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Chapter Summary
During the centuries since Galvani made his historic discovery of animal electricity, scientists 
from many different disciplines have studied the electrical aspects of life. Much of this has been 
basic research – studies designed to simply find out the role of electricity in various biologi-
cal processes such as nerve conduction, muscle contraction, secretion, and reproduction. Applied 
research on bioelectricity has been aimed at understanding the possible roles of electrical fields 
in wound healing and defence against disease. For example, it has been discovered that an injury 
potential arises when the skin is broken or when an organ is injured. This potential flows as a 
wave away from the site of trauma. It is thought that the injury potential sets in action the vari-
ous cellular and tissue responses that are necessary for restoration of the tissue to its normal state. 
This is a remarkable phenomenon because to repair an injury, the body must reference the original  
blueprint for the design of the cell and tissue components that have been damaged. Artificial  
enhancement of the injury potential increases the rate of wound closure and the extent of regener-
ation. This has important clinical applications such as stimulating the healing of chronic wounds.

As we understood more and more about the roles of electricity in healthy functioning and in 
injury repair, a wide variety of therapeutic devices were created. Some of these devices appeared to 
be very successful, as judged from the testimonials of those who used them. However, testimoni-
als are not science. The reorganization of medical education that followed the Flexner report led 
to a medicine that was focused on pharmaceuticals, and the economic and regulatory atmosphere 
put major emphasis on the development of new drugs while discouraging energetic approaches. 
For approximately half a century after the Flexner report, the use of electricity, magnetism, and 
light for healing purposes was essentially illegal. The situation began to change in 1979 when the 
U.S. Food and Drug Administration (FDA) approved the use of pulsing electric, magnetic, and 
electromagnetic fields to stimulate bone healing. These methods followed from the work of Birch 
in London who used electricity to stimulate healing of bone fractures, as mentioned in Chapter 5. 
The regulatory process involved in getting FDA certification for energy medicine technologies is 
described in Appendix II. A number of medical electrical devices have been allowed by the FDA, 
often after a long and expensive approval process. Some of these devices will be described in this 
chapter, without attempting an exhaustive listing. A thorough discussion of all of these technolo-
gies would require a book much larger than this one. Key technologies include various diagnostic 
systems and therapeutic devices such as transcutaneous electrical nerve stimulation (TENS) for 
treating intractable pain; frequency-specific microcurrent (FSM), which seems to have a wide 
variety of applications; various feedback systems; and electro acupuncture.

The Injury Potential
The injury potential, also called the demarcation potential, is the difference in electrical potential 
between the injured and uninjured parts of a nerve, muscle, skin, or other tissue. It is an energetic 
phenomenon with important roles in wound healing – the intricate process in which the skin or 
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another tissue or organ repairs itself after injury (Huttenlocher and Horwitz, 2007; Nguyen et al., 
2009; Zaho et al., 2006). Carlo Matteucci (1811–1868) was a pioneer in the study of bioelectricity. 
Using a sensitive galvanometer that had been developed by Leopoldo Nobili in 1825 (Figure 6.1), 
Matteucci showed that injured excitable biological tissues generate direct electrical currents and 
that they can be summed by adding elements in series, as was shown in Figure 5.4 in Chapter 5. 
He identified an injury potential resulting from current flowing between a site of injury and an 
intact region of muscle (Matteucci, 1844). Emil Heinrich du Bois-Reymond (1865) confirmed 
this and found a similar potential arising in injured nerves. This places the discovery of the in-
jury potential historically before the discovery of the nerve resting and action potentials (Davson, 
1970). Du Bois-Reymond (1848–1884) also discovered that currents are produced by small epi-
dermal wounds in human fingers immersed in saline. This was confirmed by Herlitzka (1910). In 
1980, Illingworth and Barker reported that currents are produced by the stumps of accidentally 
amputated human fingers immersed in saline. Research has shown that artificial enhancement of 
the injury potential increases the rate of wound closure and the extent of regeneration. This means 
that a wide range of energy therapies, ranging from medical devices to hands-on treatments to 
acupuncture, can facilitate the healing of chronic wounds.

The most thorough research on the injury potential has been done on the skin and cornea of 
the eye. When the skin is cut or punctured, there begins a sequence of electrical, electronic, and 
probably photonic processes that activate the healing process. An understanding of the injury 
potential provides a basis for a number of energy medicine technologies.

Many chronic wounds heal very slowly, do not heal, or worsen despite the best efforts to promote 
tissue repair. An intervention commonly used to treat such difficult chronic wounds, especially by 
nurses and physical therapists, is electrical stimulation. The method is based on the fact that the human 
body has endogenous bioelectric systems that enhance healing of bone fractures and soft-tissue inju-
ries. When the body’s endogenous bioelectric system does not produce normal wound repair, thera-
peutic electrical currents may be delivered into the ‘repair field’ from an external source. The applied 
current may serve to mimic the failed natural bioelectric currents, thereby promoting wound healing.

One mechanism for the success of this method is that electric fields can attract cells into the 
repair field. The surfaces of neutrophils, macrophages, fibroblasts, and epidermal cells involved 
in wound repair are electrically charged (see Figure 6.2). An applied electric field can facilitate 
galvanotaxic1 migrations of these cells into the repair field and thereby accelerate healing. Another 
effect of electric fields is the enhancement of ATP production in the cells involved in the repair 
process. This is important because energy from ATP is needed to power cell migrations and the 
synthesis of new proteins and other molecules that must be replaced. This was demonstrated by 
Cheng et al. (1982), who found that currents of 10–1000 μA produced a three- to five-fold increase 
in ATP levels. Higher current levels, into the milliampere range, decreased protein synthesis. This 
has important clinical applications, such as stimulating the healing of chronic wounds (Kloth and 
McCulloch, 1996; Messerli and Graham, 2011). Interestingly, electrical stimulation also enhances 
ATP production in chloroplasts of green plants (Vinkler and Korenstein, 1982).

In 2007, English researchers Clegg and Guest studied the cost effectiveness of electric stimu-
lation therapy compared to standard care in elderly patients with chronic, non-healing wounds 
of over 6 months’ duration. They found that use of the bioelectric stimulation led 33% of these 
intractable wounds to heal within 16 weeks, reduced the need for clinician visits from 4.7 to 2.3 
per week, and reduced costs by 16%. Most clinical trials have reported a significant increase in the 
rate of healing from 13 to 50% (Nuccitelli, 2003).

1Galvanotaxis or electrotaxis is the directional movement of motile cells in response to an electric field. By de-
tecting and orienting themselves in an electric field, cells are able to direct their movement toward a wound 
to begin the repair process. Such directed movements may also contribute to directional growth of cells and 
tissues during development and regeneration. This idea is based on (1) measurements of electric fields that 
naturally occur during wound healing (current of injury), development, and regeneration; and (2) the fact 
that cells in cultures respond to applied electric fields by directional cell migration.
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Zhao Forrester & McCaig, 1999 studied corneal epithelial cells in culture and found that the 
orientation of cell division is directed by small, applied electric fields. The field strength used was  
150 mV/mm, which is within the range of those measured in many developing and regenerating 
systems (Nuccitelli, 1988). There are many instances in which cell divisions in vivo occur in the 
presence of direct-current electrical fields, for example, during embryonic morphogenesis, neuronal 
and epithelial differentiation, wound healing, or tumor formation. Endogenous physiological elec-
trical fields may play important roles in some or all of these processes by regulating the axis of cell 
division and, hence, the positioning of daughter cells. Recent researches have provided significant 
insights into how naturally occurring electrical fields may participate in the control of tissue repair 
and regeneration. Applied electrical fields equivalent to the size of fields measured in vivo direct cell 
migration, cell proliferation, and nerve sprouting at wounds (reviewed by Wang and Zago, 2010).

In 1982, Barker Jaffe and Vanable reported a detailed electrophysiological study of the proper-
ties of the skin of the guinea pig and human. The guinea pig was studied because it has regions 
(the glabrous or hairless epidermis) that are free of hair and glands. Guinea pig skin has a battery 
that is comparable in power to that of the frog skin. In frogs the skin is an osmoregulatory organ, 
absorbing salts from the surrounding pond water. In mammals the skin battery is thought to func-
tion mainly in epidermal wound healing.

The 1982, study by Barker and colleagues indicated that the skin battery is located in the 
deeper living layer of the epidermis, the stratum germinativum, rather than in the superficial dead 
layers, the stratum corneum. The resting potential of the skin varies from place to place and is in 
the range of 20–200 mV with the inside positive.

Barker and colleagues suggested that the fields in the skin help guide the movements of cells 
that close the wound, a process known as re-epithelialization, which restores the epithelial barrier 
function. That such cellular migrations take place has been known for a long time (Peters, 1885) 
and dynamic aspects of these movements were beautifully documented in amphibian skin by Lash 
(1955), who injected individual skin cells with carmine granules. The injected cells remain viable 

Figure 6.1 The astatic galvanometer developed by Nobili (1825) and used by Matteucci to measure the injury 
potential.
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and visible. Using a microscope, Lash was able to follow the migrations of injected cells during 
wound closure. He found that there was a wave of mobilization of epidermal cells, which detach 
from the underlying basement lamina and form a sheet that migrates toward the center of the 
wound. This migration ceases when the wound is closed.

Much is now known about the cellular mechanisms involving the migration of epidermal and 
other cell types (Masopust and Schenkel, 2013; Stossel, 1994; Krawczyk, 1971). Cell crawling is 
achieved by reversible changes in the gel state of the cytoskeleton and reversible attachments to 
the underlying substrate.

Lash found the wave of activation of epidermal cells begins near the wound border and spreads 
into the surrounding tissue at a rate of about 0.4 mm/h. Barker and colleagues suggested that the 
cells migrate in response to the steady lateral fields set up by the skin battery in the region around 
the wound. These fields decline in strength by about three-fold for each 0.3 mm from the wound 
edge. Hinkle et al. (1981) showed that various kinds of mammalian cells will migrate toward the 
negative pole at field strengths considerably smaller than those present near wounds.

The polarization of the skin battery, with the inside positive, and the current that flows inward 
at the site of an injury are shown in Figure 6.2. The injury potential is thought to trigger the mi-
gration of epidermal cells, fibroblasts, leukocytes, nerve growth, and the extension of new blood 
vessels (angiogenesis) toward the site of injury. For a detailed description of the cell migrations in 
other activities taking place during wound healing, see Majno (1975).
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Figure 6.2 The skin battery is thought to activate wound healing. To the left, the inward flow of anions at the 
site of a puncture or scratch. The resulting electrical field is thought to trigger the migration of epidermal cells, 
fibroblasts, leukocytes, and nerve growth toward the site of injury. To the right is a map of the transcutan eous 
voltages in the calm and conscious human. The figure on the right is based on the work of Barker Jaffe and 
Venable, 1982. The glabrous epidermis of cavies contains a powerful battery. American Journal of Physiology 
242, R358–366. (Modified from Barker AT, Jaffe LF, Vanable JW Jr.: The glabrous epidermis of cavies contains 
a powerful battery, Am J Physiol 1982 Mar;242(3):R358–R366.)
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Also shown in Figure 6.2 is a map of transcutaneous voltages. Note that the voltage varies from 
place to place on the skin. Because the skin battery is important for activating wound  healing, 
 regional variations in its strength may explain why in some areas it’s easier to trigger wound heal-
ing responses than in others.

In 1971, Lykken reported studies of the impedance properties of skin in relation to wound healing. 
The method involves applying square-wave pulses to the skin and observing the current waveforms 
with an oscilloscope (Lykken, 1971). The skin’s electronic properties during healing changed little dur-
ing the first 3–4 days, then the skin potential recovered suddenly. Leakage or shunt resistance, thought 
to be a property of the superficial layers, may not be entirely restored until 1–2 weeks after injury.

The final step in wound healing is contraction. The wound is made smaller by the action of 
myofibroblasts, which grip the wound edges and contract themselves using a mechanism similar 
to that in smooth muscle cells. When the cells’ roles are close to complete, unneeded cells undergo 
apoptosis (Midwood et al., 2004).

TENS and MENS
TENS has been an accepted mode of electrotherapy for many years and is well characterized (Kahn, 
1987) (Figure 6.3). Microcurrent electrotherapy, sometimes abbreviated as ‘MENS’ (microcur-
rent electrical neuromuscular stimulation), is becoming a more widely accepted clinical practise for 
decreasing or eliminating pain and stimulating the healing process. MENS is typically used for 
pain relief and, more typically, for tissue healing by affecting the injured tissue at the cellular level. 
Tissues that respond to MENS include muscle, tendon, bone, nerve, and skin. The effectiveness and 
use of microcurrent electrotherapy has also been well documented (Kahn, 1987; Snyder-Mackler 
and Robinson, 2007). MENS devices deliver a much smaller current than TENS devices (typically 
20–600 μA). The waveforms used are typically a positive direct current (DC), negative DC, or a 
combination of these in which the polarity is switched at an adjustable rate (usually 0.3–30 Hz 
using a 50% duty cycle2 waveform). The use of microamperes of electrical current in MENS therapy, 

Figure 6.3 A typical battery-operated transcutaneous electrical nerve stimulation (TENS) unit with four leads. 
The operator can adjust pulse width, frequency, and intensity. Generally, TENS is applied at high frequency 
(> 50 Hz) with an intensity below motor contraction (sensory intensity) or low frequency (< 10 Hz) with an inten-
sity that produces muscle contraction.

2Duty cycle refers to the percent of time that current is flowing, as a fraction of the total time. In an electrical 
device, a 60% duty cycle means the power is on 60% of the time and off 40% of the time.
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as opposed to TENS therapy, results in little or no patient discomfort or even sensation during ap-
plication. As with TENS, electrodes must be manually placed over the tissue that is to receive the 
stimulation. Electrode pads are placed to follow an electrical pathway within the body, e.g., from the 
origin to the insertion of a muscle following muscular electrical flow, down the pathway of radiat-
ing nerve pain, through acupuncture or trigger points, or medial/lateral through a swollen joint. 
Sometimes electrodes are implanted into the tissue. Microcurrent and interferential therapy devices 
are regulated by the FDA as Class II devices, with more than 50 instruments receiving 510(k) ap-
proval. Common user controls include amplitude (intensity), polarity, and frequency.

Treating pain by reducing inflammation is supported by the vast amount of research on the role 
of inflammation in chronic disease and by the hypothesis presented in a paper by Sota Omoigui 
(2007) entitled ‘The biochemical origin of pain – proposing a new law of pain: The origin of 
all pain is inflammation and the inflammatory response. Part 1 of 3 – A unifying law of pain.’ 
Omoigui proposed that all pain is caused by inflammation. This is a reasonable hypothesis given 
the abundance of research connecting inflammation with virtually every chronic disease.

Frequency-Specific Microcurrent
FSM is an emerging technique for treating diverse health conditions. Pairs of frequencies of  
microampere-level electrical stimulation are applied to particular places on the skin of a patient via 
combinations of conductive graphite gloves, moistened towels, or gel electrode patches. The cur-
rent range is much lower than that used in TENS, i.e., microamperes (millionths of an Ampere) 
instead of milliamperes (thousandths of an Ampere). These currents are similar in strength to 
those the body uses to communicate with itself.

A consistent finding with FSM is a profound and palpable tissue softening and warming 
within seconds of applying frequencies at the correct places appropriate for treating particular 
conditions. Similar phenomena are often observed with other energy-based techniques.

Specific changes include:
■ The tissue rapidly and profoundly softens within seconds.
■ Usually tissue all over the body softens when a beneficial frequency combination is applied 

anywhere on the body for any condition – likely a change in system-wide muscle tone.
■ Sometimes there are unresponsive regions that stand out amidst the softened tissue, apparently 

due to localized muscle tension. These areas can be addressed with additional frequency 
choices and locations of the conductors.

■ Muscle tissue that is hard, tough, scarred, firm, rigid, ‘gnarly’, or stiff begins to soften and 
within minutes feels ‘smooshy’, like pudding in a plastic sack.

■ The tissue becomes warm. This can be felt through the conductive gloves. Some sensitive 
practitioners can feel the warming with their hand several inches away from the skin.

■ The patient may become somewhat dreamy or ‘spaced out’.
There are two contrasting perspectives on tissue softening with FSM. One is that it is a ‘side 

effect’ of the application of therapeutic frequencies and has no physiological significance. Another 
is that injuries, physical or emotional traumas, or other pathological conditions can increase body-
wide muscle tone or local muscle tension and that tissue softening indicates that the patho-
physiology is being addressed. On the basis of the work of Irvin Korr and others to be described 
below, it was suggested that patients often have some degree of elevated muscle tone or tension 
stemming from the trauma, disease, injury, or other condition that brought them to the physician’s 
office and that tissue softening indicates that treatment is progressing.

In the 1970s, neuroscientist and osteopathic researcher Irvin Korr developed a ‘gamma loop 
hypothesis’ to explain the persistence of increased systemic muscle tone associated with various 
somatic dysfunctions (Korr, 1978). Physiologists, neuroscientists, osteopaths, chiropractors, and 
fascial researchers have expanded on Korr’s ideas by exploring various mechanisms by which  injury 
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or disease increase local muscle tension or systemic muscle tone (e.g., Knutson, 2000; Matre et al., 
1998; Mense, 1997). Following on Korr’s hypothesis, it was suggested that most patients actually 
present with elevated muscle tone or tense areas due to prior traumas or other disorders and that tis-
sue softening indicates that FSM or other methods are affecting the cause of their pathophysiology.

For example, psychological factors have been associated with primary fibromyalgia syndrome: 
Antes et al. (1984) and Mines (2003) suggest that most people are ‘in shock’ from old traumatic 
experiences.

Recent publications summarize the origins, possible mechanisms, applications, and practi-
cal details of FSM (McMakin, 2003, 2011a,b). The technique is based on pairs of frequencies, 
low-level microamperage currents, and the principles of biological resonance. Clinical experience 
using graphite gloves as the ‘electrodes’ has revealed that specific microcurrent frequencies applied 
to appropriate places on the body are highly effective at reducing pain and inflammation in a wide 
variety of conditions. As with many microcurrent devices, a dual channel system was used. The 
frequencies can be varied from 0.1 to 999 Hz. The two channels, termed channel A and channel 
B, can be set at different frequencies. A long series of trial and error tests involving hundreds of 
patients revealed certain pairs of frequencies to be effective for specific conditions. A consistent 
finding was that channel A set at 40 Hz was effective with channel B adjusted until the optimal 
effect was obtained. Because an interferential effect takes place between the two graphite gloves, 
a complex of frequencies was created in the body that included each frequency by itself as well as 
the sum of the two frequencies and their difference.

The publications describe protocols for treating various health complaints; multicenter clinical 
case reports documenting successful applications; and review condition pathophysiology, differen-
tial diagnosis, and current research. An article on the use of FSM for delayed onset muscle sore-
ness (DOMS) summarizes the history of FSM, including the history of the discovery of effective 
frequencies and frequency combinations (Curtis et al., 2010).

FSM practitioners consistently observe a profound and easily palpable change in tissue texture 
within seconds of applying frequencies appropriate for a particular disorder. This ‘state change’ 
can usually be detected anywhere on the body when one has found the correct frequencies and 
placements of the conductors (conductive graphite gloves, gloves wrapped in moist cloth, or 
gel electrode patches – Figures 6.4 and 6.5), provided the patient is hydrated. The softening is 
not superficial, as in the epidermal layer, but is in the deeper skeletal muscles. Tissue softening 

Figure 6.4 Frequency-specific microcurrent developed by Carol McMakin is applied with graphite gloves or 
electrode patches attached to a signal generator.
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provides rapid feedback when one is optimizing a protocol for a condition not previously treated 
with FSM. Since so many variables are involved – two separate frequencies, signal intensities and 
waveforms, positioning of the conductive materials, and the patient’s condition – tissue softening 
facilitates the determination of the best therapeutic combinations. It has been suggested that the 
reason for the tissue softening is that most patients actually present with tension due to prior 
traumas or disorders, and that tissue softening indicates that FSM or other methods are affecting 
the cause of their pathophysiology (McMakin and Oschman, 2012).

Methods that accomplish relief of pain and inflammation may be based on the physical process 
of delivering antioxidant electrons to the site of an injury. The anti-inflammatory effects of FSM 
using a mouse ear model have been described in a study by Reilly et al. (2004).

Pulsing Electromagnetic Field Therapy
Pulsing electromagnetic field frequency therapy (PEMF) was in use well over 100 years ago, but 
competition from pharmaceutical approaches in the West led to a rapid eclipse of virtually all 
electrotherapy techniques (http://masmagnetics.com/pemf-frequency-therapy/). However, in the 
former Soviet Union, the use of electrotherapy continued to flourish and was regarded as com-
plementary to pharmacology. During the Soviet space explorations, pulsing electromagnetic field 
therapy (PEMF) was used by the cosmonauts to help reduce the loss of bone density that occurs 
when they are removed from the Earth’s gravitational and magnetic fields. Back on Earth, this 
form of therapy was embraced by Soviet medical doctors, who wanted to use the technology on 
their patients. Eventually, it was used in hospitals throughout the Soviet Union and in Eastern 
Europe, in particular East Germany, Hungary, and the Czech Republic. When these countries 
gained their independence, their scientific medical research and electronic devices became available 
to the Western world via nearby German-speaking countries: Germany, Switzerland, and Austria. 
These countries incorporated the technology into their healthcare systems, and it became available 
in hospitals, medical clinics, health spas, and to the general consumer. Hundreds of studies from 
Eastern Europe and decades of experience in Western Europe have led to detailed understanding 
of how various frequencies and waveforms work best with each other for specific conditions.

Figure 6.5 Examples of frequency-specific microcurrent methods for delivering microcurrents to the body. 
(A) Conductive gloves are placed in warm wet hand towels or face cloths placed on the neck and fore-
head for treatment of shingles affecting the opthalmic branch of cranial nerve V or for treating sinus condi-
tions. One frequency arrangement is effective for both shingles and oral and genital herpes, 230 Hz on 
channel A and 430 Hz on channel B, although positions of leads depend on which nerve root is involved.  
(B) Treatment of the upper back, shoulder, and posterior part of the neck using conductive graphite gloves 
to restore biomechanics and relieve pain. The fingers sense change rather than force it. The frequencies and 
currents do the work. A latex or nitrile glove is worn under the graphite glove to prevent current conduction to 
the practitioner. (C) Gel electrode pads used to treat lumbar ligaments without nerve involvement. Another pair 
of electrode pads is placed on corresponding points on the abdomen (not shown). Electrode polarities are ar-
ranged to produce an interferential field so that the current and the frequencies pass diagonally through the area 
to be treated like an ‘X’ in three dimensions. For details and other treatment techniques, see McMakin (2011a).

http://masmagnetics.com/pemf-frequency-therapy/
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In the meantime, the American space program operated by the National Aeronautical and 
Space Administration (NASA) recognized a critical need to develop effective prevention and treat-
ments for bone loss and muscle atrophy to enable future human space exploration to the moon, 
Mars, and beyond. Progressive muscle atrophy leads to weakness, fatigue, and the inability ef-
ficiently perform tasks, including emergency procedures. Bone loss causes increased risk of bone 
fracture and kidney stones, which can also compromise astronaut health and mission objectives. 
Consequently, NASA mobilized its resources to develop methods that can enhance bone retention, 
prevent or alleviate muscle atrophy, and augment natural healing/regeneration processes in a space 
environment with little access to conventional treatments. On Earth, this device was found useful 
in the treatment of various muscle diseases, age- and cancer-related muscle atrophy, osteoporosis, 
and other bone diseases. By the time NASA began research in this area, it had been accepted that 
weak, non-ionizing electromagnetic fields can exert effects on biological targets without heating 
them. Moreover, the use of pulsing electromagnetic fields for stimulating healing in fracture non-
unions had become an established orthopedic practise and had been approved by the FDA in 1979.

Research by NASA identified which PEMF frequencies are most effective in producing biologi-
cal responses in bone and muscle cells. Studies were undertaken at the molecular and cellular levels 
to define the alterations induced by micro gravity and the ability of PEMF to reverse these effects. 
The long-term goal was to produce garments incorporating PEMF devices that could be worn by 
astronauts. Eventually NASA contractors patented systems for this purpose. The patent claims that 
the apparatus is for enhancing tissue repair in mammals. The apparatus includes a sleeve, an electri-
cally conductive coil, a sleeve support, and an electrical circuit that supplies the coil with a square 
wave time-varying electrical current sufficient to create ~0.05–0.5 gauss magnetic field. When in use, 
the time-varying electromagnetic field is from ~0.05 to 0.5 gauss and is used long enough to produce 
tissue regeneration at a rate that is faster than what would take place without the use of the device. 
Figure 6.6 shows one such device for use on a limb. The illustration is from the NASA patent.

In 1952, at the Technical University of Munich in Germany, Professor Winfried Schumann 
mathematically predicted that the Earth had a pulse, a resonant frequency of around 10 pulses per 

Figure 6.6 Pulsating electromagnetic field therapy (PEMF)  device patented by NASA contractors, U.S. 
Patent Number 7,601,114 dated October 13, 2009.
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Figure 6.7 MAS (MAgnetic Systems) manufactured in Leibnitz/Austria. The device generates pulsating elec-
tromagnetic field therapy (PEMF) signals similar to those developed by the Soviet Space Agency and NASA. 
(Courtesy MAS Magnetic Field Systems, New York, NY.)

second. His theory stated that this pulse should arise from the resonance taking place between the 
surface of the Earth and the charged layer called the ionosphere, some hundreds of miles above 
the Earth. As we shall see in Chapter 15, Schumann’s theory was confirmed. This frequency cor-
responded to some of the measured frequencies taking place within the brain, the so-called brain 
waves, as measured with the electroencephalogram. Subsequent research on test subjects in Germany 
showed that if the Earth’s natural magnetic resonant field was removed, health would deteriorate. In 
an attempt to reverse that process, a frequency generator was utilized to introduce artificial magnetic 
fields into a test chamber, and it was discovered that 7.83 Hz was the ideal artificial frequency to 
support life. That frequency, 7.83 Hz, is now known as the Schumann Resonance. This discovery, 
virtually ignored by Western medicine, was embraced by the Soviet Union. It was decided to develop 
a healthcare system based upon an earlier form of electrotherapy that now utilized frequencies for 
electric acupuncture and electromagnets. Like NASA, the Soviet space program provided its citizens 
with many medical breakthroughs that were used to keep the cosmonauts healthy in space.

A resurgence of interest occurred in the United States and Japan in the 1950s and 1960s. 
The validity of DC stimulation of bone healing was confirmed in animal studies (Bassett 
et al., 1964; Yasuda, 1953). Subsequently, an ever-broadening search for mechanisms of  action 
began at the cellular level. NASA patented two chambers for studying cellular effects of PEMF 
signals (Wolf and Goodwin, 2002, 2004) Simultaneously, efforts were launched to bypass the 
need for surgical implantation of electrodes and to place electric stimulation of fracture repair 
on a more practical, less risky, and less costly basis. As a result of these parallel but interlinked 
efforts, great progress was made in the care of fractures that fail to heal and in opening new 
horizons to the benefits to be gained in other diseases and disorders by inducing purposeful 
and precise modifications in the electric microenvironments of many different cell types.

In 2009, NASA released its PEMF patents. Two of the patents were for studying the effects of 
pulsing electromagnetic fields on cells in culture (Wolf and Goodwin, 2002, 2004), and the third 
was for a system that a person could wear that would enhance tissue repair in mammals (Goodwin 
and Parker, 2007). In 2011, the FDA approved PEMF for difficult to treat depression. In the same 
year, Dr. Oz, a popular television show host, introduced PEMF therapy to millions of his loyal 
viewers who were asked to help ‘spread the word’. The North American medical community is 
now starting to examine this form of frequency therapy as a method for pain management, cell 
rejuvenation, and the treatment of a wide variety of neurological disorders. An example of one of 
these devices is shown in Figure 6.7.

Western medicine has now begun to return to its early roots in electrotherapy and has brought 
frequency therapy into the healthcare system. It was invented for space travel and is now available 
on Earth. The scientific literature in support of this conclusion is very compelling.
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Low-Energy Neural Stimulation
ELECTRO INTERSTITIAL SCANNING AND ELECTRICAL 
IMPEDANCE TOMOGRAPHY

Electrical impedance tomography (EIT) and electro interstitial scanning (EIS) are medical ana-
lytical and imaging techniques in which physiological functions are monitored on the basis of 
the conductivity or permittivity of tissues in the body. The method involves taking electrical 
measurements at the surface of the body. Conducting electrodes are attached to the skin of the 
subject, and small (mA) alternating currents are applied. The resulting electrical potentials are 
measured.

Frederick Gardner Cottrell (1903) developed an equation to describe the change in electric 
current flowing through a solution when the potential is increased step by step. Over the years 
Cottrell’s equation went through a series of modifications and led to a host of increasingly re-
fined technologies for making noninvasive measurements of the properties of tissues and fluids 
within the human body. The method evolved into a variety of applications that have been called 
chronopotentiometry, chronocoulometry, coulometry, voltammetry, electrorheometry, bioelectri-
cal impedance, EIT, impedance cardiography, and electro interstitial scanning (EIS). The basic 
disciplines are electrochemistry and bioelectrochemistry (Ota et al., 2013). Modern systems can 
perform noninvasive measurements of a variety of important body systems. Steps in this develop-
ment can be summarized as follows:

■ In the 1950s, Nyboer and associates developed a method for measuring blood volume 
changes in the arm by using four electrodes. This technique is known as impedance 
plethysmography.

■ In 1962, Thomaset discovered the relation between bioimpedance and the total water body.
■ In 1966, Kubicek and colleagues designed the first clinical electrical device that could nonin-

vasively measure the stroke volume of the heart. The system was tested on NASA astronauts.
■ In 1970, Nyboer further advanced the theory of bioimpedance by introducing the concept 

of the resistivity of blood to measure the variation of blood flow.
■ In 1978, EIT was developed into a medical imaging system by Henderson and Webster.
■ In 1980, Settle and colleagues developed methods for nutritional assessment with measure-

ments of whole body and fluid compartment impedance.
■ Extensive mathematical research was required to interpret the results and was accomplished 

by Alberto P. Calderón (1980), updated by Uhlmann (1999).
■ In 1984, the first practical medical system was developed by Barber and Brown.
■ The first commercial medical device was introduced in 2011 for monitoring lung function 

in intensive care patients (Dräger, 2010; Figure 6.8)
A sophisticated system that applies this technology is called the electro interstitial scan (EIS).3 

It uses six electrodes placed on the skin with two on the forehead (one on the left, one on the 
right), two in contact with the palms of the hands, and two in contact with the soles of the feet 
(Figure 6.9). Once the EIS programme begins, a sequence of successive measurements is per-
formed on eleven pathways in the body using weak DC current (200 μA) and an imposed voltage 
of 1.28 V between the six electrodes. The software changes the polarity for each pathway, first 
from anode to cathode and then from cathode to anode. The conductance of each pathway is 
measured every 32 ms for 1 s for each polarity. In its present state of development, the device can 
detect five physiological indicators of disease (Maarek, 2012).

This technology is valuable for assessing the physiological balance in a wide range of impor-
tant organs and systems in a patient. It is also very useful for assessing the effects of particular 
treatments, including those provided by other energy medicine devices.

3Electro Interstitial Scan, LD Technology, Miami, FL.
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Figure 6.9 Positions for the six electrodes used in electro interstitial scan (EIS).

Figure 6.8 A cross section of a human thorax from an X-ray computed tomography (CT) scan showing 
 current flows and equi-potentials from drive electrodes at the surface. Note how lines are bent by the change 
in conductivity within different organs. (From Adler (2010).)
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Electrical Properties of Tumours
The fact that malignant cells have different electrical properties compared to normal cells was first 
demonstrated by Fricke and Morse (1926). They suggested that reliable diagnosis could be based 
on such differences. There followed a series of investigations in which various electrical properties 
were studied: conductance, conductivity, capacitance, resistance, resistivity, impedivity, admittivity, 
and so on. These different terms have specific technical meanings that need not be detailed here. 
For example, the term impedance usually refers to alternating current (AC) forms of electricity, and 
the term resistance refers to DC.

Differences in conductivity between benign and malignant breast tissue have been thought to be 
caused by differences in water and electrolyte content related to hormonal changes and to blood sup-
ply (angiogenesis), changes in membrane permeability and polarization (Morucci & Rigaud 1996, 
Morucci & Marsili 1996, Rigaud & Morucci 1996, Valentinuzzi  Morucci & Felice 1996, Rigaud  
Morucci & Chauveau 1996), and changes in orientation and packing density of cells (Foster and 
Schwan, 1989). An important technique is to pass currents through the tissues at different 
frequencies. Surowiec et al. (1987) showed that the conductance of tumours is highly frequency 
dependent. The  electrical conductance of breast tumors is seven times higher than that of normal 
tissues at specific frequencies of 106–108 Hz ( Jossinet, 1998; Morimoto et al., 1993; Scholz and 
Anderson, 2000). Measurements showed 6.0–7.5 times higher conductance in tumors compared to 
normal tissues (Smith et al., 1986). In later stages of both cancer and AIDS, tissues begin to deterio-
rate and electrical conductances drop. Haemmerich et al. (2003) found that the electrical differences 
between tumours and normal tissue correlated with necrosis within the tumours. Others suggested 
that the differences arose because of the higher water  content of tumours (Burdette et al., 1977; 
Schepps and Foster, 1980; Zywietz and Knoechel, 1986; Figures 6.10 and 6.11).

Low frequency High frequency

Figure 6.10 At low frequencies the cur-
rent is mostly extracellular, whereas with 
higher frequencies intracellular contribu-
tions become increasingly significant and 
the observations more cell-specific.
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4Ex vivo refers to experiments or measurements done in or on tissue that has been removed from the organ-
ism, ideally with a minimum of alteration of natural conditions. Ex vivo conditions allow experimentation 
under more controlled conditions than is possible in in vivo experiments (in the intact organism), but at the 
expense of altering the ‘natural’ environment.

Tabriz for Early Detection of Bladder Cancer
A method developed in Iran focuses on early detection of bladder cancer. The research of Keshtkar 
and colleagues (2012) used electrical impedance spectroscopy, a minimally invasive screening tech-
nique, to separate malignant areas from nonmalignant areas in the urinary bladder. The  technique 
can be used to screen for bladder cancer and abnormalities during cystoscopy (endoscopy of the 
urinary bladder via the urethra). The results have been compared with histopathological evalua-
tion of urinary bladder lesions. Ex vivo studies4 were carried out in this study by using a total of 30 
measured points from malignant and 100 measured points from nonmalignant areas of patient’s 
bladders to determine if their biopsy reports matched the electrical impedance measurements. In 
all measurements, the impedivity of malignant area of bladder tissue was significantly higher than 
the impedivity of nonmalignant area this tissue (P < 0.005).

Electrotherapy Treatments for Cancer
Various energetic therapies for treating cancer have been developed over the past century or so. 
Extravagant claims for cancer electrotherapy treatments led to the shutdown of virtually all forms 
of energy medicine following the Pure Food and Drug Act in 1906. Some of the methods were 
probably successful, but all were declared illegal as the Flexner report aimed to make medicine 
more scientific. However, there was actually no science to separate out the valid claims from the 
nonsense, and there was little scientific information on how these devices might work.

An example of an early system was the Lakhovsky multi-wave oscillator (MWO). Information 
on Georges Lakhovsky is provided in the box.

Lakhovsky’s MWO produced a broad range of frequencies from very low all the way to the 
gigahertz radio waves, with lots of short-wave harmonics. He favoured such a wide bandwidth 
device so that ‘The cell with very weak vibrations, when placed in the field of multiple vibrations, 
finds its own frequency and starts to oscillate normally through the phenomenon of resonance’.

Other systems were developed by Nikola Tesla, Royal Raymond Rife, and many others. Most 
of these are controversial and are not approved by the FDA (Vibe Machine, Quantum Pulse, Tesla 
Energy Lights, Biocharger, Teslastar, Evenstar, Novalite, SEAD Machine, Multiwave Oscillator, 

Georges Lakhovsky and the Multiple Wave Oscillator

Georges Lakhovsky was convinced that living cells emit and receive electromagnetic radiations. We 
now know that this statement was probably accurate (see Chapter 3), although the idea is not part 
of the scientific mainstream. In 1925 Lakhovsky wrote an article entitled ‘Curing Cancer with Ultra 
Radio Frequencies’. While in France, Lakhovsky worked with the famous French physician, physicist, 
and inventor of the moving-coil galvanometer, Jacques-Arsène d’Arsonval (1851-1940). Together 
they developed the Multiple Wave Oscillator (Figure 6.12), which Lakhovsky claimed would revital-
ize and strengthen the health of cells. The device consisted of two broadband antennae (a sending and 
a receiving pair) composed of concentric sets of curved open-ended copper pieces suspended/held in 
place by silk threads, two metal stands to hold the two antennae, Oudin coil(s), and electromagnetic 
spark/pulse generator. In June 1934 he was awarded U.S. patent 1,962,565 for the device. In 1929, 
while in France, he wrote ‘The Secret of Life: Electricity, Radiation and Your Body’ (French) in which 
he claimed that good or bad health was determined by the relative health of these cellular oscillations, 
and bacteria, cancers, and other pathogens corrupted them, causing interference with these oscilla-
tions. The book was translated into English in 1935. The book contains pictures supposedly taken in 
a Paris hospital showing cancer patients before, during, and after treatments with his device.
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RIFE machines, Radionics, Zappers, Ionic Footbaths, Gas Plasma, Scalar Energy Devices, 
Activated Air, Whole Body Vibration, BELS, Violet Ray Device, and so on).

Dr. Royal R. Rife (1888–1971) was a brilliant, passionate scientist who discovered that every 
virus, bacterium, parasite, and pathogen is sensitive to a specific frequency of sound and can be 
destroyed by intensifying that frequency until it literally explodes, much like an intense musical 
note can shatter a crystal wine glass. He called this the mortal oscillatory rate (MOR).

For the past century, medical schools and universities focused their research on pharmacology, 
and energy medicine was more or less a taboo subject for investigation. This legal status did not 
deter some inventors from developing new electrical and electromagnetic healing devices. Some 
were developed in Europe and Russia and imported into the United States. Others were devel-
oped by American inventors. With some exceptions, the U.S. FDA has not allowed any of these 
devices to be used by American doctors. This situation has now changed with the development of 
some new technologies that show much promise as alternatives to conventional oncology, which 
uses surgery, radiation, and chemotherapy.

Electrotherapy Treatments for Cancer
On April 8, 2011, the FDA gave a company called Novocure™5 approval to market a new electro-
therapy treatment for patients as an alternative to chemotherapy. The promising new noninvasive 
system (Figure 6.12) is now available for adult patients with recurring brain tumors (recurrent 
glioblastoma or GBM). Called NovoTTF™ the device uses specific frequencies called tumor 

Figure 6.12 Treatment parameters are preset by Novocure™ such that there are no electrical output adjust-
ments available to the patient. All the patient needs to do is change and recharge depleted device batteries 
and connect to an external power supply overnight. In addition, the transducer arrays need to be replaced 
once to twice a week and the scalp shaved in order to maintain optimal contact. Patients can carry the 
device in an over-the-shoulder bag or backpack and receive continuous treatment without changing their 
daily routine.

5U.S. Operations, 195 Commerce Way, Portsmouth, NH 03801; Israel Operations, PO Box 15022 Sha’ar 
HaCarmel, Haifa 31905, Israel.
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treating fields to treat cancerous growths. The electric fields are delivered from a portable, wear-
able device that permits the patient to maintain normal daily activities. Eilon Kirson, M.D., Ph.D., 
is Novocure’s Chief Medical Officer and senior author on two publications validating the method 
(Kirson et al., 2004, 2007). It is safe and effective in slowing tumor growth in vitro, in vivo, and in 
human cancer patients. The device allows for continuous treatment without the side effects that 
chemotherapies inflict on recurrent GBM patients and indirectly on their families (Figure 6.13).

The portable device, which weighs about 6 pounds (3 kg), is used continuously throughout the 
day (Figure 6.14). Tests indicate that the devices can slow and reverse tumor growth by inhibiting 
mitosis, the process by which cancerous cells divide and replicate (Figure 6.15). It has little or no 
effect on normal brain cells, which replicate slowly if at all. Stupp and colleagues conducted a ran-
domized clinical trial of the device on 237 patients at 28 cancer centers in the United States and 
Europe. They were treated with either NovoTTF™ or best standard chemotherapy. NovoTTF™ 
(TTF=tumor treating fields) as a single modality showed a higher response rate and longer time 
to treatment failure compared to best available chemotherapy.

Electrotherapy for Liver and Other Cancers
An electrical modality for treating tumors with a dramatic reduction in trauma and cost has been 
described in three reports from an international team of researchers from world-class research 
centers (Barbault et al., 2009; Costa et al., 2011; Zimmerman et al., 2012; Kuster et al., 2012).

Their earlier studies showed that the intrabuccal administration (sublingual, literally ‘under 
the tongue’) of low and safe levels of electromagnetic fields, amplitude-modulated at a frequency 
of 42.7 Hz by means of a battery-powered portable device, modifies the electroencephalographic 
activity of healthy subjects (Lebet et al., 1996; Reite et al., 1994), and is associated with subjective 

Figure 6.13 Magnetic resonance imaging (MRI) scans of recurrent glioblastoma  patients before (A) and 
after (B) treatment
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and objective relaxation effects (Higgs et al., 1994). They also found that sequential administra-
tion of four insomnia-specific frequencies, including 42.7 Hz, results in a significant decrease 
in sleep latency and a significant increase in total sleep time in patients suffering from chronic 
insomnia (Pasche et al., 1990, 1996). They called this approach low energy emission therapy 
(LEET). Dosimetric studies have shown that the amount of electromagnetic fields delivered to 
the brain with this approach is 100–1000 times lower than the amount of electromagnetic fields 
delivered by handheld cellular phones and does not result in any heating effect within the brain 
(Pasche and Barbault, 2003). Exposure to these frequencies results in minimal absorption by the 
human body, which is well below international electromagnetic safety limits (ICNIRP, 1998; 
IEEE, 2005; Figure 6.16).

The U.S. FDA has determined that such a device is not a significant risk device. A long-term 
follow-up survey of 807 patients who have received this therapy in the U.S., Europe and Asia re-
vealed that the rate of adverse reactions were low and were not associated with increases in the in-
cidence of malignancy or coronary heart disease (Amato and Pasche, 1994). Their in vitro  studies 
on tumor cells suggested that low levels of electromagnetic fields could modify cancer cell growth. 
They therefore hypothesized that systemic delivery of a combination of tumor-specific frequen-
cies could have a therapeutic effect. They looked for and identified tumor-specific frequencies, 
and tested the feasibility of administering such frequencies to patients with advanced cancer.

The following frequencies were common to most patients with a diagnosis of breast cancer, 
hepatocellular carcinoma, prostate cancer, and pancreatic cancer: 1873.477, 2221.323, 6350.333, 
and 10456.383 Hz (Figure 6.17).

Figure 6.14 Time-lapse video microscopy was used to follow the effects of TTFields on  mitotic spindle struc-
tures and nuclei in the daughter cells of HeLa cervix adenocarcinoma cells. Control cells (A-C) exhibit normal 
spindle structure, and cytokinesis occurs after a period of 52 hours and 14 minutes. When cells are exposed 
to TTFields (D-N) the structure and conformation of the spindle apparatus is completely disrupted and the 
mitotic process is prolonged. The disruption of the spindle structure leads to mitotic arrest and cell death (D-F) 
occurring after 6 hours and 5 minutes; disploidy, referring to various kinds of chromosomal rearrangements 
(G-J) occurring after 4 hours and 20 minutes; or to cell death in cytokinesis (K-M) occurring after 9 hours 
and 30 minutes. Simultaneous images (not shown) used fluorescent dyes to show that the cells expressed 
Tubulin-GFP (green fluorescent protein) during exposure to TTFields. Scale bars 10 μ. [microns]. (Images 
courtesy of Moshe Giladi, Ph.D, and Novocure Ltd., Haifa, Israel.)
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Nutri-Energetic Systems and miHealth
A system combining biophysics, quantum physics, and acupuncture theory was developed 
by Peter Fraser and Harry Massey. Fraser was a visionary Australian scholar of Traditional 
Chinese Medicine, Homeopathy and Ayurveda. He mapped the complex human biofield, 
based biophysics and quantum theory. Fraser’s studies of information transfer, in collabora-
tion with inventor Harry Massey, led to the development of the miHealth scanner. The device 
sends information from a map or “blueprint” of the optimal human biofield into the body and 
reads the response of each physiological system. On the basis of this assessment, practitioners 
suggest “Infoceuticals” and supplements that restore balance and energetic efficiency. It is the 

Figure 6.15 (A), battery-driven radio frequency electromagnetic field  generator connected to a spoon-shaped 
mouthpiece that is placed under the tongue. (B), patient receiving a treatment for hepatocellular carcinoma. 
(From Costa et al. (2011).)
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first technology of this kind, and shows how knowledge from quantum  physics can be inte-
grated into modern medicine (Fraser & Massey, 2008).

Low Level (cold) Laser Therapy
A variety of low level lasers have demonstrated effectiveness in reducing and eliminating acute 
and chronic pain from a variety of conditions and surgeries (Figure 6.18). Many patients find 
this solution a much more effective and an immediate alternative to traditional pain medica-
tions. Combined with forms of chiropractic and other hands-on therapies, the lasers can help 
patients lead a normal, active, and healthy life without debilitating pain. A laser called the 
Dermalaser  targets bacteria responsible for acne. This treatment does not irritate the skin and 
only attacks the bacteria.

Programme
continues to repeat
from beginning after
one complete cycle
(total duration: 1 h)

Sequential exposure
from the lowest
frequency to the
highest

410.2 Hz

423.3 Hz

427.1 Hz

470.2 Hz

560.3 Hz

642.9 Hz

20365.3 Hz

194 total HCC-
specific frequencies

3 s of exposure per
frequency

Figure 6.16 Frequency schedule for 
treating hepatocellular carcinoma. 
One hundred and ninety-four modu-
lation frequencies were sequenced 
for 60 min and then repeated. (From 
Costa et al. (2011).)
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Figure 6.17 Amplitude-modulated electromagnetic field used to treat patients with advanced hepatocellular 
carcinoma. The carrier frequency is 27.12 MHz, and it is sinusoidally modulated at specific frequencies. (From 
Costa et al. (2011).)
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Light and Sound Therapies Combined
Research has shown that pulsing light and/or sound varying in intensity, frequency and color 
(in the case of light) or tone (in the case of sound) can be both pleasing and therapeutic. Many 
color therapy systems apply single static colors, sometimes presented in sequences. While these 
methods have seemed effective, more sophisticated light systems combine color sequences with 
brainwave photic driving (in which flash frequencies entrain electrical activity recorded over the 
parieto-occipital regions of the brain). Previous technologies making use of this combination 
included the Color Receptivity Trainer by Jacob Liberman (1991). 

More complex light projections involve the simultaneous presentation of rapid sequences of 
colors, synchronized with carefully selected sounds. Two award-winning technologies of this kind 
are the Sensora developed by Canadian physicist Anadi Martel, and the AlphaSphere, invented 
by Austrian artist and perception researcher, sha (Figure 6.19 and 6.20). 

Sensora is a multi-sensorial device that surrounds a person with carefully selected and 
 programmable stimulation sources: a colored light-projection system, a spatially organized sound 
system and a multi-transducer chair for kinesthetic stimulation in the form of vibrations. The 
multi-media programs generate a rich experience, with the potential of facilitating various pro-
cesses such as relaxation and creativity enhancement, as well as more specialized therapies. Martel 
(1991, 2013) has summarized research on light modulation.

The AlphaSphere developed by sha is a three-dimensional experience room presenting sound, 
light and movement. It enables people to perceive sound structures and vibrations with their 
whole bodies.  AlphaSpheres have been placed in private lofts, public museums, luxurious spas, 
therapy practises, offices, and churches. In the Netherlands, AlphaSphere can be found at railway 
stations, because a few minutes in the device increases a conductor’s power of concentration and 
therefore decreases accident risk. Four studies have been published on the Web: Schiesser (2006), 
Slunecko (2007), Kriener (2008) and Slunecko (2009).

Figure 6.18 The Erchonia low level laser therapy (3LT®) device widely used in physical medicine to treat a 
number of issues. Erchonia Medical has been an industry leader in conducting randomized clinical trials 
needed for FDA clearances for conditions including chronic neck and shoulder pain and pain associated with 
breast augmentation and other surgeries, acne vulgaris-dermatological conditions, non-invasive fat reduction 
and body contouring, appearance of cellulite, chronic heel pain arising from plantar fasciitis, non-invasive 
dermatological aesthetic treatment for reduction of circumference of hips, waist, thighs and upper abdomen. 
(Courtesy of Erchonia Medical, McKinney, TX.)
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Conclusions
This chapter has traced the uses of energy in medicine from antiquity to the present. Two aspects 
stand out. First, in retrospect, the early observations of Mesmer and Burr, ridiculed or ignored by 
their contemporaries, respectively, have been shown to be correct. For example, the existence of 
‘animal magnetism’ introduced by Mesmer has been confirmed (see Chapter 8) Second, modern 
devices based on Burr’s early discoveries and those that followed from Cottrell are proving to be 
valuable in clinical diagnosis of conditions such as cancer, but they have been very slow to gain 
acceptance by a medical community whose primary treatment modality is pharmacology.

Figure 6.20 The award-winning AlphaSphere was developed by Austrian artist and perception researcher, 
sha. It is a three-dimensional experience room, presenting sound, light and movement. It gives a person a 
relaxing and therapeutic whole-body experience. (Courtesy of Sha-Art, Vienna Australia.)

Figure 6.19 Sensora is an award-winning multi-sensorial therapeutic system that provides a rich experi-
ence by surrounding a person with carefully programmed patterns of sound and light as well as with vibra-
tions through a multi-transducer chair. It was developed by Canadian physicist, Anadi Martel. (Courtesy of 
Sensortech, Inc., Canada.)
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