA and polypep‑
tides allowed for by the laws of physics and chemistry, only small subsets have been
— 467 —

Chapter F

selected by evolution (thereby giving rise to biological information) to constitute the
genome of a cell (see Row 4 in Tab. F.5). Sequence-specific conformational strains
that carry both free energy (to do work) and genetic information (to control work)
are defined as conformons.[F21] Conformons are akin to molecular batteries that provide
immediate driving force (or serve as the force generators) for all molecular machines
catalyzing non-random molecular processes inside the cell (see Row 5 in Tab. F.5).
Experimental evidence for conformons is discussed in [F22] (pp. 240–243). Space- and
time-specific intracellular gradients of ions, biochemicals, and mechanical stresses
(e. g., of the cytoskeletal system) are called IDSs (Intracellular Dissipative Structures
and serve as the immediate driving forces for all cell functions on the microscopic
level[F17] (see Row 5 in Tab. F.5). It is important to distinguish between “conformation‑
al” or “non-covalent” interactions and “configurational” or “covalent’ interactions.
The former implicates neither breaking nor forming covalent bonds and depend only
on the rotation around, or bending of, covalent bonds. Non-covalent interactions im‑
plicate smaller (free) energy changes (typically around 1 to 3 Kcal/mole) than “cova‑
lent” interactions which entail (free) energy changes in the range of 30 – 100 Kcal/
mole. Conformons involve exclusively conformational or non-covalent interactions
and no covalent interactions. Row 9 in Tab. F.5 is added to the original table pub‑
lished in [F19]. The third articulation is a generalization and an extension of second articulation. Intercellular communication through chemical concentration gradients
is well established in microbiology in the phenomenon of quorum sensing,[F47] where‑
by bacteria express a set of genes only if there are enough of them around so that
they can combine and coordinate their efforts to accomplish a common task which
is beyond the capability of individual bacteria. This phenomenon can be viewed as a
form of reasoning and computing on the molecular level and the cell therefore can be
viewed as the smallest DNA-based computational unit referred to as the computon.
Tab. F.5

A formal comparison between human and cell languages. Adopted
from [F19],[F20],[F32],[F51].
Human Language
(Humanese)

Cell Language
(Cellese)

1. A lphabet

Letters

4 Nucleotides (or 20 Amino acids)

2. L
 exicon

Words

Genes (or Polypeptides)

3. Sentences

Strings of words

Sets of genes (or polypeptides)
expressed (or synthesized)
coordinately in space and time
dictated by DNA folds (cell states).
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Human Language
(Humanese)

Cell Language
(Cellese)

4. Grammar

Rules of sentence formation

The physical laws and biological
rules mapping DNA sequences
to folding patterns of DNA
(polypeptides) under biological
conditions.

5. Phonetics

Physiological structures and
processes underlying phonation,
audition, and interpretation, etc.

Concentration and mechanical
waves responsible for information
and energy transfer and
transduction driven by conformons
and intracellular dissipative
structures (IDSs).

6. Semantics

Meaning of words and sentences

Codes mapping molecular signs to
gene-directed cell processes

7. F
 irst Articulation

Formation of sentences from
words

Organization of gene expression
events in space and time through
non-covalent interactions between
DNA and proteins (or Space- and
time-dependent non-covalent
interactions among proteins,
DNA, and RNA molecules). Thus,
macromolecular complexes can
be viewed as molecular analogs of
sentences.

8. S
 econd
Articulation

Formation of words from letters

Organization of nucleotides
(or amino acids) into genes (or
polypeptides) through covalent
interactions.

9. T
 hird Articulation

Formation of texts from
sentences

Organization of chemical
concentration gradients in
space and time called dissipative
structures or dissipatons in order
to ‘reason’ and ‘compute’.

The existence of cell language (or cellese more briefly) increases the number
of the channels of communication from one (i. e., human-human communication) to
at least 15 (= 5 rows × 3 columns) as indicated in Tab. F.6 (see the green portion of the
table).
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Tab. F.6

Multiple channels of cellular communications in the human body.
Communication

Wired

Wireless

Cell-Cell (I)

Cell-Environment
(II)

Cell-Human (III)

Nerves (1)

1–I
(cell biology)

1–II
(evolution)

1–III
(neurophysiology)

Blood vessels (2)

2–I
(endocrinology;
immunology)

2–II
(circulatory
physiology)

2–III
(autonomic nervous
system)

Lymph (3)

3–I
(Immune
response)

3–II
(?)

3–III
(immune response?)

Water (4)
(via chemical
concentration
waves)

4–I
(cell language?)

4–II
(evolution)

4–III
(cell language;
Rubik’s EM
bioinformation[F49])

Air (5)
(via
electromagnetic
waves)

5–I
(biophotons?)

5–II
(BenvenisteMonagnier
model[F31](pp. 39–41))

5–III
(Zhang-Popp
dissipative
structure;[F44],[F59]
Rubik biofield[F49];
Solár’s energyinformation
model[F53])

Tab. F.6 indicates that the phenomenon of acupuncture healing utilizes
communication channels 4–III and 5–III which seems consistent with Statement (8)
discussed in the next section.

F.10

The Human Body as the Hologram of the Living Cell:
The Bioholographic Model of the Human Body
The three panels of human anatomy shown in Fig. F.2 suggest that the hu‑

man body is probably the most complex material system in the Universe. And yet,
all the complex structures of the human body originated from a single fertilized egg.
The zygote (see the left lower panel of Fig. F.2) can produce all the cells in the adult
human body, about 40 × 1012 of them, through about 45 cycles of mitosis (245 = 35 tril‑
lion). The growth of the human body starting from a single cell is reminiscent of
growth of tree rings starting from its center toward to its periphery encoding the his‑
tory of the environmental conditions (including the sunspot activities) experienced
by the growing tree (cf. dendrochronology[F8]). This inspired me to construct a model
of the development of the human body (i. e., morphogenesis) from the zygote called
the TRAL (Tree-Ring-And-Landscape) model of evolutionary and developmental (i. e.,
EvoDevo) biology[F25] (see the lower right panel in Fig. F.2). The TRAL mode of EvoDe‑
vo is explained in detail in [F25].
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What is amazing about the human anatomy is the fact that any one of the
40 trillion cells constituting the body has more or less the identical set of nucleotides
in their DNA molecules and hence the same number of structural genes capable of
reproducing the whole human body in principle, just as each point of the holograph‑
ic plate or film possesses the complete information about the 3‑dimensional image
of an object[F13] (see the first and the second panels in the second column of Fig. F.7).
The mechanism of how the hologram is generated from its photographic plate is well
known[F13] (e. g., see the third panel of the second column in Fig. F.7). I here suggest
that the holographic principle established in physics applies to the morphogenesis
of the human body starting from the zygote as indicated in the first and the second
rows in Fig. F.7. The TRAL model of EvoDevo[F25] (see the last panel in the third col‑
umn in Fig. F.7) provides, to the best of my knowledge, the most comprehensive cell
biological theory of human morphogenesis. In other words,
“The TRAL model of the human body morphogenesis may act as the bridge
connecting the human body as a hologram and the human body as the holographic plate
(or film).” (8)

If this conjecture can be validated through further investigations, we would be able
to conclude that:
“We are the holograms of our zygotes.” (9)

We may refer to the combination of the 4–III and 5–III communication
channels in Tab. F.6 and Statement (9) as the ‘bioholography’ of the human body.
Since the acupuncture meridians are fundamental aspects of the human body, we
may be justified to claim the following equality:
Bioholography = Scientific Study of Acupuncture Meridians = ‘Acupuncture Science’ (10)

Physics/
Biology
(Semiotics[F41])

Holography [F13]

Holographic
plate
(Object)
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Physics/
Biology
(Semiotics[F41])

Holography [F13]

Human biology [F14]

Hologram
(Sign)

(3) Context
(Environment)

Mechanisms
(Interpretant)

Probability

Probability
Landscape
(2) P
 robability Space
(Measurement)
(1) P
 robability Space
(Mechanisms)

object image stored

Fig. F.7

hologram visualized

2N nodes
N‑hypercubes
The TRAL model of EvoDevo[F25]

The human body as the hologram of the living cell: A postulate.
The upper right panel retrieved from https://www.medicalnewstoday.
com/articles/320878#division
The right middle panel retrieved from https://steemit.com/science/@ju‑
vyjabian/understanding-the-great-nerve-centers‑of‑human-body.

F.11

The Zhang-Popp Model of Acupuncture (ZPMA)
The following descriptions of the Zhang-Popp model of acupuncture ex‑

cerpted from [F50],[F57],[F60] contain several key concepts (e. g., dissipative structures, ho‑
lography, standing waves) that also appear in the ‘bioholographic model of the hu‑
man body’ (BMHB) presented in Section F.10 above.
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The excerpt from [F57]
“In 1986 German scientist Fritz-Albert Popp and Chinese biologist, Chang-Lin
Zhang developed a model they called the ”Standing Wave Superposition Hy‑
pothesis”. This research attempts to accommodate the holographic nature of ac‑
upuncture such as the homunculus or miniature representation of the whole
body represented in the ears and the feet. The theory also strives to explain the
anomalous skin resistance properties of acupuncture points as well as the ap‑
parent interconnectivity between them. In the Zhang-Popp model, it is shown
that the body is composed of sodium, potassium and other electrically charged
inorganic ions such as proteins and DNA which when accelerated will emit EM
radiation in accordance with conventional physical theory. With these many
types of charges oscillating in the body, an interference pattern is produced
formed by the various waves of various wavelengths. The highest combination
of wave amplitudes forms the acupuncture points and meridians by means of
constructive interference. At these points the skin is at the highest in electrical
conductivity. This conductivity depends on the internal electrical field, which
is determined by the interference pattern from the superposition of the nu‑
merous waves. Hence, the standing wave pattern of a sick person would have
a varied pattern from that of a healthier person. The treatment of acupuncture
with needles in the acupoints would cause a disturbance in the standard wave
pattern caused by new boundaries formed by the needle. The needle activates
the current of injury response resulting in a change in the EM field, producing
changes in the biological response, which may promote healing. It is this theo‑
ry, which implicates the EM fields of the entire body.”
Excerpt from [F60]
“Skin Resistance vs. Body Conductivty: On the Background of Electronic Meas‑
urement on Skin by Chang-Lin Zhang. In this paper, we discuss several critical
problems of electronic measurements on the acupuncture system, such as the
size, shape, location and stability of acu-points and acu-meridians; the violent
fluctuation of the measurement data; the holographic phenomena and the sta‑
tistical self-similarity of measurement data; the transmission of signal along
meridians and its speed; the parallel distributions between higher-conductiv‑
ity points and higher sound intensity points and the mathematical background
of log-normal distribution of measurement data. A conclusion, which comes
from the contradictions between the results of these experiments and the ex‑
isting knowledge in modern anatomy, histology, neurology and biochemistry,
is that there is an invisible dissipative structure of electromagnetic fields which
are mainly composed of an interference pattern of standing waves in the res‑
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onance cavity of the human body under the condition of permanent support of
energy in an open system. To some extent, the invisible structure corresponds
to the mysterious acupuncture system and is closely related to many energetic
medicines. The conclusion and recognition of the existence of the invisible dis‑
sipative structure of the electromagnetic field inside a body offers not only a
new understanding of the background of acupuncture and many other branch‑
es of holistic medicine, but also a scientific and quantitative way to evaluate the
degree of coherence, namely harmony, of a body-mind system.”
Excerpt from [F50]
“Acupuncture and other complementary medical modalities that involve holis‑
tic principles challenge the dominant biomedical paradigm of mechanical re‑
ductionism and therefore are considered unconventional or alternative. This
keynote presentation will review three different hypotheses of acupuncture,
two of which lie within the dominant scientific paradigm, and a third that is
built upon frontier ideas at the edge of the new science of bioelectromagnetics.
The Zhang-Popp hypothesis, based on endogenous electromagnetic fields of the
body, is capable of accommodating many puzzling features of acupuncture. In
order to embody the latter, it appears that a new paradigm for the life scienc‑
es is needed to address the wholeness and integrity of the organism. Nonethe‑
less, I believe that there are serious limitations in attempting to embrace the in‑
digenous knowledge system of the East, one of the oldest systems of empirical
knowledge, by a 300-year-old science of the West, because of their vast differ‑
ences in biophilosophies and cultural orientations. All knowledge systems, East
or West, are context-dependent; none can represent true objectivity. Despite
this pluralistic view, working toward a unity of Eastern and Western thought
may lead to a more universal understanding of acupuncture in the future.”

F.12

Is the Western Medicine Facing a Crisis?
In 2018 at the International Congress of Acupuncture and Natural Medi‑

cine,[F30] I discussed the possibility that Western medicine (pharmacology included)
may be in a crisis situation. The following quotes from [F39] support this conjecture:
“Over the last several years, Pfizer, GlaxoSmithKline, and Novartis – and
most other pharmaceutical giants, which once seemed unassailable – have an‑
nounced huge layoffs. Drug discovery jobs have disappeared by the thousands in the
United States and by the hundreds in Europe as the industry has cut costs in order to
adjust to what is widely perceived as the end of the blockbuster-drug era.”
“It’s a whole big mess the pharmaceutical industry is in,” says industry
journalist Ed Silverman, … “It’s an unfortunate set of circumstances… The companies
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have had fewer new drugs in their product pipelines and… at the same time they’re
facing expiring patents on the biggest sellers.”
“According to the Factbook, the pharmaceutical industry discovered and re‑
leased on the global market just 21 “new molecular entities” in 2010… That’s the few‑
est this decade, though similar levels were seen in 2007 and 2008.”
“New drugs have always faced long odds, taken a long time, and cost a lot of
money to develop. Of every 10,000 newly synthesized substances, between one and
two will be marketed – eventually. The process takes an average of 12 or 13 years.
Drug development costs vary, but a reference estimate, from 2005, is $1.3 billion per
drug.”
I prepared Tab. F.7 below for my lecture presented at the 2018 Congress
of Acupuncture and Natural Medicine,[F30] but its contents seem to hold even after
3 years have passed, last two of which being plagued with the Covid‑19 pandemic.
Tab. F.7

The

current

industry

[F24],[F39]

crisis

in

pharmacology/medicine/pharmaceutical

may be comparable to the crisis faced by European

science and philosophy in the late-19th and early 20 th century.[F56]
Crisis in
Philosophy/Sciences
(Field of Pure Knowledge)

Pharmacology/Medicine/Pharma
Industry
(Field of Applied Knowledge)

Time

Early 20 th Century

Early 21st century

Evidence

Impossibility of agreeing on what
reality is and of bridging the gap

Impossibility of knowing why the
drug discovery rate is so low, i.e., one

between physics and psychology [F56]

out of 10 4 drug candidates[F24],[F39] and
of bridging the gap between Western
medicine and Eastern medicine.

* Suspending any judgement about what an observed object is but allowing it to appear to
our unbiased mind naturally. This same phenomenological attitude may need to be adopted
by pharmaceutical scientists in their effort to discover effective drugs: Bracket (or suspend)
drug mechanisms and concentrate on drug effects first.
** Medicine that respects the philosophy of complementarism[F18] rooted in the triune or
complementarian logic[F18](p. 524) of (i) Exclusivity = A and B are mutually exclusive; (ii) Essentiality
= A and B are essential for C; and (iii) Transcendentality = C transcends the level where A and
B reside or have meanings. The algebraic expression of the complementarian logic is: A ^ B =
C, where the symbol ^ represents complementary relation. Complementarian medicine is
different from ‘complementary medicine’ which has come to represent ‘Eastern medicine’ or
‘alternative medicine’.
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Crisis in
Philosophy/Sciences
(Field of Pure Knowledge)

Pharmacology/Medicine/Pharma
Industry
(Field of Applied Knowledge)

Remedy

Phenomenological reduction or
Epoche*[F11],[F42]

The complementary approach
combining both the top-down
approach and the “bottom-up
approach”.[F26] It may also be referred
to as the “effect-first-mechanismlater” approach, in contrast to
the “mechanism-first-effect-later“
approach that has failed to be
effective, the success rate being one
out of 10 4 trial drug candidates.[F24]

Method

1st person (or subjective)
experience[F11],[F42]

3rd person (or objective)
experience[F24],[F29]
Obtained via the cell language
theory [F31] and the Planckian
Distribution Equation (PDE)[F24],[F27],[F28],

[F31](pp. 342–360)

New Discipline

Phenomenology [F42]

Phenomenological (or Existential)
Medicine/Pharmacology (?)
Complementarian medicine** (?)

Aphorism

“Existence precedes essence”

“Effects precede mechanisms” or
“Effects-first-mechanism-later”

Originator

Edmond Husserl (1859–1938)

Sungchul Ji (1937–…)

* Suspending any judgement about what an observed object is but allowing it to appear to
our unbiased mind naturally. This same phenomenological attitude may need to be adopted
by pharmaceutical scientists in their effort to discover effective drugs: Bracket (or suspend)
drug mechanisms and concentrate on drug effects first.
** Medicine that respects the philosophy of complementarism[F18] rooted in the triune or
complementarian logic[F18](p. 524) of (i) Exclusivity = A and B are mutually exclusive; (ii) Essentiality
= A and B are essential for C; and (iii) Transcendentality = C transcends the level where A and
B reside or have meanings. The algebraic expression of the complementarian logic is: A ^ B =
C, where the symbol ^ represents complementary relation. Complementarian medicine is
different from ‘complementary medicine’ which has come to represent ‘Eastern medicine’ or
‘alternative medicine’.

Complementarian medicine = (Western medicine) ^ (Complementary medicine) (11)

In short, the perceived crisis in Western medicine (including the vaccino‑
logical conundrum that human species are currently experiencing world-wide), I be‑
lieve, can be traced to the “overly reductionistic, or mechanismic” approach to bio‑
medical sciences popularized by the success stories of the Western science of the last
several centuries. One way out of this dilemma may be to balance (or integrate) the
Western reductionism with the holistic approach of Eastern medicine consistent with
the diagnosis presented in Row 5, Tab. F.1 and the remedy suggested in Tab. F.7. The
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new medicine that emerges from the integration of Western medicine and Eastern
medicine on an equal footing may be referred to as “Complementarian Medicine” re‑
specting the philosophy of complementarism that has emerged from 20 th-century bi‑
ology in the mid-1990’s[F18] (see the footnote to Tab. F.7).

F.13

Applications
Since I am not an acupuncturist, I do not know to what extent, if any, the

various scientific concepts and principles presented in this paper may apply to acu‑
puncture science and practice. Hence I will take the liberty of recording below a part
of my dialogue that took place on September 30, 2018 with the acupuncture theorist
and practitioner, Gustáv Solár. It is hoped that this dialogue will help shed new light
on how the modern biology-derived theoretical principles and concepts presented in
this paper may apply to acupuncture science and practice of the 21st century:
“… I am not a physicist, but I have similar views on mentioned issues like
you. In this context, my long experience with the application of the physiological
solution to acupuncture points can be interesting. I found that it usually has better
effects than the application of a classic acupuncture needle. This idea-way leads me to
our pyramid model of the energy-information network of the organism. I have to say
that your cellular language theory fascinates me, it also talks about information fixed
and shared by biochemical formulas and sequences. You are describing two types of
electromagnetic communication in Acupuncture systems (AS) – equilibrium AS (that
can exist without dissipating energy) and dissipative AS (that disappears when ener‑
gy input or microcirculation stops). It seems to me that the expression of this two-tier
entity might be the arrangement of Wen and Fu‑Shi in Traditional Chinese Medicine.
The formation of our Pyramid Model shows at least four such shapes (except for the
traditional system Wen and Fu‑Shi, there are shapes S1 and S2 in the pyramid model,
ensuring the system stabilization. Detailed information on the formation of the pyr‑
amid model has been published here: https://www.naturalnamedicina.com/casopis/.
In our clinical practice, we use the TST (Tactile Solár Test) based on tactile sensitivi‑
ty. We use this method routinely when we examine the patient. The algorithm of the
investigation is such that the output is the conclusion from the individual microsys‑
tems of the organism. Each of them has different information value in the organ‑
ism. In summary, information about the immediate psychological and somatic state
of the organism can be deduced from this finding. Another kind of investigation is
electro-acugraphy. It has a graphical output and monitors the meridian state, which
is very close to Mr. Zhang’s theory. I would like to thank you for his article because
it opens questions for a wider interpretation of electro-acugraphy results. If I had to
summarize these ideas then your theory of cellular language allows among the oth‑
ers for a mathematical interpretation of information. Likewise, in Mr. Zhang’s arti‑
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cle, there is more-level electromagnetic communication. And we are probably getting
multilevel information from TST, too. Each of these information represents a certain
level of overall information about the state of the organism. All these information
should be compatible and shall create a global entity. The energy-information state
from this point of view is based on the interpretation (global language) of multi-lev‑
el system status information. Language has its verbal, para-verbal, emotional and
other levels that express the multi-level character of the overall information. Each of
these mentioned approaches seems to interpret another level of that global language.
This language should be mathematically processed, the results of our work should
be compatible not only mathematically but also energetically-informative. I feel that
the Pyramid Model could be a common platform for expressing this complex infor‑
mation. The model exceeds Acupuncture point of view, what my son (also at this Con‑
gress) will point out in his lecture. Of course, we are just starting out, but it seems to
me that we both together and with Sergey Petoukhov and Chang-Lin Zhang, could
find common ground and inspiration for further cooperation and reveal the essence
of EI processes not only as the basis of Natural Medicine. It is surely the job for a large
number of people from different science fields.”

F.14
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Science is advancing at such a pace that while in the past the quantity of
expertise could be absorbed individually by ancient philosophers, today it is not pos‑
sible to even read the latest science on human life discoveries. Therefore, even within
medicine, the individual medical disciplines gradually differentiated as knowledge
increased, to the extent that unity of material and transcendent levels of being disap‑
peared. This has certainly been the consequence of atomization in science as well as
in medicine.
In fact, today there are few medical disciplines that, given the nature of
their specialization, have the potential to assess a patient’s state of health in a truly
comprehensive way. Acupuncture, by its very nature, possesses such potential. In Slo‑
vakia, legislatively speaking, acupuncture is one of the specialized fields of medicine,
which is designed for physicians to learn in providing comprehensive health care by
integrating their knowledge of Western and Eastern medicine.
Specialized study in the field of acupuncture according to valid legal reg‑
ulations in Slovakia follows the acquisition of specialization in some other medical
field, such as internal medicine, general medicine, cardiology, diabetology, metabolic
disorders and nutrition, rheumatology, gastroenterology, neurology psychiatry, phy‑
siatry, balneology and medical rehabilitation, otorhinolaryngology, etc. The medical
specialization study in the field of acupuncture lasts at least three years.[G3] However,
there are no workplaces that allow systematic and continuing education with a clin‑
ical foundation, analogous to other medical disciplines or the necessary legislation to
finance such training.
In addition, there is an accredited continuing education program of the Slo‑
vak Republic with a modular structure for physicians, nurses and physiotherapists
named “Diagnostics, therapy and prevention in acupuncture” offered by lecturers at
the private and non-state First Clinic of Acupuncture and Natural Medicine G. Solár,
ltd. in Šamorín.[G6] This study program has a modular structure and contains over
800 hours of teaching lessons to deepen current medical knowledge for students. It
expands their knowledge of Eastern medicine and other non-medical disciplines.[G2]
The study program is based on 40 years of experience of the study program’s profes‑
sional guarantor Gustáv Solár, M. D., PhD. From preparation to management to inter‑
disciplinary medical education in the form of international interdisciplinary medi‑
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cal congresses in Slovakia, Dr. Solár has formed a unique qualification, acting as the
bridge between narrowly specialized departments and the increasing need for com‑
prehensive and multidimensional approaches to patients.
The real attractiveness of such a program is reduced by the financial and
time requirements for physicians who are employed at other medical facilities and
must be made available for such training at the expense of the usual work in mater‑
nity facilities. In addition, the legislation does not allow them to receive a full spe‑
cialization in acupuncture at this workplace. Such a situation is probably not specific
only for Slovakia, which we here use only as an example.
What is the main methodological issue in acupuncture education and in
the overall legislative framework related to this field? If we seek to answer this ques‑
tion – crucial in terms of properly framing modern medicine – we must be aware of
the fundamental conceptual differences between acupuncture and Western med‑
icine. As already mentioned, due to large increase in information, Western medi‑
cine is gradually atomizing and dividing into different specializations to such an
extent that a specialist from one medical field is practically unable to fully replace
a specialist from another field, even if these differences vary from discipline to dis‑
cipline. In acupuncture, the trend seems to be the opposite. Acupuncture integrates
its knowledge in the functioning of the energy information network of the body and
of mutual relations within their components. Unfortunately, often under pressure
to integrate acupuncture into Western medicine the course program de facto artifi‑
cially divides acupuncture into various quasi specializations focused on individual
branches of Western medicine, i. e. acupuncture in surgery, ophthalmology and other
fields. These are incorporated to varying degrees into acupuncture fields of study. In
legislation we then encounter formulations like: “After completing a basic acupunc‑
ture course the physician can perform acupuncture within his (understand Western)
medical specialization.” From acupuncture’s point of view this is an absurdity. If we
wanted to draw an analogy to this absurdity we could ask ourselves a question. If we
understand that renal weakness can result in anxiety (psychology), sexual dysfunc‑
tion (sexuology), gynecological issues in women (gynecology), andrological disorders
in men, respiratory issues (renal respiration) and hearing issues, which specialist is
to treat renal weakness? Should it be a psychiatrist, gynecologist, andrologist, ENT
specialist, urologist, pulmonologist, or other specialist? It should be noted that this
list is not complete and practically every element, meridian or microsystem, basical‑
ly affects the functionality of the whole body and does not follow the principles of
one-organ approach.
On the other hand, from Western medicine’s point of view, is there a spe‑
cialist who would deal with this whole spectrum when each Western specialization
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has its own specifics? Thus, these are different medical approaches to Western med‑
icine and acupuncture, which are mutually compatible only within the framework
of interdisciplinary cooperation. However, these considerations only use the logic of
Western medicine and enforce it upon acupuncture, turning it into a “divided” dis‑
cipline, which acupuncture is not and cannot be. When we discuss the compatibil‑
ity of acupuncture and Western medicine in this context, we speak about the com‑
patibility of an analytical and synthetic approach that is only interdisciplinary.
Therefore, an attempt to “integrate” acupuncture into Western medicine in this way
is doomed to fail. Unfortunately, such an educational concept is detrimental to both
Western medicine as well as to acupuncture, and is, as such, unsustainable. This is
even more true in multidisciplinary approaches which are increasingly becoming a
scientific necessity. Therefore, it is necessary to adjust principles of medical education
related to acupuncture. It should be taught as a single and complex medical field. If
this does not happen soon, we will get to the stage where we would like to train and
specialize – to put it mildly – urology in cardiology, or orthopedics in ENT and the
like. This simply illustrates the absurdities in some legislative formulations covering
education and competences in acupuncture. It is by all means necessary to structure
education within acupuncture, but to do so in other medical disciplines as well so as
to preserve complexities within each branch of medical knowledge, whether in ac‑
upuncture or in Western medicine. This requires an optimally uniform legislative
concept of acupuncture within Western medicine. At the same time, it is necessary
to solve the integration of the necessary knowledge of other scientific disciplines into
the postgraduate specialization study of individual medical disciplines, including ac‑
upuncture. The current level of medical development requires the incorporation of
some fundamental innovative elements into the education system.
If we want to talk about Western medicine in relation to acupuncture, we
must mention two fundamentally contradictory approaches to acupuncture, and not
only from a legislative angle. On the one hand, it is the formal acceptance of acupunc‑
ture as a medical field, as is the case in Slovakia, for instance. This means that by law
acupuncture can only be performed by a physician specialized in this field, as in any
other medical field. On the other hand, there are states which legally allow non-phy‑
sicians to practice acupuncture and in this way, de facto, separate it from medicine
and classify it as the so‑called “alternatives”. If we understand acupuncture as a field
of medicine – even if it has its own specifics like any other medical field – then it has
its inalienable place in comprehensive medical care, which should have no “alter‑
native”. In every medical field, including acupuncture, it is inconceivable for it to be
practiced by non-physicians or persons without appropriate and specific medical ed‑
ucation. As already mentioned, medicine itself is gradually atomizing. Therefore, in‑
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terdisciplinary cooperation and care are necessary in practice. If any of the medical
disciplines are “amateurized” by non-physicians and those without a comprehensive
medical education, they will never be able to fully understand and take into account
comprehensive medical care and the necessary extent of interdisciplinary cooper‑
ation. Western medicine has an approach based on symptoms and syndromology
while acupuncture is based on the principles of elements, meridians, microsystems,
etc. In most cases, it is difficult to express such two approaches in mutually compre‑
hensible terminology and content. However, this is not impossible without mastering
the philosophy as well as diagnostic and therapeutic principles of both medical ap‑
proaches, and all of this requires appropriate medical education. Just because diag‑
nostics is structured differently in acupuncture does not mean it is not compatible
with diagnostics in Western medicine. However, compatibility does not mean identi‑
ty. It simply means two compatible procedures each requiring exact medical knowl‑
edge. Compatibility is in this “only” an opportunity to evaluate a certain process tak‑
ing place in the body from different aspects based on different principles which are
mutually enriching and mutually comprehensible. This significantly expands the
range of possibilities for solving and learning about processes in physiology, patholo‑
gy, therapy and research.
Viewed from the angle of complex medicine there is an absence of compre‑
hensive medical education regarding acupuncture coupled with legislative incom‑
patibility for implementing multidisciplinary cooperation and synergy. It is certainly
necessary to create a system for non-physician specialists in both Western medicine
and in acupuncture. These could cover laboratory or other diagnostic methods in ac‑
upuncture, as is standard in all medical care.
This assumes high standards of education and training for doctors, who
should master knowledge from a variety of fields which are currently not commonly
included within their current study program. Such programs should at least be en‑
riched with knowledge of physics, neurotechnology, mathematics, psychology, peda‑
gogy, philosophy and, from a transcendent point of view, theology and eschatology. In
the optimal case, this could include the comprehensive multidimensional approach
developed at our clinic in Slovakia in the context of individual acupuncture research
and development. This could give the physician not only a better understanding of
the patient, their health issues and their role in the process, but also to perform better
diagnosis, prevention and treatment through cooperation.
The results, quality and public access to health care is to a large extent de‑
termined not just through available capacity among health professionals in a given
geographic area, but also through their resources, including spatial, material, techni‑
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cal and financial conditions, organizational arrangements, the degree of mutual co‑
operation, quality of mutual relationships, available administrative support, etc.
The European Commission has for a long been calling on individual EU
member states to engage in multidisciplinary and multi-professional team coopera‑
tion, especially in primary outpatient health care, which it considers to be the prima‑
ry level of health care systems.[G5]
However, on the basis of a European Union project, of which this publica‑
tion is a part, it should be added that – in addition to interdisciplinary physicians
and other health professionals – in the interests of truly comprehensive care and
trans-disciplinary networking of knowledge for other patients, multi-professional
care teams should include physicists, mathematicians, biologists and others. Depend‑
ing on the stage of development their exact constellation should never be complete.
However, this presupposes that the system of multi-professional team cooperation
should be an open and sufficiently flexible system.
Optimally, cooperation should be coordinated both horizontally as well as
vertically to a greater extent than until now. However, it must be supported by sys‑
tematic and continuing interdisciplinary education, changes in working conditions
as well as health care organization and management systems. Studies by foreign au‑
thors have long documented greater efficiency of health care and the achievement of
positive health indicators through increased cooperation, professionally guided in‑
volvement of health and non-health professionals in provided care and professional‑
ly coordinated integration of individual professionals’ activities.[G4],[G7],[G8] This is also
confirmed by our own historical experience. Some Slovak healthcare professionals
still remember the functional system of horizontally as well as vertically integrated
and organized cooperation among healthcare professionals in the outpatient and in‑
stitutional healthcare system in former Czechoslovakia of the 1970s and 1980s.
Comprehensive multi-dimensional multi-professional cooperation natural‑
ly presupposes that members of the multi-professional team will continuously need
to go outside their professional comfort zone and beyond their own professional fo‑
cus to which they are accustomed to. In the interests of the multi-professional nature
of care, it is natural to cross interdisciplinary and professional boundaries among
professions. With a multi-professional view of the provision of comprehensive health
care it is necessary to take into account the need for repetition and for continuous
acquisition of new knowledge as well as skills. The European Commission[G1] in the
framework of Continual Medical Education (CME) distinguishes a separate segment,
which is called Continual Professional Development (CPD), which is intended to sup‑
port the lifelong learning among health professionals not only in medicine but also
in other areas that have the potential to contribute to improving and enhancing pa‑
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tient and healthcare worker safety in the healthcare process.[G1] It is an idea very close
to the vision that we have put forward in this work, thanks to a European Union pro‑
ject related to a need to provide comprehensive multidimensional healthcare.
In conclusion, it can be stated that multi-professional cooperation in com‑
prehensive health care has many pitfalls and problems but their solutions can seem
realistic only through a long-term perspective. The mere integration of acupuncture
into the system of complex medicine would need to address many theoretical, legis‑
lative and practical problems. Currently, the conditions for performing acupuncture
in different countries differ. Their gradual but necessary harmonization requires a
long-term process adjustments in overcoming ingrained stereotypes and powerful
interests. These also include the need for a broader acceptance of acupuncture as a
field of medicine and not as its alternative. Ultimately, this means integrating acu‑
puncture into medical disciplines throughout Western medicine, including research,
education, clinical practice, but also creating an analogous economic background
consistent with other medical disciplines. The basic precondition is to overcome prej‑
udice in professional public wherever they still exist. This is especially important be‑
cause of all medical disciplines, by its very nature, acupuncture is the most suitable
to create a “bridge” between medicine and technical disciplines with the highest po‑
tential to engage in multidisciplinary cooperation.
As for the structure of education programs, whether medical or multi-pro‑
fessional, these also require gradual change as well as verification in practice. In this
sense, our many years of experience in acupuncture education and in using a broad
multi-professional approach become very useful. Based not just on a multi-profes‑
sional approach but also on an international team of lecturers, the international pro‑
gram – part of and an appendix of this chapter – has a potential to be the foundation
for a broader bridge-building process as well as for the verification of possibilities
and various needs in practice. It uses a new module in multi-professional education
for doctors and healthcare professionals. This module can certainly be a source of in‑
spiration for other necessary legislative and operational requirements in further de‑
veloping this type of education and serve as a guide for practical career steps among
graduates at all levels of comprehensive multi-professional care.

Attachment
Contents of the International Multidisciplinary Education Program of the First Clinic
of Acupuncture and Natural Medicine G. Solár, Ltd.
1. Introduction to the Problematics
(Lecturer: Gustáv Solár)

1.1 Interdisciplinary Contexts of Comprehensive Medicine
1.2 Medical Consequences of the Philosophy of Comprehensive Medicine
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1.3 Less Frequent Methods in Medicine
1.4 Energy-Information Theory of Acupuncture
1.5 Analysis of Energy-Information Factors and Patient’s Symptoms and Processes from
the Patient’s Environment

1.6 Energy-Information Processes and their Modelling
1.7 Key Phenomenon of the Philosophy of Comprehensive Medicine
1.8 Drawbacks and Stages of Anamnesis in Connection with Comprehensive Diagnostics
1.9 Somatic, Psychic, Social and Spiritual Causes of Etiopathogenetic Processes
1.10 Holistic Understanding of Health and Illness in the Context of Clinical Experience
2. Sound and Light Physics and Cinical Aspects of Sound
(Lecturer John Stuart Reid)
Sound and Light Physics

2.0 Sound as a formative formative force in the Universe
2.1 The role of sound in the creation of life/ abiogenesis/ the Miller-Urey experiment
2.2 A short history of the physics of sound, including Chladni plate demonstration
2.3 The physics of sound and light and the relationship between sound and light
2.4 Resonance definition and demonstrations
2.5 Wavelength, Amplitude, Frequency and Speed of sound calculations
2.6 Harmonics in music and speech
2.7 Introduction to psychoacoustics and the cochlea
2.8 Introduction to decibel calculations
2.9 Introduction to Hemisync
Clinical Aspects of Sound

2.10 Definitions of Therapeutic Ultrasound, Therapeutic Audible Sound, Music Therapy and
Music Medicine

2.11 Pain mediation by sound, the role of nociceptors, afferent fibres and natural opiates
2.12 Chemical and biochemical aspects of sound / cell to cell communication
2.13 Cell quiesence (G0 phase) and the role of sound in supporting cells to rejoin the cell
cycle

2.14 Medical interventions by ultrasound
2.15 Therapeutic support by intrasound and infrasound
2.16 Therapeutic support by audible sound
2.17 Therapeutic support via music medicine
2.18 The role of resonance in Sound Therapy / body part frequency data
2.19 Introduction to sonocytology / Dr James Gimzewski / differentiating between the
sounds emitted by healthy cells versus cancer cells / the potential for eradicating
cancers

3 Digital Methods of Brain Activity Analysis and Neurotechnologies
(Lecturer: Daneš Koťátko)

3.1 Digital Methods of Brain Activity Analysis
3.2 Neurotechnologies and Neurophysiology
3.3 Measuring and Processing of Biological Signals
3.4 Qualitative EEG Examination, Evoked Potentials
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3.5 Audiovisual Stimulation, Nasal Stimulation
3.6 Biological Feedback. Neurofeedback, Biofeedback
3.7 Neuropsychologic Diagnostics. Quantitative QEEG Methods
3.8 Other Neurotechnologic Methods Intended for Improving Brain Activity
3.9 Optimization of Brain Activity by Neurotechnologies
3.10 Summary, World Research Centres, Trends, Biomarkers
4 Clinical and Interdisciplinary Aspects of Comprehensive Therapy and
Rehabilitation

(Lecturer: Karol Hornáček)

4.1 Forms of Motion Therapy and their Intersections with Less Frequent Methods
4.2 Comprehensive Physiatry, Balneology and Medical Rehabilitation and Their Potential
Multiprofessional Intersections

4.3 Substantiation of Rehabilitation and Its Development
4.4 Application Areas of Rehabilitation: Physical, Psychic, Social
4.5 Physical Medicine
4.6 Medical Physical Education (Application, Forms)
4.7 Balneology, Climatology
4.8 Using Rehabilitation in Treatment and Preventive Care
4.9 Posture and Possibilities of Influencing It by Rehabilitation
4.10 Manual Medicine, Acupuncture, Animotherapy
4.11 Energy, Information
5 Common Aspects of Medicine and Other Disciplines and Sciences in Relation
to Prevention, Diagnostics, Therapy and Research
(Lecturer: Gustáv Solár)

5.1 Common Aspects of Medicine and Other Disciplines and Sciences in Relation to
Prevention, Diagnostics, Therapy and Research of the Problematics

5.2 Somatic Psychological, Social, Spiritual and Physical Factors of Therapeutic Process
5.3 Theoretical Models in Acupuncture and in Comprehensive Medicine
5.4 Pyramidal Model and its Substance and Interdisciplinary Connections
5.5 Selected Physical Energy-Information Aspects of the Organism
6. Acupuncture Questionnaire in Comprehensive Diagnostics
(Lecturer: Zlatica Solárová)

6.1 History of Questionnaire – Theoretical Basis of Traditional Philosophy
6.2 Specifics of Questionnaire in Acupuncture Diagnostics
6.3 Structure of Questionnaire
6.4 Assessment of Questionnaire
6.5 Personality Typology from the Perspective of Current Knowledge (Hypothesis)
Pathologic Patterns in Diagnostics and Assessment of Questionnaire

6.6 External and Internal Harmful Factors
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7. Multidisciplinary Cooperation in Health Care – Current State and
Opportunities

(Lecturer: Kvetoslava Kotrbová)

7.1 Current Challenges for the World’s Health Care Systems
7.2 Situation in Slovakia – Capacities, Structure, Historical Experience as Source of
Inspiration

7.3 Indicators of Health, Well-Being and Quality of Life
7.4 Multiprofessional Model of Primary Health Care of the European Expert Panel and

Potential Projections in Comprehensive Acupuncture Health Care Using Less Frequent
Methods

7.5 Comprehensive Multiprofessional Health Care and Education System
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