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Abstract 

This article provides clinicians and other medical professionals with an 

introduction to the related fields of Sound Therapy and Music Medicine, outlining 

some of the many biological mechanisms advantageously activated by these 

modern modalities. The umbrella term for audible sound therapies is often 

popularly referred to as «Vibrational Medicine», embracing the energetic 

(vibrational) interconnectedness of the mind-body system. The information 

provided is intended for physicians, psychologists, music therapists, nurses, 

integrative medicine practitioners, and wellness practitioners utilizing the 

therapeutic potential of Vibrational Medicine. Since the body is comprised of 

vibrational energy, a wide variety of energetic modalities are available to support 

the patient’s physiology, and the article describes some of the many physiological 

mechanisms initiated by Sound Therapy and Music Medicine, perhaps most 

importantly, pain mediation, achieved by locally applied specific sound 

frequencies. Other mechanisms, such as vagal stimulation, are described and 

achieved by experiencing specific sound frequencies or music via headphones. The 

article is in two parts: Part 1 was published in the past issue (3-2023) of the 

«Medicine and Art» journal (https://doi.org/10.60042/2949-2165-2023-1-3-60-93). 

It provides a short history of therapeutic sound, followed by definitions of Music 

Therapy, Music Medicine, and Sound Therapy, followed by sections on some of 

the many biological mechanisms activated by full body immersion in music or 

specific sound frequencies, including an introduction to pain mediation by sound. 

Part 2 includes breaking the pain-spasm pain cycle in spinal injury by sound; pain 

relief and anxiety relief by acupressure and sonopuncture; oxygen-driven healing 

by sound; musical stimulation of the immune system; sonic stimulation of the 

vagus nerve via headphones and by vocalizations; and last, a look into the future of 

vibrational medicine. 

Key words: Sound Therapy, Music Medicine, Vibrational Medicine, Ultrasonic 
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Speakers, Nitric Oxide, Chronic Pain Mediation, Gate Control Theory of Pain. 

  

ЗВУКОВАЯ ТЕРАПИЯ И МУЗЫКАЛЬНАЯ МЕДИЦИНА: 

БИОЛОГИЧЕСКИЕ МЕХАНИЗМЫ (Часть 2)  

Джон Стюарт Рид  

Sonic Age Ltd (Кесвик, Камбрия, Великобритания) 
 

Аннотация 

Эта статья знакомит читателей со смежными областями звуковой терапии и 

музыкальной медицины, очерчивая контуры некоторых из многочисленных 

биологических механизмов, которые были успешно выявлены этими 

современными направлениями. Для звуковой терапии часто используется 

общий термин «вибрационная медицина», отражающий энергетическую 

(вибрационную) взаимосвязь системы разум-тело. Предлагаемая информация 

предназначена для врачей, психологов, музыкальных терапевтов, медсестер, 

специалистов интегративной медицины и оздоровительных практик, 

использующих терапевтический потенциал вибрационной медицины. 

Поскольку организм утилизирует вибрационную энергию, для поддержки 

физиологических функций пациента доступен широкий спектр 

энергетических модальностей. В статье описываются отдельные 

физиологические механизмы, инициируемые звуковой терапией и 

музыкальной медициной. Возможно, одним из наиболее важных эффектов 

является нейтрализация боли, достигаемая с помощью локально 

применяемых особых звуковых частот. Описаны и другие механизмы, такие 

как стимуляция блуждающего нерва с помощью прослушивания 

определенных звуковых частот или музыки через наушники. Статья состоит 

из двух частей. В первой части статьи (https://doi.org/10.60042/2949-2165-

2023-1-3-60-93), которая была опубликована в предыдущем номере (3-2023) 

журнала «Медицина и Искусство», представлена краткая история терапии 

звуком, за которой следуют определения музыкальной терапии, музыкальной 

медицины и звуковой терапии. Далее описываются некоторые из многих 

биологических механизмов, активируемых при полном погружении 

организма в музыку или при воздействиях конкретными звуковыми 

частотами, включая введение в обезболивание звуком. Часть 2 описывает 

прерывание звуком болевого цикла «боль-спазм» при травме позвоночника; 

облегчение боли и тревожных состояний с помощью точечного массажа и 
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сонопунктуры; кислородное исцеление звуком; музыкальную стимуляцию 

иммунной системы; звуковую стимуляцию блуждающего нерва через 

наушники и вокализацию; и наконец, взгляд в будущее вибрационной 

медицины. 

Ключевые слова: звуковая терапия, музыкальная медицина, вибрационная 

медицина, ультразвуковые динамики, оксид азота, медиация хронической 

боли, теория контроля боли. 

 

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…» [94]. 

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 activated as 

a reflex to splint that area causing muscle spasm. Muscle spasm clearly causes 

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» [95].
  

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 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 (Fig.15).  

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 

contraction and that pain following muscular exercise is very similar to pain 

induced by experimental reduction in the blood supply to a muscle [96]. 

Further support for hypoxia in muscles comes from a study of intramuscular 
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blood flow in the supraspinatus muscle of six healthy subjects. A muscle 

contraction pressure of 5.6 kPa (42mm Hg), which is 16% of maximal voluntary 

contraction, reduced local muscle blood flow significantly. The authors concluded 

that high intramuscular pressures found in supraspinatus muscle during exercise, 

impeded local muscle blood flow [96]. 

 

 

Fig. 15. Pain Cycle 

 Pain > Muscle tension > Blood circulation decreases > Hypoxia and pain > 

Spasm intensifies > Hypoxia intensifies > Pain intensifies 

Рис. 15. Болевой цикл 

Боль > Мышечное напряжение > Снижение кровообращения > Гипоксия и 

боль > Усиление спазма > Усиление гипоксии > Усиление боли  
 

A potential solution to breaking the pain-spasm-pain cycle is by locally applied 

low frequency sound <50Hz. KKT International offer therapeutic support for 

spinal injuries by the application of very low frequency sound (primarily 16Hz), a 

non-invasive treatment to relieve pain by improving spinal alignment of the back, 

shoulders and pelvis, while enhancing the health of the spinal discs, ligaments and 

muscles (Fig. 16) [30]. 
 

 

Fig. 16. KKT Spine device (photo courtesy of KKTspine.com)  

Рис. 16. Устройство ККТ терапии позвоночника (фото от KKTspine.com) 
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During the author’s in vitro experiments with whole human blood, conducted in 

2021, significant increases in the level of pO2 were measured with an Oxford 

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, 

however, the likely mechanism that underpins this phenomenon is the mechanical 

pressure generated by low frequency sound, similar to the low frequency pressure 

pulses from heart beats in the circulatory system, thus increasing oxygen-binding 

to haemoglobin molecules in red blood cells. Support for this potential method of 

increasing oxygen availability, 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 vibrations to supine patients [80]. 

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, 

within 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, 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 sacroiliac area, thus causing the spasm to release (Fig. 17).  

 

 

Fig.17. John Stuart Reid in King’s Chamber sarcophagus, 1997 

Рис. 17. Джон Стюарт Рид в помещении Королевского саркофага, 1997 

 

In addition, as mentioned earlier in the section on Nitric Oxide, NO is generated 

by the alveoli in the lungs [56] and can be stimulated by both active and passive 

sonic stimulation. In the highly reverberant King’s Chamber, the low frequency 
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sounds passively excited the author’s lungs, presumably leading to an increase in 

NO, with consequent vasodilatation effects, thus helping to break the pain-spasm-

pain cycle. 

 

PAIN RELIEF AND ANXIETY RELIEF BY ACUPRESSURE AND 

SONOPUNCTURE 

Acupressure is an alternative medicine methodology that originated in ancient 

China. Treatment effects are achieved by stimulating acupuncture points using 

acute pressure.  

The World Health Authority, in their 1991 international acupuncture 

nomenclature report, lists 14 main meridians and 361 classical acupuncture points, 

in addition to 8 extra meridians and 48 extra points [99]. These same classical 

acupuncture 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 transmitted by longitudinal pressure waves in a material...» [76].This is the 

basis of ‘sonopuncture’, 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 

acupressure can be efficiently conducted by health care professionals as an 

adjuvant therapy in general practice for pain relief [100]. The authors also 

concluded that their systematic review paper begins to establish a credible 

evidence base for the use of acupressure 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 noninvasive, timely, and effective way 

to support its effectiveness in relieving a variety of pains [100]. 

D. Carey, a licensed acupuncturist, developed a therapeutic method using 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 [101].
 
Today,

 
this method of 

sonopuncture training
 
is available in a certified course, providing an integrative 

medicine model that dovetails with many clinical specialities and can provide 

support for patients pursuing traditional Western medicine therapies [102]. 
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Dr. E. Franklin, a colleague of D. Carey, who suffered from stress-related 

asthma, mild depression, and severe lower back pain, experienced immediate relief 

from one treatment with tuning forks applied to acupuncture points (Fig.18).  

 

 

Fig.18. Sonopuncture, self-applied or practitioner-applied, by tuning forks 

(Courtesy of Dr. E. Franklin) 

Рис.18. Сонопунктура, применяемая самостоятельно или практикующим 

специалистом, с помощью камертонов  

(С разрешения доктора Э. Франклина) 
 

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 potential for tuning fork therapy in supporting 

patients suffering from pain and those in palliative care or hospice [103]. 
 

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 [104] with 

MichelAngelo, 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 136.1Hz to 

specific acupuncture points. Although sonically activating acupressure points 

typically supports several interconnected bodily systems, the following examples 

focus mainly on pain mediation: 

Lu-7 Lieque, ‘Broken Sequence’ alleviates headaches, sore throat, migraines, 
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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, 

insomnia. 

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 [105]. Energy-

information is constantly radiated from the body in the form of biofields, as 

mentioned in the introduction to part 1 of this article [1]. The biofields include bio-

photonic energy, for example, modulated infrared electromagnetism that is a 

natural consequence of cellular 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 complex data structures of pure 

frequencies with changing phase relationships interacts with the biofield of a 

person, the cellular memories of various tissues can be reawakened, potentially 

leading to a healing response. Quantum physical field theory predicts 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] 

cellular processes through their interaction with the hydration shells surrounding 

cell membrane receptors».
 

The biofield tuning method has been shown to consistently reduce anxiety, as 

well as relieve pain, and in a collaborative, grant funded, Institutional Review 

Board study, between the Biofield Tuning Institute and the Consciousness and 

Healing Initiative, fifteen participants with clinical anxiety received a one-hour 

session each week, for three weeks, followed by interviews (Fig.19).  

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 anxiety disorder. The results of the study 
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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 behavior [106]. 

 

 

Fig.19. A biofield therapeutic tuning session in progress 

(Courtesy of E.D. McKusick) 

Рис.19. Сеанс терапевтической настройки биополя 
(С разрешения доктора МакКьюсика) 

 

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 

[107] in addition to devices that emit ultrasound [108]. The acupressure points on 

the soles of the feet can also stimulate the meridian system by applying audible 

sound frequencies [109]. Dr. M. Cromwell developed a therapeutic device that 

uses a vibro-tactile transducer, emitting a range of audible sound frequencies into 

acoustic gel-filled pads on which the soles of the feet rest, thus stimulating the 

meridian system (Fig.20). Together with her assistant, Kate Holland, CCP, they 

conducted a six-week investigative pain study in 2016, with three individuals, a 

female of 30-years, a male of 38-years and a male of 68-years [110].
 

The female participant entered the study with chronic headaches and sciatica 

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 over-

the-counter medication for pain and insomnia. During the period of the study, the 
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souls of her feet were sonically stimulated twice a week, for 30-minutes. 

 

 

Fig.20. Sonopuncture applied via vibro-tactile transducer and acoustic gel-filled 

pads (Courtesy of Dr. M. Cromwell) 

Рис.20. Сонопунктура с помощью вибротактильного датчика и 

акустических гелевых подушечек. (С разрешения доктора М. Кромвеля) 

 

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 [110]. 

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 

minimal pain of 2 on the VAS scale and demonstrated that he had recovered a full 

range of motion of his right shoulder [110]. 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 utilizing 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 evening. He could only sleep two-

three consecutive hours without waking and occasionally 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 approximately 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 feeling less 
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stress when going into public places [110]. 

In summary for this section on Acupressure/Sonopuncture, these studies show that 

there exists a significant potential for pain reduction, in addition to support for 

arrange of other chronic conditions, including depression, PTSD, insomnia and 

others. 

 

OXYGEN-DRIVEN HEALING BY SOUND 

Limitations in the ability of the vasculature to deliver O2-rich blood to tissue 

leads to, among other consequences, systemic hypoxia. Cells confronting hypoxic 

challenges either induce an adaptive response that includes increasing the rates of 

glycolysis and conserving energy, or undergo cell death. [111] Conversely, cells 

utilize O2 in the aerobic metabolism of glucose to generate Adenosine 

Triphosphate (ATP) which fuels most active cellular processes, including tissue 

repair [111]. Hypoxia sensing and response is activated upon exposure to a state of 

oxygenation 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 [111]. 
 
As mentioned 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 vitro blood immersed in a low frequency sound environment, 

thus increasing oxygen binding to hemoglobin 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 vibrations to supine patients [80]. 
 
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 20Hz to 120Hz, which is similar to sounds created by human hearts 

[112] 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.
 

 

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. 
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Stress and fear cause the release of cortisol [and adrenalin/ epinephrine] from the 

adrenal glands [113] helping prepare the body for ‘fight or flight’ by providing 

extra glucose, tapping into protein stores via gluconeogenesis in the liver [114]. 

However, cortisol also suppresses the immune system [115] and other bodily 

systems considered by Nature to be ‘non-essential’ in the short term, making the 

patient more vulnerable to contracting pathogens. While pharmaceutical sedatives 

are routinely prescribed to mediate a patient’s stress and fear, music can produce a 

similar 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 [116, 117]. 
 
In parallel with 

the increase in dopamine, a patient’s favorite music causes a reduction in cortisol 

levels [118].
 
Joy also triggers the pituitary gland in the brain to release beta-

endorphins into the bloodstream, which produce analgesia 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 [119].
 

The pituitary gland also stores of the neuropeptide, oxytocin, colloquially known 

as the ‘love hormone’. Oxytocin is made in the hypothalamus and transported to 

large, dense-core vesicles of the posterior lobe of the pituitary gland [120] 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 [121] and 

postoperative patients listening to music through headphones demonstrated an 

increase in serum oxytocin and reported higher levels of relaxation, compared to a 

control group with no music [122]. 
 
Oxytocin and its receptors appear to hold the leading position among the 

candidates for the substance of ‘happiness’, [123] and in a study focused on 

autistic children, significantly lower levels of oxytocin was found in their blood 

plasma, suggesting a ray of hope in finding a role for oxytocin in treatment of 

autism [123]
 
that is, in both of these cases, (evoking happiness and supporting the 

treatment of autism) 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 

when mice were subjected to low frequency sound vibrations, macrophages in their 
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bloodstream proliferated significantly [124].
 

This effect has not yet been 

demonstrated 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 [80]. It is important 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 system would require stimulation by low 

sonic frequencies. 
 

 

BINAURAL BEATS (VIA HEADPHONES) TO CREATE CHANGES IN 

BRAIN STATE, WITH PHYSIOLOGICAL BENEFITS 

Binaural beats were discovered accidentally in 1839 by the Prussian scientist, 

Heinrich Wilhelm Dove, during experiments with two tuning forks of dissimilar 

frequency. He has been referred to as ‘The Father of meteorology’ [125] 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 [126].
 
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 (Fig.21).  

 

Fig.21. Depiction of binaural beats (Courtesy of Hemi-Sync
® 

hemi-sync.com) 

Рис.21. Изображение бинауральных ритмов   

(с разрешения Hemi-Sync® hemi-sync.com) 

 

But during headphone listening, when two slightly different frequencies are 
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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 [127]. Listening to binaural beats produces 

the illusion that the sounds are located somewhere within the head.  

The lower auditory centers 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 olive, an organ that in this view 

lies behind the brain stem. It is probable that binaural beats are detected here [126].
 

The difference frequency between sounds presented to the left and right ears 

entrains the brain rhythms to that frequency.  

In a carefully designed, double-blind, binaural beats crossover study, titled: 

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 presentation 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 behavior and mood were observed in the absence of participant 

expectations, 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 [127]. 

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 

[128]. 

Robert Monroe of The Monroe Institute, created a system of binaural beats in 
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which individuals listen to a combination of audio binaural beats mixed with 

music, 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 

sensory integration [129] relaxation, meditation, stress reduction, sleep and pain 

management [130] enriched learning environments and enhanced memory [131]. 

 

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 [132]. Upon exiting 

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 (Fig.22). The laryngeal and 

auricular connections are of special interest in the context of sound therapy and 

music medicine, discussed later in this section, following an overview of the vagus 

nerve and methods of its therapeutic stimulation. 

 

 

Fig.22. Vagus nerve branches and functional anatomy of the inflammatory reflex 

(Adapted with permission, Pavlov and Tracey [133]) 

Рис.22. Ветви блуждающего нерва и функциональная анатомия 
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воспалительного рефлекса (Адаптация с разрешения Павлова и Трейси [133]) 

Schematic description:  

Inflammatory mediators, such as cytokines, are released by activated 

macrophages 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, regulating 

immune activation, suppressing pro-inflammatory cytokines [132]
 
and reducing 

inflammation. Vagus efferent output can be supported by auricular and laryngeal 

input. 

The bi-directional communication between the brain and the gastrointestinal 

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, 

depression and posttraumatic stress disorder [132].
 
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 [132].
 

There is a ‘hard-wired’ connection between the nervous system and immune 

system as an anti-inflammatory mechanism. Counter regulatory mechanisms, such 

as immunologically competent cells and anti-inflammatory cytokines normally 

limit the acute inflammatory response and prevent the spread of inflammatory 

mediators into the bloodstream. The dorsal vagal complex, responds to increased 

circulating amounts of tumor necrosis factor (TNF-α) by altering motor activity in 

the vagus nerve [132]
 
therefore, stimulation of the vagus nerve can help restore 

cytokine balance, leading to a reduction in chronic inflammation. The vagus nerve 

is a major component of the neuroendocrine-immune axis which is involved in 

coordinated neural, behavioral, and endocrine responses that provide an important 

first-line innate defense against infection and inflammation and helps restore 

homeostasis in the body [134].
 
Inflammatory diseases in which tumor necrosis 

factor (TNF) is a key cytokine are good candidates for treatment targeting 

cholinergic anti-inflammatory pathway (CAP) [134]. 

In essence, the inflammatory reflex is a physiological mechanism through which 

the vagus nerve regulates immune function and inhibits pro-inflammatory cytokine 

production [133]
 
thus,

 
preventing excessive inflammation by alerting the brain to 

the presence of cytokines, which triggers the release of anti-inflammatory 
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molecules that reduce the inflammation and maintain a healthy balance [135].
 

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 

prostate 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 genesis: (1) oxidative stress, leading to DNA damage, (2) 

inflammation that contributes to escape from apoptosis, angiogenesis and 

metastasis, and (3) excessive sympathetic activity, which affects where cancer cells 

will metastasize. One factor common to these three factors, which inhibits all three 

and influences cancer prognosis, is vagus nerve stimulation because it reduces 

oxidative stress, informs the brain about inflammation and profoundly inhibits 

inflammation, and inhibits sympathetic activity since it is a major branch of the 

parasympathetic nervous system [136]. 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 correlated with vagal 

nerve activity and cardiac autonomic regulation (Fig.23).   

 

 

Fig.23. Power Spectral Density of HRV is typically expressed in milliseconds 

squared (ms
2
), plotted against frequency (Courtesy of EliteHRV.com) 

Рис.23. Мощность спектральной плотности вариабельности сердечного 

ритма (ВСР) обычно выражающаяся в миллисекундах в квадрате (мс2), 

отображена в зависимости от частоты (с разрешения EliteHRV.com). 
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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 

associated with cardiovagal activity [137]. (By comparison, low frequency cardiac 

activity (LF) is in the range 0.04 to 0.15Hz). LF and HF frequency bands are 

widely used to quantify parasympathetic and sympathetic regulation [137]. 

The vagus nerve plays a major homeostatic role, indicated by people with high 

HRV who have shown improved recovery rates to physiological stress in cardiac, 

hormonal and immune systems, compared to those with lower HRV.  

In twelve studies that investigated the association between vagal tone activity 

and prediction of prognosis in cancer, which included 1822 patients, the emerging 

evidence was consistent in demonstrating a prognostic role of vagal activity and a 

significant correlation 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 oncology [136]. 
 

In the next section, methods of vagus nerve stimulation are discussed including 

electrical, sonic, auricular and laryngeal, all of which improve vagal tone with 

many potential health benefits. The vagus nerve can also be stimulated by 

acupuncture, 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 

electrical 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 treatment was later also approved by the FDA for use in 

chronic, drug resistant depression [135].
 

Transcutaneous (through the skin) vagus nerve (tVNS) is currently emerging as 

an alternative and seeks to administer electrical stimulation to the vagus nerve 

without the need for implant surgery, thus avoiding the associated risks. 

Stimulation is typically applied via the auricular branch of the vagus nerve via the 
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tragus of the pinna (Fig.24). The European Union certified tVNS as an alternative 

treatment for epilepsy and pain in 2010 and 2012 respectively [135]. 
 

 

Fig.24. The pinna, showing the location of the tragus, where the vagus nerve 

terminates (Courtesy of Tori Lewis Fibonacci Web Studio) 

Рис.24. Ушная раковина, с изображением  козелка, где заканчивается 

блуждающий нерв (с разрешения веб-студии Тори Льюис Фибоначчи) 
 

As early as 2001, researchers showed that electrical stimulation of the vagus 

nerve via the tragus, using a form of electro acupuncture reduced the dependence 

of patients with coronary arterial disease on vasodilator medication [138]. 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 

endings 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
 
[138].

 
Referred pain to the ear from myocardial infarction has also been 

reported, due to the connectivity of ear and the heart, via the vagus nerve [139]. 

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 language (Fig.25). Mandarin Chinese is a particularly challenging language 
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to learn due to its distinctive changes in pitch, which change the meaning of 

words. In their study, titled, Non-invasive peripheral nerve stimulation 

selectively enhances speech category learning in adults [140] the authors 

moulded the shape of a participant’s left ear using silicon putty. The resulting 

silicon form was embedded with two-disc electrodes, 4mm diameter, contacting 

the cymba concha and cyma cavum of the outer ear, regions shown to be 

innervated by the auricular branch of the vagus nerve [141]. Electrical 

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 [140]. 

 

 

Fig.25. Experimental tVNS device, University of California San Francisco, 

Department of Neurological Surgery ( Courtesy of Dr. M.K. Leonard) 

Рис.25. Экспериментальное устройство tVNS,  

Калифорнийский университет Сан-Франциско, кафедра нейрохирургии  

(С разрешения доктора М.К. Леонард) 

 

An earphone was inserted in the participant’s right ear and fed with specific 

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-

invasive, sub-perceptual threshold tVNS with behavioral 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 performed significantly better that those who did not receive tVNS 

stimulation [140].
  

Crucially, this group-specific learning improvement also generalized to new 

speech exemplars presented without accompanying stimulation and corrective 

feedback, thus demonstrating that tVNS can be used to accelerate speech 

perceptual learning in humans in a highly specific manner.  
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The authors posit that sub-threshold tVNS engages the ascending brainstem 

network, and that some aspect of these neuromodulatory pathways causes a 

learning enhancement [140]. 

In the study titled, Anti-inflammatory properties of the vagus nerve: potential 

therapeutic implications of vagus nerve stimulation [134] electrical tVNS 

frequencies used to activate vagal afferents to mediate depression and epilepsy 

are quoted as 20-30Hz and activation of the cholinergic anti-inflammatory 

pathway (CAP) as 1-10Hz. 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.  

Sonopuncture tVNS 

Several commercial manufacturers are now producing devices that provide 

electrical transcutaneous vagus nerve stimulation [142,143,144] and others that 

utilize infrasonic sound [145].  

Returning to the subject of sonopuncture and to the research 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 [72].  

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 frequencies (Fig.26). 

 
 

 

Fig.26. Very low frequencies for tVNS can be delivered sonically, via headphones 

Рис.26. Очень низкие частоты для tVNS можно передавать звуковым путем 

через наушники 
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The very low frequencies commonly deployed in tVNS therapies can be 

created sonically via high specification headphones, and several manufacturers 

now produce headphones that can deliver sounds as low as 5Hz.
 
[146,147,148]

 

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 stimulation of the vagus nerve would be achieved by 

sinusoidal tones, generated by an audio 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 identified 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 

conduction and sound filters to improve the tone of the muscles in the middle ear, 

to sensitize 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 electronic 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 reported 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 
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the correct respiration rhythm as well as cardiac and visceral rhythms so that a 

synergy is created between this internal network and the larynx…It is equally 

important in mastering a fluid and correct verbal flow of speech…Without doubt 

singing is one of the best ways to free ourselves from the burden of 

parasympathetic or neurological imbalances» [149]. 

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 [150] Joanna Cazden 

discusses Stephen W. Porges ‘polyvagal 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 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 behavior and 

its implications for vocal performance, requires a distinction between the 

neurophysiologic aspects of the autonomic system’s two main sub-branches, the 

sympathetic and parasympathetic [150]. 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 [151].
  

Several 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 [152].
 
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, recognized in the brain 

of the listener.
 
Because the laryngeal nerves branch directly from the vagus, the 

voice transmits our inner resilience and expressive visceral state to others 

through sound [150].
 

In the study, Music Structure Determines Heart Rate Variability of Singers 
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[153]
 
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 humming 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 

polyvagal 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 vagus nerve [150]. 

 

VIBRATIONAL MEDICINE: THE FUTURE 

The depiction of a therapeutic bed of the future, as fictionalized in the television 

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 rover 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 temperature and skin color 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 [154]. 

Brain activity can also now be measured without attaching electrodes to a 

patient’s scalp, by superconducting quantum interference device (SQUID) 

magnetometer, making it possible to monitor neurological conditions remotely.
 

The distance between the skull and the magnetometer is typically 2cm at present 

but future improvements 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 diagnostic 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 

Медицина и Искусство: Том 2, № 1·2024     ISSN 2949-2165     Medicine and Art: Volume 2, № 1·2024 

 



49 
 

mediation without use of analgesics is already possible by means of sound 

vibrations applied to specific body parts, which can be achieved while a patient is 

supine. Commercial vibro-acoustic beds have been developed by several 

manufacturers [155,156,157] 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 stimulation of 

a patient’s lungs and nasal cavities would also increase their nitric oxide levels, 

thereby encouraging vasodilatation, lowering blood pressure and providing many 

other health benefits.  

Music delivered to every patient, via ultrasonic speakers, would help elevate 

their mood and therefore, dopamine levels, providing a helpful boost to their 

immune 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 

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 [158,159].  

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 comparison (Fig.27). 

 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. 

This collaborative study was a first step toward creating visual imagery for a 
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surgeon who would wear specially adapted eyewear, to see, in real time, changing 

sound patterns as the Raman laser probe is scanned across the tissues during an 

operating procedure. 

 

 

Fig.27. Healthy cell cymaglyph (left), cancer cell cymaglyph (right) 

Рис.27. Звуковые образы здоровой клетки (слева) и раковой клетки (справа) 

  

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 tumor. In such a scenario the tumor cells would 

absorb sufficient acoustic energy (of the cancer cell’s own sonic signature) to be 

destroyed. Such a therapeutic procedure would likely be given during a series of 

outpatient visits, in which a percentage of the tumor’s mass would undergo a 

controlled shrink on each visit, to minimize the toxic waste of dead cancer cell 

material. 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 environmental 

changes, for example, glucose depletion, heat shock, free radicals, pathogen 

invasion, 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 [158, 159] indicated that the sounds emitted by cells are in 

audible frequency ranges, typically centered around 1kHz.)  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 
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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 frequency, or within music, is conveyed to the cell’s interior.  

Also popularly known as ‘cymatic 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 vibrational 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 organizes matter, a fact that can be seen in simple Chladni Plate 

experiments 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 [7].
 
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 [161]. 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 

organize water molecules, and EZ water that powers life. Professor Pollack has 

discovered that EZ water is built by light, particularly 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 

organizational 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 

increasingly important in medicine. 

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 

improve 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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