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(iv) Summary 

Acupuncture has been used ss 2 thempeutic modality since the beginning of recorded 

history and is currently used by over one quarter of the world population. While 

acupuncture can be explained by Chinese medicine theory and the idea that life is 

dependent on a subtle fosm of energy, this theory is couched in terms of Chinese 

cosmology and mysticism and has not yet been reconciled with Western science. A 

comprehensive 'scientific theory of acupuncture' therefore remains +.sive. Although the 

theories of Chinese medicine and bioenergetic medicine are not yet integrated with 

Western science, there ase suggestions that the investigation of interactions between 

electromagneric and biological systems may help in the understanding of acupuncture and 

other bioenergetic tzchniques. 

The following thesis attempts to explore the phenomenon of acupuncture and to examine 

how electromagnetic interactions may be involved. Fusthermore, it attempts to explore the 

integration of Eastern and Western ideas using the concepts of information theory. After 

briefly reviewing the Eastern and Western literature on acupuncture, the nature of 

acupuncture points and meridians is discussed, along with the influence of electmmagnetic 

fields and the direct cursent control theory of acupuncture. A ser-ies of experirnents 

exploring the propertics of acupuncture points and mesidians and the electrical effects of 

needling is then presented. 

The experimental reports begin with a consideration of the energetic exchange involved in 

needling and laser ther~py, These describe for the first time the measurement of the 

potential difference produced by temperature gradients induced in acupuncture needles, as 

well as the finding of distinct infrared absorption properties of acupuncture points. This is 

followed by studies 100kii1g at the properties of the points and mesidians and a field plot of 

the skin's DC resistance using a multicentre probe is described that reveals a low resistance 

pattern in the region of an acupuncture point and meridian. The DC resistance between 

points along an acupuncture meridian is then examined demonstrating a low resistance 

pathway along a meridian and the dynamic behaviour of the measurements. The trrtnsfer 



function of an acupuncture meridian is then reported. This leads to the observation that the 

resonant frequencies of an acupuncture meridian share spectral characterisircs with the 

Earth-ionosphere Schumann resonance and the human EEG. This is the first report of such 

a relationship and is followed by a discussion of Schumann resonance and possible 

eractions between interactions with biological systems. Finally, the possibility of subtle in+ 

environmental electromagnetic fields and health is confirmed by demonstrating a 

correlation between solar activity and psychiatric hospital admissions. 

These studies suggest that electromagnetic interactions play an essential role in biological 

communication systems and that natural environmental electromagnetic fields are 

important for human health. Furthermore, it is suggesled that an understanding of Eastern 

medicine and acupuncture in terms of information processes and entropy, may help to 

integrate these fields with other areas of Western science. This leads to an exploration of 

the parallels between Eastern and Western concepts and a discussion of acupuncture and 

the Eastern concept of 'Qi' in terms of information and entropy. 
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1.0 An introduction to bioenlergetics, acupuncture and the 

1.1 Introduction to bioenergetic medicine 

Bio-energetic medicine encompasses a number of different therapeutic approaches that 

share common underlying principles. The basic premise of bio-energetic medicine is that 

energetic processes, including electrical and magnetic processes are essential to life, and 

that 'bio-energy' acts as a carrier for information that is crucial to biological self- 

xgulation. (Tsuei 19%) 

The concept of 'bio-energy' is based on the idea that life is dependent on a subtle form of 

energy. This energy has been described by many different healing traditions and has been 

termed 'life energy', 'vifal force', 'l$e force', 'prana, 'chi', or 'Qi'. This energy is 

described as flowing throughiout an organism in order to animate living processes and 

maintain physical and psycllological responses. In this view. pain and disease are said to be 

produced when the energetic flow is disrupted or blocked and healing is said to occur when 

the natural flow is restored. (hhnning & Vanrenen 1988) 

Bused on this view, bio-energetic therapies are aimed at restoring the natural energetic flow 

and thus aiding natural homeostatic responses. These therapies include many different 

approaches including the approach utilised by acupuncture within the framework of 

Traditional Chinese Medicine (TCM) as well as various forms of electrotherapy and 

homoeopathy. (Mimning & Vanrenen 1988) In order to restore energetic harmony, 

bioenergetic therapies often pay considerable attention to the patient's emotional and 

physical state and (he thesapeutic act usually involves relatively small, yet very specific, 

energetic or physical stimuli in which the timing is often important. Thus, bio-energetic 

therapies are often also referred to as vibrational or informational medicine. (Manning & 

Vanrenen L988 ; Gesber 1996) 



As Western science is yet to recognise a form of energy specific to living systems, many of 

the concepts underlying bio-energetic mediciile have been criticised as being unscientific. 

(NCAHF 1991; Skrabanek 1984) There is no doubt however, that life has evolved bathed in a 

constant stream of energy. While much of this energy is o\)vious to us in kinetic, chemical, 

gravitational and thermal forms, other forms of energy appear to be more subtle. (Davidson 

1987) Except for the visible and infrared regions, most of the electromagnetic spectrum is not 

obvious to living organisms unless specific receivers (such as radios, mobile phones, 

televisions or photographic plates) are used. The 'invisible' parts of the electromagnetic 

spectrum however can be found to have profound effects on living systems that may result in 

either gross or subtle changes. (Presman 1970) 

The possibility that electslomagnetic energy may underlie acupuncture and other bioenergetic 

approaches is a common suggestion. (Becker 1991; Bensoussan 1991a; Maxey 1976) This 

suggestion is supported by the discovery of the electromagnetic spectrum and the solid state 

properties of biological tissues, as well as evidence provided by practical experimentation 

and clinical trials. However, while modem attempts to measure and influence 

electromagnetic pathways in living systems have met with considerable su~zcess, there is still 

much that needs to be learned before bioenergetic approaches such as acupuncture are 

integrated with Western science. 

1.2 The study of acupuncture 

Counter-irritation techniques that involve stimulating one area of the body in order to 

reduce pain in another are as old as recorded history. The use of !:harpened bone and stone 

implements for skin stimulation has been recorded in diverse geographical locations and 

amongst widely separated cultures including, the Bantus in South Africa, the Singhalese in 

Sri Lanka, the Eskimos in Alaska, as well as in  China, Northern Europe and South America 

(Mann 1978). It was the ancient Chinese however that elaborated on these techniques and 

developed the practice of acupuncture that incorporated counter-imitation techniques into a 

sophisticated belief system that includes philosophical beliefs and cmpirkal principles. 



To date, there has been a vast amount of research on acupuncture reported in the Western 

scientific literature. Most of this focuses on clinical trials, or research into establishing a 

plausible physiological basis for acupuncture base~d on neuro-humoral theories invoking 

complex nerve pathways and neurotrmsmitter release. (Filshie & White 1998) However, while 

it is accepted that acupuncture has a sound physiological basis, there are many aspects of 

traditional acupuncture that cannot be accounted for such as the specificity of acupuncture 

point and the complex practical rules that guides its use. 

Not only do Western attempts to explain acupuncture generdly fail to explain the nature of 

acupuncture points and meridians. these explanations either ignore, or blatantly dismiss the 

philosophy and principles upon which acupuncture was developed. Thus, while 

acupuncture has proven to be a relatively safe and effective therapy in clinicai practice a 

comprehensive theoretical framework explaining acupuncture based on scientific principles 

is yet to be described. The integration of acupuncture into Western medicine therefore is 

currently based on clinical rather than scientific grounds. 

The hilure of Western accounts of acupuncture to take into consideration the philosophy 

and principles upon which acupuncture was developed is not surprising for the origins of 

acupuncture are often considered to detract from its legitimacy. Thus, it is not uncommon 

for scientific reviews of acupuncture to begin with sentiments such as the following: 

"We sllozdd renlise that 011e of the great ciisadva~ltages of aclrprmctztre -all iinpedirnel~t to 

its acceptaim amollg scie~ltists ill the Urired States - is that it is ofterl associated with the 

philosoylly, ~ ~ ~ y s t i c i ~ i ? ~ ,  m d  magic of the East." (Dornette 1975) 

While Western attempts to explain acupuncture remain incon~plete, traditional Ch,inese 

medicine theory does provide a comprehensive account of acupuncture and its uses. This 

theory however, as stated above, is based on empirical observations as well as a philosophy 

and mysticism that has not yet been integrated into the Western scientific framework. TCM 

theory therefore remains incomplete from a scientific viewpoint. Yet, while Western 

scientific attempts at understanding acupuncture need to be based on scientific principles 



rather than esoteric philosophy, it is also important to realise that there is valuable 

knowledge contained in the ancient Chinese concepts and traditional practices. As Prance 

et al. state; "Iftrnditional Chinese acupi~ncture is to be applied in the context of U7esrern 

n~edicirle a rational '~rarlslation' of the procedure is rtecessary, but this sholdd not mean 

discarding the traditional Chinese explanations." (Prance, Dresser et al. 1988) 

1.3 The division between Eastern and Western medicine 

The lack of integration between Eastern and Western explanations for acupuncture cen he 

seen to be due to a number of reasons that include historical, conceptual and semantic 

aspects. The division between Eastern and Western ideas is reflected in their different 

approaches which parallel the two complementary modes of human consciousness, 

represented by the rational and intuitive, or top down and bottom up approxhes to 

knowledge. Thus, the evolution of medicine has seen the elaboration of two distinct yet 

complementary approaches, with Eastern medicine based on holistic thinking that 

maintains a cosmological perspective outlining a philosophy of life, and Western 

medicine based on a reductionist approach emphasizing controlled experimentation, and 

mrtthen~atical analysis. These two approaches ha\. led to the development of different 

schools of thou~ht based on different world-views and separated by different languages 

and tenninologies that prevent the exchange of ideas between disciplines. 

The use of different conceptual languages is a major barrier to the integration of Eastern 

and Western medicine for when one group is talking about 'Qi, and 'yin' and 'yaug' and 

another about 'receptor transmitter interactions' and 'neuro-humoral regulation', it  is 

difficult to find a common ground, even though the common goal of understanding and 

reducing pain and disease is shared. Thus, while much work remains to be done on a 

clinical level to demonstrate the efficacy of different diagnostic and therapeutic techniques, 

perhaps the most chal!enging task is to integrate modalities on a theoretical level. In order 

for these diffesent disciplines to be rationally compared and integrated however, it is first 

necessary to develop a common language. Furthermore, any common language must 



include a framework that includes scientific terminology, as it  is in the light of rational 

scientific inquiry that modem medical pi-actices are ultimately assessed. 

The practice of acupuncture is based on the idea of energy flow through an intricate 

biological communication network. It therefore seems appropriate to attempt to understand 

the conceptual basis for acupuncture irom an engineering perspective, for the concepts of 

energy and communication fall within the domain of engineering. The applicability of 

engineering principles to the study of acupuncture is evident when it is realised that the 

language of information theory and the principles of thermodynamics may provide a 

common language with which to begin understanding Eastern ideas in terms of Western 

science. 

Information theory hss been referred to as the "the language of language". (Weaver 1949) 

The ability of information theory to bridge discussions between diverse disciplines is 

discussed by Young, who states in the preface to his text on information theory; "There is 

orre nzajor uchieve~nent of irlfomation theory . . . the theory has helper! r r z  ;he process of 

cross-fertilisatiou of ideas from oue discipline to another. I t  provides a com~non larlguage, 

and defiuable qr4antities, for m e  011 11zany differentfields o f  cildevour." (Young 197 1) 

The applicability of information theory to an understanding of acupuncture has not been 

widely explored yet this seems a fruitful area for further work. Before this suggestion is 

fcllowed however, it seems appropriate to review the literature on the conceptual snd 

practical basis for acupuncture from both an Eastern and Western perspective. This will be 

followed by an exploration of the nature of acupuncture points and meridians and the 

influence of electromagnetic interactions. Supporring experimental evidence for the role of 

electromagnetism in acupuncture will then be presented and the findings will be discussed 

in terms of information processes. Finally, the parallelrs between the basic concepts of 

Western scieme and Traditional Chinese Medicine will be explored and an attempt will be 

made to describe pain and the Eastern concept of Qi i n  terms of thermodynamics and 

infosmation theory 



2.0 The concer>tual basis of traditional Chinese medicine - 

2.1 An introduction to traditions1 Chinese medicine concepts 

Traditional Chinese Medical theory provides a comprehensive explanation of acupuncture 

based on a functional view of the world and a long history of astute observations. This 

theory however is couched in the terms of Chinese cosmology and philosophy which 

employs such concepts as; "Tcro " (universal order), "Chi " (vital energy), "Wusierrg " 

(five evolutive phzses), "ko " and "sheng " cycles (constructive and controlling cycles) , 

and "Yiiz " and "Ymg '' (complementary opposites) and other concepts and principles that 

2re not readily accepted by Western science. 

The inability of Western science to recognise the basic concepts underlying Eastern 

medicine prevents the integration of Eastern and Western medical theory and thus in 

order to begin integrating these world-views it is first necessary to translate Eastern 

concepts into the language of science and vice versa. This process has already 

commenced within the realms of modem physics and Eastern mysticism and has been 

popularised by many authors who have outlined the parallels between the views of 

Eastern mystics and modern-day, quantum physicists. (Capra 1983; Talbot 1993; Zukav 

1979) These discussions however have remained focused on the realms of cosmology, 

physics, and mysticism and have not been widely extended into the realms of medicine. 

When expressed in the Chinese language it is difficult for Western minds to appreciate 

the significance of many of thc concepts of Chinese Medicine, thus a brief explanation of 

them is necessary in order to determine how they might be translated into, or integrated 

with, Western thought. When discussing the principles behind ancient concepts it is 

difficult to surpass the comments provided by past scholars, or improve upon the wisdom 

provided by the ancient philosophers, therefore the fellowing section makes extensive use 

of quotations. 



2.2 The historical basis of traditional Chinese medicine 

Chinese medicine is based on a comprenensive theory that includes general cosmological 

and philosophical principles that are applied to human health and disease. The basic 

principles of Chinese medicine are recorded in the Canon of Internal Medicine called the 

(The Yellow Emperors Classic of Internal Medicine) which is said to be the oldest extant 

medical book in the world. This book is said to have been authored by Huang Ti, also 

known as the Yellow Emperor, who reigned from 2696-2598 BC and is accredited with 

the invention of wheeled vehicles, armour, ships, pottery, and other useful appliances, as 

well the invention of the art of writing. (Veith 1966) 

The Nei Cltirlg Su Wen develops the basic philosophical tenets of Chinese medicine and 

remains the theoretical fomdation for Chinese medicine to this day. As Ilza Veith states 

in the introduction to her translation of the Nei Clzing SLI W ~ I I :  

"The Nei Cllirtg, the Classic of h~tental Medicine, uttribrried to Huarlg Ti, the Yellow 

E??tperor, is indeed a wry important $not the most important early Clriitese nzedical book . 

. . , particrrlarly its first part, B, Wen, "Familiar Cor~versations" between rice Emperor and 

his pllysiciuu Cl1 ' i  PO. It is irnpormnt because it develops ire a llrcid and attractive woy a 

theory of ma~c be health artd disease and a tlreoiy of medicirte. . . . The theory expourtded in 

the Nei Chiirg Su Were 110s remained the dorl~irlati~lg theory of Chirzese i~zdigmous inedicilte 

to the preseut day." (Veith 1966) 

2.2.1 The collcept of Tao 

The Nei Ching is unusual for a medical text in that it emphasises preventative measures 

rather than empirical treatments and expounds on a natural philosophy that views the world 

as having a universal order. This order is encapsulated by the concept cf 'Tao' (pronoonced 

'Dow'). As Veith states: "The esserlce oj' the urtiversalistic Chiirese philosophy is the 

cowept of Tao. It is d(ficr{lt to translate the exact r~leortiug of !his word. Tlcc "Way" is 

probably the closest eqrrivnlent. All rlle ideas of Chinese plcilosophy coiiverge in Tao. Tao 

has been described as 'Ifonnless,  lamel less, tlze motive force of all ~ltovente~lrs awl actioics, 

and the motlcer of a11 srhta~zces. " (Veith 1966) 



The concept of Tao is a difficult concept to grasp, as it is, almost by definition, 

indescribable; "tlle Tao thut can be spoken of is not the real Tao" (Lao Tsu f 989) yet in 

addition to having important phjlosophjcal and religious meanings, the concept of Tao 

also has important practical and medical connotations. 'To be at one with the Tao', is 

considered by the Chinese as being the ultimate state of health. This encompasses a 

dynamic process that implies being in harmony with all of the continually changing 
64 

cycles of nature and any separation from this universal order is considered as a source of 

pain and disease. The concept of the Tao for the Chinese is therefore more than a 

theoretical concept. It is a way of defining an ultimate state of existence providing an 

ideal that can be used to guide everyday life, as well as being a central concept within . 

medicine. "Those who disobey the 1a;vs of Heaven and Eartk have a lfetinte of calamities, 

while those who follow the laws renlaillfiee from da~lgerous illness" (Veith 1966) 

2.2.2 Yin and yang 

While Chinese cosmology views the universe as manifesting as cosmic order or 'Tao', this 

manifestation is seen to happen through the interplay of two opposite, but inter-dependant 

and complementary, forces: 'Yiiz' and 'Yal~g'.  As the ancient philosopher Chuang-Tzu 

states: "011e Yin and one Yaizg is called the Tao. The passiorlate wzion of Yin aud Y a q  is 

the e temd pattern of the Cr~~iver,se". In direct translation, the ideogram for yilz means the 

shady side of a hill and y n q  means the sunny side of a hill, thu,s ylii snd yarlg indicate 

polarity as well as cyclic transformations of one into another. As described by Jayasuriya: 

"Yin is cotrc~pt14allzed as being cold, dark a~ldj%nlalc.. Yang is warm, light aud male. Yin is 

passive and signifies that which is deep and hidden. Yang is active and signifies that which 

is above the sui--we. Sime Yin and Y m g  arc colzsrc~~rly cllaqing their relatiousliip to each 

other, one carmot exist, muterially or conccptr~ally, rvitltout the other." (Jayasuriya 1991) 

The dual concepts of yilz and yang encompass a range of philosophical principles that 

imply a dynamic process of cyclic change as well as the idea of harmony which is obtained 

through the interplay of polar opposites. This interplay of opposites is represented in the 

familiar yin-yartg symbol. (Figure l )  These principles are seen to apply not only to natural 

and cosmic phenomenon, but also to hunm activities, illness and disease. As Veith states: 



"The centml concept of Clzhese cosmology since clrzssical tinles has been the dual ,forces 

of yin and yar;g, whose co?ztinuorcs interaction lies behind all ~latural phertonte~la, 

irlcludirzg the coustitutiorl and functioning of the human body. The Su-Wen section of the 

Nei-Clling explniils how mainterlartce of the proper balunce of yin and yang witlzirr the 

body is esserztial for good health, and discusses the ways of obtainirtg this eqzcilibrirm. 

These range from proper conduct and i~ental  lzygiei~e-adrr?nDratiorls of psyclzotherapy, but 

also traces of religious concepts - to dietary rules and aczrprotcture." 

Figure 1 Yin and Yarrg symbol representing the interplay of interdependent opposites 

It is difficult to overstate the impostance of the yin-yar~g concept for Chinese medicine as 

life processes are seen to result dil-ectly from yin-gang harmony and disease is seen to 

result from an imbalance of these forces. This principle encompasses the idea of balance, 

harmony and dynamic equilibrium and can be applied not only to physiological and 

psychological processes but also to social and cosmic processes as well as forming one of 

the most fui~damental principles in medical theorising. 



2.2.3 Qi 

After the concepts of Tao and yirz and gang, the next most fundamental principle ' 
Chinese medicine is the idea that life is dependent on a subtle form of energy. This subtle 

energy, often termed 'vital force', 'life energy', 'life force', 'prana', 'chi', or Q ' ,  is 

deemed to flow throughout living systems along defined pathways or meridians. Thus 

while the dud forces of 'yin' and 'yaizg' are in constant flux, this flux is seen to manifest 

by the movement of "Qi" that is present throughout the environment and flows through and 

animates living systems. 

The Eastern conceprion of Qi is a subtle one that may be seen to relate to the concept of 

flow rather than a material substance. As Capra states: "Qi is not u sztbstu~~ce, nor does it 

have the purely quarztitative mealriq of our scientific ccncept of eltergy. I f  is used ill 

Cirinese nredicine ill a very subtle way to describe the vurior4s pattenrs of flow and 

jlucruatioiz in the llumalr orgunism and elzvirm?lle~st. CIzi does not refer to tllc flow of airy 

particular srcbstalzce br4t ruther to the prirlciple ofjlow as such, which, in the Chinese view, 

is always cyclical. " (Capra 1983) 

According to Chinese medical theory, Qi is said to come in various forms that animate , l i k  

Thus, there is the Qi that is present at birth through the process of heredity, Qi thcia i:; 

derived from food and Qi that results when the products of digestion are mixed with air* Qi 

energy is believed to be in constant flux and to circulate throughout thc body in we]!- 

defined cycles and through defined meridians. Furthermore, the Qi in i'he body, or in a 

particular part of the body, may be in  either excess ("Bu") or deficiency ("Xi") and this 

may result in aberrant Qi that may give rise to pain, discomfort, and hypn- or hy~er-  

function of an organ that may then give rise to disease. (Jayasuriya 1991) Thus, ii is the flow 

of Qi throughout the body that maintains both physicd and psychological processes and the 

functional integrity of the system. Therapi~s are best directed at restoring the. natural 

energetic flow, which in turn restores the bodies homoeostatic responses. (Omora 1982) 



2.2.4 Five piznses 

Throughout its cyclic flow, Qi is subject to different influences or 'phases' (wu-king)-that 

determine its characteristics at particular stages of its cycle. These phases have been 

commonly termed the "5 elements" although it  is certainly more correct to label these as 

'phases' rather than 'elements' 3s the Chinese 'hsing' o: 'xing' denotes movement and 

activity and literally meaning. "passage" or "passing through". (Liao 1992) The Chinese 

Medicine scholar Manfred Porkert has coined the term "evolutive phases" to emphasise 

that the 5 phases are more c,orrectly described as processes rather than defined entities; 

"The Five Evolutive Phases define conventionally and unequivocally energetic qualities 

changing in the course of time" (Porkert 1974) 

The principle of cj.c!ic ti-ansformations and the descriptioq 01' different qualities throughout 

a cycle may he applied to many different aspects of life. Within the sphere of Traditional 

Chinese Medicine this system is applied to the qualities of the organs, tissue types, 

emotions, senses, tastes, food types, colors as well as to the seasons, directions, and other 

natural phenomena. (Jayasuriya 1991) The five phases are commonly depicted in 

geometric arrangements to emphasise different aspects of this control system and an 

elaborate set of rules by which the phases may regulate each other is described. 

The division of energy flow into five phases allows for a sophisticated description of a 

system of feedback and conirol processes within an organism and between an organism and 

the environment. This system includes constructive ('KO') and contro!ling ('Sheng') cycles 

that together comprise positive and negative feedback cycles that interact through the 

continual flow of Qi. The theory of five phases therefore represents a stylised control 

theory whereby the flow of Qi contributes to the ~naintenance of homeostasis through 

achieving balance between the forces of pin arid yang. Within the framework of tr-aditional 

Chinese medicine these basic principles are directly applied to the consideration of 

biological function and dysfunctio~l and it  is from these principles that the theory and 

praciice of acupuncture has been developed. 



2.3 Traditional Chinese medicine coilcepts and acupuncture 

The treatment of disease using acupuncture relies on the detection of energetic imbalances 

and the restoration of harmony through the stimulation of specific points on the body that 

are believed to be gateways linking the internal and external environments. These points, 

called 'acupuncture points' or 'acupoints', are used to assess and influence the internal 

energy and the practice of acupuncture includes many sophisticated techniques and 

principles through which this may be achieved. Before commencing acupuncture 

treatment, the traditional Chinese medicine practitioner needs to assess a person's energetic 

balance based on a clinical history and examination. This includes careful palpation of the 

subject's pulse, as well as observation of the subject's tongue, complexion and smell. 

(Kaptchuk 1983) Palpation of specific acupuncture points also plays a role in the clinical 

assessment of traditional Chinese medicine, as i t  is believed that i n  certain disorders 

specific acupuncture points would become tender. (Jayasuriya 1991) 

The procedure of acupuncture involves the introduction of a fine piece of metal, usually 

stainless steel, into the skin, subcutaneous tissue, or muscle. Typically an acupuncture 

needle has a diameter of about 50pm at the tip and the shaft has a diameter of over 3 0 0 ~ .  

(Fleck 1975) however nine different types of needles are described and different techniques 

(rre employed with different types of needles at different body sites. The stimulation 

applied with the use of needles may be quite intricate and can be modified by many factors. 

Thus, needle stimulation can be rnodified by altering the needle length, diameter, shape and 

construction with gold or silver being traditionally used. Furthermore, the needles may be 

inserted rit different angles and to different depths within the tissue. Specific manipulations 

can also be carried out on the needles such as repeated rapid insertion and withdrawal, 

twirling the needles back and forth, rubbing the ribbed handle to cause vibrations along the 

needle shaft, as well as heating or cooling the handle of the needle once i t  has been 

inserted. (Jayasuri ya 199 1) 

In addition to stimulating points with needles, the use of heat is commonly employed and 

the practice of acupuncture is intlicately linked to the practice of moxibustion, which 



involves the application of the burning leaves of the arternisia vrrlgan's (mugwon) plant to 

specific points on the body. (Omura 1982) Thus, different stimulation techniques could be 

used depending on the particular clinical condition or energetic itnbalance t~ be treated. 

There are also many ways to alter these stimulation parameters and different forms and 

preparations of moxa can be used as well as techniques that serve to alter the frequency of 

stimulation such as 'sparrow pecking', which involves applying a burning moxa stick close 

to the skin and then removing i t  in a rhythmic fashion. 

To achieve the desired therapeutic effects stimulation may be applied at different points (or 

combination of points) and the precise locatior: of applying acupuncture stimulation is said to 

be of the greatest importance. (Bossy 1984) Drawings and figurines describing acupuncture 

points and meridians have been used by traditional Chinese physicians for centuries and are 

still used by modern acupuncturists as a guide to therapy. (Figure 2) 

Acupuncture points are defined by anatomical landmarks, body posture, surface markings 

and creases and as well as measurement of the body called the "cun" which is based on the 

relative dimensions of an individual's anatomy. The description of acupuncture points is 

not limited to human anatomy and descriptions of points on animals exist that are 

thousands of years old (Yu, Zhang et al. 1994) (Jayasuri ya 199 1) 

As well as having specific locations, acupuncture points are said to have specific funcikns 

with certain acupuncture points being related to specific internal organs. Points with related 

functions are said to be joined by pathways or meridians that are named according to the 

internal organ with which they are associated. The concept of meridians that link related 

acupuncture points into a functional network has been developed into a sophisticated 

system of channels and collaterals, with 12 major meridians being connected to the internal 

organs through 8 extra meridians and vu-ious collateral channels. (Tsuei 1998) (Figure 2) 



Figure 1 Acupuncture charts depicting triiditionidly described acupuncture points 
:tnd meridians. 



The functional relationships of acupuncture poicts and meridians are described in detail 

with references being made to yin and yang, five-phase theory 2nd other conceptual 

constructs of traditional Chinese medicine. (Beinfieid & Korngold 1991; Kaptchuk 1983) 

In addition to acupuncture points being related to each other through the meridian system, a 

topographical mapping of points is described on various areas such as the ears, hands, feet 

or face or scalp. These areas are said to contain Lmicrosgstems' that represent the entire 

body thus providing an example of the philosophical position that the macrocosm reflects 

the microcosm. (Oleson & Kroening 1983) 

The idea that functionally related points are joined by meridians relates back to the concept 

of Qi, for the meridians are supposedly a series of pathways along which Qi preferentially 

flows. As well as being described conceptually, the meridians may also be practically 

described as the path of a distinct sensation called "deqi" or "the acupuncture sensation". 

This sensation consists of soreness, numbness, distention and fullness, and is commonly felt 

to radiate along a meridian pathway due to needling an acupuncture point. (Bs~wankar 1988) 

The sensation of deqi is traditionally related to the therapeutic effect of needling and in some 

individuals who are considered particularly sensitive to acupuncture this feeling is particularly 

strong and is termed "Propagated Sensation along a Meridian" (PSM). (Bensoussan 1991 b) As 

well as being produced by needle insertion it is often stated that an experienced acupuncturist 

can feel the sensation of deqi through the needle 3s a tightening and slight jerking of the needle, 

or the feeling of the needle being 'sucked' into the tissue. (Chang 1976) 

In determining which point to puncture there are many principles are used drawing on the 

complex relationships between the points, meridians and the conceptual constructs of 

traditional Chinese medicine. In addition to utilising traditional Chinese medicine theory, 

point selection also has a large practical and empirical component. It is generally 

acknowledged that any point that is able to reproduce the patient's symptoms will produce 

the best therapeutic effect and that any acupuncture point that is particularly painful is also 



deemed to be worthy of puncture. (Baldry 1993) Thus, while there are classically defined 

acupuncture points described in ancient texts, any tender point on the body may be deemed 

an acupuncture point. Supposedly, the best therapeutic effect is obtained when deqi is elicited 

and when the most specific points are used. Thus it is said that the master acupuncturist will 

use the fewest points yet obtain the most dramatic results. @orwankar 1988) 

Based on the traditional acupuncture principles there are many factors that are taken into 

consideration when deciding on the parameters for a particular Hc~puncture treatment. 

These factors include the type, depth and rate of stimulation, the specific points used, 

including the number and combination of points, as well as the number and frequency of 

treatments given, as well as the time of day, or even time of year that they are 

administered. In addition, the training of the acupuncturist along with considerations based 

on traditional Chinese medicine theory combine to detennine the treatment parameters. 

While the above discussion has focussed on the therapeutic use of acupuncture points, 

these same points and philosophical constructs are also described within the 'martial arts'. 

Therefore, in addition to enhancing physiological functioning, energy transfer at these 

points may be used to produce pain, numbness, and damage to the body's internal organs, 

unconsciousness or even death. (Yang 1987) Thus, the conceptual constructs of traditional 

Chinese medicine appear to provide a sophisticated analysis of the biological engineering 

of the body that may be related to general cosmological principles. 

The traditional Chinese account of acupuncture is detailed and sophisticated however, 

many questions remain. How can the principles outlined in traditional Chinese medicine be 

applied to our Western understanding of science and biology? Are there parallel concepts 

within Western science? Can Western cosmological principles be equally applied to 

biology and the study of pain? Can the constructs of traditional Chinese medicine be used 

to inform Western science? How can the useful and practical concepts within Chinese 

medicine be extracted from the ineffective and useless ideas? To begin to answer these 

questions requires an ability to translate Eastern concepts into the language of Western 

science. 



3.0 Western explanations for acupuncture 

3.1 Acupuncture in the West and the development of electrostimulaf 

Acupuncture reached Japan in the sixth century BC and from there was introduced into 

Europe in the 1600s by the Dutch physician Ten Rhijne (Msu 1989). This was followed by 

other reports from travelling doctors and Jesuit missionaries and during the 18' and 19" 

ce~turies and the practice of acupuncture enjoyed a short peiiod of use in Europe. It wasn't 

until the early 1970s however, that a report in the New York Times (Reston 1971) 

prompted serious discussion cf acupuncture by Western clinicians. (Porkert 1982). 

This 'rediscovery' of acupuncture in the West was somewhat preceded by the development 

of modem acupuncture techniques within China. The use of acupuncture in China wzs 

promoted as a politic:ai measure in the 1850s and it is claimed that this served to alter the 

practice of traditional Chinese medicine. (Porkert 1982) Thus it has been suggested that it 

is difficult to analyse the role of traditional acupuncture as this has been replaced by new 

methods that involve constant manipulation of the needle and electrical stimulation 

techniques. (Dimond 197 1) 

While the use of electrical stimulation as an acupuncture technique is generally considered 

a modem day phenomenon, the use of electricity for therapeutic purposes is as old as 

recorded history. The first electro-therapy treatments were applied with species of fish that 

produce electric charge and this is depicted by stone carvings in tombs from the Fifth 

Dynasty of ancient Egypt (2500BC).(WaIsh 1997) Electric fish were also used by Roman 

physicians and their use are described for the treatment of gout by the Roman Physician 

Scribonius Largus (AD 46) (Kellaway 1946) in his book Compositiones Me:dicae, which is 

one of the earliest texts describing electrotherapy and includes the passage; 

" For any type of gout a live black to,pedo should, wlretl the paiu begirls, be placed under 

tile feet. The patient must stand on a rnoist shore woshed by the sea and he shorild stay like 



this until his wlzole foot and leg up to the ktee is numb. This takes away presenf pain and 

prevents pain froin corali~zg 012 $71 lzns not already arisen." (Walsh 1997) 

The technology involved in electrotherapy did not improve greatly until the advent of the Leyden 

jar which could generate and store electrical charge in the mid 1700s at which time electrical 

stimulation enjoyed an incmsing popularity with proponents such as Benjamin Franklin. (Kahn 

1994) The use of electrical stimulation applied to acupuncture was first reported .by Gennai 

Hiraga in Japan in 1764, (Omura 1975) yet it wasn't until the 1950s that electrostimulation began 

to be systematically studied and used for surgical anaesthesia in China. 

Modern electro-stimulation techniques involve the use of specially designed electro- 

stimulators, which provide voltages of the order of milliVolts and currents in the range of 

micro to milliAmps. These devices permit the application of positive or negative potentials 

to acupuncture points either through skin electrodes or through the direct connection with 

acupuncture needles. Generally a biphasic pulsed waveform is used that has a zero net DC 

component so as to avoid the build up of charges around the electrodes. (Walsh 1997) The 

pulse width is usually between 10 and 200 ps and pulse frequencies may be modulated 

from 1 KZ to 10 kHz with low frequencies of the range 2 to 20 Hz being used to produce an 

acupuncture-like effect. (Walsh 1997) 

The parameters of electrical stimulation are generally adjusted to produce a mild sensation 

of current without pain and without inducing excessive muscular contraction. The 

parameters however are largely adjusted based on clinical experience and empirical 

observations and there are very few principles to guide clinical practice. Despite this, the 

use of electrical stimulation is extremely common in practice and electroacupuncture has 

been found more effective than manual acupuncture for producing analgesia (Ulett, Han et 

al. 1998a) 

In addition to the development of electrostimulation techniques, the adoption of 

acupuncture in the West has led other novel techniques. Currently the practice of 

acupuncture includes the use of electrical stimulation, laser, microwaves, ultrasound, and 



magnetism, as well as the use of implantable electrodes and dorsal column stimulation. 

(Bensoussan 199Bb: Jayasuriya 1991) It is uncertain however, to what degree these 

techniques can be considered congruent with the practice cf traditional acupuncture as they 

may be employed without reference to the philosophical principles or practical guidelines 

outlined by traditional Chinese medicine theory. (Ulett, Han et al. 199Sb) Thus, while the 

practice of acupuncture usually involves needles, the definition of acupuncture may be 

considered to be quite broad and includes other stimulation techniques such as low level 

laser, moxibustion, cupping, transcutaneous electrical neural stimulation (TENS), trigger 

point therapy and dorsal column stimulation. (Bensoussan 1991b) 

In general, acupuncture has proven to be a cheap, safe and efiective therapy, the main use 

of which is in treatment of pain and addictions. (Cohen 1994) In addition to treating pain, 

acupuncture has been shown effective in systemic conditions and for surgical analgesia. 

(Stux & Pomeranz 1990) However, its efficacy is such that there would appear no 

justification for the use of acupuncture in competition with orthodox anaesthetic 

techniques. (NHM-RC 1989) 

The relative safety and efficacy of acupuncture compared to other treatment modalities 

suggests that in many conditions, acupuncture should be used as a 'first line therapy', thus 

keeping with the Hippocratir: ethic of 'yrst do rzo ham". Acupuncture however, is a medical 

procedure and like any other procedure, does have associated risks if used without 

appropriate skills and knowledge. (Canon, Epstein et al. 1974) These risks include 

transmission of infections from contaminated needles, injury to vital structures by misguided 

needle p1 acement, and the masking of symptoms preventing early detection and diagnosis. 

While the risk of infection can be easily prevented with disposable needles or low level laser, 

the risk of injury can only be prevented through adequate trait+; in anatomy and pathology. 

The World Health Organisation estimated that in 1979 acupuncture was a major mode of 

therany for one third of the world's population (Bannerman, 1.980) and as a guideline for 

practitioners drew up a provisional list of disorders that lend themselves to acupuncture 

treatment. (NHMRC 1989) In Australia at present, acupuncture is offered by a variety of 



providers including doctors, dentists, veterinary surgeons, physiotherapists, chiropracto~?:, 

and various lay practitioners. At least 5% of Australian general practitioners currently 

practice acupuncture (Easthope, Beilbq et al. 1998) and ~ v e r  20% have received some 

acupuncture training. (Pirotta, Cohsn et al. 2000) The extent to which general practitioners 

practice acupuncture however, appears to be extremely varied ranging from a 

consuitations to full time pracf ce. 

few 

Neurological disorders 
Headache and migraine 
Trigeminal neuralgia 
Facial paralysis 
Peripheral neuropathy 
Post-poliomyelitis paralysis 
Meniere's syndrome 
Neurogenic bladder 
Nocturnal encresis 
Intercostal neuralgia 

Muscuioskeletal disorders 
Acute/ chronic muscle strains 
Frozen shoulder 
Tennis elbow 
Lumbar pain and sciatica 
Degenerative arthritis 
Inflammatory polyarthritis. 

- 
Mouth disorders 
Toothache 
Post extraction pain 
Gingivitis 
Acute or chronic pharyngitis 

Upper respiratory tract 
Acute sinusitis 
Acute rhinitis 
Common cold 
Acute tonsillitis 

Respiratory system 
Acute txonchitis 
Bronchial asthma 

- 
Eye disorders 
Acute conjunctivitis 
Central re:initis 
Myopia in children 
Uncomplicated c a t x x i  

Gastrointestinal disorders 
Oesophageal and cardia 
spasm 
Hiccough 
Acute and chronic gastritis 
Gastric hyperacidity 
Uncomplicated duodenal 
ulcer 
Acute and chronic colitis 
Acute bacterial dysentery 
Constipation and Diarrhoea 
Paralytic ileus 

Table 1 World Health Organisation List of Indications for Acupuncture 

3.2 Scientific research into Acupuncture 

The research literature into acupuncture is vast and can be divided into many different 

areas of study with different degrees of scientific and experimental rigor. While there is a 

vast and rigorous literature on the physiological effects and the neuro-humoral mechanisms 

behind acupuncture, the clinical literature is generally of poorer quality. Perhaps even less 

rigorous and coherent is the literature. into the biophysical and electro-physiologica1 nature 

of acupuncture poiuts and meridians. 



The widely disparate nature of the acupuncture literature may be seen to arise from the fact 

that there is no general agreement as to how to define acupuncture. Thus, many studies 

attempt to divorce themseives as much as possible from the historical and cultural basis of 

acupuncture and aim to merely examine the effects of 'dry needling of musculoskeletal 

trigger points', 'electro-stimulation' or other forms of 'acupuncture-like stimulation'. The 

research literature is therefore divided into work that generally denies the historical and 

conceptual basis of traditional Chinese medicine and literature that accepts the basic 

traditional Chinese medicine principles from the outset. 

Due to the widely different conceptions of acupuncture within the literature, there is no general 

agreement as to point location, nomenclature or meridian anatomy. While some in roads have 

been made in this area with international committees zttempting to standardise the 

nomenclature used, (The WHO Scientific Group to Adopt a Standard Inte~nlttionaI 

Acupuncture Womenclature 1993) acupuncture points are defined differently by different 

studies. For exmpie point are commonly located by locating low resistance points, tender 

points, or points 1ocate-G by an experienced acupuncturist or described on traditional 

acupuncture charts. 

The lack of an agreed standard by which to definc acupuncture points greatly hinders the 

development of quality research and this is further hindered by the lack of any standards in 

the many stimulation parameters. Studies are therefore widely heterogeneous with regard 

to stimulation techniques, depth and angle of insertion, stimulation frequencies, 

amplitudes, duration, and points used, as well as with regard to the use of traditional 

Chinese medicine principles. The wide variations in definitions for acupuncture, along with 

the lack of standardisation for acupuncture techniques, makes it difficult for comparisons to 

be made b:ween studies. The research literature therefore lacks coherence and this is 

compounded by a lack of a general theoretical framework with which to explain 

experimental findings. Most of the scientific literature therefore can be seal to merely 

validate the acupu~~cture phenomena and demonstrate how it may work, rather than provide 

an understanding of why it works. The following chaplers attempt to review the clinical and 



physiological literature 013 acupuncture, before discussing the nature of acupuncture points 

1998) When app!ied in this manner the rem 'medical acupuncture' or 'scientific 

acupuncture' is commonly used to differentiate it from traditional Chinese medicine, which 

is intricately linked to its plilosophical a ~ d  cultural history. 

This approach has led to many clinical trials of acupuncture and a vast literature on its 

clinical effects that have been reviewed previously. (Filshie 8: White 1498) While it is 

beyond the scope of the present work to review the research literature on the clinical 

applications of acupunclure, this literature can be categorised into different groups 

according to the methodology used. Thus, clinical research can be divided into tria!~ that 

include anecdotal or uncontrolled studies, trials using a no-treatment control group, trials 

using a alternative treatment control group, and placebo-coiltrolled trials which may either 

use a non-acupuncture placebo group such as bogus TENS, or a 'sham acupuncture' 

placebo group, where needles are placed in points considered to be 'non-acupuncture 

points'. (Lewith & Machin 1983; Prance, Dresser et al. 1988; Richardson & Vincent 1986) 

While the cli,~~cal research literature is vast, few studies are able to meet the gold standard 

for clinical trials that includes double-blinded, randomised, placebo-controlled trials with 

defined outcome criteria and sufficient statistical power. (Vincent & Richardson 1986) 

Thus, it is acknowledged that the clinical research into acupuncture is generally of poor 

quality. (Lewith & Vincent 1998; NIH Consensus Development Panel on Acupuncture 

1998; Prance, Dresser et al. 1988) The paucity of high-quality clinical research into 



in this type of research. These methodological problems include poor design, inadequate 

statistical analysis, difficulries in defining the diagnosis of conditions to be treated and 

problems with the choice of suitab?;, placebo interventions and control groups (Lewith & 

Vincent 1998). 

In oruer tc have reproducible results in clinical trials, a standardised treatment approach is 

needed. Acupuncture however is a 'holistic' therapy, and most acupuncturists tailor their 

treatments to the needs of individual patients and may use different points as treatment 

progresses. (Bensoussan 1991a) Furthermore, due to the nature of the treatment, double- 

blind conditions are virtually impossible to achieve. Other methodological problems 

include the choice of treatment parameters, agreement as to the location of 'true' 

acupuncture points, the need for sample sizes to be sufficient to provide adequate statistical 

power and the requirement of having objective yet multidimensional measures of outcome. 

(Lewith & Vincent 1998; Richardson & Vincent 1986) 

Perhaps the most perplexing problem in acupuncture research is the choice of a suitable 

placebo. Randomised controlled trials were originally Jeveloped to assess the efficacy of 

pharmaceutical interventions and pose many difficulties when being applied to physical 

therapies such as acupuncture. A review of randomised t~ials on acupuncture (Lewith 8; 

Machin 1983) has shown that response rates vary from 30% for placebo groups, to 50% for 

sham acupuncture groups, and 70% for true acupuncture groups. These results suggests 

that sham acupuncture cannot be considered an adequate placebo, but rather a "poor f o m ~  

of acupuncture"(Lewit1~ & Machin 1983). The use of a sham acupuncture group therefore 

requires a larger numbers of subjects to be able to detect significant treatment effects. As 

most trials do not employ large numbers of subjects, the authors were forced to conclude: 

"The irtajcrity of publislted reports have a very low power for disti~rguishi~g statistical 

drflerences benveer1 treatment groups" [arzd her~ce} "one canr:ot rlecessarily coidude fronl 

rrials wlriclz produce statisticnlly noit-sigrl1'j7cciizt results tlzat acnprrrzctrrre (when compared 

with placebo for example) is i~refective." (Lewith & Machin 1 983). 



It is perhaps surprising that despite the difficultieis associated with the clinical evaluation of 

acupuncture, there are n!lmerous trials that can attest to its efficacy. A recent United States 

National Institute of Health Consensus Conference reviewed the status of acupuncture and 

drafted a consensus statement that acknowledged the paucity of high quality clinical 

research into the clinical uses of acupuncture as well as the inherent methodological 

difficulties, yet concluded that: 

"Proazising results have emerged", and; "the data in support of acupurzcture are as 

strong as those for many accepted Westem rrledical rheropies." The panel went on to 

conclude that; "there is sufliciei~f evidence of ucupurzctwe's value to expmd its nse into 

conve~~rional medicine and to crtcoidrage further studies of i f s  pirysiology and clinical 

value."!NIH Consensus Developmsnt Panel on Acupuncture 1998) 

3.4 Physiological elfects of acupuncture 

Th : effects of acupuncture include subjcctive sensations and psychological effects as well 

a5 physiological effccts that include analgesia, homoeostasis, immune enhancement and 

rroior recovery. (Jayasuriya 1991) In addition to these effects, which are generally well 

accepted, it  is often claimed that acupuncture may have ;nore subtle effects by acting on 

'subtle energies' within the acupuncture meridian system and that these are pr im~iy  to the 

more gross physiological effects. (Tiller 1997) Most research into the physiolcgic.al 

research into acupuncture however denies any energetic processes into the body i,lld . 

merely emphasises the ~eed le  effect. This however may not be essential. (Tsuei 1998) 

Whether or not this is the case, the existence of the physiological effects of acupuncture is 

generally not disputed. (A~:dersson & Lundeberg 1995) 

In addition to obviously producing physiolopiral -- changes, acupuncture also has profound 

psycholog cal effects. The strong psychologiiai component with acupuncture hcs led to the 

suggestion that its a~tion is pureiy placebo. (NCAHF 1991) The ability of acupcncture to 

induce psychologicr: changes, which can then go on to produce physiological effects, is 

evident in peopie who exhibit nervous laughter, s\veating, feelings of nausea, and Iight 

headednss with just i hz  thwght of a needle being inserted into their body. 



The debate over the placebo status of acupuncture is clouded by the complexiries of 

clinical trials research and the difficulties in devising an adequate placebos for use in 

randornised controlied trials makes it difficult to draw firm conciusions. (Lewi th & Vincent 

1998) However, while it is likely that acupuncture does indeed have a powerful placebo 

effect, (Emst 1994) the numerous physiological changes demonstrated with acupuncture in 

koth animals and humans make it seem unlikely ha t  acupuncture is purely placebo. 

3.4.1 Analgesia, 

By far the most extensive literature on the physiological effects of acupuncture centres on 

acupuncture analgesia and the many neuronal and humoral effects that may be associated 

with it. The extent of this literature has led to different authors pointing out that there is 

more known about acupuncture analgesia than there is about many chemical drugs in 

routine use (Jayasuriya 1982; Stux & Pomeranz 1990). 

Certainly, the neurophysiological basis of acupuncture analgesia is well established. This 

has been primarily based on the gate control theory of pain mechanisms (Melzak and Wall, 

1965) which describes a competition between large and small diameter fibres for 

transmission of pain signals to the brain (Figure 3) and the discovery of the endogenous 

opioid and other neurotransmitter involvement. 

In 1989 after investigating the scientific basis of acupuncture, the executive committee of 

the National Health and Medical Research Council concluded that: 

"the relief of pain by acrrpzclrcturc. can be cxplnil~ed in t e r m  of ~ieuroplzysiologicnl 

nzechmzisnzs. These n~eclzanisrm depend on an intact and furlctio~zr'izg periplrerd aud 

central 1zervous s y ~ ~ n ,  car1 be indmed witltmt zisiizg the fidl range ojC traditio~lcd 

aczpmcture poiuts alld are similar iv J ~ ~ I ~ ~ ~ S I I I S  associated with rz~rcstic urzalgesia. 112 

acidition to a ~leurophysiological efjrect LW pail], acuprrrrctrtrc has a power-tl pl'acebo 

e,ffect."(NHMRC 1989) 
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E'igure 3 The Gate control theory of pain mechanisms. 

Large and small diameter fibres are seen to project to the substantia gelatinosa (SG) 
and the first central transmission cell (7'). (+ excitation - inhibition). The inhibitory 
effect exerted by the substantia gelaiinosa on the transmission cell is seen to be 
increased by large fibre activity and decreased by small fibre activity. Thus small 
fibres open and large fibres close the physiological pain gate. (Melzak and Wall, 1965) 

Evidence to date certainly suggests that acupuncture analgesia is a real phenomenon. The 

basic pathway by which acupuilcture analgesia is produced appears to begin with the 

stimulation of small diameter nerves in muscles which send impulses to the spinal cord, 

and then to centres in the spinal cord, midbrain and pituitary that release endorphins and 

monoamines which block pain messages. (Stux & Pomeranz 1990). 

The acceptance of acupuncture by the scientific community has been greatly enhanced by 

the discovery of the endogenous opioids or endorpl~ins and the finding that these were 

incrzased during acupuncture analgesia, Sir,c;s their discovery there has been intense and 

rigorous research into the role of the endorphins i n  acupuncture analgesia. Stux and 

Pomeranz summarise the research on the role of the endorphins in acupuncture and identify 

at least ten different lines of experimental evidence that has emerged to support their role. 

(Stux & Pomeranz 1990) 



Most of this research into establishing the neurological basis for acupuncture has been done 

using electrical stimulation in addition to traditional needling. Elect~ical stimulation may 

be applied via a needle or transcutaneously using a surface electrode in which case the 

procedure is termed Transcutaneous Electrical Nerve Stimuistion (TENS). (Walsh 1997) 

Ulett et al. have determined that electroacupuncture is more effective than manual 

acupuncture for producing analgesia and that electrical stimulation via skin patch 

electrodes is as effective as electro-acupuncture using needles. (Ulett, Han et al. 1998a) 

Despite these differences, acupuncture, electro-acupuncture and TENS are generally 

considered similar and are not commonly distinguished in the academic literature. 

The use of electrical stimulation has somewhat standardised acupuncture research by 

allowing stimulation parameters to be quantified into values such as voltage, current, 

amplitude and frequency. The use of TENS and direct electrical stimulation has therefore 

gone a long way to making the field of acupuncture research acceptable. This research 

however, has raised many more questions than it has answered for it 113s revealed that the 

electrophysiological and neuro-humoral mechanisms behind acupuncture analgesia are 

extremely complex. The complexity of the neuro-humoral mechanisms of acupuncture 

analgesia is evident when it is realised that different types of stimulation produce different 

types of analgesia. For example Takeshige found that analgesia caused by direct 

acupuncture point stimulation is naloxone reversible, while that caused by stimulation at 

non-acupuncture points is dexarnethasone reversible. (Takeshige 1985) 

The complexity of acupuncture analgesia is also evident when viewing the research h m  

Professor Han's team from Beijing University in China. His team has produced a wealth of 

rigorous research indicating that stimulation at different frequencies produces different and 

distinct physiological effects including the differential release of neuropeptides. (Han, 

Chen et al. 1991; Han, Xie et al. 1984). For example they have reported that different 

opioid peptides are released by different stimulation frequencies (Han, Xie et al. 1984) and 

that low-frequency (2 Hz) electrical stimulation on the hand and leg results in raised met- 

enkephalin levels in CSF without changing the levels of dynorphin A, while high- 



frequency stimulation (100 Hz) causes increased Dynorphin A in CSF with no change in 

met-enkephalin. (Han, Chen et al. 1991) 

The finding that different frequencies of electrical stimulation produce different effects has 

led to the classification of different modes of TENS, the main modes being low-frequency 

(1-4 Hz) or 'acupuncture-like' TENS and high frequency (>l00 Hz) or 'conventional' 

TENS. (Kahn 1994; Walsh 1997) These two modes appear to produce different types of 

analgesia. iAndersson & Lundeberg 1995) Acupuncture-like TENS produces analgesia 

that has a relatively slow onset and long duration with cumulative effects. This type of 

analgesia is thought to involve endorphin release from the spinal cord midbrain and 

pituitary and is blocked by naloxone. Conventional TENS on the other hand produces 

analgesia that has a rapid onset, a short duration and does not have cumulative effects. This 

type of analgesia produces a strong segmental effect that is not blocked by naloxone and is 

thought to activate the midbrain and spinal cord and involve the release of monoamines. 

(Stux & Pomeranz 1990) 

The frequency dependant nature of the effects produced by electrical stimulation suggests 

that it is more than just the simple stimulation at certain points that influence pain 

perception. However while there is a vast amount of information that can be transmitted via 

the frequency component of electrical signals, to date research has only divided the 

stimulation parameters into broad categories of 'low' (0-100Hz) or 'high' (100Hz-10kHz) 

frequency. 

Surely there is a lot more to be learned from this research, and many questions remain 

unanswered, such as: why does the body respond to different frequencies? What is the 

nature of the infonnatiorl that may be transferred through the acupuncture meridian 

system? How does the body distinguish between frequencies? Do resonances occur with 

specific frequencies? Are particular frequencies unique to a particular individual, 

anatomical region, acupuncture meridian or clinical condition? Furthermore, the question 

of the relationship between frequency and pain remains relatively unanswescd. 



3.4.2 Horneostasis and ir?zr?~uite enhancement 

In addition to producing analgesia, acupuncture has many other physiological effects and 

this is reflected in its traditional uses. Perhaps the most clinically important effect of 

acupuncture is its effect on hornoeostasis, which is commonly used clinically. Thus 

needling at similar points may be used to relieve hypo or hypertension, or hypo or 

hyperglycaemia (Jayasuriya 1991) and acupuncture has been found to enhance 

cardiovascular homoeostasis in healthy people. (Ballegaard, Muteki et al. 1993) 

It has been suggested that one of the ways in which acupuncture is able to affect organ 

systems is by the stimulation of the autonomic nervous system via the cutaneo-visceral 

reflexes. These reflexes along with viscero-cutaneous reflexes permit stimulation nf the 

skin to effect the internal organs and vise-versa. (Kuntz 1945; Mann 1980) Thus 

acupuncture has been shown to affect the sympathetic nervous system in anesthetized rats 

(Lin, Fu et 21. 1998) and humans, (Knardahl, Elam et al. 1998) as well as produce reflex 

responses in gastric motility, (Sato, Sato et al. 1975a; Sato, Sato et al. 1993) contraction of 

the urinary bladder, (Sato, Sato et al. 1975b; Sato, Sato et al. 1992) as well changes in 

carotid arterial pressure, stroke volume and peripheral vascular resistance. (Clifford, Lee et 

al. 1976; Lee, Lee et al. 1976) 

While the effects of acupuncture on the autonomic nervous system are well documented, 

they are extremely varied and have not been the subject of systematic study. Many 

different effects have been reported including the ability of electroacupuncture to produce a 

transient increase in muscle sympathetic activity (Knardahl, Elam et al. 1998) and 

stimulation to points on the hand and leg to producing changes in facial temperature. 

(Zhang, Wen et al. 1990) Acupuncture has also been shown to influence brain function as 

evidenced bp changes in the electroencephalogram (EEG). 

The EEG changes produced by acupuncture are of particular interest as the role of the brain 

may be considered of primary importance in the processing of information from the periphery. 

Furthermore, the EEG changes observed with acupuncture are suggestive of a generalised 

homoeosta~ic effect. EEG changes that are characterised by a significant increase in EEG alpha 



(8-12 &) activity have been foutic! to be produced with both laser acupuncture (Wmg, Huang 

et al. 1992) and elecvoacupuncture. (Rosenblatt 1982a; Saito, Sim et al. 1983; Varrassi, Manna 

et al. 1986) This increase in EEG alpha wzve activity is similar to that seen during meditation 

(Banquet 1973; Orme-Johnson 1973; Wallace 1970) which has been reported to correspond to 

generalised homoeostatic effects on physiological processes. (Benson 1975) Similar changes 

have also k e n  reported during Qi-Gong. (Zhang, Zhao et al. 1988) 

In addition to physiological effects that are obviously neuronally mediated, acupuncture 

has also been reported to influence other internal states. Thus there are reports of 

acupuncture increasing secretion of salivary neuropeptides, (Dawidson, Angmar et al. 

1998) plasma growth hormone (Debreceni 1991), and free fatty acids, (Doenicke, Kamipik 

et al. 1976) as well as reducing serum albumin, haematocrit and serum cholinesterase. 

(Doenicke, Kamipik et al. 1976) In addition to the above physiological effects, acupuncture 

has been found to have a homcreostatic effect on the immune system in animals (Chu & 

Affiaonti 1975) and humans. (Bossy 1990; Bossy 1994; Cui 1992) 

The ability of acupuncture to modulate that immune system is used clinically to treat 

infectious or autoimmune diseases. While the mechanisms by which acupuncture produces 

these effects is not well understood the role of -4CTH may be of importance. ACTH has a 

significant effect on inflammatory responses through the relcase of cortisol 2nd is produced 

in the pituitary from the precursor pro-opiomelancortin in equimola;. srno~inrs to P- 
endorphin. (Andersson & LundeSerg 1995) Furthermore P-endorphin itself has been shown 

to have imrnunon~odulatory effects with 0-endorphin receptors existing on immune cells. 

(McDaniel 1992) 

In addition to centrally mediated effects on the immune system through ACTH and P- 
endorphin, it is possible that there is a direct effect of needling on the immune system. 

Certainly needling does produce some cell damage with a corresponding release of 

infhmrnalory markers. Thus, substances such as bradykirlin and histamine may play a role 

in modulating the immune response;: in acupuncture. (Popkin 1972) An interesting 

observation that supports the possibility of immune enhancement by the direct effects of 



needling is the observation that despite its common use in clinical practice, skin 

preparation with alcohol swabs to reduce microbiological contamination is unnecessary 

before routine injection. (Dann 1969; Koivisto 1978) A possible reason for this observation 

is that the needle effect produced by the injection is sufficient to produce local immuno- 

stimulation that counters any slight tendency towards infection. The apparently low rate of 

infection at acupuncture sites further supports this. 

The role of acupuncture in enhancing hornoeostasis has been extended from considerations 

of general ph ysioiogical functioning to include the concept of bio-electric homoeostasis 

with the exchange of energy between meridians being compared to the exchange of 

electricity between closed electrical circuits in the body. (Maxey 1976; Zukauskas, Dapsys 

et al. 1988) This suggestion builds on the work of Bjorn Nordenstrom who maintains that 

there are "biologically closed electric circuits" that constitute a complex electrical system 

that regulates the activity of the internal organs. (Nordenstrom 1983) This idea is supported 

by experiments in atiimals and humans that found that electrqhysiological parameters in 

different points and zones of an organism remain practically constant, while the changes in 

separate organs or skin points vary widely. (Zukauskas, Dapsys et al. 1988) Despite some 

experimental verification, this theory is not widely recognised in the scientific literature. 

(Becker 1991) 

While there is much research to demonstrate the different physiological effects of 

acupuncture, (Reichmanis & Becker 1978) this research is not as coherent as the research 

on acupuncture analgesia and many of the above findings await further collaboration along 

with elucidation of the mechanisms involved. Certainly the mechanisms by which 

particular acupuncture points may have specific effects is not fully explained by cutaneo- 

visceral pathways and many of the clinical effects of acupurrcture await further elucidation. 

Many questions remain such as: What is the nature of the relationship between specific 

points and organs? How is this relationship mediated? What is the nature of acupuncture 

points and how are they able to mediate the exchange or energy and information between 

the internal and external environment? 



4.0 The anatomv of acupuncture 

4.1 The nature of acupuncture points 

Traditional Chinese sources identify 365 acupuncture points on the body (Dornette 1975) - 

and modcm authors have extended this number to over 2000. (Jayasuriya 1991) Despite 

these claims, the existence of acupuncture points is a widely disputed. Some authors such 

as Bossy suggests that the accurate anatomical localisation of the point is indispensable to 

get satisfactory therapeutic results, as is the correct puncture of the point in terms of 

location, direction and depth. (Bossy 1984) Other authors others contend that acupuncture 

points are a myth and that puncturing in the general area is sufficient. (Mann 1992). 

The fact that acupuncture points are located on the skin links them to a sophisticated organ 

that not only covers and protects an organism, but also serves functions such as breathing, 

elimination, heat exchange and transduction of impinging external forces. (Fleck 1975) The 

skin is a specialised form of epitheiiurn and is a complex tissue that consists of three layers, 

the epidermal, the dermal and the subcutaneous tissue. The outermost epidermis consists of 

five layers. The deepest layer where new kcratinocytes are produced is termed the stratum 

germinativum or stratum basalis. This layer is bound to the underlying basal membrane and 

dermis by hemidesmosomes, which are plaque-like attachments on the basal membrane of 

epithelia1 cells that are also attached to tonofilaments that help to constitute the cellular 

cytoskeleton. (Hopkins 1978) The cells of the basal layer are also attached to each other 

and to the cells of the overlying stratum spinosum by numerous desmosomes thus forming 

a connective tissue network between the layers of the dermis. Above the stratum basalis, 

are the stratum spinosurn, stratum granulosum, stratum lucidiurn and stratum corneum. 

The layers of the skin contain cells of increasing degrees of kcratinization and the 

epidermis is avascular and is nourished by the underlying dermis. This nourishment 

however, is only sufficient to sustain the deeper layers of the epidermis. Thus by the time 

the more superficial cells reach the body surface, they are nothing more than dead flakes of 



keratin that are being conti;iually worn off and replaced by new cells from underneath. 

(Cormack 1984) While the eyidemis may appear relatively inactive, epidermal1 y derived 

skin appendages extend down into the dermis, some reaching the superficial fascia which 

comprise the subcutaneous tissue. (Comack 1984) 

In addition to being connected through their respective cytoskeletons, epithelia1 cells are 

also served by an extensive intercommunication network consisting of series of gap 

junctions. These junctions consist of a narrow gap between adjacent cells that is traversed 

by tubular passageways that allow the passage of chemical and electrical signals between 

cells by allowing the passage of low molecular weight molecules and ions. (Cormack 1984; 

Hopkins 1978) Gap junctions have a primary role in the heart and visceral smooth muscle 

in propagating waves of electrical excitation throughout the tissue and lcw electrical 

resistance pathways between cells may be related to the relative distribution of gap 

junctions. (Guthrie 1984) Yet, while gap junctions are widely distributed throughout most 

tissues of the body, their specific role in intercellular communication in the epithelium is 

not well understood. (Hopkins 1978) 

While it is the skin that acts as the interface between external and internal forces, most of 

the work involving acupuncture has focused on the actions of the nervous system. The 

sensory nerve supply of the skin is derived from many sources and varies from thickly 

myelinated sensory fibres with large diameters, to nonmyelinated sensory and autonomic 

fibres with extremely small diameters. The myelinated fibres eventually lose their myelin 

sheaths and terminate in naked axons that are in close relation to the epidermal cells and 

collagen fibres (Flcck 1975) as well as 4,orming a variety of end-organs, such as Merkel's 

disks, Golgi's tendon organs, neuromusl.;ular spindles and corpuscles of Ruffini, Meissner, 

Golgi-Manzoni and Pacini. (Cormack 1984; Fleck 1975) These various elements form an 

extensive and overlapping network and the skin entire skin surface forms a sense organ that 

co~tinually transforms external energy such as heat and mechanical deformation into 

information that can be transmitted and processed by the peripheral nervous system. 



There is certainly a relationship between acupuncture poir-1s and the nervous system. This 

is evident by the ability of local anaesthetic agents to prevent the effects of acupuncture 

(Jayasuriya 1982; K a d a  1976) and the fact that acupuncture analgesia fails to develop on 

the affected side in hemiplegic patients. (Kaada 1976) The mipuncture sensation or deqi, 

which manifests as soreness, fullness, distention and numbness, can also be considered to 

be neurogenic and involve both the somatic and autonomic nervous system. (Dornette 

1975) The link between the nervous system and acupuncidre points is further supported by 

the observation that motor points have been found to tor: ~ : i n d  with acupuncture points. 

(Liao 1975) This correspondence has been demonstrated by Liu et a1 in a dooble blind 

study that found an excellent correspondence between motor points as determined by 

electro-diagnosis and acupuncture points as determined by an experienced acupuncturist. 

(Liu, Varela et al. 1.975) 

The association between the effects of acupunctb;: and the nervous system has led to the 

suggestion that acupuncture points tend to have higher cowentrations of neural and 

vascular elements. It has been noted that acupuncture points appear to correspond to 

concentrations of sensory receptors, (Dornette 1975; Fleck 1975; Funakoshi & Kawakita 

1980; Matsumoto 1972) or Golgi tendon organs. (Gunn 1976; Hwang 1992) The link 

between the acupuncture points and the nervous system is also strengthened by the 

observation that acupunctuxe points tend to coincide with cutanems nerve branches (Kaala 

1976) and the points where small nerve bundles penetrate the fascia. (Bowsher 1998) 

While there are many studies that are suggestive of an anatomical basis for acupuncture 

points, these studies await reproduction by lothers before they are general] y accepted. Most 

authors therefore contend that there are no consistent anatomical correlates f r~r  acupuncture 

points. Furthermore, while the role of the rrervous system in acupuncture has been widely 

confirmed, there are many authors that believe that the nervous system does not account for 

all observed phenomena and that a more basic substrates for the actions of acupuncture 

exist such as gap junctions (Shang 1989) or the fascia and connective tissue. (Matsumoto & 

Birch 1988) 



4.2 The role of the fascia 

While the existence of spciific anatomical entities that c m  mediate the effect of 

acupuncture is not yet confirmed, it has been proposed that an anatomical :substrafe for the 

action of acupuncture may be the fascia and connective tissue. Matsumoto and Birch 

discuss the properties of the fascia in detail and suggest that there is evidence to show that 

connective tissue is capable of communication, connection, and energy conduction in the 

form of electron and proton transmission as well as having thermoelectric and piezoelectric 

properties.(Matsumoto & i3irch 1988) 

The fascia is certainly well placed to be a substrate for communications within the body. 

The superficial fascia is continuous with the derrnis and lies one or two millimeters below 

the surface of the skin while the deep fascia covers the musculature and is continuous with 

the subserous fascia that line the abdominal and thoracic cavities providing connections 

with the organ systems of the body. The fascia also provides connection to the autonomic 

nervous system with the autonomic ganglia being embedded in fascial planes. 

James Oschman from Woodshole Marine Biological Laboratory discusses the role of the 

fascia and states: " In principle it worrld be possible to trace flze fascial corzrzectiorzs 

belween any point within the body and m y  other. . . Ar arzy particzclar level irz the body the 

conrlective tissues Sonu a coiztirutolrs network emheatlling muscles, bones, nerves, blood 

vessels, and extending down nlicroscopicr~lly ortto tlze s~rface cf cells and evert into the 

cells the~nselves."(Oschman 1985) 

Fascia and connective tissue fibers are certainly pervasive throughout the body. Connective 

tissue fibers extend into every cell in the body and are contiguous with rhe microfilaments 

and microtubules that make up the cellular cytoskeleton and intracellular matrix. There is 

even the suggestion that these connective tissue fibers extend to the surface of the body. 

Electronmicrograph evidence has revealed that the anchoring filaments of 

hemidesmosonm extend through the dermal-epidermal junction thus allowing continuity 

from the collagenous filament system of the derrnis through the epidermis to the surface of 



the body. (Ellison & Garrod 1984) This connectior: is not only an anatomical and 

mechanical one for the fascia may communicate bioelectric as well as mechanical forces. 

(Matsumoto & Birch 1988) 

James Oschman summarises the properties of connective tissuc and fascia and suggests 

that this network does indeed constitute the anatomical basis for the acupuncture meridian 

system: 

" The corznective tissue arzd fascia form a ntcclzarzical col~rirluun?, extending throughout the 

axintal body, even io the innennosr parts of eaclz cell. All the great sys tem of the body - 
the circulation, the nervous system, tile nzusculoskeletal system, ilze digestive tract, fhe 

various organs - are ensheathed iil corzrlective tissue. This inatrix detenrlirzes ihe overall 

shape of the orgarzisnz as will 0.i the detailed arclzitectare of its parts. All moveirlelzts of the 

body as u whole or of its smallest parts are created by tensiorts created thrnuglt the 

co~slzective tissue fabric. Each tension, eaclz conzpression, each movensent causes 

crystalline latiices of connective tissue to generate bioelectric signals that are precisely 

clzarac~eristic of those tensions, col?lpressio~ls and movements. The fabric is a 

sernico~~ductiizg comnlunication network that call convey the bioelectric sigrzals betweerz 

every part /Jf the body and every other. part. This comntur~icatioiz m ~ r o s r k  is  to other than 

the nseridiarz system of traditional Orierltal inedicine." (Oschman 1985) 

The suggestion that the fascia may be the anatomical substrate for acuplincture is supported 

by experimental evidence. Kimura et a1 performed electron microscopy of transparent 

material that was found to bind to acupuncture needles after twisting-needle manipulation. 

This revealed that the material colresponded to injured fascia and consisted of collagen 

fibres, elastic fibres, fibroblasts, adipocytes and mast cells. Only rarely did the authors find 

nerve fibre like structures. (Kimura. Tohya et al. 1992) 

The possibility of the fascia being important in mediating the effects of acupuncture is also 

suggested by Kawakita et a1 who performed an elegant study using an insulated needle 

electrode and electrical stimulation in order to determine pain threshold at different depths 

of insertion. They found that the minimum pain threshold under a tender point occurred at 



the depth at where stiffness against the needle exertion could be felt and that this depth 

coincided with the fascia on ultrasonic tomography. (Kawakita, Miura et al. 199 1) 

Further suppori for the role of the fascia in acupuncture comes from Lin et al. who studied 

the depth of needling in modem and ancient teGs and compared the 'curz' measures in 

cadavers and live subjects using CT scans. This sudy revealed that the depth at which deqi 

is obtained corresponds to body thickr,;ss. (Lin 1997) In another study using human 

cadavers, Omura et al. found that the connective tissue network between the skin layer and 

the fascia on the muscle tissue at acupuncture points is more dense that surrounding areas. 

(Omura, Takeshige et al. 1988) The relationship between the fascial layers and acupuncture 

is also supported by the subjective observation that the feeling of deqi may be felt by 

experienced acupuncturists just as the needle is penetrating the deep fascia and that this 

corresponds with the patient's subjective sensation of 'deqi'. 

While there is still much te Iearn about the role of the fascia in the body, it does appear that 

the fascia is well placed to mediate the effects of acupuncture. The fascia certainly provides 

a continuous network that links the organs and tissues of the body and maintains structural 

and possibly electrical continuity. The fascial system within the body may therefore 

provide the basis for a direct current control system that underlies healing and regeneration. 

The existence of such a system has been proposed by Becker (Becker, Bachman et al. 

1962a) and evidence for this system will be discussed further in subsequent chapters. 

4.3 Acupuncture and trigger points 

While the ancient Chinese had a reasonable understanding of gross anatomy and were able 

to describe the circulation of blood thousands of years before this was acknowledged in the 

West, the Chinese view of anatomy is centered more on functional relationships between 

bodily structures than structure. Similarly, i t  seems that acupuncture points may best be 

considered as functional, rather than structural entities. 



The functional nature of acupuncture points is evident from the fact that there is an 

extremely high correlation between acupuncture points and myofascial trigger points. 

Myofascial trigger points are characterised clinically as points of focal muscle tenderness 

that can be identified using a pressure algorneter or palpation, and which are found to have 

a local twitch response to mechanical stimulation (Baldry 1993; Melzak, Stillwell et al. 

1977; Reeves, Jaeger et al. 1986; Travell & Simons 1983). When 'active'. trigger points 

are painful to palpation and refer pain, tenderness, and autonomic symptoms such as 

redness, swelling and sweating to remote structures in predictable and reproducible 

patterns characteristic for each point (Baldry 1993; Travell 1976). When 'latent', trigger 

points are still tender and may show a twitch response but do not produce any referred 

phenomena. (Reeves, Jaeger et al. 1985) 

Trigger points are used in Western medical practice for the diagnosis and treatment of 

pathological pain and their use has been widely adopted in Western medicine since a 

classic study by Travel1 and Rinzler described a large number cf spatial patterns of pair; 

associated with specific trigger points. (TraveII & Rinzler 1952) The therapeutic use of 

trigger points centers around the finding that local anesthetic administration to :rigger 

points often produce prolonged, sometimes permanent relief of some forms of myofascial 

or visceral pain (Baldry 1993; Bonica 1954; Traveli & Rinzler 1952). In addition to 

injecting trigger points with local anaesthetic, i t  has been found that brief intense 

stimulation of trigger points by dry needling, intense cold, injection of normal saline or 

transcutaneous electrical stimulation may have similar effects. (Baldry 1993; Travell 9t 

Rinzler 1952) 

The effects of intense stimulation, which have been labeled as 'hyperstimulation analgesia' 

closely resemble the effects of acupuncture and it has been suggested that trigger points and 

acupuncture points, though discovered independently and labeled differently, represent the same 

phenomenon (Vanderschot 1976). Indeed when examining the corselation between the location 

of trigger points and traditiond acupuncture points, Melzak et al. revealed that every trigger point 

has a corresponding acupuncture point and that there is a greater than 70% correspondence 

between the pain syndromes treated by these points. (Me.lzak, Stillwell et al. 1977) 



The correspondence between the location of myofascid trigger points and acupuncture 

points, as well as the ability for stimulation of these points to produce desirable clinical 

outcomes, gives support to the suggestion that acupuncture points are distinct functional 

entities, even though they may not demonstrable by consistent anatomical findings. 

4.4 The nature of the meridians 

In addition to the debate as to the anatomical existencr, of acupuncture points, the existence 

of the acupuncture meridians is also questioned. Skeptics often point out that morphological 

1-csearch has not reached any firm conclusions regarding physical evidence for the 

acupuncture meridians and thus they are a fiction. These criticisms are countered by some 

authors with the suggestion that acupuncture meridians may be likened to contour lines on 

topographical maps and are thus conceptual tools rzther than distinct physical entities. 

(Gunn 1998; Mann 1992). Felix Mann, one of the most renowned teachers of acupuncture 

in the West states in his lectures: "The nzericlialls of acupuncture are no more real tkarl the 

meridimu of geography. I f  sonzeone were to get a spade a m  tried to dig up the Gree~wiclz 

~neridiuiz, he might erzd irp 61 a h ~ l a l k  asylrrn~. Perhaps the sanze fate slzodd await those 

doctors who believe in ineridians." (Mann 1992) 

It seems that the original depiction of the meridians was as functional and physiological 

rather than as physical channels, with empirical evidence of their existence provided by the 

description of radiated soreness, distention and numbness or Propagated Sensation along a 

Meridian (PSM). (Xie, Li et al. 1996; Xue 1986; You 1992; Yu, Zhang et al. 1981; Zhu, 

Yan et al. 1981) Traditionally the appearance of PSM indicated an increased likelihood of a 

beneficial effect from needling and recently this has been demonstrated in patients with 

cardiovascular disease. (You 1992) The appearance of PSM has also been described in 

amputees along with its cessation after total section of the spinal cord thus implicating 

neuraxial participation in its production (Bossy 1984; Xue 1986) 

While the exact physical substrate for the acupuncture meridians is disputed, recently there 

has been the suggestion of objectively defining ihe meridians using techniques capable of 

imaging functional, rather than structural relationships. One particular technique for 



visualising the acupuncture meridians is describej by Macdonald whereby the entire body 

is covered in  a reflective substance such as oii or water to make the skin shiny and then 

illuminated by a single light source. When the body is placed in particular poses similar to 

those found in Ming dynasty (1368-1644) paintings of acupuncture meridians the 

meridians appear as highlights on the skin surface. (Macdonald 1982) 

It has also been suggested that acupuncture points and meridians maybe visualised using 

computerised thermography. (Zhang 195%) Zhang e: a1 used infrared thermography 

demonstrated a high temperature line along the path of an acupuncture meridian on the 

face. (Zhang 1992b; Zhang, Gao et al. 1990) 'i'hese authors were also able to shown that 

the high temperature line, which was between 1-1.5cm wide, could be made more 

prominent after acupuncture stimulation. (Zhang, Gao et a'l. 1992) This demonstration of 

isothermal meridian lines is disputed with the suggestion that these lines simply conform to 

the laws of temperature diffusion on tt-,c body surface and are not related to the classical 

acupuncture meridians. (Li 1996) 

In addition to demonstrating the meridians on the skins surface there have been many 

modern attempts to distinguish unique biophysical properties of acupuncture meridians 

using techniques that include acoustic, (Yu, Zhang et al. 1994), luminescent, thermal, (Li 

1996; Osipov, Glibitskii et al. 1996; Zhang 1992b; Zhang, Gao et al. 1990; Zhang, Gao et 

al. 1992) electrical, and isotopic.(Chen, Wu et al. 1994; De Vernejoul P., Albarkde et al. 

1992; Kovacs, Gotzens et al. 1992a; Lazorthes, Esquerre et al. 1990; Wu & Jong 1990; Zhu 

Z. 1990). Furthermore, meridians have not only been described In humans but also in 

animals (Yu, Zhang et al. 1994) and plants. (Hou, Dawitof et al. 1994; Hou & Li 1997a; 

Hou & Li 1997b; Hou, Luan et al. 1994; Hou, Re et al. 1994) 

Chinese workers have demonstrated low impedance lines and high-percussion sound lines 

on the skin surface of animals that are said to comspond to the meridians. (Yu, Zhang et 

al. 1994) Another group has reported that combining electrical imp~lses with mechanica.! 

stimulation using light taps on the skin surface along lines perpendicular to the channels, a 

specific numb feeling could be elicited which they called latent propagated sensation along 



the meridian. When the skin conductance was measured over a channel they found a 

greater e1ec:rical conductance than at sites lcm apart from the channel course indicating 

that the entire course of the propagated sensation and not just the acupuncture points have a 

higher electrical conductance. (Zhu, Yan et al. 1981) Similar studies by the same group 

revealed that the channel lines were around 0.5cm wide and that latent prcpagated 

sensation along meridians is a common meridian phenomenon in over two thirds of people. 

(Yu, Zhang et al. 1981) 

Further support for the suggestion that the skin points along the course of acupuncture 

meridians are of low impedance is provided by Hu et al. who used a computerised plotting 

system to examine the impedance of points along meridians in 68 subjects. Using this 

system which they claim is accurate reliable and repeatable, the authors found that there 

were a series of low resistance points located that were stable over time and were within 

5mm of the classically described acupuncture meridians. (Hu, Wu et al. 1992) 

Yet another Chinese author has suggested that the meridians are "nzulti-layered, 

ezrtltifur2crional,uctiotal, r1tultinzorphologica1 stnictiires that inay be detec~ed rtsing a rturnber of 

different biopllysical approaches includirzg acoustic, lunzinescent, tlzennal, electrical and 

isotopic ntigration" (Zhu 2. 1990) This author reports studies done pre and post- 

amputation in patient with osteoblastoma that revealed that the low impedance 

characteristics of the meridian were related directly to thinning 9f the stratum corneum 

over the meridian and not to other dermal structures. (Zhu Z. 1990) He goes on to report 

that there is a higher concentration of nerve bundles and vessels in the epidermis and demis 

under the low impedance line as well as a higher concentration of mast cells. (Zhu Z. 1990) 

While this work is interesting, it is yet to be accepted by the wider scientific community and 

the results await confirmation by other authors. 

The functional existence of the acupuncture points and meridians has also been supported 

by the finding that the injection of radioisotopes such as technetium-99m pertechnetate is 

preferentially absorbed at acupuncture points rather than "non-points" and that the isotopes 

migrate along distinct pathways. When studying the path of isotopic migration after 



subcutaneous injection in dogs, the isotope was found to migrate along a specific pathway 

that coincides with an acupuncture meridian rather that the path of a nerve, vein or 

lymphatic vessel. (Kovacs, Gotzens et al. 1992b; Kovacs, Gotzens et al. 1993) This finding 

however is in ccntradiction to the finding of Wu et al. that suggests that certain acupuncture 

points may be closely related to the venous drainage. (Wu, Chen et al. 1994) 

In a series of experiments, Wu et a1 found that subcutaneous ixjection of technetium-99m 

pertechnetate at acupuncture points led to a better visualisation of the venous drainage than 

intravenous injection. This has led to the suggestion !hat this technique may offer an 

alternative method of radionuclide venography (Wu, Chen et al. 1994; Wu & Jong 1989; 

Wu & Jong 1990). This work has been confirmed by Lzzorthes et a1 who have shown that 

the radioactive paths appearing after the injection of a radiotracer at acupuncture points 

correspond to vascular drainage of the radiotracer. (Lazorthes, Esquerrk et al. 1990) 

The suggestion that acupuncture meridians may be related to the migration of specific 

substances is supported by a series of experiments by Wu et a1 who describe the attenuation 

of thc effects of acupuncture on the electrogastrogram and the electroretinograln by direct 

pressure over the stimulated meridian. (Wu, Hu et al. 1993b; Wu, Hu et al. 1993a; Xu, 

Huang et al. 1993) While the results of the radioisotope studies suggest that some 

acupuncture points play a role in drainage of tissue fluid from soft tissue into the veins, 

(Wu, Jong et al. 1990) it remains unclear as to whether the pathways of isotopic migration 

actually represent the meridians. 



5.0 ElectricaI properties of the skin 

5.1 Electro-dermal measurements 

The literature on the electrical properties of skin is extremely heterogeneous and may be 

divided between research that is specifically concerned with determining the existence and 

nature of xupuncture points, the psycho-physiological literature that is concerned with 

measuring the Gaivanic Skin Response (GSR) and the literature concem~r.... -vi:h examining 

the biophysical properties of biological tissue. The only sure conclusior~ ;. i t  can be made 

from this literature is that the study of the electrical properties of the skin is complex and 

subject to many difficulties. Despite proposals for standardised methods of measurement 

(Lykken & Venables 1971) there are no generally accepted standards and studies differ 

widely with respect to the methodology and the equipment used. It is therefore extremely 

difficult to establish the precise limits of normality or compare the significance of results 

from different studies. (Pruna & Ionescu 1987) 

Skin resistance is highly variable and may be influenced by factors that include temporal 

and environmental variables as well as a subject's physiological and psychological state and 

the choice of equipment. Furthermore the properties of the skin a.re nonlinear (Fraden & 

Gelman 1979) and the action of passing a current through the skin may alter its electsical 

properties (Bergsmann & Wooley-Hart 1973; Lykken & Venables 1971). The electrical 

properties of the skin may also alter with different intensity. duration, and frequency of 

stimulation. (Fraden & Gelman 1979) 

When perfosming measurements of skin resistance, the timing and the surrounding 

environment appear to be important, This includes such factors as the time of day the 

measurements are taken, (Lykken & Venables 1971) the ambient environment including 

temperature, humidity, (Ionescu, Pruna et al. 1990; Schuldt 1977) and ambient 

electromagnetic activity, (Ryzhikov, Raevskaya et al. 1982; Schuldt 1977) as well as 

physiological and psychological state including physical and emotional activity and sleep. 



(Kiilek, Opavskf et al. 1984; Levy, Johnson et al. 1961) For example, while Comunetti found 

that there was good reproducibility of skin conductance measurements within time periods of 

around 20 minutes, these measurements changed considerably during the d,ay depending on 

factors such as physical and physiological activity. (Comunetti, Laage et al. 1995) 

The relationship between arousal and skin resistance is also variable and has been exp:owd 

by Levy et al. who performed a series of experiments aimed to determine the ability of skin 

resistance measures to monitor the arousal level in pilots. The results of these experiments 

found that records of skin resistance were able to record sleep and wakefulness. Yet due to 

the many psychological, physical and physiological confounding factors, these measures 

were nor deemed accurate enough for the moment to moment monitoring of functioning in 

pilots. (Levy, Johnson et al. 196 1) 

The relationship between skin resistance and psychological state has also been examined in 

the context of polygraph testing. This testing involves many concurrent physiological 

measurements including GSR measures from the fingertips. These measures aim to 

determine a subject's psychological responses to questioning and thus k i p  to jurigc 

whether the answers given are truthful. While the polygraph literature does not generally 

acknowledge the existence of acupuncture points, i t  has been suggested that the response 

and sensitivity of polygraph recordings can be enhanced by using an acupuncture point on 

the ear for GSR measurements rather than the fingertips. (Lee, Wu et al. 11993) 

5.2 Electrode - skin interface 

The skin can be described by an electrical equivalent circuit consisting of a parallel resistor 

(R,) and capacitor (C,) almg with a trans-epidermal potential difference (Ese). The 

underlying demis can be considered as a pure resistance (R,) with negligible DC 

components. In parallel with the epidermis, sweat glands and ducts, also contribute to skin 

impedance and the addition of a gel or different types of polarisable or nonpolarisable 

electrodes to the skin adds to the complexity. (Neuman 1992) (Figure 4) 
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Figure 4 Circuit diagram of the skin - gel - electrode interface 

(Adapted from Weurnan 1992) 

Electrodennal measurements are very sensitive to the type of skin preparation performed. 

As the main impedance of the skin is produced from the stratum corneum of the epidermis, 

it is possible to minimize the effect of the stratum corneum by red!:( ::;: or removing it. 

(Yamamoto 1994 ; Yamamoto 1976) This can be achieved by vigorous rubbing with a pad 

soaked in acetone, direct zbrasion with sandpaper, stripping with adhesive tape or by direct 

puncture. (Neuman 1992) The use of needle electrodes may also be use to totally bypass the 

resistance of the stratum corneum and thus short out E,,, C, and R,. Furt!lermore wetting the 

skin or the application of ejectrode gels can have a great effect on the recorded 

measurements. 

The size, type, positioning, and pressure placed on the electrode may have a considerable 

influence on the recorded measurements. When examining the effect of different electrode 

types on skin resistance measurements, Nolan examined 25 different commercially 

available electrode types and found that measured skin impedance ranged from 1000 to 



7800 Q. (Nolan 1991) Certainly skin resistance will vary inversely with the electrode area 

in contact with the skin. Thus for reliable measurements it is important to standardise the 

size of the electrode. (Lykken & Venables 1971) It is also important to recognise that 

different types of electrodes will influence the readings. 

The function of an electrode is to serve as a transducer that can change ionic current into an 

electronic circuit. Different electrodes however, are limited in their ability to perform this 

function and the choice of electrode system must be made based on the specific application. 

For example, polarisable metallic electrodes are prone to motion artifact if the electrode is 

moved with respect to a surrounding electrolyte (Neuman 1992) and different metals may 

have different properties. (Hyvarinen & Karlsson 1977) The use of different metallic 

electrodes was examined by Comunetti et a1 who measured the GSR using an alternating, 

rectangular voltage of 0.4V and 1OHz and constant voltage steps of 0.4, 0.8, 1.2V. This 

current was applied to the skin for 2 seconds using electrodes composed of gold, graphite, 

silver or brass. After recording the current intensity at intervals of lms they found that 

conductance values were independent of applied voltage (between 0.4 and 1.2V applied for 

2 seconds) and that chemically active electrodes (brass and silver) help to overcome the 

resistance of the epidermis. (Comunetti, Laage et al. 1995) 

Generally nonpoiarisable electrodes such as Ag-AgC1 are considered more reliable, 

especially for electrical potential measurements and for measurements made over time. 

(McAdams & Jossinet 1991) The use of electrode gels is also often employed to ensure 

optimal electrical contact between the skin and the electrode. As the major proportion of 

ions in the tissue fluids and sweat are sodium, potassium and chloride, the electrolyte most 

commonly used in electrode gels is sodium chloride (NaCI) although other salts such as Ca 

CL, KC1 and AlC13 are also used. (McAdams & Jossinet 1991) The use of these gels 

however, may reduce the skin impedance as the electrolyte permeates the epidermis and 

renders it more conductive. This effect may be enhanced when gels contain high salt 

concentrations. (McAdams & Jossinet 1991) Thus while gels are useful for measuring 

biopotentials they are less useful for measurements of skin resistance. 



Due to the physical properties of skin and variations in contact area, the application of 

pressure to the skin surface via an applied electrode may alter the measured resistance. The 

measurement of skin resistance is therefore subject to significant electrode-pressure artifact 

and many studies are criticised for not controlling for this. (Nooidergraaf & Silage 1973) 

The relationship between measured skin resistance and electrode pressure has been 

examined by Halek et. al. who found an exponential and inversely proportional dependence 

between pressure and resistance. (Hblek, Opavsky et al. 1981) 

As there is no accepkd stimdudiscd methodology in electrodermal research, researchers 

have been prompted to develop different ways to control for electrode pressure and many 

different and innovative electrodes have been devised. Methods irsed to control for 

electrode pressure icdu." the development of a specie!!y dcsigned wheel electrode 

(Reichmanis, Marino et al. 1975) as well as the use of a spring loaded probes, (Bergsmann 

& Wooley-Hart 1973; OIeson 1980) and systems whereby the weight of the electrode is 

used to exert constant pressure. (Ber:ker, Reichmanis et al. 1976) Other electrode systems 

that have been used to control for pressure effects include the use of solvent activated tape 

that obviates the need to apply any pressure to the skin, (Poon, Choy et al. 1980) the use of 

electrode conductive varnish consisting of a flake silver suspension in polyvinyl acetate, 

(HBlek, Opavskf et al. 1984) the use of a saline bath in which the whole hand could be 

immersed (Poon, Choy et al. 1980; Schuldt 1977) as well as an electrode system whereby 

the searching and reference electrode consisted of concentric rings rigidly mounted 

together. (Bergsmann & Wooley-Hart 1973; Hyvarinen & Karlsson 1977; Yamamoto & 

Yamamoto 1986) 

The positioning of the electrode on the body is another factor that may affect electrodermal 

measurements and this will largely depend on the subject of interest. Whereas the GSR 

literature is mainly concerned with measurements taken from the volar surface of the 

fingertips, (Lykken & Venabies 197 1) the acupuncture literature is concerned with the 

measurements of points over the limbs and the body in general, and in particular of the 

electroderrnal characteristic of the acupuncture points. 



5.3 Electrical impedance measures 

The rcsponse of biological tissue to different frequencies is largely due to the properties of 

the tissue fluid and cell membranes. In response to low frequencies, the cellular membrane 

has a high resistance and the current preferentially travels through the extracellular fluid, 

while at high frequency the capacitance of the cellular membrane shorts circuits the 

membrane resistance and the current may pass directly through the tissue. (Rabbat 1990) 

Skin is a complex structure and there are many factors that may influence measurements of 

skin impedance including the inhomogeneous and laminate structure of the cells as well as 

the frequency, and temperature. (Rabbat 1990; Yamamolo & Yamamoto 1976) 

The frequency dependence of tissue can be separated into three main regions caused by the three 

dispersions observed in the dielectric permittivity (E). These three dispersions rur: labeled a, P, 

and y, The a dispersion decreases & between lOHz and 10kHZ and is caused by interfacial 

counterion polarisations and surface ionic conduction at membrdne boundaries. The P dispersion 

decreases & between 100kHz and lOMHz and is caused by the membrane capacitance short 

circuiting the membrane resistance. The y dispersion is in the micr~wave frequency and is 

cause by the relaxation of water molecules in the intracellular fluid. (Foster & Schwan 1989; 

Rabbat 1990) In measuring the impedance of the skin, it has been suggested that the low 

frequency range is most important, as measurement at higher frequencies may be 

confounded by the dielectric properties of the under!ying tissue. (Plutchik & Hirsch 1963) 

On measuring the impedance of lcm2 of intact skin, Plutchik and Hirsch found that the 

impedance decreased from approximately 130 to 30 kSZ as the frequency of the AC input 

increased from 1 to 1000 Hz. (Plutchik & Hirsch 1963) In another series of measurements, 

Roscll et al. confirmed and extended these results with the finding that for lcm2 areas of 

unabraided skin at different body sites, impedance reduced from approximately 200 kQ at 

lHz, to 200 Q at l MHz. Furthermore, they found that impedance at lower frequencies was 

highly variable with the 1 Hz impedance varying from 1OkQ to 1 M92 while the l MHz 

impedance was tightly clustered about 120 Q. (Figure 5). (Rosell, Colominas et al. 1988) 



Frequency HI 

Figure 5 The impedance of k m 2  of unabraided skin decreases and becomes clustered 
with increasing frequency (adapted from Rosell et al. 1988) 

In skin, the main contribution to impedance measurements is from the outermost layers of 

the epidermis, which is found to have the highest impedance. Impedance measurements up 

to several kHz are also strongly influenced by the hydration of the stratum corneum. 

(Yamamoto 1994; Yamamoto & Yamamoto 1986) The importance of the outer epidermal 

layer is evident from measurements made after stepwise removal of the stratum comeum 

by cellulose tape stripping which revealed a decrease by more than 50% after the first stage 

of stripping. (Yamamoto & Yanlamoto 1976) 

The epidermal layer of the skin is found to have an electric impedance that behaves as a 

parallel RC circuit in series with the resistance of the underlying dermis. (Neuman 1992) 

(Figure 4) This may be represented in the series-equivalent form as con~plex series 

impedance (2) or in parallel-equivalent form as complex parallel admittance (Y). (Rabbat 

1990) The complex series impedance Z can be represented by the following equatiol,: 



Equatisn 1 

W here 

R is the resistance (Q) 

X is the reactance (Q) 

Y .is the admittance (S) 

A is the area of the specimen (m') 

d is the depth of the specimen (m) 

o is the conductivity (S/m) 

E is the relative permittivity (dielectiic constant) 

~g is the permittivity of vacuum (8.85 x 10 -l2 (Flm)) 

(Rabbat 1990) 

The complex series impedance can be represented graphically by a plot of the real 

component R versus the imaginary component X for the impedance at different frequencies. 

The corresponding plot is known as the Cole-Cole plot and lfvr an impedance with a single 

time constant this appears as a semicircle centered on the re(a1 axis (Figure 6) and is given 

by the equation: 

Equation 2 

W here 

R. is the resistance atja=O, 

R, is the resistance at f =m 

z is the time constant 

(Rabbat 1990) 



Increasing frequency 

Figure 6 The Cole-Cole plot for impedance with a single time constant. (Adapted 
from Rabbat, 1990) 

In most biologicaI situations, the dielectric relaxation behaviour is more complicated than 

described by the Cole plot, for there may be multiple relaxation processes each with a 

different relaxation time, or the relaxation process may have kinetics that are not first-order 

such as counterion polarisation arising from diffusion. (Foster & Schwan 1989) In these 

situations, the corresponding plot may represent a semicircle with a centre that is depressed 

below the real axis (Figure 7). (Rabbat 1990) 

Increasing frequency 



In addition to complex relaxation behaviour, further complexities in the dielectric 

properties of skin arise from the possibility of nonlinear effects, the threshold for which 

will vary according to the effect, the field strength and the frequency. Nonlinear behaviour 

of tissue to applied fields may b~ due to a number of factors including molecular 

phenomenon, creation of mechanical forces, counterion polarisation and cellular 

phenomena. Cellular responses may include active physiological responses sl;Li as the 

initiation of an action potential, changes in conductance due to field-induced 

confornational changes in mcmbrane proteins, as well as responses clue to breakdown of 

cell membrane structure. (Foster & Schwan 1989) These effects may be difficult to predict 

due to the high concentrations of suspended particles and the interaction between 

physiological, hydrodyn:amic and electrokinetic effects. (Foster & Schwan 1989) 

In a study looking at the perturbing effects of electrical current on the Iipid fine structure of 

human stratum corneum using fi-eeze-fracture electron microscopy and X-ray diffusion 

analysis, Craane et al. found a series of changes that increased as the current was increased 

from 0.013 to 13 r n ~ c m - ~ .  These changes included an initial decrease in resistance 

followed by an increase in capacitance along with an increase in the stratum corneum 

hydration level. A disordering of the interceilular lipid structure was also noted that was 

suggested to arise from polarisation of the lipid head groups induced by the electric field, 

followed by mutual repulsion. (Craane Van Hinsberg, Verhoef et al. 1997) 

While there are many biophysical factors that may effect skin impedance measurements 

only some of which can be rigorously analysed, these measurements are also prone to 

variation due to the choice of frequency, current density, electrode type and size, and skin 

preparation. (Webster 1990) Skin impedance measurements may also vary according to the 

site measured (Nicander, Rundquist et al. 1997) and may reflect the different composition 

of the tissue including the presence of any pathological changes. Thus, much of the work 

on skin impedance focuses on determinations of body composition (Webster 1990) yet 

there are suggestions that the interpretation of impedance data may provide useful for 

quantifying pathological changes such as skin reactions. (Ollmar Br Nicander 1998) 



5.4 Electrical properties of acupuncture points 

5.4.1 LOW electrical resistance at acupuncture points 

Despite the difficulties associated with electrodemmal measurement techniques, it  is now 

generally accepted that acupuncture points are in fact points of low electrical resistance 

compared to surrounding skin. Whereas dry skin is reported to have a DC resistance 

between 200 kQ and 10 MQ, the resistance at acupuncture po,;itS is reported to be orders 

of magnitude less than this. (Hyvibinen & Karlsson 1977; Ishchenko, Zubkov et al. 1990; 

Wolfsohn, Yoo et al. 1973) Furthermore acupuncture points have been reported to have a 

higher capacitance (0.1-1.0 pFj and a higher skin potential (up to 350 mV) (Ishchenko, 

Zubkov et al. 1990) 

While there are many studies reporting on the electrical properties of acupuncture points 

(Bergsmann & Wooley-Hart 1373; Chiou, Chao et al. 1998; Comunetti, Laage et al. 1995; 

Fraden 1979; Fraden & Gelman 1979; HBlek, Opwsky et al. 1984; Hu, Wu et al. 1992; 

Hyvarinen & Karlsson 1977; McCarroll &. Rowley 1979; Poon, Choy et al. 1980; 

Reichmanis, Marino et al. 1975; Reichmanis, Marino et al. 1976; Rosenblatt 1982b; Zhu 

1981; Bergsmann & Wooley-Hart 1973) the quality of these studies appears to be 

extremely varied and hindered by the lack of any standardised equipment or stinlulation 

parameters. Furthermore, the definition of the acupuncture points may also be variable. 

While some studies into the electrical properties of tht: skin have examined differences 

between acupuncture points and surrounding tissue, other studies have merely examined 

the electrical properties of acupuncture points over time or in healthy and dise~.:.;ed 

individuals. (Hyvarinen & Karlsson 1977; Reichmanis, Marino et al. 1975; Reichmanis, 

Marino et al. 1976; Fraden 1979; Fraden & Gelman 1979; HBlek, Opavsky et al. 1984; 

McCarroll & Rowley 1979; Poor,, Choy et al. 1980; Rosenblatt 1982b) Other studies 

assume from the outset that acupuncture points have a relatively low resistance and use this 

as the criteria for defining these points. (Fraden 1979) 



During the 1960s and early 1970s, Becker and Reichmanis et al. performed a series of well 

designed experiments to demonstrate that there are indeed distinct electrical correlates for 

acupuncture points and meridians. (Becker, Reichmanis et al. 1976; Reichrnanis, Marino et 

al. 1975; Reichmanis, Marino et al. 1976; Reichrnanis, Marino et al. 1977a; Reicimanis, 

Marino et al. 1977b; Reichmanis, Marino et al. 1979) Likz most Western re?;*~;jrchers, 

Becker and his team denied any reality to the philosophical system suggested by traditional 

Chinese medicine, even after proving that many of the principles of this system were valid. 

Instead, they were led to explore the reality of the electrical basis for acupuncture points 

and meridians while developing a theory about a biological direct current commu:lication 

system. (Becker, Reichmanis et al. 1976) 

In a series of elegant experiments using a Wheatstone bridge and an applied voltage of 2 

Volts with a current density in the order of 10 ,u~/crn~ applied through a specially designed 

stainless steel wheel electrode providing constant pressure, Becker's team demonstrated 

that there are reproducible and statistically significant conductance maxima at rnany of the 

acupuncture points on the arm. (Becker, Reichmanis et al. 1976; Reichmanis, Marino et al. 

1975) (Figure 8) While all points were not found in all subjects, specific points could be 

consistently demonstrated in all subjects, while ovcr half of the traditionally described 

acupuncture points were demonstrated in most subjects tested (n=7). (Reichmanis, Marino 

et al. 1975) 

In addition to conductance measurements along meridians, Becker's team also studicd the 

field distribution of skin conciuctance around acupuncture points on the arm using a multi- 

electrode probe. The results of these studies revealed that the electrical resistance around 

acupuncture points was well-organised (Figure 9) and that "remarkably precise aizd 

extremely well organised Jield plots have beeit .found in all iiistances". (Becker, 

Reichmanis et al. 1976) This findi ,g further suggests that acupuncture points are discrete 

structures W, tn highly specific electrical properties. 



Li Meridian 

Figure 8 Three scans of the Large Intestine meridian demonstrating correspondence 
between resistance measures and acupuncture points. The dotted line connects each 
point to corresponding areas of the scan. The length of the scan varies slightly due to 
variation in the speed of the probe (adapted from Becker & Reichmanis, et a. 1976). 

Figure 9 Field plots of the resistance around the Li 4 acupuncture point (adapted 
from Becker & Rcichmanis, et a. 1976). 



While Becker's research focused on acupuncture points of the arm, other authors have 

extended this to work to include points on other sites. In a survey of 27 acupuncture points 

at various sites on different subjects, Wolfsohn et al. found that the average resistance of 

acupuncture points was 794 kR, while the average in control areas was 1407 

kQ. (Wolfsohn. Yoo et al. 1973) In another study that attempted to systematically examine 

the electrical resistance of the skin of the hands, face and ears, Hyvilrinen and Karlsson 

compared the resistance of small areas of skin (0.5mm2) with that of surrounding skin. 

Using a specially designed meter and measuring device employing negative 6.7 Volts DC 

and a dry metal electrode, they consistently found distinct iow resistance points of around 

10 kSL compared to the surrounding skin with resistance of around 10 MS2. (Hyvlrinen & 

Kxlsson 1977) Furthermore, these authors consistently found these points in characteristic 

loci that were symmetrical about the body midline and comparabie in different individuals, 

with points on the ears being more distinct than points on the hands. Although the authors 

state they were not familiar with the location of classical acupuncture points, they found 

that the distribution of low resistance points they identified on the ears and hands coincided 

with the location of classical acupuncture points as identified on traditional charts. 

To further map the difference in resistance between low-resistance points and surrounding 

skin these authors conducted repented measurements using either DC or 500 Hz or 1000 

Hz square waves as the measurement current and a silver wire electrode, 0.5mm in 

diameter. (Hyviirinen & Karlsson 1977) These measurements were taken across the region 

of the previously detected low (DC) resistance points in successive steps equal to the probe 

diameter. This study revealed that the shape of the low resistance points were roughly 

circular with a diameter of 1.5 (+/- 0.5) mm with abrupt borders and with resistance of 

around 10-100 kQ in the centre and 2-3 MS2 in the surrounding skin. 

In one another study that specifically examined point size, Halek et al. mapped the skin 

surface using an electrode 17mm X 17mm square with 36 mutually insulated conductive 

areas and a microelectrode of 2mm diameter with 30 micro-areas and a constant 1 kHz, of 

1 microAmp, AC current supply with a sinusoidal waveform. Pressure effects were 

effectively eliminated by using an electroconductive vanish consisting of flake silver 



suspension in a polyvinyl acetate. When using the microelectrodes they found that the 

points were generally circular in shape with a diameter of between 3 and 8mm2. (HBlek, 

Opavsky et al. 1984) This finding is consistent with other author who have found that low 

electrical resistance points are punctate in nature and correlate with known acupuncture 

points. (Nansel & Jansen 1988) In addition to describing distinct electrical properties of 

acupuncture points in humans, similar properties have been found in other animals. For 

example in the rat, points corresponding to acupuncture points are reported to be bilaterally 

and symmetrically distributed and distinct from surrounding skin. (Chiou, Chao et al. 1998) 

Not all studies on the electrical properties of acupuncture points have produced positive 

results. Noordergraaf and Silage reported that when electrode-pressure artifact is controlled 

they could find no evidence for resistance minima at acupuncture points on the fingers. 

(Noordergraaf (QI: Silage 1973) This conclusion has been challenged however, by authors 

who point out that while Noordergraaf and Silage did not find acupuncture points to be 

absolute resistance minima, it does not exclude them from being local resistance minima. 

Furthermore, it is argued that a study limited to acupuncture points on the fingers can not 

necessarily be extrapolated to other body areas. (Reichmanis, Marino et al. 1975; 

Rosenblatt 1982b) 

While most of the work on the electrical properties of acupuncture points has looked at DC 

resistance there have been a limited number of studies that have examined the impedance 

at acupuncturz points at different frequencies although like other studies they vary widely 

in methodology and experimental rigor. (Zhu 1981) In a report of a study by Manaka that 

used 3.5 volts and 50Hz, it was determined that acupuncture points have a lower resistance 

and higher capacitance than control points and that the low resistance property extended 

along the course of the meridian. (Zhu 1981) This result has been confirmed by another 

study that employed a 50pA current at 5OkIfz to examine the resistance and reactance of 

25 points on the forearm in a 5 X 5cm grid after removal of the stratum corneum by 

stepwise cellulose stripping. This study found that the impedance was significantly 

different at acupuncture points and that the acupuncture meridian was evident as a low 

impedance line. (Suhaxiningsih & Kanai 1998) In a further series of studies examining the 



impedance between two acupuncture points on the same meridian, Reichmanis et al. found 

that the resistance and capacitance between the acupuncture points differed significantly 

from control points. (Reichrnanis, Marino et al. 1977a) (Reichmanis, Marino et al. 1977b) 

In addition to performing direct electrical measurements of acupuncture points, other 

techniques have been employed to define the properties of these points. In an attempt to 

visualise the electrocor,ductive points on the skin Dumitrescu developed a photographic 

technique termed electronography that utilise the Kirlian effect. This effect used a 

photographic technique to record the corona discharge that occurs when an electrically 

grounded object is placed in a high-frequency, high-voltage electric field. Using this 

technique Dumitrescu was able to visualise distinct points that corresponded to 

acupuncture points on the hands of subjects. (Dumitrescu 1983) 

This work of Dumitrescu has been confirmed by Luciani who reports being able visualise 

the electroconductive points on the index finger photographically. Using an electric field 

produced by a Tesla coil operating at 25000 volts, 100 kHz and microamperage, to induce 

negative charge on the surface of objects along with a glass electrode and an i~active plate 

held against the skin, Luciani was able to demonstrate the existence of discrete points, 

which he claims are related to points along the Large Intestine meridian. (Luciani 1978) 

5.4.2 Acupuilcture point nzeasurements 

Recognition of the unique electrical properties of acupuncture points has led to devices 

being marketed as 'acupuncture point locators'. These devices generally utilise a metal 

locator probe and an indifferent reference electrode attached to an ohmmeter. An auditory 

output (usually a tone with a frequency proportional to the resistance being measured) is 

often produced when a point is located. These devices however, are open to criticism as they 

are unable to control for local variations in skin thickness, surface secretions, or pressure 

placed on the electrode. (Stux & Pomeranz 1990) While these devices are generally 

unsuitable for research purposes, the lack of any standard research methodology to measure 

skin resistance has led each group to design their own equipment. Generally however, two 

different systems are employed that utilise either constant current or constant voltage devices. 



In order to measure conductance directly, a voltage source and a resistance much smaller 

than the skin resistance is placed in series with the subject. In this case, the voltage across 

the skin electrodes (which may vary from 0.5 to 21V) remains relatively constant and the 

voltage drop across the small signal resistance is directly proportional to the current flowing 

in the circuit. This voltage drop can then amplified and recorded as a measure of 

conductance, (Lykken & Venables 1971) or it can be measured directly using a Wheatstone 

bridge. (Reichmanis, Marino et al. 1975) It has been suggested that this direct measurement 

of conductance using a constant voltage source is a more reliable method of measurement 

and is able to avoid high voltages that may damage the skin because the current density is 

independent of electrode area. (Lykken & Venables 1971:) 

With constant current systems, a circuit is used to pass a constant current through the skin 

producing a voltage drop across the electrodes. A constant current is obtained by including 

a resistance in series with the subject which is very large compared to the skin resistance. 

Changes in skin resistance will therefore produce relatively little change in the current 

Ievel. The voltage drop across the electrodes in this case can thenl be amplified and recorded 

and is directly proportional to the resistance. Conductance can then be calculated from the 

resistance measures. (Lykken & Venables 197 1) 

5.4.3 Breakdown pher~omeiton 

The electrical properties of the skin are nonlinear and when current is applied to the skin a 

point is reached where breakdown occurs and the electrical properties of the skin are altered 

due to the skin being damaged and allowing a greater passage of current. (Bergsmann & 

Wooley-Hart 1973; Fraden & Gelman 1979; Poon, Choy et al. 1980). This point of non- 

linearity has been reported to occur between 4 and l l volts (Bergsmann & Wooley-Hart 

1973; Poon, Choy et al. 1980) and is dependant on the current passed, occumng when the 

current density is over 10pA cm2. (Fraden 6: Gelman 1979; Poon, Choy et al. 1980) 

Furthermore the nonlinearity has been found to be dependant on frequency (Cho & Chun 

1994; Fraden & Gelman 1979) and the breakdown phenomena is reportedly to be more 

easily induced by negative than positive current (Fraden & Gelman 1979). 



In the early 1950s the Japanese researcher Nakatani used the breakdown phenomenon to 

develop a method for measuring electrical resistance of the skin using a DC voltage of 12 to 

21 volts and 200 pA applied to the skin by a dry electrode of lcm diameter. (Zhu 1981) 

Nakatani proposed internal organ pathology which manifests as changes in the electrical 

resistance on reflexly associated points on the skin and that this may be detected by eliciting 

breakdown phenomenon at specific reactive points. This idea has been elaborated on with 

the suggestion that acupuncture points have a lower threshold for the breakdown 

phenomena than surrounding areas. (Fraden & Cielman 1979; Poon, Choy et al. 1980) 

In an experiment designed to determine the location of the breakdown points on the 

forearm, Poon et a!. used a solvent activated tape electrode, to visualise the breakdown 

points by the black deposits left from the electrode after breakdown had occurred. With the 

application of increasing voltage, they found that a point is reached where a sudden flow of 

current occurs and the subject can feel a strong stinging sensation. This s e n s a t u  is 

generally deemed to indicate the breakdown phenomena and is said to preferentially occur 

at sites that have a relatively high conductance. (Bergsmann RL Wooley-Hart 1973; Fraden 

& Gelman 1979; Poon, Choy et al. 1980) The results of this experiment revealed that the 

breakdown points could indeed be visualised and that these points were consistently located 

along known acupuncture meridians although they did not necessarily correspond with 

classical acupuncture points. (Poon, Choy et al. 1980) Other studies on the breakdown 

phenom~non have found that after this phenomena occurs, the skins properties are altered 

and remain altered for a number of days. Thus, i t  has been suggested that achieving the 

breakdown phenomenon maybe useful clinically, as it destroys the skin tissue in a similar 

way to a needle and thus produces a treatment affect. (Fraden & Gelman 1979) 

5.3.4 Currents of injury 

The deep layers of the skin are similar to other tissues within the body and can be 

represented electrically by a simple resistance. (Neumar! 1992) The epidermis however and 

in particular the stratum corneum is relatively nonconductive and presents a. high 

impedance. Due to its dialectic properties and thinness, capacitive coupling is permitted 

between a metal electrode placed on the skin's surface and the underlying tissues. The 



epidermis however is semi-permeable to ions a ~ d  thus the flow of permeable ions can be 

represented electrically by a large resistance shunting the skin's capdcitance. (IvlcAdams $: 

Jossinet 1991) Thus if there is a difference in ionic concentration across this membrane 

there is a potential difference which is given by the Nernst equation 

RT (a l )  
E=-In- 

nF (a2) 

Equation 3 

Where 

a1 and a2 are the concentrations of ions on each side of the membrane in moles per liter, 

R is the universal gas constant of 8.3 1 J/(mol.K), 

T is absolute temperature in Kelvin, 

F is the Faraday constant 96500 C/equivalent (equivalent = mole/valence), 

n is the valence of the ions. 

(Neuman 1992) 

While there is considerable literature on the measurement of the bioelectric potentials of 

the skin, these measurements can be extremely difficult. Many sources ~f extraneous noise 

exist aml distortion often appears at the skin electrode interface. (Fraden 1979) This noise 

may result from broadcasting and other electromagnetic and electrostatic fields as well as 

from electrode polarisation and offset potential due to the large differences in surface area 

between the measuring and reference electrodes. (Fraden 1979) The difficulties involved in 

performing experiments on bio-potentials have resulted in many studies not accounting for 

extraneous fields, noise sources and artifacts, (Bergsmann & Wooley-Hart 1973; 

Noordergraaf & Silage 1973; Stux & Pomeranz 1990) yet despite these methodological 

difficulties, there have been some rigorous studies done. 

In a series of elegant studies Barker et al. found that in both guinea pigs and man there is a 

potential difference across the skin of the order of 30 to lOOrnV (inside positive) setting up 

a 'skin battery'. (Barker, Jaffe et al. 1982) The discovery of the 'skin battery' led to the 



further finding that when an incision is made in the skin, a microampere current flows 

through each rnillimeter of the cut's edge. Thus these wound currents generate lateral intra- 

epidermal voltage gradients or fields of about 100-200 mv/mm2 near the cut which 

dissipate with distance from the cut with a space constant of 0.3-0.4mm. Thus, it has been 

determined that the epidermis near a cut drives up to 300pVcm2 across itself. (Barker, 

Jaffe et al. 1982) 

While currents of iriury are insufficient to produce nerve impulses, it has been suggested 

that the potential di f ,erence across an epithelium may subserve epidermal wound healing 

(Lykken 1971) and that the lateral fields help to guide the cellular movements that close 

wounds. (Barker, Jaffe et al. 1952.) This suggestion is supported by the finding that drying 

of wounds delays wound closure and that vertebrate cells respond to small steady fields. 

(Barker, Jaffe et al. 1982) Further support for the role of direct currents in healing is 

provided by findings that these currents may have profound biological effects including the 

stimulation of nerve growth, (Pomeranz, Mullen et al. 1984) limb regeneration, 

(Illingworth & Barker 1980) and bone healing, (Bassett, Pawlik et al. 1964) as well as 

being involved in embryogenesis, differentiation, and tumor growth. 

The study of currents of injury has led to the suggestion that these currents may provide the 

basis for the effects produced by acupuncture. Indeed the insertim of an acupuncture 

needle has been shown to produce such currents that may last up to two days after needle 

insertion. (Stux & Pomeranz 1990) While the insertion of needles at acupuncture points 

would tend to produce currents of injury, the lowered electrical resistance at these points 
. . would also tend to short circuit the skin battery producing resting potentials more powbvc 

than surrounding skin. This has been confirmed by Becker's group, who reports that 

acupuncture points maintained a resting potential abour 5mV above surrounding tissue. 

They also reported the detection of an overall proximo-dista: negative gradient along 

meridian lines. (Becker, Reichmanis et al. 1976) 



5.5 The significance of lowered &in resistance 

The significance of the lowered electrical resistance at acupuncture points is uncertain and 

the subject of debate. Furthermore, the property of the skin that may contribute to the 

electrical resistance is also open to question. It has been suggested that the lowered 

resistancc of acupuncture points is due to a thinner stratum corneum at these points 

(Rabischong, Niboyet et al. 1975; Zhu Z. 1990) or due to the presence of skin appendageal 

macropores (Chizmadzhev, Kuzmin et al. 1998). Other studies have suggested that there 

may be different concentrations of dermal nuclei and hair follicles at low resistance points. 

When examining guinea pig skin sections statistical analysis revealed thar there was an 

increased density of hair follicles and decreased dermal nuclei at low-resistance skin 

points, which have been shown to correlate with acupuncture points. (Monteiro, Hwang et 

al. 1981) Light microscopy of these skin sections however was unable to distinguish any 

difference between these points and surrounding skin. 

5.5.1 Synzpnthetic activiv and e l m  ro-dennal Ineasurenzents 

Despite suggestions that there is a distinct anatomical or physiological basis for the altered 

resistance properties of acupuncture points at this time it remains unclear as to whether 

there is an anatomical substrate. Alternatively, it is often suggested that the lowered 

resistance of acupuncture points is merely a functional property of the skin that is n result 

of changes in regional sympathetic nervous system activity and sweating. 

It is certainly widely accepted that increased sympathetic nervous system activity produces 

sweating ar,d that this has profound effects on the skin resistance. This finding is used as 

the basis for lie detector tests and the GSR which represents a phasic increase in skin 

conductance primarily due to altered sympathetic activity and sweating that occurs in 

conjunction with psychological stress. (Lidberg & Wallin 1981) However, while the GSR 

has been shown to closely correlate with sweat production, the relationship between skin 

sympathetic nerve activity and sweat production has been shown to be a complex, 

nonlinear function. (Kimo, Kunimoto et al. 1691) Thus, it has been proposed that GSR 



amplitudes do not provide reliable estimates of the level of, or even the direction of, 

changes in sympathetic nerve activity. (Kmo,  Kunimoto et al. 1991)' 

As well as producing the GSR, albeit in a complex way, it has been suggested that increase 

sympathetic activity also sive rise to a lowered skin resistance in a;: area suffering from 

pain. (Bromm & Treede 1980; Riley & Richter 1975) This suggestion is supported by 

experiments that have abolished the skin resistance response to painfd stimuli by 

sympathectomy or atropine nerve block. (Ionescu, Pruna et al. 1990; K i rn~ ,  Kunimoto et al. 

1991; Riley & Richter 1975; Kimo, Kunimoto et al. 1991) While there is good evidence to 

support the lowered skin resistance of painful areas ~ e i n g  mediated by sympathetic activity, 

it remains uncertain as to the cause of the lowered resistance at acupuncture points. 

To determine the role of sweating an skin resistance measures at active points Hhlek, et al. 

performed measurements after preparing the skin by rubbing a 3% solution of formalin in 

water 4 days prior t.o the measurements, thus damaging the sweat glands and occluding 

exocrine sweat pathways. They found that while this preparation did increase overall skin 

resistance, the relationship between active and non-active skin points remained constant. The 

same authors also found that low resistance points retained their identity even wher. 

measurements were made under cold conditions that reduced sweating. (Hglek, Opavsky et 

al. 1984) 

Further support for the argument that sympathetic activity is not directly related to the low 

resistance at acupuncture points comes from their relative distribution. The finding that 

sweating occurs uniformly over the skin surface equally at acupuncture points and 

surrounding skin, (Stux & Pomeranz 1990) and that distinct low resistance points on the 

auricle of the ear may be detected (Kawakita, Kawamura et al. 1991; OIeson 1980) even 

though the ear is virtually devoid of sweat glands, suggests that factors other than sweating 

are important. This suggestion is further supported by the finding that low resistance points 

are found to be punctate in nature and of no greater than lcm diameter (Nansel & Jansen 

1988) rather than being patchy or diffuse, or involving substantial portions of a particular 

derrnatome, as would be expected if they resulted from increased sympathetic activity. 



Additional support for the suggestion that the resistance properties of acupuncture points 

are not dependent on sympathetically mediated sweat gland activity comes from the 

finding that acupuncture points may be detected after death. This has been demonstrated by 

a concordance betwe;en low resistace points in embalmed cadavers and live subjects. 

(Nansel & Jansen 1988) as well as the identification of specific low resistance points on 

Wistar rats up ro thirty minutes after their death (Chiou, Chao et al. 1998). 

Based on the above evidence, it appears that the low resistance properties of acupuncture 

points are not due to sympathetic activity, yet the factors that do give rise to these 

properties is not clear. Furtherrnorz, it is unclear as :o the significance of these properties, 

and how they change with physiological and pathological processes. 

5.5.2 Altered finetions at acupu?zcture poin ?S 

In addition to having distinct electrical properties, it has been reported that acupuncture 

points may be distinguished by other biophysical parameters. Distinct properties of 

acupuncture points have been demonstrated by EBry who measured skin respiration using a 

supersensiti~!e CO2 detecting instrument that is able to detect 0.01 milhonth of a gram of 

CO2. (Edry 1934) These measurements revealed that the skin respiration ai ubupuncture 

points was significantly different from surrounding skin areas suggzsting that there is a 

locally increased capillary pC02 at acupuncture points. EBry uses these results to suggest a 

correlation between energy released from adenosine triphosphate and the Qi energy 

described by traditional Chifies;: medicine. 

As well as reports of acupuncturz points having different metabolic characteristics, it is often 

claimed that these points respond differently to pain either locally or in remote sites. Thus, 

when there is pain or a disease state in a given area of the body, the correspondimg 

acupuncture points are said to become "active" making them increasingly tender and display 

an increased electrical conductance. (Bergsmann & Wooley-,Hart 1973; Jayasuriya 199 P ;  

Oleson 1980; Zhu 1981) It is also claimed that at these times there may also be morphologic:al 

changes in acupuncture points such as discolorations, pimples or papules (Oleson 1980) as 

well as changes in the electrical resistance of the bilateral acupoint. (Zhu 198 1) 



The relationship between skin conductivity and pain has been documented by Hampf 

(1990) who performed a study of 21 healthy volunteers in which acute pai;~ was induced by 

cold exposure and skin impedance, heart rate and facial skin temperature were recorded. 

The findings of this study revealed that pain resulted in skin impedance increases of up to 

24% and that this change was greater than changes induced in heart rate or skin 

temperature. (Hampf 1990) 

As well as responding to pain, it has been reported that skin resistance at acupuncture 

points may be related to visceral function. Rosenblatt demonstrated that there is a 

correspondence between changes in heart rate and skin conductance at acupuncture points 

that lie along the heart meridian and hence are functionally related to the heart in traditional 

Chinese medicinr:. In a novel experimental design that utilised a completely noninvasive 

approach, Rr~senblatt found that when subjects either increased or decreased their heart rate 

using - hideedback there was a corresponding increase or decrease in the skin conductance 

at an acupunctxe point relating to the heart. Furthermore, when subjects were instructed to 

use biofeedback to alter their skin conductance at a point relating to the heart there was 

found to be a corresponding change in heart rate. In both cases significant changes were 

only seen in acupuncture points relating to the heart and no changes were seen in nearby 

placebo points. (Rosenblatt 1982b) 

Further evidence of a relationship between visceral function and the cutaneous resistance 

of acupncture points is provided by Zongxiang who found a relationship between 

stimulation of the gastric mucosa and skin conductance. In a series of experiments using 

monkeys and dogs, Zongxiang found that changes in the gastric mucosa produced by hot or 

cold water, and before or after food, corresponded to significant variations in skin 

conductance at an acupuncture point relating to the stomach. This relationship was also 

found in cases of peptic ulcer. (Zhu 198 1) 



6.0 Acupuncture and electromagnetism 

6.1 'Life potential' and the diagnostic use of points 

The fact that acupuncture points can be identified subjectively as tender points and are 

found to have characteristic electrical properties along with the altered function of these 

points suggests that they are functional entities. The functional properties of acupuncture - 

points may be used diagnostically in a clinical setting whereby increased tenderness and 

altered electrical conductivity may indicate pathology in a 'corresponding' body location. 

The ability of the electrical properties of acupuncture points to provide information about 

the functional status of the body has given rise to the development of many different 

electro-diagnostic devices that may be used to measure the electrical properties of 

acupuncture points and meridians. These instruments are commonly used to determine a 

person's energetic balance, as well as modify this balance with small but precise electrical 

stimulation. These devices are often termed Electro Dermal Screening Devices (EDSD) 

and the use of them is termed an Electro Dermal Screening Test (EDST) (Tsuei 1996) and 

include devices and systems such as the 'Mora', 'Vega', 'Biocom', 'Dermatron', 

'Ryodoraku', 'Eiectro-acupuncture: According to Voll (EAV)', and 'Listen' systems. 

The construction of EDSDs generally consists of an ohmmeter designed to deliver around 

10-12 ,uA at around 1-1.25V. An active probe consisting of a metal-tipped electrode 

attached to the positive side of the circuit is then placed on the point to be examined and a 

reference electrode that has a much greater surface area attached to the negative side is held 

in the subject's hand. (Figure 10) A reading of resistance can then be made from the 

ohmmeter, which is usually calibrated according to a standard. This reading is usually 

described using two values, the initial reading obtained when the active probe first makes 

contact and an 'indictor drop', which represents whether or not a steady state is reached. 

(Lam, Tsuei et al. 1988) 
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Figure 10 Basis design of electro-acupuncture measurement instruments. (Adapted 
from Lam, Tsuei, S. Zhao 1988) 

In an attempt to standardise the equipment and measurement parameters used for 

electrodermal screening, Lam et al. examined 16 different devices with electrodermal 

screening capabilities. They found that all the instruments tested were similar in basic 

design with the main differences being the types of meters used and their respective 

calibrations. Thus, adjustments may be required when comparing results from different 

devices. (Lam, Tsuei et al. 1988) 

It is claimed that many different types of information may be obtained from electrodermal 

screening procedures in tlle form of the magnitude of the initial reading, the presence of an 

indicator drop as well as information related to the particular point tested. Perhaps the most 

contsoversial aspect of electrodermal screening is the use of information based on the 

condition of the electrical circuit at the time of measurement. The circuit may be 'altered' 

by placing different substances on an aluminium plate in series with the subject and the 

initial reading and indicator drop may then be used to help assess whether these substances 

may enhance or diminish the body's homoeostatic responses. (Tsuei 1998) 



Chen has attempted to explain the basis for EDST by including active elements in the 

description of the electrical properties of the body. Chen describes three types of responses 

of the body to applied small DC voltages; electrical conduction, dielectric polarization and 

defense regulation. Thus when voltage is applied to the body. initial current conduction is 

followed by polarization of the tissues. These passive processes then invoke an active 

response from the tissue whereby cells set up a defensive self-regulation of charge to 

oppose the induced polarisation. The net electrical gradient or polarisation produced by 

living tissue as an active response to externally applied voltages has been termed "life 

poteiztiaZ" by Chen. (Chen 1996) As this 'life potential' acts to oppose any externally 

applied voltage, the current passing through a living body can be represented bs the 

equation 

10) = [V + V, ( 0  - V, (t)l/R(t) 
Equation 4 

Where 

V is the applied voltage 

irL, is the life potential produce by the active response of the tissues, 

V,, is the polarisation potenhl induced by the applied voltage V, and 

R(t) is the tissue resistance. 

(Chen 1996) 

In practice it is only possible to measure the balance between polarisation potential and life 

potential and thus Che~l has defined a balance potential V,,, which represents the 

differsr.:e between these two measures. (Chen 1996) Thus, equation 2 can be rewritten as; 

W) = [V + V,,, ( t ) l W )  
Equation 5 

Chen has determined that that the relaxation time of the resistance function R(t) is usually 

less than SOms while the relaxation time of the balance function V,,, is several seconds, 

thus when current is applied to the body, the initial peak reading gives a measure of the 



resistance while the following steady state represents the balance function. Chen has 

further determined that acupuncture meridians have not only higher conductance but also 

lower polarisation and therefore faster electromagnetic wave propagation and patterns of 

preferential direction. (Chen 1996) 

While Chen has gone further than other authors in establishing a scientific basis for 

electrodermal screening, the definitive analysis of electrodermal screening is yet to be 

performed. To date the development of the EDST as a clinical tool has been primarily 

based on clinical grounds and anecdotal reports and for this reason it has been criticised as - 

lacking rigorous experimental evidence. (Katel.. : i, Weiner et al. 1991 ; Stux & Pomeranz 

1990) While it is true that electrodermal screening has developed from empirical 

observations, it is currently been used around the world in different clinical settings 

including veterinary practice and dentistry (Voll 1980) and there are a growing number of 

reports providing experimental validation of its use. 

In a double-blind study by Krop et al. electrodenal testing was able to discriminate 

between allergic and non-allergic substances in a group of 24 subjects with up to a 96% 

success rate (p = 0.000002). (Krop, Lewith et al. 1997) In another double blind study 

Szopinski et al. compared the diagnostic results obtained by means of electrodermal 

diagnostics and c!inical diagnoses in 70 patients with suspected pathology of one (or more) 

of the following organs: oesophagus, stomach, duodenum, biliary tract, pancreas, colon, 

kidneys and urinary tract. They found that the detection rate for the electrodermal 

screening was 90.6% with 91% sensitivity and 90% specificity. Furthermore, they found 

that the electrodermal screening measures were able to estimate the actual extent of the 

pathological process within particular organs. (Szopinski, Pantanowitz et al. 1998) 

Similarly, clinical diagnosis was compared with diagnosis made by electrodermal 

measurements in subjects with carcinoma of the lung using a blinded methodology by 

Sullivan et al. (1985). This study found rr statistically significant correlation between cases 

of lung cancer and the electrical conductivity of acupuncture points corresponding to the 

lung and correct diagnoses were made in 87% of instances. (Sullivan, Eggleston et al. 

1985) 



In yet ailothlzr rigorously designed 'double-blind' trial, Oleson et al. compared the 

diagnosis of musculoskeletal pain in 40 patients with assessments made by blinded 

examiners of the tenderness and electrical conductivity of acupuncture points on the 

patient's ears. The somatotopic mapping of the body onto ear acupuncture points has been 

described in dletail by the Chinese and more recently by Paul Nogier (Nogier 1972) with 

only slight differences. (Oleson & Kroening 1983) Using these descriptions, it was found 

that there was greater than 75% concordance between established medical diagnosis and 

the diagnosis based on the functional state of the ear points. (Oleson 1980) The 

somatotopic mapping of organs on the ears was also investigated by Saku et al. who 

studied the electrical resistance of the ear in people with coronary artery disease. The found 

a positive correlation between altered electrical properties of points considered to be 

functionally related to the heart and the presence of angina and previous myocardial 

infarction. (Saku, Mukaino et al. 1993) 

Further confirmation of thc ability of electroderrnal measures to provide clinically relevant 

information is provided by Tsuei et al. who have performed over 20 studies on bio-energy 

and electrodermal screening, constituting the largest body of data on this subject collected 

by one research group. (Tsuei, Lam et al. 1996) These studies include a series of case 

reports that positively correlated EDSD findings with standard diagnostic tests (Lam 8r 

Tsuei 1983) as well as a study that demonstrated a high correlation between the EDST and 

food allergy testing including food re-challenge testing. (Tsuei, Lehman et al. 1984) 

Further sup,port for the accuracy and reliability of electrodemal screening was obtained 

from a series of studies in healthy subjects as well as in subjects performing Qi-gong and 

subjects who had been exposed to various substances such as organophosphates or dental 

amalgams. (Tsuei, Lam et al. 1996) Finally, in a series of case-controlled studies, EDST 

was found to correlate well with standard diagnostic procedures for diabetes (Tsuei, Lam et 

al. 1989) and hypertension. (Tsuei, Lam et al, 1996) 

Based on the above findings these authors claim electrical measurements can be predicted 

based on the traditional organ-meridian relationships described by traditional Chinese 

medicine theory and that EDST has the potential of developing into a complete diagnostic 



screening tool. (Tsuei, Lam et al. 1996) However, while it is admitted that an intensive 

research effort with multiple clinical trials is required before this technique is adopted on a 

widespread basis, research activity in this area appears to be less than is warranted by the 

potential usefulness of this procedure. Perhaps the main reason that EDST has not enjoyed 

wider support from the mainstream medical community is that the bio-energetic basis for 

this system is not well accepted or understood. 

6.2 Direct current theory of acupuncture 

In determining the significance of the electrical properties of acupuncture points, the work 

by Robert Becker's work is distinctive. Becker unlike other Western authors attempts to 

provide a framework within the context of Western science that could provide a theoretical 

tool with which to understand, rather than simply explain, the phenomenon of acupuncture. 

Becker's theory draws on cybernetics and solid state physics and centers on the description 

of a direct current control system that functions in concert with, but independent of, the 

nervous system. This theory builds on earlier suggestions by John Von Neumann that just 

as in the development of computer technology whereby analogue signaling predated digital 

communication, within the evolution of life there must be a more primitive analogue 

control system that antedates the development of the 'digital' all-or-nothing action 

potential. (Von Neumann 1958) Becker's theory also builds on previous work by Bui-r who 

postulated that naturally occurring DC potentials have a control function. (Burr 1935) 

The theory of a direct current control system suggests that the mechanisms of healing and 

regeneration must be subject to control processes that initiate, monitor and terminate them. 

Furthermore, ii i s  suggested that these processes are likely to be independent to the nervous 

system as the xrvous system is not necessarily involved in the healing process and these 

processes also exist in life forms without a developed nervous system.(Becker, Reichmanis 

et al. 1976) Becker's direct current theory has led him to explore many different aspects of 

bio-electricity including acupuncture, currents of injury, the effects of environmental 

electromagnetic fields, the nature of charge carriage in animals, as well as the relationship 

between bio-electricity, levels of consciousness, wound healing and regeneration. This 



work, which spans three decades is summarised in two volumes which also describe 

Becker's difficulty in perfoniing research outside of the main scientific paradigm and his 

difficulties in having his  ark accepted by the wider scientific community. (Becker 1991; 

Becker & Seldon 1985) 

Much of Becker's early work focuses on the problem of regeneration and measurements of 

the current of injury at the amputation sites of salamanders and frogs. In a series of 

experiments on regeneration Becker found that salamanders that are able to regenerate 

missing legs display a negative current of injury while the current of injury in frogs which 

heal amputations by fibrosis is positive. (Becker 1961a) Further research revealed that 

injury to living organisms results in a series of electrical events at the site of injury that are 

responsible for the process of dedifferentiation and mitotic activity and that electrical 

stimulation is able to stimulate regeneration in amphibians and at least partial regeneration 

in mammals. (Becker & Spadaro 1972) 

In a remarkable series of experiments using silicon covered bimetallic implants consisting 

of silver and platinum with a carbon resistor between to produce current of the order of 1 - 
3 nanoamps Becker was able to produce partial regeneration of amputated forelimbs in 

rats. Becker also found that de-differentiation could be induced in amphibian red blood 

cells invitro and that cells were able to respond to current levels ranging of the order of to 

pica (10-12) to nano ( 1 0 ~ ~ )  amperes. A distinct voltage and current window was also found 

for these effects. (Becker 1972) Thus while cellular changes could be produced by 

potentials of 0.3mV across each cell with current densities of the order of 1 picoamp/mm2, 

currents greater that nanoamperes were ineffective. (Becker & Murray 1970) Based on 

experiments of fracture healing in amphibians Becker was also able to demonstrate that 

fracture healing was dependent on electrical signals that were transmitted in the Schwann 

cells that support the peripheral neurons. (Becker 1974) This research led Becker to 

postulate that regeneration is a cellular process that is regulated by a precise control system 

utilising the solid-state and electrochemical properties of cells and tissues as control 

signals. 



Becker theory proposes that a DC transmission system exists, based on the continuous 

passage of DC and that this system subserves the task of controlling phenomenon 

associated with healing and regeneration. (Becker, Bachman et al. 1962a) This DC system, 

while not able to carry the large volume of data camed by the 'digital' action potential 

system, is suggested to precisely control a few variables by transmitting information in the 

form of parameters such as polarity, magnitude, or specific low frequemy waveforms. 

(Becker, Reichmanis et al. 1976) The DC control system theory is based on considerable 

experimental evidence including the finding that DC potentials on the surface of animals 

and humans exhibited field patterns are related to the nervous system (Becker 1962) and 

that spinal nerves exhibited longitudinal direct current gradients. (Becker, Bachman et al. 

1962b) These findings along with measurements that revealed that sensory nerves posses 

gradients that are distal positive and motor nerves distal negative, led to the proposal that 

sensory and motor nerves not only complete a simple reflex arc through the conduction of 

actions potentials, they also complete a DC circuit. (Becker, Bachman et al. 1962a) 

The medium for such DC control system draws on work by Szent-Gyorgyi who proposed 

that solid state mechanisms such as semiconductivity and piezoelectricity play a role in 

living systems. (Szent-Gyiirgyi 1960) Becker was able to expand on this idea by 

demonstrating that collagen molecules in addition to being piezoelectric behaved as N-type 

semiconductors while the mineral crystals in bone behaved as P-type semiconductors. 

(Becker 1972) Becker was also able to demonstrate the occurrence of semiconducting 

pathways in the limbs of salamanders. This was done by measuring Hall voltages (Figure 

11) within the limb when it  was placed in a perpendicular rnagnetic field. (Becker 1961b) 

In these experiments Becker was not oniy able to demonstrate that these voltages exist, he 

also demonstrated that the charge camers concerned possessed a high rnobi;l:;- and were 

most likely electrons rather thar, ions and therefore due to semiconduction rather than ion 

movement. (Becker 1962) 
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Figure 11 The Hall effect (adapted from Becker 1974) 

In addition to being confirmed by experimental evidence, the DC control theory has led 

suggested explanations for a variety of observed phenomena. The idea that sensory and 

motor nerves constitute a closed DC circuit has given rise to the suggestion that skin 

resistance and potential measures can be interpreted as variations in the DC flow at these 

points. (Becker 1974) Thus, it has been proposed that ac.lpuncture meridians exist as DC 

communication channels and that acupuncture points arc the sites of operational amplifiers 

that are necessary to overcome signal losses within the transmission line. Furthermore, 

being based on semiconduction with charge carriers with a high mobility and hence high 

susceptibility to perturbations by external electrical and magnetic fields, it is suggested that 

environmental electromagnetic fields may have significant effects on biological functions. 

(Becker 1972) 

Becker supports this later suggestion with observations that geomagnetic disturbances alter 

human psychiatric behaviour (Friedman & Becker 1963; Friedman, Recker et al. 1965) 

leading Becker to conclude that: "the magiletic field of rhe Eartll is all inzportant 

physiologic factor .for living orgailism and fllnt behavioural cltarzges of ail undesirable 

nature, either qliite erident or silbtle, may result fi-on1 exposure to enviro~zme~zts having 

lower or Itigller field strengths than "itonnal" or those haviizg ektlter no jluctuation or 

cyclic fluctuatioiz a! freqzte~m'es o t l w  tlla~z time to wl~ich we are adjusted"(Becker 1991) 



The idea that environmental electron~agnetic activity may influence the acupuncture 

meridian system is supported by Sher (1996) who proposes that the effects of changing 

weather patterns on mood and behaviour may be mediated by electrical processes in 

acupuncture points. He suggests that acupuncture points may be affected by atmospheric 

electricity and that this may have an effect on neurotransmitter release in the CNS. (Sher 

1996; Sher 1997) The suggestion that environmental electromagnetic activity may effect 

the activity of acupuncture points has also been widely investigated by Russian researchers 

who have demonstrated a ccrnneaion between electroyhysiological skin parameters and the . 

state of the geomagnetic field. (Ryzhikov, Raevskaya et al. 1982) 

While much of the Russian work has not been translated and remains inaccessible to 

Western readsrs, m e  study that has been translated, reports the measurement of electrical 

resistance of more than 12 acupuncture points using 5mm2 Ag-AgCI search electrodes and 

a 10cm2 reference electrode n s i q  two polarities of a l p A  current. Twice daily 

measurements over a 53 day period revealed that while the mean 24-hourly value of 

electrical resistance at certain points was fairly stable under constant conditions, there was 

a correlation (correlation coefficient between 0.68-0.85) between an increase in resistance 

and high levels of simultaneous geornagnctic activity. (Ryzhikov, Raevskaya et al. 1982) 

Over a period of three decades, P1merous lines of evidence have accumulated to suggest 

the existence of a biological DC control system. This evidence includes the presence of 

semiconducting properties of tissues (Becker 1972) and of semiconducting currents in the 

body, (Becker 1961b) the finding that currents of injury appear to influence regeneration 

and healing, (Becker 196la; Becker & Spadars 1972) demonstrations that the application 

of nanoamperes may cause dedifferentlation in cell cultures, (Becker 1972) the finding of 

an organised distribution of DC potentials over the body, (Becker, Reichmanis et al. 1976) 

along with the finding that environmental electromagnetic fields may influence human 

behaviour. (Friedman Br Becker 1963; Friedinan, Becker et al. i965) Furthermore there is 

also considerable evidence to support the idea that such a system may provide an 

explanation for acupuncture including the demonstration of low resistance properties of 



acupuncture points and meridians and the demonstration of well defined skin resistance 

patterns coinciding with the meridian network. (Becker, Rejchrnanis et al. 1976) 

Despite the wealth of evidence, for an electromagnetic basis for acupuncture, it secms that 

the most research into acupuncture has been dominated by the exploration of neuro- 

humoral mechanisms. This has been prompted by the discovery of the endogenous opioids 

in the mid-1970s, which seems to have led to the abandoning of much electromagnetic 

research into acupuncture in favour of neurophysiolo~ical research. The dominance of 

acupuncture research by the field of neurophysiology is perhaps not surprising, as 

electromagnetic explanations suggests an entirely new system of bio-communications 

whereas neurophysiological explanations do not involve such a radical change in 

perspective. It appears however, that an exploration of the electromagnetic basis for 

acupuncture is warranted for neurophysiolcgical mechanisms are not able to provide a 

complete explanation or account of acupuncture phenornena. 

While Becker's theory of a DC control system provides a framework with which to explain 

some of the electromagnetic phenomena associated with acupuncture, it does not provide 

an explanation of the organ-meridian relationships or provide an explanation for the 

therapeutic use of specific acupuncture points in specific conditions. Furthermore, this 

theory does not attempt to provide an account of the many practical and philosophical 

principles of traditional Chinese medicine upon which acupuncture was developed. 

Thus while Becker's tl.lL Jry goes further than perhaps any other towards explaining 

acupuncture in terns that are accepted by Western science, any emerging explanations for 

acupuncture needs to be able to incorporate an explanation of both electromagnetic and 

neurophysiological phenomenon. It is also suggested that any future explanations will be 

incomplete without a consideration of traditional Chinese medicine theory upon which 

acupuncture was first developed. 



6.3 An introduction to experimental work 

After briefly reviewing the literature, it is evident that although acupuncture may produce 

significant physiological effects, there is still much that is unknown about its mechanism of 

action. It is also c~ iden t  that there are many difficulties in performing research into 

acupuncture due to a lack of standard definitions for acupuncture points and meridians, as 

well as few standards for the experimental exploration of its basic mechanisms. Further 

difficulties arise from the lack of integration between Chinese concepts and Western 

science, which frustrates attempts by Western practitioners and researchers to learn from 

the traditional theoreticai foundations of acupuncture. 

Despite these difficulti~s there is good evidence that the stimulation of acupuncture points 

results in the release of neurochemicals and that this stimulation can mediate analgesia, 

produce immune enhancement and achieve alterations in autonomic nervous system and 

organ function. Furthermore, it is evident that acupsncture points can be identified as 

points of local tenderness as well as having distinct electrical properties. Although there is 

much work needed before these properties are fulfy characterised or understood, there is 

also evidence that acupuncture points may exhibit functional changes during pathological 

states, thus providing potentially useful diagnostic information 

While current attempts at understanding acupuncture focus on either neuro-l,umoral or 

electromagnetic phenomena, both fall short of a complete explanation. Neuro-humoral 

explanations involve the evoking of viscero-cutaneous and cutaneo visceral reflcxes as well 

as gating phenomenon in the spinal cord and the release of central neurotransmitters. While 

these processes help to explain some of the clinical effects of acupuncture, they do not 

accovmt for the existence of points and meridians. Alternative explanations that focus on 

electromagnetic phenomena utilise the theory of a DC control system. This theory attempts 

to account for the electrical properties of acupuncture points and meridians and predicts 

biological effects from very low levels of stimulation including environmental 

electromagnetic fields. This theory however, does not explain the functional nature of the 

points or the various clinical effects. 



In order to investigate some of the issues raised by :ne literature and to confirm and extend 

the results of previous studies, a broad series of investigations were undertaken that 

addressed the following questions. 

+ Does stimulatio;~ with acupuncture needles produce electrical effects? 

+ Do points have specific absorption properties? 

e Can the DC properties of points and meridians be further characterised? 

e Do meridians posses specific transfer functions? 

e Is there a link between environmental fields and central nervous system functioni~g? 

(. Are there parallels between Eastern and Western concepts that may assist in 

understanding or explaining t7,ese phenomena'! 

The fallowing chapters des,..ribe and discliss the outcomes of these investigations. 



7.0 Acu~uncture ~ieedles and the Seebeck effect 

7.1 Introduction 

While the use of electrical stimulation is commonly used in acupuncture research and 

practice, there is some evidence to suggest that the use of needles may also induce 

electrical changes and lnat trzditional stimulation techniques may modify these effects. 

When an acupuncture needle is inserted into the body, a temperature differential of around 

10 to 15 degrees is created between the handle of the needle at room temperature and the 

needle tip at body temperature. Based or1 theoretical considerations this temperature 

gradient is capable of inducing a potential difference due to the Seebeck effect. (Blatt, 

Schroeder et al. 1976; Pascoe 1973). 

The Seebeck effect relies on the fact that electrons in the hotter parts of a conductor will 

naturally flow toward the cooler parts. Thus a current is produced which then maintains a 

charge separation and hence a potential difference driven by the temperature gradient. The 

traditional design of acupuncture needles appears well suited to maintaining such a 

temperature gradient because the ciassical coiling of copper around the handle of the 

needle acts to increase the surface area and thus acts as a thermal radiator. (Figure 12) 

Based on these considerations i t  could be expected that the insertion of an acupuncture 

needle into the body would produce a potential difference across the needle with the needle 

tip being of negative potential compared to t t e  more positive handle. The classical 

technique of heating the handle of an inserted needle with burning rnoxa (artemesia 

vulgaris) (Jayasuriya 1991) codd then he seen to reverse this potential gradient causing the 

handle to be positive compared to the more negative tip, while cooling the needle handle 

would1 have the reverse effect. 
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Figure 12 Typical modern acupuncture needle construction 

The above analysis suggests that the insertion of acupuncture needles into the body 

produces an electrical gradient induced through the Seebeck effect. The order of magnitude 

of this effect however, has not been reported. In order to determine the electrical potential 

produced in an acupuncture needle due to the temperature gradients between the 

environment and the body the following study was devised. 

7 2  Method 

Traditional 'HwatoTM' brand acupuncture needles 0.2 mm in diameter and 40 mm long, 

made in China from stainless steel with coiled copper handles were used (Figure 12). 

Needles were connected to a standard RiopacTM EEG, biopotentip l amplifier circuit 

(Biopac Systems Inc, Golenta, CA) in order to record potentials in the microVoh rmge. 

(Figure 13) The gain of the amplifier was set at 10 000 with the sampling rate set at 50 Hz. 

The EEG amplifier's built in 'alpha filter ' was used which consists of an analog 8-1 3 Hz 

band pass filter followed by a full wave rectifier and a 5 Hz two pole low pass filter. A 0.1 

Hz low pass digital filter was also added to exclude low frequency noise and drift. 



This configuration was used to observe slow changes in the DC potential across the needle 

and was found to eliminate the majority of high frequency noise and to produce the 

cleanest signal with the available equipment. The needle was connected in series with a 2 

MS2 resistor to match th.e input impedance with the impedance of the amplifier (2 MR). 

The BiopacTM amplifier was interfaced with a PC through the associated MP100 data 

acquisition system and the related AcqKnowledgeG9 software (Biopac Systems Inc, 

Golenta, CA) was used to display the output and to perform the digital filtering. 

AI! measurements were carried out inside a Faraday cage to shield from the effects of low 

frequency electromagnetic radiation. The amplifier set-up and PC were kept outside the 

Faraday cage and shielded leads were used between the experimental set-up and the 

amplifier (Figure 13). An acupuncture needle was connected in series with a 2MS2 resistor 

to a RiopacTM EEG amplifier using shielded leads. A11 measurements were performed 

inside a Faraday cage and the cage and amplifier were connected to a common ground. The 

needle tip was heated to body temperature by holding it between thumb and forefinger. The 

handle was then heated using a naked flame. 

L 

Figure 13 Experimental Set-up for measurement of the Seebeck effect 



Measurements were made on the needle alone to eliminate the effect of the transcutaneous 

potential difference. The ambient room temperature was maintained at a steady 22 "C. A 

temperature gradient of 13.4"C was maintained across the needle by heating the needle tip 

to a temperature of 35.4 degrees Celsius by grasping the end of the needle between two 

fingers. The temperature reading was confirmed using an electronic temperature probe 

accurate to 0.05"C. A tempci.;:j:i31re gradient of over 800 "C was maintained by heating the 

needle handle using a naked flame. All measurements were repeated five times on different 

occasions using the same type of needles to ensure consistency of results. (Cohen, Kwok et 

a.1. 1997) 

7.3 Results 

Figure 14a shows the recording needle potentials before, during and after heating the 

needle. Figure 14b shows the same data after digital filtering was applied. As can be seen 

from the figure, heating of either the tip or the handle of the needle produces an initial peak 

in measured potential which then drops after a period of about one second to a level above 

that recorded at room temperatu-e. This indicates that there is an initial current flow in the 

needle after which equi!ibrium is maintained. The equilibrium is reached when a potential 

difference across the needle can balance the temperature gradient. The equilibrium 

potential for a heated needle occurs at around 20 pV and is maintained for as long as the 

temperature gradient exists. When the needle is heated, a higher level of background noise 

is also seen. This is likely to be due to temperature effects. 

The experimental procedure was performed ten times to ensure consistency of results and 

average values were taken. The average value for potentials across a needle at room 

temperature was 5 pV. When the needle tip was heated to body temperature the average 

potential was 13 pV, while after heating the needle handle with a flame the average 

potential was 18 pV. The steady state cumnt flow can be calculated from Ohms law; 

Equation Q 



Where V is 13 pV and R = 2 MQ. The steady state current flow due to the temperature 

gradient between the body and the environment is therefore of the order of 6.5 pA (6.5 X 

10-"). The average peak voltage recorded due to the initial heating was 270 pV, which 

gives a value of 135 pA for the initial current flow. 

7 4  Discussion 

The above results suggest :hat the temperature gradient across an acupuncture needle is 

able to produce an electrical current of the order of picoAmps and a potential difference of 

the order of microVolts. This effect was  consistent!^ observed whenever heating was 

applied and was independent of any high frequency interference. The initial effect of 

heating the tip of the handle is to create a current of 135 pA. This may have been due to the 

transfer of static charge from the investigators fingers to the needle as well as due to initial 

electron movement from the cooler to warmer region. This initial current flows for less than 

l second after which equilibrium is reached and a steady potential difference of around 15pV 

is maintained. These findings are consistent with previous reports the potential difference due 

to the Seebeck effect for copper-iron thermocouple pair is approximately linear in the range 

from 0°C to 200°C after which it plateaus and drops. (Pascoe 1973) 

The traditional design of acupuncture needles seems to be well suited to enhance the 

Seebeck effect with the coiled copper handle acting as a thermal radiator. This effect 

however may be reduced by the modem trend of replacing copper handles with plastics 

that may have an insulating effect. The use of two different metals in needle construction 

may also act to produce electrical effects due to the Peltier effect, which describes the 

generation of a potential difference due to the temperature differential at the interface of 

the two metals. (Blatt, Schroeder et al. 1976; Pascoe 1973) This effect however would be 

minimal as the temperature gradient at the bimetallic interface would be small and the 

effect would be limited to the region of the needle's handle and would not extend down the 

shaft into the patient's body. 
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Figure 14 Results of Seebeck effect measu.rements 

(a) Raw data of recording across a needle: at room temperature, with the needle tip 
heated to body temperature using investigator's fingers, 3) after the fingers were 
removed, 4) when the needle handle was heatrd with a naked flame, and 5) after the 
flame was removed. 

(b) The same results after filtering with a 0.1 Hz lov+ pass digital filter. 

(C) Averaged results taken over five different recordings. (Cohen, Kwok et al. 1997) 



In addition to the design of acupuncture needles enhancing the Seebeck effect, it seems 

significant that there are many traditional manipulations to acupuncture needles that may 

act to modulate the Seebeck effect and possibly enhance its therapeutic role. The classical 

technique of heating the handle of an acupuncture needle placed in situ with burning moxa, 

(Jayasuriya 1991) would act to reverse the normal temperature gradient by making the 

handle of the needle hotter compared to the tip and hence would reverse any current flow 

caused by the Seebeck effect. This would provide acupuncture practitioners with a 

technique for applying either a positive of negative potential and thus creating current flow 

either to, or from, the body. Another traditional manipulation that may modulate the 

Seebeck effect and enhance its therapeutic role is the technique of lifting and ihrusting an 

acupuncture needle in and out of the skin. (Jayasuriya 1991) This technique would cause 

alternate heating and cooling of the needle and produce an alternating current of between 2 

to 10 Hz, which is the frequency range used by modem electro-stimulation devices to 

maximise endvrphin release. (Stux & Pomeranz 1990) 

The electrical stimulation generated from the Seebeck effect appear to be extxmely small 

and i t  is difficult to imagine how such small inputs may have biological effects. Certainly 

the measured potentials may be of no biological consequence whatsoever, yet these inputs 

are of the same order of magnitude that have been previously found to produce significant 

changes in biological tissues inciuding de-dilkrentintion and healing. (Becker 1972; 

Becker 1974; Becker & Murray 1970) Thus, i t  appears that due to the nonlinear nature of 

biological systems, the application of charge to specific sites may be amplified to produce 

significant biological effects. The application of extremely low levels of current to the 

body via acupuncture needles may therefore be seen as a technique that applies extremely 

small yet specific charge to specific body sites. 

Whiie the results presented here only apply to the electrical effects produced by a 

temperature gradient across an acupuncture needle, in clinical situations there is the 

possibility for many other effects. The shon circuiting of the transcutaneous potential 

difference, the production of currents of injury as well as the creation of a half cell 



potentjal between the needle and the body fluids and electromagnetic induction and may all 

contribute to electrical effects of needling and play a role in the mechanism of actior: of 

acupuncture. Nevertheless, it seems significant that the ancient Chinese, should develop 

techniques that can modulate cument flow to and from the body. The above results suggest 

that the technique of acupuncture may modify bioelectric events without external electro- 

stimulation equipment through the Seebeck effect. While the significance of this effect is 

unclear, i t  adds weight to the suggestion that acupuncture may influence an internal 

electrical control system. 



8.0 Optical nroperties of acu~uncture points -, . 

8.1 Introduction 

The traditional depiction of acupuncture points suggests that they are sites of energetic 

exchange and the practice of acupuncture acts to apply external energy to these points. The 

ap?lication of infrared radiation to acupuncture points through the practice of moxibustion 

is a traditional method of stimulating acupuncture points and this technique has been 

extended in modem day practice through the use of low-level laser therapy. These 

techniques are based on the premise that there will be different, clinical effects produced 

when infrared radiation is applied to acupuncture points rather than other areas. 

While the low electrical resistance and increased pressure sensitivity at acupuncture points 

suggests they are points that preferentially transfer electrical and mechanical energy, the 

response of these points to infrared radiation has been less well explored. In order to 

investigate these properties further, experiments on the absorption of near infrared laser at 

acupuncture points were performed. 

8.2 Method 

An experimental procedure was designed and performed by Lazoura (Lazoura, Cohen et al. 

1998; Lazoura, Cohen et al. 1997) (Figure 15). The experimental set-up included a single 

mode laser diode producing near infrared laser at 780nm, with a regulated output of 3.0 

mW and pulse repetition frec,uencies between l and 20 Hz. The pulse repetition frequcncy 

was controlled by a frequency generator that produced pulses with a 50150 duty cycle and 

frequencies of 1, 2 , 5 ,  10, 15 Hz. 

The beam produced was focused to produce a spot size of lmm diameter and was directed 

at the Li 4 point, or a point 1.5-2.0cm lateral to this from a constant distance of 150mm. 

The point Li 4 was defined anatomically based on traditional charts as well as electrically 



by locating points of low electrical resistance using a multimeter (Philips PM3517x, Phiiips 

Corporation, Holland). Care was taken to ensure to avoid skin blemishes or discolorations 

that may have altered the skin's reflective properties. The reflected radiation was collected 

and focused onto an infrared sensitive receiver via a protected gold plated mirror. The 

output of the receiver was then sent to the BiopacTM biopotential amplifier and data 

acquisition system. (Biopac Systems Inc., Golenta, CA 1994) Signal analysis was 

performed using the accompanying AcqKnowledge@ software. 

Photo diode feedback 

I--- 

* AB converter 
4 

Figure 15 Set-up of laser absorption study (Adapted from Lazoura, Cohen, Srekovic, 
S: Cosic, 1997) 

8.3 Results 

The results demonstrate that the Li 4 may be distinguished from a 'non-acupuncture point' 

by the absorption of near infrared laser as indicated by less reflected radiation from the Li 4 

point compared to a control point 1-2 cm distant. (Lazoura, Cohen et al. 1998; Lazoura, 

Cohen ct al. 1997) The differential absorption between the two points was also found to 

vary with different pulse repetition frequencies with the difference being greatest at a pulse 

repetition frequency of 1 Hz. This difference was found to decrease with increasing pulse 

repetition frequencies in a linear fashion. At pulse repetition rates above 10 Hz there was 

no detectable difference between the two signals. (Lazoura, Cohen et al. 1998) (Figure 16) 
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Figure 16 Voltage versus time of reflected infrared radiation from acupuncture 
points and nonpoints at pulse repetition frequencies of a)  lHz, b) N Z ,  c) 5 Hz, d) 10 
Hz (adapted from Lazoura, Cohen, Sreckovic, & Cosic 1997) 



8.4 Discussion 

The finding of a difference in the infrared absorption characteristics between an 

acupuncture point and a nearby 'nonpoint', suggests that acupuncture points are points of 

preferential energy absorption and that there is a correlation between the skin's electrical 

and optical properties. While the biophysical or physiological basis for this correlakion is 

unclear, the results of this study suggest that there is a greater transfer of energy from 

infrared radiation to an acupuncture point than surrounding tissue and that this difference is 

dependant on the pulse repetition frequency of the applied radiation. 

The absorption of laser into tissue is dependent on a number of different parameters. These 

include the frequency and power of the laser radiation and the nature of the tissue 

irradiated. (Chow 1994) When laser is used to stimulate acupuncture points the major part 

of this energy is absorbed by the microcirculntion and the deeper tissues. (Chow 1994) The 

applied energy density can be calculated from the equation; 

Equation 7 

Where E = energy of laser radiation in ~ouleslcrn' 

P = the power output of the laser in Watts 

t = the time that the radiation is applied in seconds 

A = area of the spot size in cm2 

In the case of the above experiment, when 

delivered to the skin each second is; 

0.083 X O S  

a 50150 duty cycle 

= 0.0'15 J /cm' 

urns used, the energy density 

This value can be compared to the amount of energy delivered to an acupuncture point 

during low level laser therapy, which may vary between 0.1 and 4 ~ouleslcm'. Thus the laser 

used in the above experiment would need to be applied between approximately 7 seconds 

and 4 minutes to provide a similar energy to that applied during low level laser therapy. 



While the total energy den~ity delivered to a point is often used for determining the length 

of time a laser is applied in therapy, it is the power density that determines the possibiti~gr 

of thermal effects in the tissue. Thermal damage is reported a: power densities in excess of 

0.5~1cm'. (Ken & Rose 1989) Power density in ~ a t t s / c r n ~  may be calculated from the 

equation; 

Power 
Power Density = 

Area 

Equation 8 

In the above experiment the power density = 0.003/0.1 = 0.03~1~1i l ' ,  which is 

considerably less than the power required to produce significant heating of the tissue. 

However, the finding of a greater absorption of infrared laser at acupuncture points at pulse 

frequencies below 10 Hz suggests that there may be some feature of acupuncture points 

[hat is able to absorb infrared radiation that is saturated above this frequency. This may be 

due to short-term alteration in the microcirculation at these polnts, or the ability of the 

microcirculation to transmit radiant energy. It is also possible that these points have distinct 

microarchitecture with increase numbers of desmosomes, tonofilaments or gap junctions 

that may contribute to an enhanced conduction of both infrared radiation and electrical 

charge. 

It is interesting to observe that the ancient Chinese developed a technique of applying 

infrared radiation to acupuncture points through the practice of moxibustion and that this 

technique often involves pulsing the applied radiation at a frequency of around l Hz. This 

is traditionally achieved through the technique of 'sparrow pecking' whereby burning 

moxa is alternatively placed in  close proximity to an acupuncture point and then removed. 

(Jayasuri ya 1991) However, while the finding of unique absorption properties of 

acupuncture points adds suppm to the suggestion that they are points of preferential 

energy exchange between the living body and the environment, the reasons for this are 

unclear. This finding therefore raises many questions and opens the way for fu~ther 

research into the anatomical or physiological properties that may underlie t hi S phenomenon 

as well as research into the frequency dependence of the effect. 



9.0 DC characteristics of an acupuncture meridian 

9.1 Introduction 

While many studies have examined the electrical resistance properties of acupuncture 

points compared to surrounding skin, few studies have examined the DC resistance 

properties between acupuncture points along an acupuncture meridian. Furthermore, while 

studies involving electrodermal screening havr examiried the time course of electrical 

resistance measures over the cgurse of a few seco,. . 3 e  dynamic behaviour of resistance 

measures have not been reported over the course of longer periods. Assessment of the 

dynamic behaviour of resistance measurements is important however when considering the 

reliability of these measurements and may provide details of how physiological and 

psychological responses may irfluence the electrical properties. 

In order to explore the DC resistance between acupuncture points along a meridian, a series 

of preliminary experiments were performed whereby the resistance between points along a 

meridian both unilaterally and bilaterally were compared with the resistance between a 

meridian point and a surrounding 'non-point'. Furthermore in order to determine the 

reliability and reproducibility of the results, it was decided to examine the stability of 

resistance measurements over fifteen minute intervals as well as during different 

manipulations such as during exercise and psychological stress and distraction. (Cohen, 

j70umard et al. 1995) 

9.2 Methods 

Electrical resistance measurements were performed along the Large Intestine meridian in 

healthy human subjects ( I  female, 3 male). The large intestine meridian was chosen due to 

its accessibility and the fact that 'major points' that may be easily identified are located 

along this meridian, Measurements were made using a constant current source of i O  p 

amps and adhesive, lcm square, AgCI-gel electrodes that did not require any contact 
J 



pressure other than the initial pressure used to apply them. Electrodes were placed on the 

Hegg (L! 4) point over the first dorsal interosseus muscle on either hand, as well as on a 

point along the s r a e  channel situated over the common extensor origin at the elbow (Li 11). 

Points were identified using an acupuncture point locator (MME 501 Acupuncture Point 

Locator & Stimulator, Myer Medical Electronics, Melbourne) and standard acupuncture 

charts. Electrodes were also placed on nearby 'nonpoints' located greater than 1.5cm from 

the nearest point or meridian (Figure 17). It was noted that the choice of the 'nonpoint' 

may have coincided with an acupuncture point in some cases, as the adhesive electrodes 

covered an areas of 1 cm2 and there are many acupuncture points that are described on the 

dorsum of the hand. Every effori was made however, to place the non-point electrode clear 

csf any 'major' meridian points as well as clear of any surface cuts and abrasions. 

Figure 17 Points used for measurement (Li 4, Li 11, nonpoint (np)) and location of 
the Large Intestine meridian (dotted line) 

J 



Resistance measurements were made between points along the meridian both unilaterally 

and bilaterally, as well as between meridian points and nonpoints. Measurements were also 

performed between the points Li 4 - Li 11 on the same side over 15-minute intervals with 

readings plotted at 10-second intervals in order to determine the stability of these 

measurements over time. These measurements were also repeated on different days and 

under different experimental conditions such as during aerobic exercise (stepping) or 

during periods of mental distraction caused by asking subjects to perform mental 

arithmetic. (Cohen, Voumard et al. 1995) 

9.3 Results 

Resistance values ranged from around 50 L2 ro over 4 M SZ and were found to vary for 

different subjects as well as for the same subject at different times although there was some 

consistency within subjects when measurements were made on subsequent days. Resuits 

showed that the electrical resistance between uniirlterally located acupuncture points was 

consistently less than the resistance between an acupoint and a nearby 'nonpoint' even 

though the distance between the point and nonpoint was significantly shorter than between 

the two meridian points. (Figure 18) When measurements were made between points on 

opposite sides of the body, it was found that the resistance between the two Li 4 points 

bilaterally was less than the resistance between Li 4 and a contralateral nonpoint. These 

measurements were also consistent when performed on subsequent days. (Figure 19) 

Time dependence of resistance measurements are plotted in figures 20-22. From these 

measurements, three general trends are noted. When resistance values were found to be 

initially high (greater than 5 kS2) they would remain fairly stable (Figure 20). When the 

resistance was found to be initially low, (between 1 - 4kQ) it would either remain fairly 

stable (Figure 21) or tend to increase in a linear fashion. Dramatic drops in the resistance 

were recorded when subjects were made to ur~dertake vigorous exercise and lesser drops 

were noted when a subject was unexpectedly distracted or was made to laugh. (Figure 22 )  



Figure 2 Unilateral measurements 

hleasuren~ents showing that between points along the nleridhn (1,i 4 - Li 1 l )  the 
resistance was less tliim between a nieridhn point and a nonpoint (np) 

Resistance ( k ~ )  

Figure 3 Uilateral rileasurements 

kleasurements sl~owing that despite being the furthest apart, the resistance lwtween 
the bilateral Li 4 points was less than between meridian points iind nonpoints (np) or 
between the two 1,i l l points 
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Figure 20 Resistance measurements over time. Examples of constant resistance - 
measures showing dramatic decreases with exercise 
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Figure 21 Resistance measurements over time. Examples of resistance measures 
showing a gradual decrease aver time 
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Figure 22 Resistance measurements over time. Examples of initially low resistance 
measures that initially increased and then displayed dramatic decreases with exercise 
and distraction 

9.4 Discussion 

The results of this study tends to confirm the results of other studies that demonstrate that 

acupuncture points are of a lower electrical resistance compared to surrounding areas. The 

finding that the resistance between acupuncture points was less than between a point and a 

'nonpoint' even though the path length was greater, may also suggest that there is a high 

conductance pathway occurring along the meridian. It is unclear from these measures 

however, if this finding is due to a low resistance pathway along the meridian or simply 

due to the acupuncture points being of low resistance and providing a current pathway 

through the epidermis and into the sub-dermal tissue. 

Certainly the finding that the resistance between Li 4 - Li 4 bilaterally was less than the 

resistance between points along the same meridian both unilaterally and bilaterally even 

though the Li 4 - Li 4 distance was considerably greater may be explained by a particularly 

low local resistance at both Li 4 points. As these relationships were consistent across 



subjects, these results demonstrate that the resistance along the Large Intestine meridian is 

indeed less thw, the resistance between the Li 4 meridian point and surrounding skk.  The 

presence of a particularly low resistance at these points is consistent with the view in 

traditional Chinese medicine that Li 4 is a 'major point'. i t  may be possible therefore to 

draw a relationship between points of very low resistance and their relative 'importance' in 

terms of traditional Chinese medicine. 

The dramatic reduction in the measured resistance with exercise and altered attention are 

likely to be related to the increased blood flow, sweating and greater ionic permeability 

associated with alterations in sympathetic activity. The slower changes however, may be 

due to other factors. The measurement procedure involved exposing subjects to constant 

stimulation by a DC current of lOpA produced by the ohmmeter. The slow changes in 

resistance observed in some subjects may therefore provide an indication of the effects of 

tissue polarisation as well as the influences of the body's active response to constant 

stimulation. It is possible therefore that the observed rises and falls in measured resistance 

reflect subject's state of health or physiological functioning at the time of measurement, 

however, there is no indication of how this may be interpreted and all subjects were 

apparently healthy at the time of measurement. 

It should be noted that while subjects did receive stimulation from the measuring current, 

in most cases there was no subjective awareness of any current flow. Some subjects 

however did experience a sensation of heaviness similar to the feeling of 'deqi' that 

persisted for some time after the session. It is likely that these sensations were due to 

polarisation effects leading to an active tissue response producing the deqi sensation. 

While this initial study is of an exploratory nature and does not provide enough 

information to draw firm conclusions, it does suggest that. there are distinct resistance 

phenomena along the Large Intestine acupuncture meridian and that this phenomena 

displays some dynamic behaviour. 



10.0 Field  lots of skin resistance at acupuncture points 

10.1 Introduction 

The clinical assessment of acupuncture points is generally accomplished using palpation or 

an electronic 'point locator', which measure the DC resisrance of points compared to 

surrounding skin. Commercially available point locators however, are only able to measure 

a single point at a time, making them time consuming to use ar,d subjective to user bias in 

point selection. Furthermore these devices do not store data and are therefore unsuitable for 

prodilcing a field map of skin resistance. 

While i t  is possible to use a multielectrode probe to create a field plot of surface resistance, 

to date there is only one published study reporting on such a field plot. (Becker, 

Reichmanis et al. 1976) This study utilised measurements made by rapidly scanning 

between 36 stainless steel electrodes 0.2cm in diameter placed 0.4cm part in a grid pattern 

covering a 3.5cn1 by 2.5cm area of skin. (Reichmanis, Marino et al. 1976) In this study, the 

authors reported finding conductance maxima at many acupuncture points as well as well- 

organised field plots around the points. The field p!ots described were generally ovoid ia 

shape with the long axis roughly parallel to .the meridian line and where the meridian line 

changed direction, the field plot showed a definite lobe along the changed meridian line. 

(Becker, Reichmanis et al. 1976) (Figure 9) 

Despite the dramatic results reported by Becker et al., this study does not appear to have 

been repeated or confirmed by other researchers. In order to confirm and extend the 

findings of Becker et al., and to overcome some of the limitations of currently available 

single probe devices, a multi-channel probe capable of mapping the skin resistance of 

multiple points was designed. (Kwok 1998; Kwok, Cohen et al. 1998) Field plots of 

acupuncture points of the forearm were then plotted. 



10.2 Method 

The experimental probe was designed that consisted of 128 pins in a precise 16 X 8 square 

grid pattern over an 8 X 4cmZ area. (Kwok 1998) The probe was placed on the skin so that 

the pins slide freely allowing the weight of each pin allowed to apply constant pressure at 

each contact point. After cleaning and dampening the skin with moist cotton, the probe was 

positioned oil the anterior surface of the arm two finger breadths (1.5 cun) from the 

antecubital crease. This position minimised the curvature of the body under the probe and 

ensured that at least one known acupuncture point (Pericardium 4) was located in the area 

of interest (Figure 23). 

Figure 23 Placement of the multi-electrode probe showing the position in relation to 
the Pericardium acupuncture meridian (adapted from Kwok, Cohen et al. 1998) 

Once positioned, the probe was connected to a 16 X 16 multiplexer configuration. The 

output of the multiplexer went to a Wheatstone bridge that also had a connection to the 

posterior surface of the arm to act as a reference resistance. A regulated five volts DC was 

used to power the two branches and the voltage difference taken from the midpoint of the 

two branches was then passed to an malog to digital converter (ADC) and on to a PC for 

display. The whole process was controlled by dedicated software designed for the purpose. 

(Kwok 1998; Kwok, Cohen et al. 1998) The output produced a shaded contour plot with 

darker areas showing points of low electrical resistance on the skin. 



10.3 Results 

Figure 23 shows an example of a skin resistance map produced by the multi-channel probe 

on the anterior sur fxe  of the arm of one subject averaged over three repeated 

measurements. Similar plots made nqith the slime experimental setup have been pre\iousl!; 

described. (Kwok 1998) The field plot appears well organised and nonrandom \frith at least 

four specific areas of lo~v  resistance (darker areas) being casiljr identified. The distribution 

of the I O W  resistance regions also appears to follow a longitudinal path. \i.ith li l o \ ~  

resistance line extending along the length of the plot. (Figure 24) 

Figure 23 A field plot of surface skin resistance on the forearm with darker areas 
representing regions of' lower resistance. (adapted from Kwok, Cohen & Cosic, 1998) 

The current findings conFi1-m tlic finding 01' Becher c[ 31 and suggest that the surface skin 

resistance is l orgmised. with focal points of low resistancc ~~ppcaring \i~ithin 

longitudinal bands of lesser resistance. While the 1ongitudin:il h:md of. low resistance lll:ljl 

cor-respond with an acupuncture meridian, i t  is unlikely that all of the focal low resistance 

points con.espond n~ith the ~raditionall y described acupuncture points. Within the S x -l cm' 

area of [lie fore:irni examined in this stud!; onljt one traditional acupuncture point is well 

described (Pericardium 4). yet. from tllc field plot i t  is e\rident that there are at least four 



distinct focal points of low resistance. These four points however, do appear to be situated 

along a longitudinal band that can be seen to correspond with the pericardium meridian. 

The finding of low resistance bands in the region of the acupuncture meridians suggests 

that the entire meridian has low resistance properties and that the acupuncture points are 

merely specific low resistance foci along these pathways. This suggestion is supported by 

the work of Becker et al. who describe field plots with ovoid shapes around acupuncture 

points and a longitudinal axis along the meridian. (Becker, Reichmanis et al. 1976) These 

suggestion is also consistent with the finding of low impedance lines on the skin surface of 

animals (Yu, Zhang et al. 1994) as well as with reports of a greater electiical conductance 

over the entire course of a meridian compared with sites lcm distant. (Hu, Wu et al. 1992; 

Zhu, Yan et al. 198 1) 

As well as confirming previous reports of a well-organised field plot of surface skin 

resistance on the forearm, the above findings may also add to the discussion on the size of 

acupuncture meridians. While the 5mm spacing between individual pins of the 

multichannel probe limits the resolution, the low resistance band observed in the field plot 

appears to have a width of around 7mm along its long axis. This is in agreement with 

suggestions that the meridians are around 5mm wide (Yu, Zhang et al. 1981) 

The finding of a well-organised distribution of electrical resistance on the skin that 

corresponds with the traditionally described anatomy of acupuncture provides evidence of 

the existence of the acupuncture meridian network. Furthermore, this finding supports the 

suggestion by Becker that acupuncture may involve a biological, direct current control 

system. (Becker, Bachman et al. 1962a) 



11.0 Transfer function of an acupuncture meridian 

11.1 Introduction 

While it may be evident that electromagnetic events are involved in acupuncture, it is 

unclear as to how these act to mediate acupuncture effects. If the electrical properties of the 

body do mediate acupuncture effects Ihen it is possible that these properties have particular 

frequency characteristics. Certainly, the different physiological responses to different 

stimulation frequencies suggest that the frequency components of an introduced signal may 

be important, however the importance of different frequencies with respect to the 

acupuncture meridian system is not clear. 

In a study by Cosic et al., characteristic resonant absorption frequencies for an acupuncture 

meridian were found in the range from 2 -IWz. (Cosic, Marinkovic et a?. 1984) While this 

work was of a preliminary nature, it suggests that the meridian network may be tuned to 

specific frequencies. When considering the frequency characteristics of the meridians the 

extremely low frequency range (ELF) is of particular interest as this is the range of 

important biological activity such as respiration, heart rate, and cerebral activity. In order 

to determine whether or not there are specific resonant frequencies within the ELF range 

along an acupuncture meridian the following study was devised. 

11.2 Method 

Two acuplincture points along the large intestine meridian were located using standard 

charts and confirmed by detecting low impedance points in the vicinity. As in the previous 

study of the DC characteristics of n meridian, the points Li 4 and Li 11 on the large 

intestine meridian were chosen due to accessibility and the fact that these are 'major 

points' that may be easily identified. Adhesive lcm2 AglAgCI-gel electrodes (3M) were 

placed on each point and an additional electrode placed or; the palm of the hand as a 

common reference point (Figure 25). 



$ connected to PC j 1 

Figure 25 Experimental set-up for transfer function measurements 

A sharp asymmetrical biphasic pulse producing no net DC, with a pulse width of 200psec 

lmseclphase and 5 volt peak to peak amplitude was introduced into the distal point (Li 4) 

at a rate of 1 pulse per second from a standard acupuncture point stimulator (Myer 

Medical Electronics MME 501 Acupuncture point locator & stimulator, Mentone, 

Australia). Recordings were taken from this point as well as from a point further along the 

meridian (Li l l )  over a 20 second period using a digital oscilloscope (Nic 3091, Nicolet 

Instrument Corporation, Madison, Wisconsin) connected to a PC. The data was sampled 

at a rate of 100lsec to ensure that the Nyquist criteria were met for the ELF range of 

interest ( 4 0  Hz). (Tompliins 1993) The data from the oscilloscope was then subject to 

frequency domain analysis using a Fast Fourier Transform (FFT) using custom software 

to determine the transfer function and hence the spectral characteristics of the meridian. 

This procedure was adapted from Cosic (Cosic 1995) and was repeated for 10 subjects 

aged between 20 and 38 years. (Cohen, Behrenbmch et al. 1998b; Cohen, Behrenbruch et 

al. 1998a) 



When viewed in the time domain, obvious differences were seen between the input and 

output signal. (Figures 26 & 27) When subject to analysis Fourier analysis for display in 

the frequency dornain, the input signal was seen to have a broad frequency spectrum with 

no obviocs resonance peaks. (Figure 26) This is in contrast to the output signal in which 

specific resonance peaks in the frequency spectra can be distinguished. (Figure 27) 

It is interesting to note that a strong cutput signal was observed only when the adhesive 

Ag/AgC1 electrodes were placed directly over the respective acupuncture points and that in 

some subjzcts this coincided with the perception of current flow along the arm. If the 

electrodes were moved greater than lcm distant from these points however, the resulting 

signal was significantly attenuated or indistinguishable and there was no subjective 

awareness of current. 

The transfer function Hum) was calculated using the formula: 

Equation B 

On observing the resonance spectra obtained, obvious resonance peaks are discernable at 

around 8, 14, 21, 26, 33, 39 and 45 Hz. (Figure 28). This distinct spectra indicates that the 

acupuncture meridian is acting as a band pass filter and allowing only certain frequencies 

to propagate. The similarity between individual responses and the averaged result from 10 

subjects further indicates that the transfer function spectra from the large intestine meridian 

is consistent across different individuals. This experiment has been subsequently repeated 

many times using the same equipment with similar findings (Cosic 1995) 



1 Input signal in the time domain 

Figure 26 The input signal applied to the Li 4 paint in thc time and frequency 
domain demonstrating a broad frequency spectrum 

::: :' Output signal in the frequency domain 
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Specific resor~arzt 
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Figure 27 The output signal obtained from the Li 11 point in the time and frequency 
domain demonstrating specific resonant peaks 
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Figure 28 The iransfer function of the large intestine meridian demonstrating specific 
resonant peaks 

When the spectral pattern of the large intestine meridian is compared to other spectral 

patterns, a striking ye( mexpected correlation is noted between the spectral component of 

the large intestine meridian and those of the 'Schumann resonances'. (Figure 29) These are 

electromagnetic resonances produced from global lightning that propngate between the 

surface of the Eanh and the ionosphere with resonance peaks occurring at S, 14, 20,26,3?, 

38 and 45 Hz. (Sentman 1995; Polk 1982; Israel 1973) (Figure 3 1). 
-- -- v ---- - -- 
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Figure 29 Large intestine meridian transfer function and Schumann resonance 
frequencies 



111.4 Introduction to Schumann ressnances 

Schurnann resonances are the most pervasive aspect of the natural electromagnetic envimment 

within the ELF region. However, while they have been present throughout biological evolution, 

the discovery of these resonances is relatively recent and they are generally considered within 

the field of atmospheric electrodynamics rather than biology and medcine. 

The physical model for the Schumann resonance spectra was first postulated by Tesla and 

was based on the assumption that the earth and the ionosphere behaved as a spherical 

capacitor with a specific resonant frequency. (Tesla 1903; Tesla 1905) Half a century later 

Professor W.O. Schumann from Munich University proposed the existence of standing 

atmospheric waves and calculated the main frequency to be 1OHz. (Schumann 1952). The 

first reported measurements were published in 1954 by Schumann and Konig (Schumann 

& K0nig.H. 1954) and the first publication of the higher harmonics was in 1969 by Balser 

and Wagner. (Balser C% Wagner 1960). Extensive reviews of the atmospheric 

electrodynamics literature have been prcvided by Pol k and more recently by Sentman. 

(Polk 1982; Sentman 1995) 

Schurnann resonances occur in the relatively non-conducting spherical cavity created 

between the relatively conducting boundaries formed by the ionosphere, which forms the 

upper atmosphere above around 50 kilometers.. and the surface of the earth. The ionosphere 

is a good electrical conductor due to the high content of ionised gas molecules produced 

from the effects of by high frequency cosmic radiation, while the earth's surface is a good 

electrical conductor due to the fact that i t  is composed primarily of seawater. The relatively 

non-conducting atmosphere (resistance of around 1014 Ohms) between these two 

conducting spheres, carries a charge separation of between 200 000 and 1 million Volts. 

Within the Earth-ionosphere cavity lightning dischar:.cs produce electromagnetic radiation 

of many different frequencies, most of which rapidly dissipates as it spreads away from the 

source. Those frequencies that correspond to wavelengths with similar dimensions to the 

circumference of the earth however, are able to propagate several times around the planet 



usit hin the earth-ionospl~ere cavity heti~re undcsgoi~lg siyii t'icrint attenuation. ( .Akindino\,. 

Potapo\.a et d. 199-1.) I t  is ~hcsc f'scqucncics 11131 cont~-ihu~c to the Schunirinn scsonanccs 

and these st.sonrinces constitute the principle co~npo~it.nt (01' the n;itusr11 brickground 

elcctsoniagnctic mdiation in the ELF rrlngc t'l-on1 3 to 60 HL. (Scntiiian 1995 (Figure 3 1 ) 

The protiuct ion ol' Schu~iiann rcsonrinccs mnv bc l i  kcncd 10 r he tonc prwduccd \i,hcn ri 

hmiriier strikes a hell. When ri I i r ~ ~ i i ~ i i ~ ' ~  strikes 3 piece of' 11iet;iI. the resulting clang contains 

many difkrcnt frqucncy components that dissipate Lithc.~. quickly. It' the riictr~l hcc t  is 

F~shioned into the sh;ipe of  ri bell hcnve\w, par~icu lar fsequericies  ill nrirui-dly resonate 

with thc shape 01' t l i ~  st111ct111.c producing n cha~actcr-istic wu~id  riiridc up of' distinct 

resonrint frequencies that m y  rc.\~esI~t.1-atc.c for- so111c t iriic. In the case of' Schu rnann 

rcsonanccs. lightning acts as thc hroadbrind l'rcqucncy sourcc rind the gco11i~1-v o!' thc 

earth-ionosptier-ic ca~ i ty  acts us the ~wonating Iwll. (Figuse 30) 

Figure 4 Depiction of electromagnetic wave prop:~gation in the e:irtL-ioeospllere 

cavity denanstrating the third harmonic Schu~ilann 1.csoniince (dotted yellow line). 



The Schumann resonances occu  at specific frequencies dictated by the propagation 

characteristics of the earth-ionosphere cavity, these frequencies however are not fixed, and 

they exhibit diurnal and seasonal variations. The ionosphere is comprised of distinct layers 

that consist of bands of ionized particles with electromagnetic propagation characteristics 

that vary with changes in photonic activity. As a consequence, the extent of the highly 

conductive ionospheric regions changes with day and night. This diurnal variation of around 

0.5 Hz is also subject to day to day variations and seasonal effects possibly due to variation 

in the total global lightning and height of the ionosphere. (Balser &r Wagner 1962) 

l a v e r a g e  s p e c t r a  

Figure 31 Schumann resonances measured in three different locations. 
Average amplitude spectra from 2 to lOOHz for Arrival Heights, Antarctica (AW), 
S@ndrestr@mfjord, Greenland (SS), and Stanford, California (SU) for the interval 
January to March 1990. The spectsurns are dominated by sharp spectral features of 
the power supply networks at SO and 60 Hz. At the Stanfsrd site, modulation 
frequencies at 30 and 90 Mz occur, which result from non-linearidies of the power 
transmission system. Every spectrum exhibits a carrier frequency a t  82 Hz produced 
by a Russian submarine con~munication system. Superimposed on the natural 
background, eight Schumann resonances can be distingeished. (From Fiillekrug 8; 
Fraser-Smith 1996) 



While the Schumann resonances are produced from the totality of global lightning, it seems 

that at any one time there are specific geographical regions that are the primary 

contributors. The Defense Meteorological Satellite Program observations have indicated 

that the vast majority of global lightning is concentrated over three broad continental 

tropical regions. These regions are situated around the equator and coincide with the 

earth's most prominent rainforest areas located in Southeast Asia, sub-Sahara Africa and 

the Amazon basin and Central America (Orville & Henderson 1986). 

Thunderstorm activity tends to be concentrated in rainforest areas in the late afternoon at 

approximately 1000, 1600 and 2200 UT respectively, leading to corresponding 

intensification of the Schumann resonances at these times. Thus while lightning over the 

oceans and other regions may be intense locally, it is relatively insignificant on a global . 

scale and lightning outside of the major rainforest areas contribute very little to global 

Schumann resonances. The finding that the principle peak of the diurnal modulation of the 

Schumann resonances is at 2200 UT suggests that in addition to being the major rainforest 

areas of the planet, the Amazon basin and the Americas are also the globally dominant 

lightning source. (Sentman 1995) 

Since global lightning activity is not strictly periodic, there is no specific localization of 

propagated electromagnetic waves, yet variation in ionospheric and surface conductivity 

(i.e. oceans, ferrous deposits) may change the localized value of Schumann resonances. 

Schumann resonances however, are global phenomena and as they travel around the planet 

they can in principle be detected anywhere on earth. The global nature of Schumann 

resonances is evident by the finding of Fiilleknig and Fraser-Smith who report good 

correlations between the frequency spectra of the horizontal magnetic field component in 

the Schumann range at three sites well separated in latitude and longitude, situated at 

Anival Heights in Antarctica, Smndrestr~mfjord in Greenland and Stanford in California. 

(Figure 3 1) (F i i l l ehg  & Fraser-Smith 1996) 

While Schumann resonances are the most pervasive aspect of the natural electromagnetic 

environment within the ELF region, i t  is unclear what effect they may have on living 



systems and the finding of an apparent correlation between Schumann resonances and the 

spectrum of the large intestine meridian was striking and unexpected. Initially i t  was 

thcught that this finding may have been due to aliasing from higher frequencies or other 

errors introduced during the analysis, or from experimental artifact introduced by the 

equipment. It was therefore decide to repeat the measurements using an entirely different 

experimental set-up with different instrumentation and analysis software including 

different electrodes, input signal and sampling rate. 

11.5 Revised methodology for transfer function measurements 

The experimental procedure for transfer function measurements was repeated using the 

BiopacTM environment, which consists of PC-controlled signal generator and biopotential 

amplifiers along with the specialised MP100 data acquisition system and AcqKnowledgeB 

data acquisition and analysis software (Biopac Systems Inc, Golenta, CA). 

To eliminate the effects of the shn-electrode interface i t  was decided to replace the Ag - 

AgCl adhesive electrodes with standard stainless steel acupuncture needles inserted 

approximately 0.5-1.Ocm into the respective acupuncture points. A large brass hand-held 

electrode was then used to serve as the common reference point. The acupancture point 

stimulator was also replaced with a signal produced fro~n the signal generator within the 

BiopacTM environment. The input signal was designed as a biphasic pulse lmseclphase 

(2msec pulse width) wiih an output of l volt peak to peak. The sampling rate was also 

altered from 100 to 2001sec. Thus every element from the original recordings was 

substantially altered and the experimental procedure was then repeated for ten subjects using 

this new configuration. (Figure 32) 

11.6 Results using revised methodology 

When the measurements were repeated with the revised experimental setup, the resultant 

spectrum was similar to the spectra previously obtained thus confirming the apparent 

correlation between the spectra of the large intestine meridian and Schumann resonances. 



(Figure 32) Furthermore, in accordance with the difficulty in obtaining a signal when the 

Ag-AgC1 electrodes were not placed precisely on the acupuncture points, when the needle 

electrodes were used a strong output signal was obtained only when the needle was placed 

precisely into the Li 11 point. 

The finding of a disiinct transfer function using needle electrodes suggests that the 

properties of the acupuncture meridians are distinct from the properties of the skin at 

acupuncture points. The use of needle electrodes effectively bypasses the epidermal 

bamer, therefore the propagation characteristics of the introduced signal appears to be 

dependent on the properties of the subdermal tissue and the acupuncture meridian and not 

just on the low resistance properties o,f the acupuncture points. 

Figure 32 Revised experimental set-up for transfer function measurements 
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Figure 33 The meridian transfer function using BiopacThl and needle electrodes 
demonstrating an apparent correlation with Schumann resonance frequencies 

On confirming the similarity between the Schumann resonance spectra and the transfer 

function of the large intestine meridian, an attempt was made to obtain direct 

measurements of Schumann resonances so that the correlation coefficient between the two 

spectra could be calculated. Detection of the Schumann resonance depends on very 

sensitive magnetometers or antennas that are able to detect very small signals (magnetic 

field strengths of the order of picoTeslas and dectric field strengths of the order of 

microVolts per meter) superimposed on a background of noise at much higher level 

(Sentman 1995) and i t  has been suggested that this may be achieved using a simple ferrite 

core antenna. (Carlson 1996) 

While a ferrite core antenna along with appropriate circuitry was constructed in our lab for 

this purpose (Farang 1993), i t  proved extremely difficult to obtain a clean signal from this 

equipment as the measurements were subject to excessive noise. Noise contamination is a 

recognised impediment to accurate measurements of Schumann resonance as there are 

many sources of noise, including man-made and natural radiation. Prominent noise sources 



include geomagnetic micro-pulsations, which have much greatcr amplitude (several 

nanoTeslas) and occur at frequencies immediately below the Schumann band. Immediately 

above the Schumann band at 50 Hz, power line radiation is a significant source of 

extraneous noise. Nearby lightning and thunderstorms as well movement of nearby 

magnetic objects such a vehicles and trains and wind blowing charged dust and aerosols 

also produce local noise sources. Furthermore, movement of the sensor by acoustic or 

mechanical vibraiion has significant components in the ELF range and commonly interfere 

with Schumann resonance measurements. (Sentman 1995) 

After much effort i t  was decided to abandon the attempt to obtain continuous Schumann 

resonance data and to use the published data obtained from specialised Schunlann 

resonance observatories. (Israel 1973) This information however, is published as discrete 

frequencies and not as continuous time or frequency domain data suitable for use in a 

formal calculation. A visual comparison of the spectral peaks of the meridian transfer 

function with the reported Schumann resonance regions however, certainly points to the 

existence of a correlation. (Figures 29 6: 33) 

11.7 Discussion 

11.7.1 Scl~u~nai~u resoi~rznces and biological ELF 

The present finding is the first report of characteristic resonant frequencies in the ELF 

range of the spectra of the large intestine meridian that correspond to Schumann 

resonances. While this report certainly needs to be confirmed by furt.her measurements, the 

consistency of the results with two different experimental set-ups suggests that this finding 

is not due to experimental artifact or calculation error. 

The finding that the spectral characteristics of an acupuncture meridian correspond to the 

Schumann resonance was unexpected and its significance is not clear. Certainly there may 

be no significance as the observed correlation may be entirely due to coincidence; just 

because different phenomena share similar frequency characteristics does not. mean that 

they are necessady related. This finding however, invites speculation that there maybe a 



relationship between environmental electromagnetic radiation and the acupuncture 

meridian network. Further speculation is invited by the fact ;hat there appears to be a 

correspondence between the priinary Schumann resonance frequencies and the spectral 

components of rhe human EEG (Figure 34) and that the dominant mode of the Schumann 

resonance is similzir to the frequency of the alpha waves of the human EEG (Kenny 1991) 

which maybe enhanced by acupuncture and meditation. 

In a highly provocative article, Kenny suggests that the similarity of the frequency 

spectrum of the EEG and the Sc humann resonances is more than coincidence (Kenny 

1991) Kenny proposes that cerebral cortex may act as a cavity resonator that is somehow 

able to detect and store these signals and that EEG signals maybe stored Schumann 

resonances. Kenny goes on to suggest that the spinal cord may act as an antenna for 

Schumann resonances, or that the cerebral cortex may act as a Fresnel lens to focus 

electromagnetic signals onto the pineal. 

- - - Typical Schumann resonances 

Spectrum of human EEG 

20 3 0 40 

frequency (Hz) 

Figure 34 Comparison of typical Schumann ELF and human EEG spectral response. 
(Adapted Roni Kenny 1991) 



While Kenny's suggestions are highly speculative, the possibility of the central nervous 

system being affected by naturally-occurring ELF electromagetic rad;atio;l has been 

considered in detail by Persinger. (Persinger 1973) Rased on values for electrical 

component intensities ranging from less than 1mVIm to slightly more than 1 Vlm and 

magnetic components less than a milliGauss, with calculated power densities of 10'' w/rn2, 
Persinger suggests that the energy avaiiable from environmental ELF phenomena can 

contribute to neuro-energetic functioning and protein lipid activity. (Persinger 1973) This 

suggestion is further supported by experimental evidence of complex magnetic fields in the 

nanoTesla range evoking changes in human melatonin  level^ (Weaver & Astumina 1990) 

This is supported by czlculations by Weaver and Astumian showing that detection of 

electric fields that appear to be below the thermal noise limit can occur when :he response 

is exhibited within a narrow band of frequencies, or if signal averaging occurs through 

field-induced variation in the catalytic activity of membrane associated enzymes. (Weaver 

& Astumina 1990) (Jacobson 1994; Sandyk 1992) 

11.7.2 I~fonnalion and elecrromagizeric iiltercrcriolts 

The biological effects of EMR may arise from many factors. The factors include: the 

electric or magnetic field components, the energy content, the degree of resonance or 

coherence, the frequency or modu!ation of a fundamental frequency, the waveform, 

amplitude or modulation of amplitude, the length of, or timing of exposure, the area 

exposed, interference effects with other fields, presence of existing pathology or genetic 

sensitivity, as well as the information content of the fields. (Presman 1970; Smith & Best 

1989; Becker 1991; Becker Br Seldon 1985) 

The large number of variables to consider when examining the biological effects of 

electromagnetic fie!& makes this an extremely complex area. This complexity is 

compounded by the fact that biological systems are non-linear and that enzymes systems 

are capable of an amplification factor of the order of 10" allowing biological systems to 

respond to so-called 'quantum events'. This is evident when considering that the dark- 

adapted eye is able to detect a single photon or the ear can detect sound ranging from 

silence (OdB) to the output of a jet engine (120 dB). (Smith Bi Best 1989 349 lid) 



The suggestion that low level environrnenta! electromagnetic activity may affect 

physiological changes is based on the idea that the information content of a field may be 

more important than the field strength. Bersinger discusses this idea and suggests that the 

apparent dependence of organismic responses upon the intensity of applied electromagnetic 

fields may be an artifact of the absence of 'biorelevan~' information within the wave 

pattern. Thus, he proposes that if biorelevant infomstion exists in a fi!d, a response may 

elicited by field intensities several orders of magnitude below the intensities that have been 

previously shown to elicit changes. (Persinger 1995a) 

The idea that in certain circumstances the information content of a signal may be more 

critical to biological systems than its energy content is supported by everyday experience. 

For example, a 1000 NZ sine wave would evoke a response (avoidance) only when the 

intensity exceeded 90dB. However, if the sound waves were modified to exhibit bio- 

relevant information such as "help me I am dying", field strengths several orders of 

magnitude weaker, at around 30dB Inay be sufficient to elicit a response. (Persinger 1995a) 

In the above example the information is being presented to conscious processes, however, 

similar principles may apply to physiological processes. Persinger supports this proposal 

with extensive correlational and experimental data that indicate that environmental 'ELF 

fields can influence reaction time, timing behaviour, ambulatory behaviour, oxygen uptake, 

endocrine changes, cardiovascular functions, and precipitation-clotting times of collcids. 

(O'Connor BL Persinger 1997; Persinger 1973; Persinger 1946; Persinger BL Richards 1995) 

While humans as well as other organisms are able to respond to fields as low as the earth's 

static magnetic field, (Bergiannak, Papanigopoulos et al. 1996; Olcese, Reuss et al. 1988; 

Semm, Schneider et al. 1980) i t  is still not clear how, and to what extent, low level 

magnetic and electric fields effect the human organism. The are many suggestions 

however, that these fields do affect living systems with either positive or negative effects 

on health. For example, static magnetic fields have beem shown to have profound effects on 

health and improve chronic pain (Wicks & Cohen 1998) and there are suggestion that low 



frequency fields such as produced by power lines may produce adverse health outcomes. 

(Cmtensen 1995) 

11.7.3 Alpha activity, acupurtcture aud i?fon?zatioir processiizg 

While most of the work on environmental electromagnetic fields has focused on the 

production of abnormal or pathological states, the correlation between Schumann 

resonances, EEG alpha frequencies and the spectral characteristics of acupuncture 

meridians suggests that ambient radiation may alsc, act to promote homoeostasis. 

Homoeostatic responses are consistently correlated with the occurrence of human EEG 

alpha-wave activity, which is a feature of thz normal EEG spectrum between S - 12 Hz. 

-When these waves become prominent the conscious state is described as 'quiet alertness' 

or the 'alpha state', which is subjectively experienced as a calm and pleasant. (Hutchison 

1994) The alpha state is also often termed the meditative state as many authors have also 

noted that alpha wave activity is more prominent during meditation (Benson 1975) and Qi- 

gong, (Zhang, Zhao et al. 198s) and that during meditation. alpha activity exhibits greater 

coherence and synchrony. (Omre-Johnson 1973) 

Not only is the meditative state associated with prominent alpha waves, i t  is also associated 

with often profound physiological changes that indicate a quieting of physiological activity 

and the enhancement of homoeostasis. These changes include the lowering of body 

temperature, reduction in oxygen consumption, lactate levels, blood pressure, heart rate and 

skin resistance (Benson i975) as well as subjective sensations of relaxation and wellbeing 

along with reduced pain awareness and anxiety. (Hutchison 1994) 

The idea that EEG alpha activity may enhance information processing within the central 

nervous system is discussed by Weiner in his classical text on cybernetics. Weiner notes 

that any processing device that combines a large number of impulses into fewer impulses 

generally requires a gating mechanism so that messages can be stored, combined and then 

released concurrently. He further suggests that the central nervous system is just such a 

device and that EEG alpha rhythm may serve to regulate the 'combining period' of 

inhibitory and excitatory signals at shared synapses. (Weiner 2261) VYIeiner further 



suggests that the alpha rhythm may be entrained by external oscil.lations just as the 23-hour 

biological diurnal rhythm can be pulled into the 24-hour rhythn~ of day and night by 

changes in the external environment. 

The desirability of the alpha state has led to attempts to enhance this state using 

biofeedback devices, a s  well as 'entrainment devices' designed to induce this state using 

light, sound and other stimdi. (Hooper & Tcresi 1990; Hutchison 1994; Watson, Woolet 

Heart et al. 1979) While EEG alpha-wave activity may be enhanced by mediation and 

biofeedback, (Wallace 1970) i t  may also be induced by acupuncture. (Banquet 1973; 

Orme-Johnson 1973) (Varrassi, Manna et al. 1986) This has led Freed to suggest there is 

functional isomorphism between acupuncture and meditation, as both of these states 

manifest prominent alpha rhythm activity, elicit deep general relaxation, exhibit a high 

degree of urresponsiveness to ordinarily painful stimuli and involve the entire body in their 

effects. (Fieed 1989) 

Freed goes on to suggest that the relative internal 'quietness' of meditation and 

acupuncture serve to promote homoecistasis by reducing the background 'physiological 

noise levels'. By providing an increase in quality and quantity of available physiological 

information, this is suggested to enhance the bodies ability to regulate and process 

physiological informelion and thus correct imbalances that may not otherwise be 

addressed. (Freed 1985; Freed 1987) The recognition that the induction of a 'quiet state' is 

important for acupuncture is also evident within the practice of traditional Chinese 

medicine which recommends that acupuncture is inadvisable when a patient is too hot, in 

the grip of fear, anger, hunger, tiredness, drunkenness or when the pulse is greatly 

disturbed. (Jayasuri ya 1%) 1 ) 

While acupuncture and meditation both seems to promote EEG alpha activity and a 

'pl~ysiological quiet state', how this is achieved is unclear. The finding of resonances 

between environmental ELF activity, central nervous system activity and the acupuncture 

meridian system, leads to the speculation that through evolution the acupuncture meridian 

system has been tuned to the most prominent ambient ELF frequencies and that the act of 



meditating or stimulating acupuncture points serves to enhance this. It is also interesting to 

speculate that this result may have some application in selecting the stimulation 

frequencies for electroacupuncutre. 

While the suggestion of an interaction between environmental Schumann resonances, the 

acupuncture meridian system and central nervous system activity is speculative and awaits 

funher confirmation, there is evidence for biological effects arising from other sources of 

natural environmental electromagnetic activity. (Presman 1970) 

Some of the most dramatic changes in natural electromagnetic activity arise due to 

changes in solar activity. During periods of high solar activity there are greater X-ray, 

ultraviolet and radio emissions from the sun. In addition, solar flares are more frequent 

during these times and these may produce great disturbances in the earth's magnetic field. 

These geomagnetic disturbances give rise to natural terrestrial phenomena such as the 

aurora borealis and the aurora australis as well as producing disturbances to electronic 

communication and power systems and other man-made devices, especially at high 

latitudes. (McIntosh 1991) In addition to producing disturbances to electronic equipment, i t  

is possible that disturbances in the geomagnetic field arising from solar activity may also 

produce disturbances in biological systems and this seems to be supported by 

epidemiological evidence. 



12.0 Sunspots and psqrchiatric admissions - 

12.1 Introduction 

The epidemiological evidence of an association between geomagnetic disturbances and 

human illness appears to be extensive. This evidence includes suggestions that solar and 

subsequent geomagnetic activity may influence epilepsy, (Persinger 1995b; Rajaram 8: 

Mitra l98 1; Stoupel, Martfel et al. 1991) hip fractures, (Caniggia & Scala 1991) changes to 

immunological status, (Gushchina 1982) flu epidemics, ( 1999; Enel 1994; Hoyle & 

Wicliramasinghe 1990) myocardial infarction, (Rozhdestvenskaia 6: Novikova 1969: 

Stoupel, Petrauskiene et al. 1996; Stoupel Q Shimshoni 1991; Szczeklik, Mergentaler et al. 

1983) suicide, (Stoupel, Petrauskiene et al. 1996; Stoupel Q Shimshoni 1991; Szczeklik, 

Mergentaler et al. 1983; Tunyi R: Tesarova 1991) psychiatric admissions (Dull 8: Dull 

1935; Friedman 8: Becker 1963; Kay 1994; Raps, Stoupel et al. 1991) and the ward 

behaviour of psychiatric patients. (Friedman. Becker et al. 1965) However, while there are 

many reports of the link between biological disturbances and solar and geomagnetic events, 

these findings are often not r igor~us and many repons are the results of relatively small 

studies that have looked at data over short periods of time. Furthermore, there are also 

reports of studies that have found no such relationships. (Pokorny 8: Mefferd 1966) 

By far the most extensively researched and most consistently reported biological 

disturbances correlated with solar events. is psychiatric hospital admiss~ons. As early as 

1935 Dull and Dull examined 40,000 cases over a period of 60 months and described what 

appeared to be a relationship between magnetic storms and the incidence of nervous and 

rnenta? diseases and suicides. (Dui1 & Dull 1935) This study however did not use any 

statistical analysis. In 1963 Freidman et al. looked at 28642 admissions over 52 months, 

(Friedman 8: Becker 1963) and more recently Raps et a1 examined more than 5000 

admissions for depression over 130 months (Raps, Stoupel et al. 1991) and Kay examined 

1829 general psychiatric admissions over a 10 year period. (Kay 1994) 



While many studies have reported a relationship between psychiatric admissions and solar 

activity, p u l l  &r Dull 1935; Friedman 8: Becker 1963; Kay 1994; Raps, Stoupel et al. 

1991) these studies have used only simple statistics such as the Pearson correlation 

coefficient to report their findings. Few of these studies have explicitly modeled the 

ordered nature of the data (e.g. monthly bivariate time series of solar activity and hospital 

admissions). Failure to consider the serial nature of the data is not only an inefficient use of 

data, it may lead to mistaken inferences. Specifically, large correlations Denveen series 

(cross-correlations) may be spurious if there are large correlations (autocorrelations) within 

each series. (Box 23 Newbold 1971) 

Autocorrelations are commonly encountered in serial ordered data such as time series data. 

(Makridakis, Wheelwright et al. 1983) Consequently, the following study was undertaken 

to look at the relationship between solar activity and psychiatric admissions using 

appropriate time series methods. 

12.2 Method 

The correlation between solar activity data on all admissions into psychiatric hospitals in 

Victoria from 1 July 1984 to 31 December 1993 was examined. (Cohen 6L Wohlers 1998) 

Hospital admission data was obtained from the Psychiatric Records Information Systems 

Manager (PRISM) database maintained by the Department of Health and Community 

Services in Victoria. This database includes all formal psychiatric adn~issions into the 

Victorian public-hospital system (43 hospitals) which covers a catchment area of 

approximately 4 million people. The time period examined covered a period of 3471 days 

(1 14 months) during which there was a total of 96050 admissions. (Figure 35) 

This is the first time a study has included such a large number of adn~issions over an 

extended period. It is also the first time such data has represented the total admissions from 

a population rather than admissions gathered from selected psychiatric institutions. 

Therefore, the results presented here are less subject to selection biases. (Cohen 8i Wohlers 

1998) 



Sunspots numbers act as indicators for solar activity and fluc~uate in a cycle of 

approximately 1 1.1 years the most recent maximum being in 1989 when some of the 

greatest sunspots on record were recorded. (Figure 35)  Daily sunspot numbers were 

obtained from the National Geophysical Data Centre (NCGD) of the National 

Oceanographic and Atmospheric Administration (NOAA), which provide access to the 

weighted average of measurements made from a network of cooperative observatories 

around the world. (NOAA, 1998) 
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Figure 35 Time series d ~ t a  of psychiatric admissions and sunspot numbers 

In this study the time series technique of prelvhitellilrg was used to examine the correlation 

between sunspot numbers between 1984-94 and 36050 psychiatric admissions in Victoria, 

Australia over the same period. In this context, prewhitening involves 4 stages (Figure 36);  

(Makridakis, Wheelwright et al. 1983) 



1) Modelling the sunspot series as an autoregressive integrated moving average (ARMA) 

process with a white noise residual, 

2 )  Filtering the sunspot series with this model to get a white noise series, 

3) Filtering the admissions series with the sunspot model, 

4) Forming the cross-correlation of the filtered series of stage 3 with the white noise series 

of stage 2. For instance, a peak in the estimated cross-correlation function for the 

monthly series st lag d may indicate that number of admissions is related to the sunspot 

number after an interval of d months. (Chatfield 1989) The estimated cross-correlation 

can be tested for the hypothesis that none of the cosrelations up to a given lag are 

signif ic~~~tly different from zero. 
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Figure 36 Transfer function (TF) model 

The motivation for the prewhitening approach comes from the area of time series 

forecasting and the notion of a transfer function (TF). If a time series (Y, i.e. admissions) 

is thought to be influenced by another (input) time series (X, i.e. sunspots) then a TF is 

hypothesised to exist that transforms X, into Y,. If the TF can be estimated then it  is 

possible to forecast Y, from X,. 



In this study, the aim was not to predict psychiatric admissions from sunspot numbers but 

use the TF approach to test for a relationship between the two. If a TF exists, then a white 

noise input should be altered so that cross-correlation of the noise input and resultant TF 

output is not that of two white noise series. As the form of the TF is not known, its 

existence can be inferred by reducing (filtering) the input series to a white noise series and 

applying this filter to the output. If the cross-correlation function of the filtered series is 

that of two noise series (null hypothesis) then no TF exists between them. If, however, the 

null hypothesis is rejected then a TF (relationship) does exist between the series. 

12.3 Results 

The Pearson correlation coefficient between sunspot numbers and psychiatric admissions 

was 0.399 with a P-value (i.e. null hypothesis of no correlation) of 0.0001. (Cohen Br 

Wohlers 1998) This value is also the value of the zeroth order cross-correlation when 

neither series has been prewhitened. However, the calculation of the Pearson correlation 

assumes that the data are independent, that is, the order in which the data is presented is 

irrelevant. This is not the case with times series data. Botl; the sunspot number and 

psychiatric admission series show serial structure. The sunspot series exhihit a maximum 

between August 1988 and August 1991, while there is a less well-defined increase in 

psychiatric admissions after August 1987. Thus, the value of the Pearson conelation 

coefficient may be an artifact of autocorrelations within the two series rather than a 

relationship between them as this value does not account for the serial nature of the data. 

A more appropriate method of examining the correlation between these series is to use the 

time serie,: transfer function model (as discussed above). The ARIMA model of the 

sunspot series was found to be a first order moving average of the first differences (Cohen 

6: Wohlers 1998) (standard error of moving average coefficient is given in brackets): 

Sunspot, - Sunspot,-, = error, - 0.4983(+0.0823)*errorI-, 

Equation 10 



The resulting cross-correlation was significantly different from that of two white noise 

series (up to lag 11, P-value = 0.006). This implies that there is some relationship between 

the two series. This is despite the significant autocorrelation exhibited by both series. 

Note, that the zeroth correlation (equal to the Pearson comlation coefficient) of the 

prewhitened cross-correlation was found to be 0.041. This is much smaller (and not 

significant) than the Pearson correlation coefficient of 0.399 calculated before 

prewhitening. (Cohen & Wohlers 1998) Thus although the TF model suggests a 

relationship between sunspot numbers and psychiatric admissions such a relationship 

would expected to be quite complex. 

12.4 Discussion 

The findings from this study suggest there is strong statistical evidence for a correlation 

between solar activity as measured by sunspot numbers and psychiatric admissions. This 

evidence is strong for a number of reasons. Firstly psychiatric admission data (96050 

admissions) from almost an entire population of 4 million people (Victoria, Australia) was 

used so the results are not an artifact of small or biased sampling. Secondly, the time series 

method of prewhitening that explicitly models the serial structure within and between 

series was used so the results are not an artifact of spurious correlations caused by the 

intrinsic autoconelation within series. Finally, the present study supports the findings of 

previous research demonstrating similar results, albeit with less rigorous methodology. 

The finding that there is a correlation between sunspot numbers and psychiatric hospital 

admissions suggests that environmental electromagnetic activity is able to influence 

biological information processing. As the most sophisticated information processing in the 

body occurs during the production of consciousness by the central nervous system, it seems 

reasonable that conscious processes may be more sensitive to disturbances in  ambient 

fields. It would be interesting however, to perform further investigations using more 

specific diagnostic criteria, including specific psychiatric condition as well as conditions of 

other organ systems. 



While there is the possibility for much further work, the present result invites speculation 

as to possible causes. While Becker has suggested that such a correlation provides evidence 

of an analogue DC control system, the details of this system have not been well 

established. Previous studies looking at correlations between solar and geomagnetic 

activity have asumed a direct effect on biological electrical activity and have focused on 

conditions such as cardiac events (Stoupel, Petrauskiene et al. 1996) and epilepsy. 

(Persinger 1995b; Rajaram & Mitra 1981; Stoupel, Martfel et al. 1991) Many questions 

however are left. What feature of the external fields is most important? Which people are 

most at risk from these effects? What is the nature of the lag period? How are the external 

fields coupled to internal processes? These questions certainly require much further 

research before they can be adequately answered. 

While the mechanism by which solar activity may effect psychiatric events is not 

established, i t  is interesting to speculate that variations in the Schumann resonances may be 

involved. If the central nervous system is 'tuned' to the ambient ELF radiation in order to 

facilitate homoeos;ilsis and information processing, the possibility exists for psychological 

disturbances to arise in  susceptible individuals if these frequencies are significantly altered. 

Schumann resonances are certainly responsive to solar activity as evidenced by the 0.5 Hz 

diurnal variation in Schuman resonance frequencies due to the changes in solar radiation 

and corresponding change in the height of the ionosphere with night and day. (Sentman 

umann 1995) Recently there has been the observation of further variations in S,% 

resonances that may be related to the 27-day solar rotation period and the corresponding 

periodicity in sunspot nunabers. (Fiillekrug 8: Fraser-Smith 1996) As current records do not 

yet include obserlrations of Schumann resonance over an entire l l-year sc;::.;.-cycle, further 

data is required to confirm these observations. (Fiillekrug BL Fraser-Smith 1996) 

Supporting evidence for this rclationship however, is provided over a complete solar cycle 

by observations of ionospheric height variations in the Australian-Japanese longitudinal 

sector that revealed n correlation between the median ionospheric height and sunspot 

activity. (Hajkowicz 1991) 



IN hile the relationship between psychiatric admissions and Schumann resonance frequency 

variations is highly speculative, i t  is interesting to consider that the ancient Chinese were 

aware of electromagnetic phenomena and considered health to be an energetic balance 

between the organism and the environment. Chinese historica! writings describing the 

earth's magnetic field and the development of the compass, alorig with the use of magnets 

in healing and correlations between illness and sightings of the aurora borealis (a visible 

indicator of geomagnetic disturbances). (Li 1987) The ancient Chinese were also aware of 

sunspots which they believed to forewarn of sacial and other disturbances and recorded 

sightings have been documented as early as 165 BC. (Wittmann & Xu 1987) 

The current finding confirms previous reports with i.he strongest correlation between 

sunspots and psychiatric hospital admissions ever established. This finding also supports 

Becker's idea of an analogue, biological, DC control system and a lisk between ambient 

electromagnetic fields, the acupuncture meridian network and health. Much further work is 

required however before the details of this system ars established and this link is 

understood. Furthermore, i t  is necessarv to deveiop appropriate conceptusl tools and 

language in order to discuss resul!s across disciplines and thus build up an understanding 

that may informed from diverse fields of knowledge. 



13.0 Acupuncture and information theorv 

13.1 Parallels between bzsic concepts 

The phenomena of electromagnetism and acupuncture is extremely diverse and no one area 

of research is able to encompass the subject entirely. Thus. further understanding of 

acupuncture a~id is underlying mechanisms will depend on an integrated and 

multidisciplinary approach where workers in different fields can inform each other and 

contribute to a single growing body of knowledge. Such an approach however, requires a 

common 'mguage so t h ~ t  discussions across disciplines can occur. 

A central aspect of this thesis is that the language of 'information' is common to all fields 

and thus the application of kformation theory may provide the basis for mapping from one 

conceptual system to another. When exploring the parallels between different conceptual 

systems, it makes sense to first address the most fundamental concepts in either system for 

presumably they reflect fundamental principles operating in the cosmos and hence should 

display some coherence. The most basic concepts within Eastern medicine have been described 

earlier artd incl~ide the concept of 'Tao', 'yin'  and ' ymg' ,  and 'Qi' which can all be found to 

have Wzstern counterpz;; ts. 

The concept of "Too" finds a parallel in Western science with the mathematical concept of 

Absolute infinity. The concept of infinity has been a subject of debate for centuries 

culminating in  the modem day concept of 'Absolute infinity' (R) being developed by 

Georg Camor who is considered the faher of mathematical Set Theory and the theory of 

transfinite numbers. An important feature of the mathematical concept of "Absolute 

infinity" is that i t  ' S  by definition, incomprehensible and thus unable to be grasy-d by the 

rational mind. 



To ensurc the incomprehensibility of Absolute Infinity, Cantor devised the Reflection 

Principle that states: "Any corzceivuble property of Q is a propem of a subset of W .  Thus 

if the rational mind attempts ta grasp hold of !2 it can be assured that i t  is grasping merely a 

property of S2 and not Q itself. (Rucker 1984) This principle is closely paralleled by 

Eastern philosophy with the statement; "The Tao rlzat car1 be spoke11 of is nor the real Too". 

(Lao Tsu 1989) 

The inherent incomprehensibility of the "Tat" or "Q" places these concepts essentially 

beyond thought. The act of transcending thought however paradoxically allows theses 

concepts to provide the conceptual basis for an entire system of thought. The concept of 

Tao is seen to represent "the infinite order of nature" and forms the basis of Taoist 

philosophy. Similarly, the concept of Absolute infinity in mathematics represents "the class 

of all sets" and this concept forms the basis of set theory, which provides a conceptual 

framework for the theory of transfinite numbers and a universal language for mathematics. 

(Rucker 1984) The concept of Q is also expressed in  algorithmic information theory by the 

idca of a perfectly random program. (Chaitin 1987) When it  is realised that Q and the Tao 

represent similar concepts i t  is possible to begin to demystify Eastern concepts and to thus 

build a bridge between Eastern and Western ideas. 

While concept of Tau can be seen to parallel a fundamental concept within mathematics, 

the concept of y i r ~  and y a q  finds a close parallel with the quantum theoretical concept of 

ccmplenaentrl~ :* Yiu and ymg refer to pairs of mutually exclusive yet inter-dependant 

opposites. Tni: ~ d e a  is well accepted within quantum theory, where light must be 

understood to have the proper-ties of both waves and particles for a complete description. In 

fact Niels Bohr, one of the founders of quantum theory included the !inlymzg insignia in 

his family coat of arms along with the statement that "opposites are complementary." 

(Zukav 1979) 



13.2 'Qi' and the quality of energy 

While the concepts of Tau and yiirg and y ~ n g  readily find counterparts within Westein 

science, the concept of Qi appears to be more problematic. In Eastern thought, the concept 

of Qi repre:sits a subtle f o m  of energy that refers more to the qualitative than quantitative 

aspects of energy. Thus as Porkert states; "rdratew- Qi the context and absolutel?l witlzout 

exception, [Qi] always implies a qualitative derennination of e?terg>l. In utller words Qi 

nreans energy of definite (or definable) qldalih." (Porkert 1974) 

In contrast to the Eastern concept of "Qi" or ''l@ energy", in Western science the concept 

of 'eitergy' has a more precise meaning that does not include a form of energy specific to 

living systems. Thus, the concept of 'Qi ' is therefore often rejected as being 'unscientific'. 

(NCAHF 1991; Skrabanek 1984) The concept of Qi however, does follow many 

fundamental scientific principles. In particular, the concept of Qi is in accord with the laws 

of thermodynamics, which are considered as universal laws that comprise the most 

fundamental principles in Western science. The fundamental nature and wide applicability 

of the field of thermodynamics greatly impressed Einstein who is quoted as stating: (Tyler 

Miller 1971) 

"A theory is the more inlpressive the greater is the simplicity of its premises, the more 

difereirt are the kinds of things it relates and the more exterrded is its rarrge of 

applicability. Tllerefore the deep inlpressio~t ~zlticll classical tl~enrrod~wainics rnade upon 

me. I t  is the only yhysicnl theory of universal content which I an1 corrvi~lced, that witlriil the 

$-amwork of applicability oj'its basic concepts, will never be overthro~z)?r." 

The laws of t11e1-modynamic are the fundamental laws that deal with mater and energy. The 

First Law of Thermodynamics deals with the quantity of matter and energy in the universe 

and states that; "matter ar~d ei~ergy camlot be m a t e d  or destroyed, ortly corlverted fro171 

o m  f o m  to another". The Second Law of Thermodynamics is ccncerned with the quality 

of energy and deals with the concept of 'entropy' which describes a universal tendency 

towards disorder. This law states that; "ill an isolated systetn entropy alwcys increase" 



The concept cf Qi can be seen to be well in accordance with thcse laws. Chinese 

pathophysiology, views disease as r e s u h g  from a disruption in the normal flow of Q'i and 

this view is in accordance with the First Law of Thermodynamics in that Qi is always 

preserved. Thus if the flow of vital energy is obstructed, below the obstructed area is 

deficiency and above the obstnicr,ion excess. Furthermore the concept whereby disease 

arises from a blockage in the flow of Qi, closely parallel the Second Law of 

Thermodynamics which predicts a9 increase in disorder in any isolated system. Thus, it 

seems that the Chinese developed a theoretical framework for ~inderstanding life processes 

and pathology based on the laws of thermodynamics, thousands OS years before these 

concepts were acknowledged in the West. 

13.3 Entropy and communication in living systems 

While the Chinc :ie seem to have recognised that the concept of entropy applies to life 

processes, it see ,r\s somewhat surprising that. despite its universal application, the concept 

of entroy:v is not widely utilised within the medical sciences which aim to study biological 

disorder. The reason for this appears to be mainly historical. The second law was originally 

formulated an engineerkg concept and described in tcmx of the usefulness of energy by 

Thmlpson in 1852. Subsequently the concept of entropy was reformulated in terms of heat 

by Clausius in 1864, and then in terms of probability by Pdtzmann in 1872. (Coveney $r 

I-Iighfield 1991) Thus, the concept of entropy was derived as an engineering concept when 

man was claiming domination over the inanimate world during the industrial revolution. 

(Prigogine & Stengers 1984) 

For many years it seemed that the concept of entropy could !;or be reconciled with life 

processes as biological systems seem to defy the Second Law and increase their order as 

they evolve, grow and learn. The :endPrq of living systems i2 contradict the second law of 

thermodynamics is discussed by Ludwig von Bertalanffy in his text on General Systems 

Theory in which he states: 

' 6  ~ l t r o p y  y;.. rmst increase in al! ir-xw-si,:.,e processes. Tller-efot-e the change in entropy in a 

closed syster?~ rmst uhuays be positive. P!!? ;,I ail open syszsler?t, and zspecinlly irr a living 



organism not only is there erzergy p r o d r d m  owing to irreversible processes, but ?he 

organism feeds, to use an expressiorl of Schrodinger's, from rzrgativc entropy, hnporiitzg 

conlplex orgarzic nzolecules, fro111 tlze environnrertt. T h s ,  living systems, mai~ztai?ring 

tkenzselve:; h r: steady state by the importation of materials rid1 in free energy, can avoid 

the increase oj'entropy which caizitor be averted in closed systents." (Bertalanffy 1968) 

The reason living systems appear to contradict the 2nd law of thermodynamics is that the 

2nd law only applies to isolated systems i.e. systems that do not commu~icate in any way 

with their environment. Living systems however are necessarily open systems and thus 

appear not to fall under the jurisdiction of the Second Law. Indeed, living systems tend to 

build up crder as they grow, learn and evolve. As Rertalanffy states; 

"Tile fundamenial cllaracteristics of life, metabolisnl, grorz,tl~, deveiopnwnt, self-rqdation, 

respome to sti?~tuli, spolztalzeous activity, etc., uitinlately ntaj he coilsidered as 

comeqtences of tlze fact that the organism is rrn open systenz. TIE t11eor-y of' such systems, 

therefore, would be a unifiing principle capable of coi~~biiziiig diverse and lleterogelzeous 

phenonlena urlcder the saitze general concept, and of deriving quautitative laws." 

Bertalanffy goes on to say: 

"The theon  of opelz systems opells a new1 field in physics, m d  this developnze~rt is even 

more re111arkable because theri~lodyrlamics seerned to be a colzsrti~lwate doctrine witlliiz 

classical physics. 111 biology, the mture of tlze opm systenl is at the basis ~f'~firndanleutal 

life pheizortrena, arzd this conceptiou seems to poirlt the direction and pave the way for 

biology to become an exact science". (Benal an ffy 196s) 

The task of deriving laws regarding the ability of open systems to become self-organising 

and increase their order is the subject of the field of non-equilibrium thermodyr~arnics. 

Prigogine and Srengers provide a detailed account of this subject and conclude that it is 

communication throughout the system that allows open systems to maintain their stability 

and to increase in  order. Thus they state; 

"Tlzc faster the cormnltnicatio~l tcker place within a system, the greater the percentage of 

u~ls~tccessfrrl~flu~~tuntions and thts  the more stable the systenl. Indeed the more con~plex a 

systerlr is, the more I I Z I ~ I I ~ ~ O I I S  are 1;ze rypes of  fllrctuatiorzs f h t  threaten it's stability. . 



[Hence] . . .there is conzpetition between stabilisatioll through communication and 

imtability througlt Jluctuations. The ourco~~ze of that competition determines the threshold 

of stability." (Prigogine &r Stcngers 1984) 

This idea suggests that it is information flow (i.e. communication) that enables systems to 

retain a high degree of order. .Thus in ordered systems there is a transport of information 

from the environment to the most highly ordered struc'cures and therefore a dissipation of 

entropy from the most highly ordered structures back to the environment. (Prigogine g: 

Stengers 1984) 

13.4 Entropy, information and Qi 

The idea that information flow enables systems to build up and retain a high degree of 

order suggests that the link between entropy and communication is a profound one. This 

was clearly demonstrated by Claude Shannon, who derived a mathematical expression for 

information that was subsequently shown to be identical to thennodynamic entropy. In the 

introduction to Shannon's work entitled "The Mathematical Theory of Communication", 

Warren Weiliver states; 

"Wlreu one meets the coizcept of mtropy ill c01?11?zlolication theory, he 11.0s c right to be 

rather excited- a right to suspect that olze has a hold of sonretliit?g that run?) tun1 out to be 

basic anti important. . . . The nzatllenrarical theory qf comnlunicatio~l is so general that oue 

does not need to say what kinds of s y ~ ~ b o l s  are being co~zsidered -whether written letters or 

words, or musicnl ~lotes, or spokell words, or synzphorzic nartsic, or pictures. The 

relatiorzship ir reveals apply to ail tllese und to otlzer fonm of co~ii?uvticatio~l. The theon! 

is so inzagi~zatively rnotivnted that it deals wirh the red imer  core o f  the conz~nunicatio~r 

problev1. . . . Oize must tltidi a loi~g time, and coilsider m a ~ ~ y  applications, before he fiilly 

realizes how power:firl and general this arnazi~rgly co~npact theorem really is." (Shannon 8L 

Weaver 1949) 

Shannon's equation, which equates entropy with uncertainty, is defi~cc! in terms of a well- 

defined question (Q) representing a question with a finite set of ariswcrs, along with 



knowledge (X), based on knowledge of the question and past experience. This linov:ledge 

leads to the assignment of probabilities (p) to the various possible answers. Shannon's 

measure is expressed symbolically as S(Q/X) to emphasise that the uncertainty or entropy 

depends on both the question (Q) and knowledge (X). The expression is written as: 

S(Q/X) = -K zp ln  p 
Equation 11 

Where K refers to an arbitrary scale factor. (When K=l/ln2; S = bits of information. 

When K = Boltzmann's constant (i.e.,1.38 ~10'"); S= Joules per degree Kelvin). 

This mathematical definition has the property that if one (correctly) assigns p=l to one of 

the answers and (therefore) p=O to all the others, then S(Q/X) = 0 (there is no uncertainty / 

entropy). On the other hand if all probabilities are assigned equally then S(Q/X) is a 

maximum (there is maximum uncertainty). (Tribus 8: McIrvine 1971) 

Shannon's expression, which forms the mathematical basis for all types of communica~ion, 

is certainly versatile. The concept of entropy in information theory applies to any coding 

system, indeed inherent in  information theory is a complete theory of cryptography that 

applies equally to the coding of signals for data-communications as to the coding or 

translation of one language into another. (Weaver 1949) Shannon's expression also reveals 

that in addition to being measured in terms of 'bits', information can also be consider to be 

a form of energy that is measured as 'Joules per degree Kelvin' (one bit is approximately 

equal to 1.8 x Joules per degree Kelvin) (Tribus Rr McIrvine 1971). 

This description of information in terms of energy provides a link between qualitative and 

quantitative aspects of energy and suggests that the Chinese concept of Qi, which also 

refers to the 'quality of energy', may be closely related to Shannon's concept of 

'information'. Indeed the similarities between the concepts of information and of Qi are 

many. At the most basic level, 'infornlation' provides science with the ultimste in 

red!lctionism, for the 'bit' (which is either zero or 1) is the smallest quantifiable unit. 



Similarly, Qi is seen to arise from the interplay of the polar opposites yin and yang, which 

are also considered fundamental building blocks of reality. Furthermore, the idea that it is 

communication (information flow) that allows systems to build up and retain order, closely 

parallels the idea that the flow of Qi maintains the functional integrity of living systems. 

Both 'information' m d  Qi can be seen to refer to the 'quality of energy' that sustains living 

systems and animate awareness. Thus the view of Eastern medicine and other bioenergetic 

approaches that see pain and disease arising from a disruption in the flow of Qi, can also be 

seen to relate to a disruption in the flow of information. If such a disruption produces an 

'isolated system' an increase in entropy (disorder) would occur in the system that would 

manifest as disease (biological disorder). Thus in this view i t  appears that pain is related to 

the signaling of biological disorder and that while life is dependent on 'negentropy' in 

order to build up order and thus grow, learn and evolve, (Schrijdinger 1944) entropy 

represents a threat to life which may be consciously perceived as painful. 

The idea that Qi is related to information can be seen to provide a firm basis for 

understanding Chinese medicine in  terms of Western science. This idea suggests that rather 

than attempting to identify energetic substrates that may correspond to Qi, i t  is more 

appropriate to explore the information processing pathways within the body and how they 

may correspond to the meridian network. 

13.5 Biological communication and information processing 

Biological systems certainly possess very sophisticated communication systems in order to 

maintain their integrity against the background of internal and environmental fluctuations 

and much work in the biological sciences is currently involved in explo~ing these systems. 

The intricacies of biological communication may be appreciated when i t  is realised that in 

addition to inforna:ion being communicated throughout the nervous system via action 

potentials, information may also be transmitted via many other pathways. 



Schmitt gives a glimpse of the complexity of cellular communication when he suggests that 

there may be thousands of 'informational substances', including neurotransmitters, 

peptides, hormones, factors, and various proteins that may be active in concentrations 

ranging from 1 0 ' ~  to 1 0 " ~  molar that may be transmitted not only by the conventional 

spaptic circuitry, but also via diffusion from release points through the extracellular fluid, 

C.S.F. and plasma i.e. via "a 'parasyzaptic system', which would have the same degree of 

selectivi~y as sylzaptic circuitry, but i ~ o d d  also possess a donlain of versntility and 

plasticih lacking iu the lznrd-wired sj~stenl." (Schmi tt 1984) 

In addition to neural (action potential) and humoral (chemical) communication, there are 

other less well-defined mechanisms of information transfer in biological systems. These 

include communication via mechanical forces that are transmitted via the piezoelectric 

properties of tissues as well as communication via direct electrical currents and field 

effects. These direct currents may include ionic currents existing within the tissue fluids, 

currents that may pass between cells via gap junctions, as well as semiconduction currents 

existing in the solid-state structures of the body such as the bones, connective tissues and 

supporting tissues such as glial cel!s and Schwann cells. (Becker 1991, Bachman et al. 

1962a) Additional avenues for communication also exist with the possibility of biophoton 

emission and other direct electromagnetic emissions (Popp, Li et al. 1996) along with 

communication mediated by the active movement of cells such as mecrophages and 

antigen presenting cells. (Corrnack 1984) 

The idea that 'information transfer' is related to 'Qi' and is ihus the primary substrate for 

the acupuncture meridian system suggests that the general principles of information theory 

are applicable to understanding acupuncture. However, despite the importance of 

information transmission in biological processes and the wide applicability of these 

principles, they are not widely applied to problems in medicine. It is possible however, to 

apply Shannon's equation to the consideration of biological systems by considering the 

inputs into the system as posing the question (Q); 'How can liomeostasis be maintained?'. 



Living systems must continually answer this question by choosing between a range of 

possible responses (p) to incoming stimuli. These decisions naturaliy dmw on available 

knowledge (X) provided by ge~e t ic  programming and acquired learning. Thus living 

systems are continually attempting to answer this question by responding to a given 

situation in accordance with minimum uncertainty (minimum entropy production). 

This analysis can be applied to conscious processes by considering that at 2ny instant the 

central riervous system is required to process vast quantities of information from both 

internal and external sources. In order ro make sense of this information and to formulate 

appropriate responses i t  is necessary for this information to be condensed and integrated. 

The information processing capacity of the sensory system has been reviewed by 

N~rretranders who provides a detailed analysis of the 'bandwidth of consciousness' that 

reveals that the bandwidth of consciousness is at least a million times less than the 

bandwidth of sensory perception. (Figure 37) (Norretranders 1998) 
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Figure 37 Schematic diagram of the flow o f  information through a human being; 
from the senses through the brain (and consciousness) to f%e motor apparatus. The 
thick line shows the information flow from the senses to the brain and unto the motor 
apparatus. The thin line shows that consciousness processes only a very srmll 
proportion of this information. (From N~rretranders 1988) 



Based on the number of receptors of each sense organ, it has been estimated that the 

sensory mechanisms receive over eleven million bits per ~econd.  C~nsciousness however is 

not able to perceive this quailtity of information. Indeed it appears that consciousness is 

able to only perceive around 16-40 bits per second. (N~rretranders 1998) Thus as 

Zimmermann states; "What we perceive at any ~nonzerzr, therefore is limited to an 

extremely snzall conzpartnzent in the stream of ij;fonnatiorz about our surrou!zdi~zgsJ20~~i1zg 

in from the sense organs. " (Zimmermann 1989) 

While consciousness may not have a very high bandwidth, conscious percep~ion generally 

results from the integration of millions of bits of information into a coherent pattern. 

Similarly, consciousness can direct complex actions without having to direct each 

individual muscle. Thus i t  is possible to learn to perform many seemingly complex tasks 

such as walking or driving a motor vehicle without overwhelming conscious decision 

making. The ability to recognise patterns and combine vast quantities of information into a 

coherent whole appears to he the hallmark of intelligence and greatly improves the 

likelihood of s~rvival,  as Ngrretranders states; "httelligeuce is about seeilrg which 

Inacrostates best coinbine all the microstat~s. " (Norretranders 1998) 

The integrating function of nervous processes requires that information from different sites 

is processed and integrated so patterns may be discerned. While information from the sense 

orsans requires specific processing and association areas within the CNS, information from 

different body sires must also be integrated. Yet not a11 sites from the body will be treated 

equally, as the information from specific body sites may be of more importance. Based on 

traditional descriptions and experimental findings, i t  appears that those points that have 

important informational aspects are also likely to correspond with acupuncture points. 

13.6 Information and acupuncture points 

The idea that there is a differential processing of information at acupuncture points seems 

to fit both the Western research on acupuncture and the traditional Chinese conception of 

acupuncture points as well as their clinical use. An example of a point that is more 



important functionally and jnformationally rather than anatomically, is the acupuncture 

point called 'Hegu' or Large Intestine 4 (Li 4). Li 4 is arguably the most recognised and 

important acupuncture point on the body and is considered the point with the most 

analgesic properties. The anatomical location of this point is over the first dorsal 

interosseus muscle in an area that is supplied by a branch of the radial nerve. However, 

while this point is not particularly distinct anatomically, it certainly can be seen to be of 

great importance 'informationally' 

The point Li 4 lies precisely between the thumb and the fingers over the motor point of the 

adductor pollicis and the first dorsal interosseus muscle (Jayasuri ya 1988) which are 

responsible for the opposition of the thumb to the finders. The information from this point 

is therefore responsible for determining the position of the thumb in relation to the rest of 

the fingers and thus the functions of the hand in general. The importance of this area is 

evidenced by the fact that the area of the motor cortex responsible for controlling this point 

is substantially larger than the cortical areas controlling other regions of the body. This is 

depicted graphically by the homunculus, or 'little man'. (Figure 38) which is a 

representation of the body with the various body parts having a size proportional to the area 

of the cortex devoted to their control. (Snell 1980 ; Williarns Sr Warwick 1980) It can be 

seen that the homunculus has a disproportional large hand and thumb and that an 

exceptionally large amount of cortical area is involved in processing information from the 

point Li 4. A needle inserted into this point would therefore activate a greater proport;m of 

cerebral cortex than a needle inserted at other points on the body. (Ulett 1996) 

Another acupuncture point that may be distinguished by its 'informational' properties is the 

point named 'Bahui' or Governing Vessel 20 (GV 20). This point is situated on the vertex 

of the scalp which is an area that has virtually no voluntary muscle control and is an area 

that is not often touched in a precise manner. Thus the area of the cortex devoted to 

processing information about the scalp is relatively small and the vertex has one of the 

smallest proportional representations on the homunculus. The placing of a needle into the 

point GV 20 would therefore produce a state of physiological awareness and psychological 

sedation as the body attempts to diminish extraneous activity in an effort to determine the 



exact type and extent of the stimulation based on limited information. This is in accordance 

with the use of this point in clinical practice whereby i t  is often given as a sedative point, or 

to coordinate the effect of needling points at other sites. (Jayasuriya 1991) 

Figure 38 The sensory (left) and motor (right) homunculus (adapted from Williams 
and Warwick 1980) 

The idea that information from acupuncture points may be processed differently from 

surrounding tissue and that these points may exist as specific neurological represer~tations 

within the central nervous system has been confirmed experimentally by Yang et al. who 

used a superconducting quantum interference device (SQUID) to image the brain while 

stimulating the point Ei 4. The resulting images confirmed the traditional association of 

tilis point with the jaw and face area by revealing an overlap between this region and the 

projection area of the point. (Yang, Ouyang et al. 1995). In another study using tunctional 

magnetic resonance imaging (fMRI) scanning, Cho et a1 confirmed the traditional 

association between the eye and the foot by demonstrating that stimulation of the vision- 

related acupuncture point of the foot produces activation of the occipital lobes whereas 



stimulation of non-acupuncture points 2-5crn away did not produce this affect. (Cho, 

Chung et al. 1998) 

The idea that information from acupuncture points follows distinct pathways and may be 

processed differently to infom~ation from 'nonpoints' has also been explored by Takeshige. 

(Takeshige, Oka et al. 1993) In a series of experiment that examined neuronal pathways by 

means of selective lesioning of discrete brain regions as well as the selective stimulation of 

brain regions and the recording of evoked potentials arising from stimulation of 

acupuncture and non-ac~:?i rlciure points, Takeshige found that pathways connected to an 

acupuncture point are different from pathways connected to 'nonpsints'. (Takeshige 1985) 

The evidence from these experiments suggests that acupuncture and non-acupuncture 

points can be differentiated by their connection to different pathways in the central nervous 

system. Further evidence for a correlation between information processing and acupuncture 

points has been suggested by Shang who proposes that acupuncture points may coincide 

with 'organising centres'. (Shang 1989: Shang 1993) 

Organising centres are inost commonly described in embryology and are seen to be 

'singular points' where discontinuities and nonlinearities occur, thus at these points a large 

change in an observable parameter may be caused by an arbitrarily small change in another 

factor. The properties of these {mints include a higher electrical conductance along with a 

higher density of gap junctions and response to non-specific stimuli, and these properties 

have been confirmed experimentally. (Shang 2000) These points also tend to be located at 

thc extreme points of curvature on the body surface (the locally most convex or concave 

points). (Shang 1989; Shang 1993) 

While the properties of organising centers are most commonly discussed with reference to 

embryology amd morphogenesis, Shang has pr~posed a morphogenic singularity theory that 

suggests that organising centres may correspond with acupuncture points, (Shang 1989; 

Shang 1993) Indeed the properties of these centres seems to coincide well with the 

properties of' acupuncture, as acupuncture points are commonly located at surface 



concavities and convexities and are able to respond to many clifferefit forms of stknulation, 

including, pressure, needling, electric current, heat, cold, laser, infrared and ultraviolet 

radiation and microwaves. (Jayasuri ya 199 1 ) 

Shang further suggests that coupling and oscillation may underlie the acupuncture meridian 

network as well as the processes of growth and regulation, and that acupuncture meridians 

may oscillate in resonance with their respective organs. Shang suggests that this may be 

mediated by the transmission of electrical signals via gap junctions and draws on the fact 

that gap junctions in different organs have been found to have different gap junction 

proteins that may mediate the transfer of eiectrical signals between functionally, related 

cells. (Shang 1989) 

The possibility of gap junctions mediating the transmission of electrical signais along 

meridians may explain the low resistance properties of acupuncture points and meridians as 

well as provide the basis for understanding aspects of the DC control theory. If the cells in 

the region of acupuncture points and meridians posses greater numbers or more active gap 

junctions they may appear normal on histological examination, yet they would display 

preferential passage for electric charge and possibly infrared radiation. As gap junctions 

provide direct passage of ionic current as well as semiconducting current passing along 

microtubular filaments, they may also provide a link between the cellularm communication 

network and charge carriage along fascia1 planes. 

The consideration of acupuncture points as organising centres appears to explain many 

features of the acupuncture meridian system. While this work requires further elaboration, 

the power of this theory lies not only in  its ability to describe and predict the morphological 

characteristics of acupuncture points, but in its ability to discuss the properties of points in 

terms of information processes, signal transmission and nonlinearities. By adopting the 

language of information, Shang's morphogenic singularity theory is able to include and 

integrate work from diverse fields and thus accept input from the neuro-humoral, 

biochemical, electromagnetic, anatomical, morphological, and histological approaches to 

biological communication. 



14.0 Conclslsions and recommendations 

The results of the above experiments provide a broad suppart for the idea 

electromagnetic fields play a role in the traditional practice of acupuncture as we1 

that 

1 as 

support for the idea of an analogue direct current control system that mediates energetic 

exchange between organisms and their environment. 

The detection of a potential difference of the order of microVolts induced across an 

ctcupuncture needle suggests that the traditional manipulations that involve heating, cooling 

and thrusting of acupuncture needles may add ro the energetic exchange induced by this 

practice. Similarly, the finding of differential absorption of infrared laser at acupuncture 

points at low frequencies, suggests the traditional practice of 'sparrow pecking', which 

involves varying the application of moxibustion with a frequency of around 1 Hz, enhances 

the absorption of energy delivered by this technique. 

While the significance of these practices is uncertain, and the energy exchanges involved 

are extremely small, the suggestion of acupuncture points coinciding with organising 

centres that display nonlinearities indicates that significant physiological effects are 

possible. Further work however is required to further characterise the frequency response 

of acupuncture points to infrared laser as well as to determine other electrical effects of 

needling such as the short circuiting of the transcutaneous potential difference and 

electromagnetic induction effects. 

As well 2s an enhancement of energetic exchange with traditional stimulation techniques, it 

can be concluded that there is also an interaction between environmental electromagnetic 

fields and biological functioning. This is supported by the finding of a significant 

correlation between psychiatrk hospital admissions and solar activity as well as by the 

results of previous studies. While this result appears to be rigorous, the use of psychiatric 

hospital admissions is a crude measure for psychological functioning and further studies 

are needed to further define this relationship as well as to extend this work to conditions 

involving other systems. Furthermore, the existence of a large lag period suggests that the 



relationship between psychiatric events and solar activity is complex and further work 2 

required to determine how external fields may be coupled to internal processes as well as 

distinguish the important features of the external fields. 

Further support for the relationship between environmental e!ectromagnetic activity and 

biological functioning is provided by the finding that acupuncture meridians display 

distinct spectral characteristics that are related to the Earth-ionosphere Schumann 

resonances. However, while the existence of distinct spectral characteristics of meridians 

has been confirmed using two different experimental setups, the observation of resonance 

phenomena is based on comparing the meridian data with published valum for the 

Schumann resonance peaks. It would be useful therefore tc obtain continuous Schumann 

da;a to confirm this result. Attempts to construct a ferrite-core ELF antenna were 

confounded by excessive noise contamination and thus future work needs to be focus on 

obtaining a cleaner signal, possibly by making measurements away from extraneous fie!ds 

and vibrations, or obtaining continuous data from a specialised Schumann resonance 

observatory. Further work may also focus on the relevance of these resonances for therapy 

and the selection of electrostimulation parameters. 

In addition to evidence of an interaction between environmental fields and the acupuncture 

meridian system, evidence suggests that acupuncture points and meridians are distinct 

entities that may mediate these interactions. Acupuncture points are found to have a 

relatively low electrical resistance with an organised field distribution and increased 

infrared absorption at low frequency, while the meridians also display a lowered resistance 

with distinct field distributions and spectral characteristics. Furthermore, during meridian 

measurements, strong output signals are only obtained when the surface electrodes or 

needles are located precisely on the acupuncture points, indicating that the properties of 

these points are independent of the stratum corneum. While these results extend and 

confirm the results of previous studies, future work is required to extend the range of 

measurements to include acupuncture points on different regions of the body, as well as to 

extend the range of measured parameters to include impedance at different frequencies as 

wcll as electrical potential. Further work is also required to develop techniques that may be 



used to standardise this research and to examine the functional relationships that 

acupuncture points may have with visceral and autonomic functioning. In addition to 

further investigating the properties of points and meridians further research is also required 

to determine the basis for these properties. Such research may involve characterising ths 

microcirculation at these points, as well as examining the micro-architecture to determine 

the nature and density of gap junctions and other structures existing within and between 

cells at these sites. 

The investigation of ele~tromagr~etic phenomena associated with acupuncture seems a 

fruitful area for research, however, while electromagnetic considerations may be important 

in understanding acupuncture, the acupuncture phenomena crosses many disciplines and 

understandings gained in one are2 needs to be translated and integrated into other 

disciplines. In order to facilitate this process, a common language is required so that 

discussions can take place across disciplines. 

Such a language may be derived from the language of information theory, which appears to 

be able to transcend the boundaries separating different areas of research. The ability of 

information to act as an integrating concept in acupuncture research is evident when viewing 

the parallels between Eastern and Western concepts and realising that the Chinese concept of 

'Qi', which is considered to be the underlying substrate for all biological functions, closely 

parallels the concept of 'information'. Parallels may also be drawn between the Eastern view 

which sees disease arising from a blockage in the flow of Qi, and thz Second Law of 

Thermodynamics, which predicts an increase in entropy in any isolated system. 

The utility of this approach for acupuncture research finds expression when ideas from 

different disciplines are integrated by reference to the informational properties of 

acupuncture points. However, while the analysis of acupuncture using the principles of 

information theory seems attractive, any language that is not used is a dead language. Thus, 

it is only by actively applying this approach to scientific and clinical experience and 

engaging in multidisciplinary discussions that the potential of an integrated approach to 

acupuncture will be fully realised. 
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The Evolution of Hdistic Medici~e 
"hfcdicinc is subtlu and no one i:nows m s t  of its secrets. The way ojmcdicinc is so vast a t~d  its 
scopr is as immasera!Ar as t:a height o J b u a ~ w ~ s  and thc dcpths ojthcJolrr sca.a!" Nei Ching Su 
Wen 

Out of all human encIeavours medicine can be considered to be the rnosr basic. 'The 
zim of medicine to relseve human disiress through the treatment and prevention of disease 
can be seen as a conscious extension of the basic animal instinct to avoid pain that has its 
origins with the dawn of humanity when consciousness first became self-reflective. Self 
reflective c~nsc iousnes  freed humanity from the here and now existence of animals by 
allowing the mind to contemplate and cnmmcnicate knowledge of the past and present. 
reflect on the difference between pain and pleasure, life and death. self and non-self, and 
wonder as to the seemingly infinite natural forces that both sustain and threaten its existence. 

The beginning of self-reflective consciousness was an important turning point in 
human evolution for i t  in2:ks the beginning of two of the distinguishing features that define 
humanity; language and medicine. By combining vocabulary and syntax, languagc enables 
the mind to create an internal picture of the world, or worldview, which provides L!X basis 
for predicting future events and directing conscious action. Such a world view lies rt the 
hean of all medical systems s11d the practice of medicine acts as an empirical test for tire 
mind's ability to accurately represent the world, the success of which can be measurfd in 
terms of human sur~rivctl and the alleviz.',on o l  human suffering. 

The evolution of medical knowledge clojeiy parallels the evolution of both 
language and mind, for as Curtis 51nith states; 

"Tllcrr is a growing tendmcy to regard all evoiution, riot just hiltnun evolution, as an 

accunmlation ofllsabir injarmation. .. Tlllrs one way ojn::asuring biologica! sltccess might be by 
csking how nwch injonnztiot~ is available io ihc ulgonism to help it succrd in the struggle i n  

survive and reprod~tcc." (Smith, 1985) 
The evolution of mind has fo!!cw<.i !hp_ trend sei by generic evolution leading to 

6 I increase in autonomy, complexity ;nr! colonisation of the planet. The evolution of mind 
however has out-paced geneiic evolution, for while genetic evolution d i e s  on the natural 
selection ::f useful infarmation based 01: i'he variability of mutations and their transmission 
down genera:,ons through the life cycle, the evolution of mind results from the conscious 
selection of useful information and its transrnissian throughout individual life-spans via 
language. i'hus as Russeli states; 
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"SclJ-rrjlectivc consciolrsncss broitght with it tllc ability to  direct our o w l  dcstirl)~ We 
arc t ~ o [  bo~old to a long slow process ojevr.lu[ion tl~rough trial and erro); and tlrc sclcction oJ the 
corlrct adnptations; \vt can anticipate the rcstrlts of our actions and conscio~isly clloose those 
which ntr n m t  1il:cly to talzc 11s whcrc we ruatlt to go - as individlrals and as a spccics." (Russell, 
1983). 

Medicine involves the exercising of conscious control over survival through the 
acccrnularion and distribution of 'survival knowledge'. The evolution of medical knowledge 
therefore parallels the distribution of this knowledge through human communications which 
has progressed from a tribal basis, where communication takes place via actions and words, 
to a social basis where informarion is made available through the written word, to the 
present, where global telecommunications promise to create a new form of medicine where 
global concerns regarding human health and welfare can be shared amongst all peoples. 

Tribal medicine 
The first human societies were tribal groups in which survival was limited to extended family 
units and communication limited to actions, words and the performing of rituals. In such 
circumsrances it  was possible for a single individual to accumulate and pass on all the 
knowledge needed to maintain a tribal existence. Such an individual was the tribal doctor or 
'shaman' which literally means "he who knows", however as Stenn points out: 

"Were we to addwss him as a physician he wotild be offended jor ptire ntedicine is 
indeed a stnall segtwnt o j  his knowledge. He is usi!ally, as Itc has been since most ancient days, 
the most intelligent and best-injomwd prtson of the tribe. He t m y  be king, priest, prophet, 
conjltre); rain-b;inge); and cdlccator all in one. His spccific duty is preservation of thc tribe against 
d roqh t ,  starvation, calanlity, wild aninlals, enetnirs, plagues and disease genera2ly. He establishes 
law, order; ethics and tnorals. He cornnlunicates to  the ~ - i l ?e  knowledge of history, tnusic, dance and 
the arts. He Iznows the local soils and waters, the ustljlil and ediblc plants and animals. He is an 
expert in agricdtlirc and wcather prediction. At the s a ) w  tirne his opinion is sotrgllt on military 
appointtncnts and on military strctesy. He guides the sr-wal IiJe o j  tnan and predicts the life of 
tltose ncwly born. He is busy healing illnrss and wounds and plrventing disease. He mlcst expose 
h imel f  to d a y  of siarvation, thirst, cold, heat, rain and solitude. He must commit to txemory 
rlaborate cornlotlial songs and dances and knorv titrir symbolic significance. H e  must cultivate 
the tcclmiq~ie o J j u ~ l c r y .  And he isforever placating the spirits and divining thefuture." (S~enn,  
1967) 
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The ~radition of shamanism is a truly holistic form of medicine whereby religion, 
science. art, agriculture, engineering, law and other disciplines are fully integrated. This 
tradition, which hzs existed since rhe dawn of histor): generally consists of polytheistic or 
polydemonistic nature worship where diseases are seen to result from either an excess or 
deficiency of spiritual forces. Shamanism is thus primarily concerned with magical healings, 
involving the expulsion of evil spirits that have possessed the patient, or luring the errant 
soul back to its proper habitat. Aided by abnormal trancelike states the shaman, who is 
mediator between the sprits  and men, goes into autohypnotic trances during which lime he 
journeys into the spirit world in order to make sense of a person's ailment and determine a 
cur?. In order to communicate his knowledge to the tribe, a shaman would employ tribal 
dancing as well as ventriloquy, jugglery m d  tricks, along with charms, amulets and talismans 
which were used as symbols of past lessons. Perhaps the most powerful tool the shaman 
possessed however was the use of specific words, for how things came to be and got their 
names is the first theorem of spirirual science. The power of words was realised by shamans 
through the use of spells and incantations and this power remains evident today in the use 
of present day medical terminology and diagnosis. 

The role of the shaman was to access and accumulate knowledge that would help 
the tribe survive. To do this there were two paths that were followed. One way was to 
meditate on an unknown entity until i t  couid be incorporared into tribal lore, the other was 
to observe nature and assess the usefulness of different substances and procedures. These two 
paths have been labeled by medical historians as 'magico-religious' and 'empirico-rational'. 
In the magico-religious approach diseases are explained as resulting from a disregard or 
disharmony with some cosmic principle or deity and txatment is aimed at restoring 
harmony with the supernatural forces. The magico-religious approach can thus be seen as a 
top-down approach whereby disease is explained by general theoretical principles, which are 
usually coined in either magical or religious language. 

In contrast to rnagico-religious medicine. the empirico-rational approach does not 
necessarily seek to expiain disease but aims to discover useful remedies by the rational 
observation of disease and of different therqeutic procedures and substances. The empirico- 
rational approach is thus a bottom-.l;) appqach  whereby physical, dietetic and 
pharmacological remedies are sotrght For conditions which may be considered 'r,a!ural' in 
that the do not require supernatural explanations. This approach would thus be primarily 
used to treat minor ailments of everyday life such as coughs and colds, upset stomachs and 
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minor wounds, and would include treatments such as pouhicing, bloodletting, massage, 
counter-irritation. purgatives and emetics. 

Tribal shamans employ both empirico-rational and magico-religious methods, 
however as many empirical treatments may be considered routine, they may be performed by 
the patient or by members of their family or neighbours, particularly women. The Shaman 
however would be called in ro consult on any serious illness or when explanations or 
interpretations are sought after, as well as acting as a repository of empirical remedies. 

The beginning of recorded history 
As human populations grew and tribes began to settle themselves into cities, i t  became 
increasingly difficult for a single individual to access and distribute the available knowlzdge 
t h r ~ u g h  actions and words alone. To sustain great civilizations knowledge had to be more 
readily available. and thus wiih the appearance of the first civilizations came the beginnings 
of writing, the establishment of the calendar, and thus the beginning of recorded history. 
With the development of civilization many of the shamanic duties differentiated into distinct 
disciplines and the empirico-rational and magico-religious paths were elaborated upon and 
extended to farm zhe beginnings of science and religion. 

In early civilizations the written word arose as an extension of shamanism and 
thus was associated with the gods and the spirit world. The shamans of this era may be 
considered amongst the greatest that ever lived. This era, which spans from 3000 BC to 500 
BC produced such legendary and godlike figures as the Egyptian physician Imhotep, the 
Hebrew leader Moses, the Greek physician Asklepios. and the Chinese physicians Shen 
Nurig, and Huang Ti (The Yellow Emperor). These figures, who were often responsible for 
the health of entire civilisations, are accredited with the accumulation of great stores of 
empirical knowledge including great technological achievements such as the invention of 
agriculture and writing, as well as important philosophical and religious treatise, many of 
which remain in widespread use to this day. 

I t  was towards the end of this era that the foundations of both Eastern and Western 
thought were first committed to writing, with Socrates, Aristotle and Plato laying the 
hundation for Western thought, and Lao Tzu, Confucius, and Gautama Buddha providing . 
the basis for the development of Eastern thought. It was also around this time that the 
foundations of Eastern and Western medicine were being forged, with the formation of the 
Hippocratic writings (Corpus Hippocraticum) in the West, and the canonization of the Nei 
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Ching Su Wen in the East. These medical works are significant as they mark the beginnings 
t . i  modern medicine and are the first treatise to siew disease as arising from interactions 
between the environment and constitutional factors, rather than the actions of gods or 
supernatural forces. They are also significant in that they represent two different yet 
complementary approaches to medical knowledge with Eastern medicine being an extension 
of the magical-religious approach and Western medicine of the enipirico-rational approach. 

Chinese medicine and the art of prevention 
Chinese medicine according to legend commenced with Fu Hsi. To him is attributed the 
invention of the eight Diagrams made up of broken and unbroken lines used to explain the 
working of all natural phenomena and forming the basis of the I-Ching which acts as a 
pictorial representation of the Chinese universalistic philosophy. The elaboration of Chinese 
medicine was continued by rhe emperor Shen Nung (died 2698 B.C.) who is venerated as the 
father of agriculture and is reputed to have undertaken systematic empirical observation of 
all herbs bp tasting each one in order to acquaint himself with their value. To him is 
commonly attributed the writing of the herbal classic. By far the most renown of the 
legendary rulers of ancient China however, was Huang Ti, also known as the Yellow Emperor. 

Huang Ti is said to have been miraculously conceived by his mother Fu Pao, who 
gave birth to him on the banks of the river Chi and he supposedly reigned from 2696-2593 
B.C. Su-ma Ch'ien, the great historian of the second century B.C. began his Historical 
Records with an account of Huang Ti, whom he defined as the founder of Chinese 
civilization and the first human ruler of the empire. To him is accredited the invention of 
wheeled vehicles, armour, ships, pottery, and other useful appliances, as well as the art of 
writing. Huang Ti is also regarded as the author of the Canon of Internal Medicine called the 
Nei Ching Su Wen (The Yellow Emperors Classic of Internal Medicine) which is said to be 
the oldest extant medical book in the world and remains the theoretical foundation for 
Chinese medicine to this day. As llza Veith states in the introductim to her translation of the 
Nei Ching Su Wen; 

'The Nci Ching, the Classic o j  frttemnl Mcdicit~e, attributed to Huang 77, the Yellow 
Emperor; is irldecd a very inlportant if not the tnost important early Chinese tnedical book, 
particdarly its first part, Su Wen, "Fondiar Conversations" bctween the Emperor and has 
physician Ch'i PO. I t  is itnporlant because i t  develops in a lucid and attractive way a theory ojtnan 
in health and disease and a theory ojniedicine. It does this in very much the satnz way as did thc 
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pllyiciatis of India who wrote the classic boolts of Yajutvcdic medicine, or the Hippocratic 
physicians of Greecc; that is by using the philosopl~ical concepts qf the time and picturing man as 
a nricrocosm that rcflccts the macrocosm of the mivcrse. Thc theory expounded it1 [he Nei Ching 
Su \\'ol has reniairied the dominating theory of Chinese indigenous mcdicine t o  the piucnt day." 
(Veith, 1966) 

The theory behind Chinese medicine is truely holistic. In the Chinese view true 
health is achieved only when the division between the self and the rest of the universe is 
dissolved and there is an awareness of the "wholeness" of nature. Thus the Eastern concept 
of the universe is one of infinite order as described by the 'Tao' (pronounced 'Dow'). As Veith 
states: 

"Thc vssence oftlw universalistic Chinese philosophy is the concept of Tao. It is difficult 
to translate the wact  mcaning 05 this rvot-d. The "lViy" is probably the closest equivalent. All the 
idcas of Cllitiese ph i l o sop f~  convoge in Tao. Tao has been dcscribcd as "Jonnlcss, nameless, the 
t w t i w  force of all tm~vernu~ts  and actions, and thc tnothcr 05 all substances." The it~iportatit 
prcacllitig c f the  ancient Chinese was to "live according to the Tau". Living according to Too mcaris 
to integrate one5 self with the rulcs of nature, rvliich regulate bodl earthly and heavenly changes. 
It is a code ofphysical, n w ~ t a l  and cthical conduct bascd on uitclianging cosmic truths and not on 
the rules and rt:gulatiorts codified by nmnn. Thus the Tao m a n s  the way ofsltaping one's carthly 
conduct in accordance with the operation oJ the natural lnrvs, in order to wach the goal of 
pctjection." (Veith, 1966) 

'Being at one with t.he Tao', is considered by the Chinese as being the ultimate state 
of health. This is seen as a dynamic process, for it involves being in harmony with all of the 
continually changing cycles of nature and thus to be separated from this universal order is 
seen as a source of pain and disease. This worldview can be considered an extension of the 
magico-religious, or theoretical approach to disease, whereby diseases are explained by 
reference to a general cosmological theory. The concept of the Tao for the Chinese however 
is more than a theoretical concept, i t  is a way of defining an ultiniate state of existence and 
thus provides an ideal which is used to guide everyday life. 

The concept of Tao originated with the early Taoist philosophers, who persued an 
ascetic tradition by withdrawing into the forests and mountains in order to meditate upon 
the Order of Nature. The concept of 'Tao' was popularised in the fourth century BC by Lao 
Tzu, an older contemporary of Confucius, whose name literally means 'Old Master', and who 
is considered the author of the Tao Te Ching (Canon of the Virtues of the Tao) which many 
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scholars regard as the most proiound and beautiful work in the Chinese language. The 
concept of Tao, which stressed harmony with nature, was later elzborared on to form the 
basis of the Taoist religion, however this concept was also adopted by Corhcianism which 
srrcssed harmony through social relations, as well as Buddhism which stressed harmony with 
personal desires. Thus as Dr Heinrich Hackmann in his volume on Chinese philosophy says; 

"The word Tao, which later becanre the shibbolcth o j  a separate creed, Taoism, is 
basically a concept common to all Chinese and tllcrejore retains its validity also in ConJ~tcianisnt 
and w e n  in Buddhism. Jao is t k  ltey to the ntysterio~ts internlingling oflHeaven and earth,' T io  
m a n s  the way and the titcthod of maintaining the hannony between this world nnd with the 
d m a n d s  of the othrr world." (Hackrnann, 1927) 

The Nei Ching Su Wen is unusual for a general medical text for over three-quarters 
of it is devoted to preventative measures. In it we find the following passage where the 
concept of Tao is elaborated on in a discussion between the Yellow Emperor and his 
physiciadadviser Chi PO: 

"Jco was practiced by the sage a d  admi,rd by thc ignorant pcoplc. Obedience to the 
laws of Yin and Yang itleans l$ ; disobedictice and dcark. Tlic obcdient ones will rule while :he 
rebels will be in disorder and conjusiori. anything contrary to hannony (with nature) is 
disobedience and means rebellion to nature. Hence the sagec did not treat those who were already 
ill. They did not want to rule those who were already rebellious; they gsltidtsd t l i ~ s c  who were not 
yet rcbrlIioc~s. .. To administer medicine to diseases wliich have already developed am' to supprcss 
revolts which h a w  already developed is comparable to the bcltaviour ofpcrsons who bcgin to dig 
a we22 a,:er they have become thirsty, and o j  those v ~ h o  begin to castt. weapons ajter they have 
already engaged in battle, would these actions not be too late?" (Veith, 1966) 

As already stated the Nei Ching Su Wen is d.evoted to primarily to p:.eventative 
measures through outlining the ideal state of "living in accordance with the Tao". Following 
in this tradition Chinese physicians emphasised the healthy state and aimed to maintain it, 
rather than defining different disease entities and attempting to treat illness. As Crozier 
states: 

" I t  sliortld be noted that specif'ic disease categories, as such, do not figure very 
pvoniinenlly ... Certain diseases were rrcognised and their symptoms described in the earliest 
nicdical works, but the major strrss had been treatkg the hrtnlan condition itself. Since diseases 
arise out oJ a disequilibrittni in the hronnn organism, the basic cure is in restorirg Itarntony." 
(Crozier, 1968) 
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Having defined a state of health, i t  was the aim of C h i ~ e s e  physicians to detect any 
deviation from this state and correct i t  before disease could develop. Accordingly [he ancient 
Chinese physicians were paid only while their patients remained healthy and, if a patient was 

to die unespectediy, the physician responsible was required to hang a lighted lantern outside 
his practice for a full month so that other patients would be made aware of his shortcomings. 
This attitude is expressed in the Nei thing with the following passage; 

"The slcpcrior physician I~clps bejore th t  early budding of the disease. The iiferior 
physician begins to  hcIp wlten the disease has already developed; he helps when destruction has 
sct in, and since his help coine wltcn thc disease has already developed, it is said of hiin that he is 
ignorant." (Veith, 1966) 

Hippocratic medicine and the science of cure 
The Eastern attitude of preventive medicine lies in stark contrast to that of the Hippocratic 
tradition. The Hippocratic physicians pracriced in a market economy, where physicians were 
sought only after disease had become established and a physician's worth was judged on his 
ability to make accmate predictions, even if powerless to alter an adverse outlook. The 
Hippocratic writings, or 'Corpus Hippocraticum', consist of many astute obsenwions and 
aphorisw, many of which remain relevan: today ; these include the well known aphorism; 
"Lije is short the Art is long, cr i s i s~ee t ing ,  eupet-imcnt risl~y, decision dilficultn, and the signs of 
death or so-called, 'Hippocratic facies' which consists of: "A sharp nose; holiorv eyes,; collapsed 
temples; ears cold, contracted and their lobes tunled o ~ t ;  the skin about the forehead rough, 
stretched and parched; tlte co low oJ tlte face greenish, duslzy, livid or leaden." 

The Hippocratic tradition concentrated 011 defining specific disease entities rather 
than abstract notions of health, for i t  was considered that "Every disease has its own nature 
and arisesfrotn external causes,from cold,frotn lhr sun, orfront rnanging winds". This emphasis 
on defining different disease emitics arose from the practice of forecasting, for it was only by 
defining the evolution of clinical syndromes that specific prognostic features could be 
recognised and the likely course of disease, and success of interventions, be determined. 
Hippocrates placed great emphasis on prognods. writing that: "I hold that it is an excellent 
thing for the physician to  practice forecasting; he will carry o ~ t  treatment best if he knows 
befbrrhandfront the present sytnptotns what will take place latex" (Cohen and Drabkin, 1948) 

While the Hippocratic tradition laid the foundation for modern medical practice it 
also established a model for the practice of holistic medicine. The book "Airs, Waters and 
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Places" from the Hippocratic collection outlines how the well being of individuals is 
influenced by environmental factors such as the quality of air, water. and food, the 
topography of the land, and general living habits. While an understanding of these factors 
was considered an essential basis of the physicians art, according to Renes Dubos, "the 

rclcwtice of cnvirontt~entalfor.ces to the problcms of Iiuman biology, niedicitle and sociology has 

ncvcr bcen JomluIatcd with greater breadth and sharper vision tlian it  was at the dawn ofscientific 

Iiistoty" (Dubos, 1979) 
Treatment according to the Hippocratic tradition was mainly carried out 

empirically, with the caveat of "first do no harm", and only later were diseases considered in 
terms of a general theoretical framework. The Hippocratic tradition was thus based on the 
accurate recording of clinical observations, supportive care of the patient in order to assist 
the patient's natural healing forces (the 'vix medicatrix naturae'), and a code of conduct for 
physicians befitting an honored role in society. As Stenn states: 

"Paratnowit was the twtliod ctnployed by Hippocratcs : the use oJ niitid and senses as 

diagnostic instnonents; the transparent honesty; the elevated conception o j  the dignity o/ the 
physicians calling; and the seriousness of pwpose and dccy rcsprct for the ynticnt ... Iacltittg 

scientific instnonents, he nevt.r:heless itlitiated a scientific approach throlcgli accltrate observation 

and logical reasoning." (Stenn, 1967) 
In following the Hippocratic tradition, Western medicine employs an extension of 

the empirico-rational or practical approach to medicine which aims to define the natural 
history of disease and thus forecast how symptoms develop, and how different procedures 
may alter the disease outcome. However while the Hippocratic physicians were to develop a 
methodology which forms the basis for today's scientific method, perhaps more important for 
medicine was the laying down of a moral and ethical code by which to practice medicine, as 
is specified in the Hippocratic oath. 
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The Hippocratic Oath 
1 swear by Apollo Physician and Asclepius and Hygienia and Panaceia and all the gods and 
goddesses, making them my witnesses, that 1 will fulfil according to my ability and 
judgment this oath and this covenant : 

1 will look upon him who shall have to reckon him who taught me this Art 
equally dear to me as my parents EO share my substance with him, and relieve his 
neccssities ifrequired; to look upon his offspring in the same footing as my own brothers, 
and to teach them this Art, if they shall wish to learn it, without fee or stipulation ; and 
that by precept, by lecture and by every other mode of instruction , I will impart 
knowledge of the Art to my owr, sons, and those of my teachers, and to disciples bound 
by a stipulation and oath according to the Law of Medicine , but to none others. 

The regimen 1 adopt shall be for the benefit of my patients according to my 
abiiity and judgement, and not for thrrir hurt or for any wrong. 1 will give no deadly drug 
to any, though it be asked of me, not: will 1 council such, and especizlly I will not aid a 
woman to produce abortion. Whatsoever house 1 enter, there will 1 go for the benefit of 
the sick, refraining from all wrongdoing or corruption, and especially from any act of 
seduction, of male or female. of boncl or free. Whatsoever things 1 see or hear concerning 
the life of men, in my attendance of the sick or even apart therefrom, which ought riot to 
be noised abroad, 1 will keep silence thereon, counting such things to be as sacred secrets. 
(Wheelwright, 1966) 

The Complementary nature of Eastern and Western medicine 
It is interesting to note when comparing the origins of Easkern and Western medicine that 
they appear not merely different, but diametrically opposed, as each approach the wsrld from 
opposite but complementary points of view. Ilza Veith notes the complementary nature of 
Eastern and Western medicine in the introduction to her translation of the Nei Ching when 
she writes: 

"lf the history of the Yellow Emperor's Classic is to  be compared with that oJ the Corpus 
Hippocvaticutn, which originated a< cotut  the same time, a curious and sonzewhat contradictory 
devclopnirnt niay bc noted. The works :.$the Greek tradition were composed to senle as textbooks 
jor the practitionel; yet the practical vtrlue of their contents was superseded centuries ago. Apart 

r Jrotn their sign$catlce Jor the mcdicttl historian, the valr~e of these works has Jor centuries 
consisted in crcating for the Western physician the moral, and ethical concept oJ the ideal 
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physician. on the othcr hand, .. .ChinaJ- earliest b0.4 cot!cemed with the 21.t ojhcaling was never 
mcant to be a mere trxtbool: of tnedicinr, but rather a treatise on the phi2osophy oJ hcallh and 
discase; and yct it was taken over- by thc physician, r l. : t~ply as a guidc toronrds an idcal oJl*, 
but as a he?pJor- tJic acttlal practice of rtledici~w." (Veith, 1966) 

I t  seems that the survival knowledge transmitted through medical theory and 
practice is actually shaped and formed by the language used to transmit it and it has been 
suggested that the complementary nature of Eastern and Western medicine has arisen 
through their respective use of language. Eastern thought, which places much emphasis on 
the concept of flow and on symbolic representations of natural phenomena, is based on an 
intuitive language which uses ideograms and symbolic constructs. As Capra states: 

"Both the Conjucian Analects and the Tao Te Clting are written in the compact 
suggestive stylc which is typical of the Chinese way oJ tkinlting. The Chinese mind was not given 
to abstract logical thinking and devcloped a language that is vely dijferrttt jrom that rvliich 
cvolved in the West. Many of its words could be used as nouns, adjectives or verbs, and tlteir 
sequenct. was dctertnined not so mttch by granirnatical rules as by  the onotional contcrlt oJ the 
scnlence. The classical Chinese word was very di/jerrnt jr-om the abstract sign rrpwsmting a 
clearly delineated concept. It was rather a sound symbol that had strong suggcstivc powcrs, 
bringing to mind an indeterminate cotnplex of pictorial images and emotions. The intention of the 
speaker was not so much CO express an  intellectual idea, but rather to ajJect and influence the 
listenet: Correspondingly, the written character was nol just an abstract sign, but was an organic 
pattern - a gestalt - which presmed thefull  complex o/ itn~!+os and the suggestive power o f t h e  
word." (Capra, 1983) 

In contrast to Eastern thought, Western thought emphasises the process of 
systematically observing nature and deriving rational explanations, and is based on rational 
languages ( h e  epitome of which is mathematics), which utilise a phonetic alphabet and 
logical construction. Furthermore while Chinese thought has remained fairly consistent 
throughout the ages, as has the Chinese language (even though pronunciation differs in 
different rzgions), Western thought has undergone numerous additions, corrections and 
modifications as it has been translated into rhe dominant language of the time. As Jayasuriya 
states; 

"An Englisllntun ofloday can hardy go jurther back than three orfottr hundred years 
in his own Iiterattm; the eartiest periods he can only appreciate after special philologica1 study. 
To the Chinese, the literature oJc~ n d k n n i a  is open; and his unrivalled lovefor and lznorvledgc of 
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thc ancicnt cit2t~0.e of his country is largely due to the pecltliar genius of his literary heritage." 
(Jayasuriya, 1% 1) 

Manfred Porkert sheds further light on the relationship between language and the 
pervading worldview when he writes: 

"Philologically striking is the fact that the languages o j  all civilizationr; which 
developed atomic thcorics Itad alphabets, bui that the Chinese who devised the wave and Jield 
theories had written characters, ideographs, which probably inflltences their thinking along 
geslalt or organistnic lines. Another important fact is the continuity oJ injormation by tncans o,C 
t!le written word. Her< India and the Western world were in reality litt'r villages, each with its 
own language ntahing; conlmunication di,flicult and in some instances, almost itt~possible. Evcn 
among the villages (or nations) titne and usage oJen change tltc meaning and intent o j  the 
language. A dead language, like ntorbid anatonly, gives very little in/ormation abmt tllr living 
civilization. The Chinese ideograph is their universal language and has the sarnc nicaningjor the 
modern as for the ancient, a great advantage to  the scholar and for the continuify o j  tho~ught. 
Contrast this asprct with the practice in the West, whcre the langiinge of the scholar was Greelz, 
Latin, Hebrew, thcn Arabic, French, Cennan, Russian, and Englislt." (Porkert, 1974) 

The different approaches to medical knowledge cha~acterised by Eastern and 
Western medicine can be considered to be parallels of what are commonly called the holistic 
and reductionist worldviews. Although these views appear opposite they are in fact 
complementary with neither being more correct or more useful. The truly holistic 
practitioner needs to be able to apply both approaches and to determine which approach is 
the most appropriate for an individual at any particular time in their life. Certainly the ideals 
of modern medical practice encompass this type of holistic approach and this is becoming 
more common in practice as evidenced by the current integration of the Eastern 
philosophical ideas of prevention and health enhancement with Western scientific principles 
and the hi-tech management of acute medical conditions. 

With increasing specialisation and differentiation of the health professions 
however, i t  is common for individual practitioners to preferentially adopt a particular 
approach and thus there is a need for practitioners to work together to meet the varied needs 
of individual patients. There is also a great need for individuals to be the final arbiters of their 
own hcalth and healthcare choices. To practice or live holistically implies an attitude and a 
process rather than a specific methodology and hopefully by corltir~uing to combine 
complementary approaches it is possible to obtain a deeper understanding of health, illness 
and life. To quote Capra again: 
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"We are heading towards a new synthesis, a new naturalisni. Pcrhaps we will 
cvrnttially be able to combine the Wcsteni tradition, with its rttlphasis on cxpcritncntation and 
q~iantitative _fonnu2ations, with a tradition s ~ i i  as tlic Chincse one, with its v iov o j  a 
spontar~cous, sel/ organising world." (Capra. 1983) 
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The Art and Science of Joy 
Joy and happiness are difficult subjects to study scientifically. Like pain, joy is totally subjective 
and therefore it is ultimately whatever people say it is. There is no blood test or imaging technique 
to detect happiness or joy, and while the funny bone has been identified, as yet a physical substrate 
for joy or happiness is elusive. The subjective nature of joy effectively places the study of joy 
outside the realms of science, and scientific attempts to define joy or happiness have met with 
only limited success. 

- - 
Happiness as a Psychiatric Condition 
One recent attempt to classify happiness scientifically was discussed in tlx Journal of Medical Ethics. 

' 24 
L -!h In a paper titled 'A proposal to clusify happiness as a psychiatric disorder', it is suggested that happiness 

fits all the requirements for classification as a psychiatric condition and that it should be listed in 
DSM IV as Major-Ajective Disordzr - Pleaant Typel. In this (somewhat tongue in cheek) article, the 
authors argue for classifying happi~ess as a psychiatric condition based on the fact that happiness 
is statistically abnormal, consists of a discrete cluster of symptoms and is associated with particular 
affective, cognitive and behavioural components. 

This paper goes on to ercarnine the diagnostic indicators of happiness and gives ekldence 
for both genetic and envimnmental factors. Happiness is also identified as being either reactive, 
manifesting a5 an acute episode followed by a rapid remission of synlptoms, or endogenous 
happiness whic!~ is more chronic and less likely to be associated with spontaneous recovery. 
Cognitive components of happiness are identified as including general satisfaction with specific areas 
of life such as relationships and work, as well as the happy person's belief in his or her own 
competence and self-efficacy. Behaviourd components of happiness, while less easily characterised, 
include particular facial expressions such as smiling, as well as carefree, impulsive and unpredictable 
behaviour. Certain kinds of social behaviour are also identified including a high frequency of 
recreational interpersonal contacts and pro-social actions towards others. 

Happiness, it seems, is also associated wirh irrational beha~lour including overestimating 
one's control over environmental events (often to the point of perceiving completely random events 
as subject to personal will), and giving unrealistically positive evaluations of personal achievements. 
In summary, the author concludes that happiness fulfills all the criteriz for being labelled as a 
psychiatric condition. The only reason against classifying happiness as a psychiatric disorder is that 
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happiness is nct undesirable. However, as desirability is a question of ethics or aesthetics and not 
science, it was decided that this is scientifically irrelevant. 

It seems that Western medicine is much more con~fortable with analysing disease and 
pathologcal conditions than looking at positive stares of health. In the psychiatric literature over 
the past thirty years there has been around 46,000 articles on depression, 36,000 on anxietx 5,000 
on anger and only 2,000 on happiness and 400 on joy. These scientific studies on happiness and 
joy have relatively little to say about what joy or happiness zctually is. They do however, describe 
the common correlates of these conditions based on epidemiological data. 

The Epidemiology of Happiness 
There are numerous scientific studies based on statistical analysis of population data that attempt 
to answer the question: What makes people happy? A recent review of the literature on happiness 
reported in ScietztiJic Amc~ican is quite enligntening2. This paper suggests that happiness is unrelated 
to demographics such as age, sex, income, country (unless you live in a war-tom or famine-torn 
country where people tend to be less happy), occupation, or the ownenhip of consumer goods such 
as house, car etc. The evidence collected to date seems to suggest that, rather than being related to 
external circumstances, happiness is a trait that is related to personality factors such as high self 
esteem, feelings of personal control, optimism and extroversion. 

Many people in today's society endure the present, waiting for the promise of future 
happiness, thinking: 'I'll be happy when I'm rich', or 'I'll be happy when I get a good job', or 'I'll be 
happy when I get a nose job', or 'when 1 get married . . . or divorced', this line of thought: however, 
is not supported by available evidence. If you are happy now, you are likely to be happy later, and 
if you are unhappy now, instead of changing your circumstances, you need to change your attitude 
to your circumstances. Therefore, it is no use waiting for a winning lottery ticket to make you happy. 
In fact, one study looked at lottery winners and found that they tended to be much less happy after 
winning than before. 

While happiness in life appears to be unrelated to external factors, there are consistent 
correlates cf happiness that include a sense of control and the sharing of one's life circumstances 
through close personal relationships, most commonly found in marriage. A further factor that is 
consistently associated with happiness is participation in religious activity, with self-reported 
happiness and life satisfaction being twice as likely to occur in highly religious people. It appears 
that religious affiliation is associated with greater social support and hopefulness, as well as a sense 
of belonging or feeling of having a place in the wider scheme of things. 
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Along with the literature on the factors that are associated with happiness, there is 
considerable literature on the health benefits of being joyous which been acknowledged since 
antiquity. However, while the bible proclaims that: 'a nleiry heart doeth good 2 . h ~  g medicine' (Proverbs 
17:2.2), the serious study of the health benefits of hzppiness had to wait until the 1960s when it was 
brought to the attention uf conventional medicine through the work of Norman Cousins. 

Norman Cousins was stricken with the progressive conditioc., ankylosing spondylitis, 
and, while receiving only limited benefit from conventional medical treatments, he was able to 
overcome much of his pain and debility through comedy and laughter. In his book Anatomy of an 
IIlness3, Cousins chronicles his fight with this debilitating condition and details how he obtained 
positive changes in his condition as well as biochemical improvement. Thus, Cousins was one of 
the pioneers of the new discipline of psycho-neuro-immunology which examines the interactions 
between the emotions, the brain and the immune system. 

The Tao of Joy 
While awareness of the benefits of joy on health is relatively recent in the West, in the East these 
benefits have been acknowledged for thousands of years. Eastern medicine has no difficulty defining 
h:ppiness or joy. In fict, most Eastern traditions are based on a concept of perfect bliss called 
'nirvana', 'sato~i', 'enlightcrzment' or 'living according to tlte Tao'. This state occurs when you are 'at one 
with the universe' and is said to be our natural state, and is achieved when we give up our day-to- 
day worries, desires and attachments. 

While the enlightened state suggests a state of ideal health occumng where perceptions 
flow freely, the states of pain and disease occur when there is an obmuction in one of the many 
forms of information flowing throughout biological systems. The idea of nirvana corresponding KI 

a blissful state of being at one with the universe fits in with Western concepts of thermodynamics, 
whereby entropy (disorder) is seen to increase in any isolated system. Thus the Eastern view of 'life 
is pain' can be seen to relate to the fact that our sense ~f identity necessarily creates a distinction 
between us and the octside universe. In the enlightened state however, there is no distinction 
between self and non-self and thus perceprions are no longer isolated and subject to the second law 
of thermodynamics. 

To help achieve the state of enlightenment, most Eastern traditions have developed a 

1.: ,A ::B! sophisticated series of daily practices that can promote this state. These practices generally involve 
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yoga, meditation and an attitude to daily life. Perhaps the most researched area involves the practice 
of meditation, which attempts to dissolve the barriers between the ego and the outside world. By L 
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focusing the mind until ihe object of concentration disappears, a state is reached where there is no 
longer a separation, and the simpIe state of being remains. While this is the aim of meditation, the 
process of achieving this state has many benefits, for it involves letting go of attachment to daily 
concerns and thus shifting perspective on thoughts that may othenvise preoccupy consciotlsness. 

While there are many different system of meditation and different philosophies that 
accompany them, any single-minded endeavor may be considered a meditation. Thus, anytime you 
are involved in an activity that totally absorbs your awareness so that you seem to 'lose yourself in 
the activity', you can ccnsider that activity to be akin to meditation. DuI;,ilg such an acthlty, it is 
common to not only lose your sense of self, but to also lose your sense of time. Thus, during such 
activities, time may seem to fly and many minutes or hours may seem to pass in an instant. 

Actillties that are likely to give this experience include formal mediation techniques, as 
well as any other activity that so involves the awareness that all else is excluded. Such activities may 
include pursuits such as gardening, incii~ldual sports, martial arts and yoga, or creative activities 
such as painting, ceramics etc. These activities are commonly actillties that people 'love' to do. It 
seems that the act of loving an activity, enhances the ability to lose oneself completely, and the 
inclusion of these activities in the daily routine enhances the overall experience of life. 

As well as having psychvlogical benefits, the practice of meditation initiates predictable 
and reproducible changes in physiological functioning. These include a re2xtion in heart rate, 

---p blood pressure, oxygen consumption and stress hormones. There are also r k i ~ ~ t i v e  EL< changes 
associated with meditation and these include a greater coherence and synchrony across the brain, 
and a tendency for increased actwiry in ihr alphaltheta frequencies (around 8 hertz). This altered 
EEG activity results in the brain adopting similar frequencies to the electromagnetic frequencies that 
occur around the planet, called Schumann Resonances. 

Tuning into the Planet 
Schumann Resonances are naturally-occurring elec~rornagnetic waves thet cave1 freely around the 
planet as a result of global lightning. They are named after Professor WO. Schumann, who proposed 
the existence of such waves and calculated the main frequencydc to be 10Hz. These resonances occur 
in the relatively non-conducting spherical cavity created between the relatively conducting 
boundaries formed by the ionosphere, which forms the upper atmosphere above around 50 
kilometers, and the surface of the earth consisting mainly of sea water. 

Lightning discharges within the earth-ionosphere cavity produce ele~~romagnetic 
radiation of many different frequencies, most of which rapidly dissipate as they spread away from 
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the source. Those frequencies that correspond to wavelengths of similar dimensions to the 
circumference of the earth however, are able to propagate several times around the planet within 
the earth-ionosphere cavity, before undergoing significant attenuation. As there are approximately 
100 lightning strikes per second on the planet there are many such waves which undergo phase 
addition and cancellation, resulting in an incoherent superposition of waves producing a frequency 
spectra known as Schumann resonances. These resonances have been found to occur at 8, 14, 20, 

26,32,38 Hz blth the principle component at around 8 H.25. 

The production of Schumann resonances may be: likened to the tone produced when a 
hammer strikes a bell. When a hammer strikes a piece of metal, the resulting clang contains many 
different frequencies that dissipate rather quickly. If the metal sheet is fashioned into the shape of a 
bell however, particular frequencies will naturally resonate with the shape of the structure, producing 
a characteristic sound made up of distinc; resonant freq~encies that may reverberate for some time. 

It is imresting to speculate that during meditation the brain appears to harmonise with 
planetary electromagnetic activity. The correlation between planetary and cerebral electromagnetic 
activity however, must be noted merely as an association, for it is almost impossible to prove a causal 
connection between the two. This association can be seen as even more interesting when it is realised 
that the vast majority of global lightning is concentrated over the three main rainforest areas of the 
planet. These areas, located in Southeast Asia, sub-Sahara Africa and the Amazon basin tend to have 
thunderstorm activity in the late afternoon, and, as they are distributed fairly evenly around thc 
globe, they mairxain a constant level of lightning activi~y that maintains the global Schumann 
Resonanced. It is therefore possible that when we meditate, we have a subconscious connection to 
the greatest life force on the planet - the planetary rainforests. 

Moving from the S till Point 
Meditation seems to have a homeostatic effect on the body and on consciousness. By finding a still 
point in consciousness, other extraneous thoughts are expelled and the mind gets a chance to free 
itself from mundane concerns. After meditation, the mind gains a renewed sense of focus and 
perspective. Finding the still point in consciousness thus allows for obtaining the most movement. 

The idea tlmt the greatest movement comes from a still point is an aricient one. In physical 
movement this finds its expression in martial arts and gymnastics or dance where the most powerful 
movements arises from the 'hara' or 'dantien'. This is a point below the navel that represents our 
physical centre of gravity. It is from this point that martial artists are best able to initiate defensive 
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or attacking moves. This is also the point about which a gymnast rotates when executing a 
somersault, or a ballet dancer may be held in the air by one hand of a partner. 

The prii~siple of acting from a still point can be translated into everyday life by allowing 
events to unfoid naturally and 'going with the flow'. This is also an ancient concept that is expressed 
by the phrase 'living according to the Tm'. This concept can be extended to include the idea that 
by remaining truly centered it is possible to 'do less and achieve more', until a point of enlightenment 
is reached where it is possible to 'do nothing and acltieve evetything'. In Eastern tr~ditions thiq slate is 
achieved by reaching the state of enlightenment, whereby remaining totally centered :ad non- 
attached, all one's desires are met. 

Pronoia - Letting the World Make you Happy 
This state may be likened to the state of 'pronoia' which is the positive counterpart of paranoia (i.e. 
it is the belief that the universe is plotting to make you happy and that there is nothing you can do 
about it). This state has been discussed in the psychiatric literature and like happiness, i t  is 
considered to be a pathological condition7. Symptoms of pronoia include 'delusions of support and 
exaggerated attractiveness, as well as the delusion that others think well of one and tine products of 
one's efforts are thought to be well received'. 

The state of pronoia is a state of enchantment with life that requires a continual, dynamic 
effortlessness. Pronoia, like happiness, is a subjective state of being that may occur, irrespective of 
external circumstances. By adopting the attitude that whatever happens is for your benefit, you open 
yourself up to the possibility of positive outcomes, and thus stop being afraid of change. You simply 
assume that any change occuning is for your benefit. This frame of mind gives rise to the belief that 
you are always in the right place at the right time and ends up becoming a self-fulfilling prophesy 

Just as Eastern traditions believe that bliss is our true nature, it  may also be true that 
pronoia is our natural state. Infants and c h i l d ~ n  naturally have prouoia and this seems justified, for 
in many ways their universe is continually conspiring to make them happy. From an infant's point 
of view, parents exist simply to feed, bathe, clothe, toilet and play with them. Most people however, 
grow out of this state and some even claim that they never experienced it due to having a difficult 
upbringing. While this may be the case, it is possible to renew the sense of childhood pronoia in 
our adult lives. It is never too late to have a happy childhood! This may be achieved by applying 
some basic childish principles to daily life. These principles include the following: Express your 
emotions enthusiastically. Children are naturally quite overt when expressing their emotions and 
may go from emotional extremes in minutes if not seconds. It seems that one of the most basic laws 

M E D I C I N E  t h e  M I N D  



of the emotions is that if you share joy it increases, and if you share pain it decreases The act of 
sharing joy in life m y  actually produce happiness. 

A way to practice this is to simply go around smiling at people. Unless you live in a mall  
country town, you may be considered a little crazy if you go around smiling indiscriminately You 
shouldn't let this bother you - it doesn't seem to bother children. If you are a bit hesitant doing 
this you may like to start in safe situations such as in h e s q  traffic. Ti-affk is a great situation to 
practise smiling at strailgers. Letting another driver illto the traffic flow provides one of the few 
situations where it is socially acceptable to smile and wave, at a complete stranger who is more than 
likely to return the gesture. After a while practising this you may progress to smiling at strangers in 
the street and while some of them may think that you are crazy, it is pro'bably just Major Affective 
Disorder - Pleasant Type. 

References 
1. Bentall, R.A. (1992) Proposal to Classify Happiness as a Psychiatric Disorder. loumal o/ 

Medicd Ethics, 18: 94-98. 

2. Myers, D.G. & Diener, E. (1996) The Pursuit of Happiness, Scicntijc Amcricala, 274:5, 
54-56. 

3. Cousins, N. (1979) Anatotny oof an Illness. W.W. Norton & Co., New York. 

4. Schumann, WO. (1952) Uber Die Aubreitung Sehr Langcr Elektrischer Weller Und Der 
Blitzentladung Urn Die Erde (Propagation of Very Long Electric Waves and of Lightning 
Discharge Around the Earth). Z. Angcw. Phys., Vol. 4,  pp. 274-480. 

5 .  Sentman, D.D. & Volland, H. (1995) Schumann Icsonances. Handhok oof Atmosphetic 
EIectrodynamics, Volume 1. No. l l ,  pp. 267-295. CRC Press, Boca Raton. 

6.  Orville. R.E. & Henderson. R. (1986) Global Distribution of Midnight Lightning. Mon. 
Weather Rev., Vol. 114, pp. 2640. 

Goldner, E (1982) Pronoia, Social Problems, 30:l 82-91. 

M E D I C I N E  t h e  M I N D  



Complementary therapies: have they become accepted , in general pracke. 

Marie V Pirotta, Marc M Cohen, Vicki Kotsirilos and Stephen J Farish 

THE PAST DECADE has seen a dramatic 
increase in the reported use of non- 
orthodox or complementary therapies 
by the: public." In one p a r  in Australiz, 
almost half of a representative sample 
had used at least one non-medically pre- 
scribed complementary remedy and at 
least one in five had attended a non- 
medically trained complementary ther- 
apist.' Further, Anstralians consume as 
much, non-traditional medicine, vitamin 
and mineral supplements as prescription 
drugs.' 

There is evidence that the increasing 
public use of complementary medicine 
is paralleled by acceptance among 
family doc~ors. In one region of the 
United Kingdom in one week, 25% of 
general practitioners (GPs) referred 
patients for complemenzary therapie~,~ 
while in Canada halfr to two-thirdsa of 
family doctors had at some time referred 
patients to alternative praceitioners; 
these studies did not explore reasons for 
such refxral. However, patient pressure 
is an acknowledged factor in medical 
 referral^,^ so willingness of family doc- 
tors to refer their patients for these thcr- 
apies may not be a good measure of 
their acceptance of them. 

Interest by GPs in training in and 
practising compknentary therapies may 
give a better indication. In  New 
Zealand, 54% of GPs were interested in 
further training in non-orthodox thera- 
pies,l0 while in Israel 88% wanted 
training and 16% had trainedn11 Esti- 
mates of practice of complementary 

Objectives: To describe Victorian general practitioners' attitudes towards and 
use of a range of complementary therapies. 

Design: A self-administered postal survey sent to a random sample of 800 
general practitioners ( W s )  in Victoria in July 1997. 

Participants: 488; GPs (response rale, 64%). 

M ~ i n  outcome measures: GPs' knowledge; opinions about harmfulness and 
effectiveness; appropriatsness for GPs to practise; perceived patient demand; 
need for undergraduate education; referral rates to complementary practitioners; 
and training in and practice of each therapy. 

hlesuits: Acupuncture, hypnosis and meditation are well accepted by the 
surveyed GPs, as over 80% have referred patients to practitioners of these 
ti~erapies and neetrly half have considered using them. General practitioners 
have trained in vadous therapies - meditation (34%), acupuncture (23%), 
vitamin arid mineral therapy (23%), hypnosis (20°h), herbal medicine (12%), 
chiropractic (B%), naturopathy (6%)' nornoeopathy (5%), spiritual healing (5%), 
osteopathy (4%), arOmattierapy (4%), and refiexology (2%). A quarter to a third 
were interested in training in chiropractic, hsrbal medicine, naturopathy and 
vitamin and mineral therapy. General practitioners appear to underestimate their 
patients' use of complementary therapies. 

Conciusions: There is evidence in Australia of widespread acceptance of 
acupuncture, meditation, hypnosis and chiropractic by GPs and lesser 
acceptance of th~! other therapies. These findings generate an urgent need for 
evidence of these therapies' effectiveness. 

therapies by GPs vary from around 16% 
in Canadaa and tlhe UK,6J2 to 30% in 
New Zealand,l0sJ3 47% in Holland 
(mainly h~moeopathy)~~ and up to 85% 
in Germany (mainlly herbal medicine) .l5 

Despite this degree of interest in and 
use of complementary therapies by 
family doctors, in the United States it 
has been estimated that 70% of people 
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who attend non-medically V&;. i cdm- 
plementary therapists do not inform 
their family doctor.3 

The corresponding situation in Aus- 
tralia is largely unknown. At least 15% 
of Australian GPs practise acupunc- 
ture,16 the only non-orthodox therapy 
that attracts specific fhnding from 
Medicare. In this study, we describe Vic- 
torian GPs' attitudes towards and use of 
a range of complementary, therapies. 

We obtained a random sample of 800 
Victorian GPs who had each seen at 
least 1500 patients in 14195 from the 
Health Insurance Commiission, which 
administers the national health insur- 
ance scheme (Medicare). 



We designed an 11-pagc survey to 
investigate various aspects of GPs' 
interactions with the following comple- 
mentary therapies: acupuncture, aroma- 
therapy, chiropractic, herbal medicine, 
homoeopathy, hypnosis, meditation, 
naturopathy, osteopathy, reflexology, 
spiritual healing (eg, Re;&) and vitamin 
and mineral therapy. We developed the 
survey fiom the existing literature': 
and by using a focus group of local GPs. 
.4fter pilot r-sting, the survey was 
mailed to the 800 GPs with a reply paid 
envelope in July 1997. Non-responders 
were sent a reminder postcard and then 
a follow-up survey if necessary. Doctors 
who had left their clinic leaving no for- 
warding address, taken extended leave, 
were seriously ill, or had moved over- 
seas, retired or died were excluded. 

The study received ethical approval 
from both zhe University of Melbourne 
and Monash University. 

The statistical analysis was performed 
using SAS.ls Responses were analysed to 
search. for groupings of common levels 
of use/acceptsnce. (In all instances, for 
these data the 95% confidence intervals 
for percentages never exceed + 4.5%.) 
Qualitative data from space left for corn- 
rnents were coded and classiiied by 
themes, 

Thirty-six GPs were excluded according 
to the exclusion criteria, leaving 764 
GPs. Questionnaires were returned by 
488, giving a response rate of 64%. The 
sample was representative of Australian 
GPsl9~~~ in terms of sex, age distribution, 
metropolitan or rural practice location 
and number of patients seen per week 
up to 199; doctars seeing more than 200 
patients per week, however, were under- 
represented. There was no significant 
difference in age or sex between respon- 
ders and non-responders. 

Knowledge of complementary 
therapies 

At least 80% of GPs reported that they 
knew something of acupuncture, hyp- 
nosis, meditation and chiropractic; 
about half knew something of herbal 
medicine, naturopathy and vitamin and 
mineral therapy; while 60%-70% had 
only heard of osteopathy, homoeopathy, 

1: Attitudes among the 488 general practitioners on the hamfulness and 
effectiveness of complementary therapies' 

tlarmful Effective 

Fraqirently Occasionally Seldom Highly Moderately Seldom - 
Acupuncture l (01 76 (l 5%) 395 (82%) 93 (21 %) 294 (67%) 41 (3%) 
Chiropractic 32 (7%) 362 (75%) 82 (17%) 48 (1 1 %) 306 (70%) 61 (14%) 
Hypnosis 1 (0) 141 (29%) 305 (63%) 77 (1 8%) 260 (60%) 61 (14%) 
Meditation 0 10 (2%) 436 (90%) 124 (29%) 230 (53%) 41 (10%) 
Ostecpathy 12 (3%) 180 (37%) 141 (29%) 31 (7%) 138 (32%) 1 14 (26%) 
Herbal medicine 20 (4%) 262 (54%) 144 (30%) 14 (3%) 128 (30%) 199 (46%) 
Naturopathy 16 (3%) 200 (42%) 165 (34%) 19 (4%) 125 (29%) 191 (44%) 
Vitamin and 
mine~al therapy 1 1  (2%) 214 (45%) 182 (38%) 22 (5%) 94 (22%) 224 (52%) 

Spiritual healing 
(Reiki) 8 (2%) 57 (12%) 199 (41 %) 12 (3%) 83 (19%) 123 (28%) 

Homoeopathy 13 (3%) 143 (30%) 188 (39%) 10 (2%) 72 (1 7%) 21 7 (50%) 
Aromatherapy 3 (1 %) 22 (5%) 313 (65%) 5 (1%) 67 (16%) 215 (50%) 
Reflexology 12 (3%) 47 (10%) 198 (41 %) 4 (1%) 31 (7%) 207 (48%) 

'Many GPs offered no opinion, resulting in some missing valuas. 

spiritual healing, reflexology and aroma- 
therapy. 

Opinions on the harmfu/w>~ and 
effectiveness of ~ ~ ; l j i ~ m e n h y  
therapies 

Most GPs agreed that the well-known 
therapies (acupuncture, meditation, 
hypnosis and chiropractic) were moder- 
ately to highly effective (see Box 1); 
three-quarters also agreed that chiro- 
practic was occasionally harmful. When 
given the opportunity to write com- 
ments, many doctors expressed concern 

that complementary therapies could be 
harmful if a diagnosis is delayed or 
missed or if n proven (orthodox) therapy 
is neglected. Complementary therapies 
wers considered to have a strong 
placebo effect. Some respondents com- 
mented that, while some therapies were 
effective in certain conditicns, one 
could not generalise and effectiveness 
may depend upon the training and com- 
petence of the therapist. General prac- 
titioners frequently differentiated 
between medical and non-medical prac- 
titioners and expressed greater confi- 

2: Opinions among general practitioners about the appropriateness of 
GBs to practise and charge Medicare for complementary therapks 

Appropriate for lrained Should be eligible for 
GPs to practise Medicare rebates* 

Acupuncture 97% (41 91434) 91 % (3841422) 
Hypnosis 92% (3961430) 9 1 % (3641399) 
Meditation 80% (34U428) 77% (2821367) 
Chiropractic 55% (2351432) 69% (2071301) 
Vitamin and mineral therapy 44% (1 841423) 54% (1 371254) 
Herbal medicine 43% (1 831427) 53% (1381263) 
Naturopathy 28% (1 1 71424) 42% (931224) 
Osteopathy 27% (l 131423) 44% (94i2 16) 
Homoeopathy 23% (981424) 36% (77121 3) 
Spiritual healing (Reiki) 18% (741422) 2796 (5011 89) 
Aromatherapy 17% (731428) 24% (4711 97) 
Reflexology l l % (481426) 22% (3811 74) 

"Foliow-on question answered only if the therapy was considered appropriate to practise. 
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3: Referral of patients for complementary therapies among general 
practitioners 

Encourage 
a pa!ientls 
suggestion 
to attend 

Meditation 74% (3741470) 
Acupuncture 71 % (332/470) 
Hypnosis 62% (2921470) 
Chiropractic 29% (1371470) 

Those who ever referred patients 

Frequency of referrals 

Few times At least At least 
% (No.) Rarely a year monthly weekly 

80% (3791476) 31 % (1 18) 40% (153) 20% (76) 9% (32) 
90% (4241473) 24% (100) 47% (199) 15% (82) 10% (43) 
82% (3861473) 44% (1 68) 46% (1 79) 10% (37) c 1 % (2) 
69% (3261476) 37% (122) 41% (135) 17% (54) 5% (15) 

Vitamin and 
mineral therapy 17% (791469) 33% (1571472) 57% (90) 30% (47) 8% (12) 5% (8) 

Osteopathy 16% (751467) 30% (1411476) 55% (73) 30% (42) 11 % (15) 4% (6) 
Spiritual healing 
(Reiki) 14% (661469) 20% (931476) 74% (69) 20% (19) 4% (4) 1 % (1) 

Naturopathy 13% (62/470) 30% (1411474) 55% (79) 26% (37) 13% (18) 5% (7) 
Herbal medicine 12% (561469) 29% (1381474) 63% (87) 24% (33) 9% (13) 4% (5) 
Homoeopathy 9% (431470) 20% (911473) 73% (66) 18% (16) 8% (7) 2% (2) 
Aromatherapy 9% (42/471) 18% (831475) 70% (58) 23% (19) 6% (5) 1% (1) 
Reflexology 7% (22/470) 10% (481476) 77% (37) 17% (8) 6% (3) 0 

p-- 

4: Training in and practice of complementary therapies among general 
practitioners 

Those who practise the therapy 

% Who pracYae 
Interest Have 

in training trained' No. <5% 6?4-24% 2EO/oSO% >50% 

Meditation 59% (2831477) 34% (1511441) 75 67% (50) 27% (20) 5% (4) 1% (1) 
Hypnosis 52% (2461478) 2096 (891442) 50 78% (39) 20% (10) 0 2% (1) 
Acupuncture 49% (2351477) 23% (1021441) 99 58% (59) 34% (33) 4% (4) 3% (3) 
Herbal medicine 36% (1691474) 12% (531438) 33 61 % (20) 27% (9). 3% (1) 9% (3) 
Vitamin and 
mineral therapy 34% (1601470) 23% (981434) 63 46% (29) 38% (24) 3% (2) 13% (8) 

Naturopathy ' 25% (1 171476) 6% (261439) 25 56% (1 4) 24% (6) 8% (2) 12% (3) 
Chiropractic 24% (1 12/475) 8% (341437) 29 76% (22) 21% (6) 3% (1) 0 
Aromatherapy 17% (831477) 4% (191438) 18 83% (1 5) 16% (3) 0 0 
Homoeopathy 16% (751477) 5% (231440) 2 i  6750 (1 4) 19% (4) 0 14% (3) 
Osteopathy 13% (611475) 4% (171437)t 22t 68% (15) 18% (4) 9% (2) 5% (1) 
Spiritual healing 
(Reiki) 12% (571473) 5% (211439) 17 71 % (1 2) 24% (4) 0 6% (1) 

Reflexology 7% (331475) 2% (91438)t 1 2t 1 00% (1 2) 0 0 0 

'Includes self-taught. 
tThese figures, which show that more doctors use osteopathy and reflexology than have actuslly trained in it, 
reflect inconsistencies in individual responses. 

dence in medicallj. trained colleagues 
who practised these therapies. 

Opinions on the appropriateness 
of GPs to practise clzmplementary 
therapbs and eligibility for Medicare 
subsidy 

Box 2 shows responses to the question 
of whether it is .appropriate for general 
practitioners to practise these therapies. 

Although chiropractic was considered 
occasionally harmful by 75% of general 
practitioners surveyed, 55% considered 
it appropriate for trained GPs to practise. 

Doctors who agreed that it was appro- 
priate to practise a therapy were asked 
whether GPs should be eligible for 
Medicare funding when practising these 
therapies. Nearly all GPs agreed that 
acupuncture should be funded. There 
was also strong support for specific 

funding for GPs practising hypnosis 
(91 %), meditation (77%) and chiro- 
practic (69%). Even the relatively 
unknown tberapies had support from 
a~pro~ximately a quarter of GPs for spe- 
cific Medicare funding. 

Teaching in undergraduate curricuila 

Most respondents (93%) agreed that 
there should be some education on 
complementary therapies in core med- 
ical undergraduate curricula. However, 
doctors were evenly divided over a five- 
point scale about the importance of rhis 
education for students. 

Patient demand 

Fifty-nine per cent of GPs reported that 
patient demand for complementary 
therapies was inc,reasin.g, 29% reported 
demand was static, and 18% were 
unsure. A third, of doctors estimated 
that less than 10% of fieir patients used 
complementary therapies and another 
third thought that 1 1 %-30% did. 
Nearly half of the GPs reported that less 
than 5% of their patients had asked 
them about complementary therapies in 
the past month. 

Referrals for compkmentary 
therapies 

Box 3 sunimarises GPs' responses on 
referrals to complementary therapists, 
from how they would respond if a 
patient suggested co~isulting a comple- 
mentary therapist to how often they 
themselves refer patients to these ther- 
apists. The question did not specify 
whether the therapists were medically 
trained. 

Most GPs (93%) had referred at least 
once and 82% had referred at least a 
few times a year for a complementary 
therapy. 

Just under half of the sample referred 
at least a few times per year for the best- 
known therapies - acupuncture, med- 
itation, hypnosis and chiropractic. While 
approximately two-thirds of the general 
practitioners would encourage a patient 
who suggested constdting a practitioner 
of acupuncture, meditation or hypnosis, 
only 29% would do so for chiropractic. 
In the remaining therapies, GPs were 
tWke as likely to have actually referred 
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a patient for these therapies than to 
endorse a patient's suggestion to consult 
a practitioner. 

Training and me of 
complementary therapies 

Box 4 shows that half of the GPs 
expressed an interest in training in 
acupuncture, meditation and hypnosis 
and a quarter to a third in chiropractic, 
herbal medicine, naturopathy and vita- 
min and mineral therapy. Nearly 20% of 
GPs practised one of the therapies, 8% 
used two therapies, 6% three, and 3% of 
general practitioners practised berween 
4 and 1 1 of these complementary ther- 
apies. For most of the complementary 
therapies, 80% or more of the GPs who 
trained in them practised them to some 
degree; exceptions were meditation 
(50%), hypnosis (56%), herbal medicine 
(62%) and vitamin and mineral therapy 
(64%). The practice of some comple- 
mentary therapies, notably homoeopa- 
thy, vitamin and mineral therapy, 
naturopathy and herbal medicine, rep- 
resented more than half of the clinical 
work for a small number of Victorian 
GPs. 

Our survey provides the first compre- 
hensive description of the use of com- 
plementary therapies by GPs in Victoria. 
As the large sample is, in nearly all char- 
acteristics, similar to Australian GPs as 
a whole, our findings about GP amtudes 
and use of complememary therapies are 
likely to reflect the situation across the 
country. Nearly 20% of GPs had used 
acupuncture, meditation or hypnosis, 
and almost half had considered practis- 
hg these therapies. Over 80% of GPs 
had referred patients to practitioners of 
these therapies. A quarter to a third were 
interested in training in chiropractic, 
herbal medicine, naturopathy and vita- 
min and mineral therapy. Further, 
around 5% of doctors use therapies, 
such as osteopathy, homoeopathy, aro- 
matherapy and spiritual healing, which 
are relatively unknown to most of their 
colleagues. 

It is interesting to speculate on the dis- 
crepancy between the number of GPs 
who trained in meditation, hypnosis, 

herbal medicine and vitamin and min- 
eral therapy and the number who acm- 
ally practise these therapies (Box 4). 
Possible reasons may include GP or 
patient dissatisfaction with outcomes, 
poor acceptance by patients, lack of 
financial reward, or difficulty ascom- 
modating more time-consuming thera- 
pies in a busy clinic. 

The GFs we surveyed estimated a 
lower use of complementary therapies 
by their patients than indicated by pop- 
ulation-based research. This may be 
because the portion of the populatior, 
who do not attend GPs for their primary 
health care may attend complementary 
therapists, and because those who do 
attend GPs may be less likely to use 
complementary therapies. 

The interpretation of our findings is 
limited by several possible sources of 
bias. We have no information on non- 
responders, and the 64% who did 
respond may bave been more likely to 
participate because they had particularly 
strong positive or negative views. The 
effects of self-report and recall bias are 
also unknown. Further, we did not 
define the therapies listed in the ques- 
tionnaire and GPs may have different 
interpretations of the terms used, par- 
ticularly vitamin and mineral therapy. 

Reviewing studies of various designs 
shows that Victorian doctors have sim- 
ilar levels of interest in training in, and 
of referral of patients for, complemen- 
tary therapies as their colleagues in other 
Western countries, with the exceptions 
of Holland and Germany.6-8~10~12~~15 How- 
ever, the popularity of therapies varies. 
For example, the most popular therapy 
practised in Victoria was acupuncture, 
with 23% of respondents having trained, 
whereas only 8% of GPs in Canadaa and 
4% in the UK12 had had acupuncture 
training. By contrast, homoeopathy, 
which has an established role in 
Europe,4 was the most popular comple- 
msntary therapy practised by British 
G P s , , ~ J ~  but one of the least popular 
therapies in Victoria. 

Complementary therapies may well 
have something to offer, but it is of con- 
cern that therapies of unproven effec- 
tiveness are apparently being accepted in 
mainstream general practice. Many edi- 
torials, while acknowledging that ran- 

domised connolled trial e~dence is lack- 
ing for many aspects of orthodox West- 
ern medical practice, have called for 
quality trials in complementary thera- 
pies.21a22 The Cochrane Library is coor- 
dinating a search for rmdomised 
controlled trials of complemeatary ther- 
apies and is undertaking systematic 
reviews of therapies for specific condi- 
t i o n ~ . ~ ~  Meanwhile, or-ier reviews have 
found some evidence of efficacy, for 
example St John's wort in treating mild 
to moderate depre~sion,~~ acupuncture 
for antiemesis,25 and also an overall 
greater than placebo effect for 
homoeopathy in a meta-analysis of 
trials for various conditions.26 

There are diverse reasons for the lack 
of evidence for complementary 'h era- 
pies. Many therapies have not been chal- 
lenged before because of their long 
history, "natural" origins or patients' or 
doctors' anecdotal reports of success. In 
this era of evidence-based medicine, 
there are difficulties applying the gold 
standard of rzndomised controlled mals 
to therapies which are based on different 
and varied paradigms of health and ill- 
ness. Funding for trials in "natural" 
therapies is also lacking. Freely available 
herbs cannot be patented, so there is 
little incentive for research, particularly 
if the public is buying them regardless of 
evidence. Lewith et al suggest that lack 
of structure to enhance research in com- 
plementary therapies is a barrier in 
Britain.27 Our experience would suggest 
a similar situation in Victoria. 

Our findings show that general pracl 
titioners are actively using complemen- 
tary therapies. Therefore, whatever the 
profession's amtude towards these ther- 
apies, well-designed trials, disseminated 
and accessible results and education are 
urgently needed to inform GPs' deci- 
sion-making. 

Further research is also required into 
why GPs decide to practise these thera- 
pies and why they are less likely to 
endorse a patient's suggestion to consult 
a complementary therapist than to refer 
themselves. The problems of compliance 
with and interactions between orthodox 
and complementary therapies are also 
areas where much research is needed. As 
our findings support tkose of Eisenberg 
et a13 that GPs may not communicate 
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sufficiently with their patients and are 
not aware of their widespread use of 
com?lementary therapies, the issues of 
communication between doctors and 
complementary therapists, as well as 
between doctors 2nd their patients, 
a i s ~  need to be addressed. 

Conclusions 

Acupuncwe, meditation, hypnosis and, 
possibly, chiropractic may be considered 
to be well-accepted therapies in Victo- 
rian general practice, while herbal med- 
icine, natuxopathy, vitamin and mineral 
therapy, osteopathy and homoeopathy 
are accepted by a sizable minority of 
doctors. Doctors underestimate their 
patients' me of these therapies, which 
may contribute to compliance and med- 
ication interaction problems. There is an 
urgent need for well-designed trials to 
search for evidence of the effectiveness 
of these non-orthodox therapies, to 
inform doctors' and patients' use of 
them. 
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Bio-eroergetics and Basic Science: 
Bringing together ancient and modern concepts 

Dr Marc Cohen MBBS (Hons), PhD, Bmed Sci(Hons), FAMAS, Dip Ac. 

PART 1 Musings on Qi 

Many of the concepts of Bio-energetic medicine are based on ideas borrowed from Eastern 
medicine. The underpinning paradigm suggests that life is dependent on a subtle form of energy, 
often termed "vital force", "life energy", "prana", "chi", or "Q" which IS deemed to flow 
throughout the organism maintaining both physical and psycholqical process. Pain and disease 
are said to arise when this energetic flow is disrupted or "Mocked". 

The concepts underlying bio-energetic medicine have not been accepted by Western Science and 
are criticized as being unscientific. The inability of science to recognise the basic concepts 
underlying Eastern medicine prevents the theoretical integration of Eastern and Western 
medicine, leaving medical knowledge divided by the use of different conceptual languages. Thus 
while one discipline is talking about "Ql', or "pi/' and "prig", another is talking in terms of 
" meptor transmitter interactriot& and "" phamcokinetia" or " ~ h o s m a l  streswd' and "life 
ever@. When such diFferent terms are being used it is difficuit to find a common ground, even 
when discussions are focused on the same issues. 

Eastern and Western medicine Lie on either side of the Cartesian divide between mind and body, 
subjective and objective, holism and reductionism. Eastern thit.linking is holistic and outlines a 
whole philosophy of life that maintains a cosmlgical perspectrve based on nonlinear logic and 
acausal relationships. i n  contrast, Western thought is based on a rductionist approach that 
emphasises contrsiled experimentation and mathematical analysis based on analybcal reasoning 
and linear causality. 

These approaches may be seen as complementary and an integration of ideas may be achieved 
by establishing parallels between their basic concepts. Such a mapping of ideas would creak a 
common language that would allow discussions between different traditions to take place and 
permit each tradition to inform We other, thus providing new insigRts and understanding. In  oder 
to achieve this integration however, many Eastern concepts must be translated into the language 
of science, for it is in the light of rational scientific inquiiy that modern medical knowledge is 
ultimately assessed. 

Padlels between Eastern and Western concepts 
Many of the fundamental concepts of Eastern medicine such as ")id' and "yan#' and " Tad' have 
fairly obvious parallek in Western science. The concept of Yinand Yang can be seen to accurately 
parallel the quantum theoretical concept of complemenbrQ. Un and Ya.7g refer to pairs of 
mutually exdusive yet interdependent opposites. This idea 1,s well acceptcd within quantum 
theory, where light must be understood to have the properties of both waves and particles fro a 
complete description. I n  fact, Niels Bohr, one of the founders of quantum theory included the 
Yinflang insignia in his family coat of a r m  along with the statement that "opposites are 
complementary".' 



The concept of " TW also finds parallels in Western srjence in the mathematical concept of 
Atasolute infinrty. An important feature of both "?ad' and "W/& i n f i n v  is that they are both 
considered to be inherently incomprehensible and thus u n a k  to be grasped by the rational mind. 
The incomprehensibility of these concepts places #em essentially beyond thought, yet 
paradoxically allows them to provide the conceptual basis for an entire system of thought. m e  
concept of Tao in Eastern thought is seen to represent "the infinite order of nature" or the "way 
of the universe" and fo rm the basis of Tao&tphilosophy which considers Tao as "formless, 
nameless, the motive force of all movements and actions, the M e r  of all substances." 
Similarly, the concept of Ahd'ute infinityin mathematics represents "the class of all sets" and this 
concept forms the basis of set theory, which pmides a conceptual framework for all mathematics 
and may even be described as a f9rm of ewct theo~ogy.~ 

While the concepts of Tao and Ying and Yang readiiy find counterparts within Wesctem science, 
the concept of Qiappears more problematic. In eastem thought the concept of Qirefers to a 
subtle form of energy that flows throughout the organism along certain defined pathways or 
meridians. This continuous flow maintains the functional integrity of the system. The ideograph 
used to denote the concept of Qiis made up of two Chinese characters, one of which means "the 
flow of something that is difficult to grasp" and another that refers to "rice" or the "source of 
energy of a human or animal" Thus @refers b "the flow of something that is the source of vital 
energy to humans and anilnakW3 

The normal flaw of Qi is seen as a necessary requirement of life and a disruptron in the MW of Qi 
is seen to be the prime cause of pathology. furthermore Q, is said to come in various fom 
which animate life so there is Qi from air and food, Qi that flaws in meridians and perverse Qi 
that causes disease. Thus as Porkett states: "whatever the context and absolutely without 
exception, Qi always implies a qualitative determination of energy. In  other words @ means 
energy of definite (or definable) q~ality."~ 

Qi and Thermodynamics 
In contrast to the Eastern concept of "Q/' or "life ene1rg)l4, in Western science the concept of 
"energd' has a more precise meaning that does not include a form of energy specific to living 
systems and thus the concept of "Q/' is often rejected as being "unscientific". The concept of Qi 
however, does follow many fundamental scienmc principles. In  particular, it is in accord with the 
laws of thermodynamics, which are universal laws that comprise the most fundamental principles 
in Western science. As Einstein states: 

" A theory is the more impressive the greater is the simplicity of its premises, the more 
different are the kinds of things it relates and the more extended is its range of 
applicability. Therefore the deep impression which classical thermodynamics made upon 
me. It is the only physical theory of universal content which I am convinced, that within 
the framework of applicability of its basic concepts, will never be overthro~n."~ 

The First la W of thermodynamics states that "matter and energy cannot be created or dbbvyed, 
only converted from one form to another" while the Second law of thermodynamics concerns the 
concept of entropy. This describes a universal tendency towards disorder and states: "in an 
isolated system enbvpy always incredses. '" 

The concept of Qi can be seen to be in good accord with the laws of thermodynamics. Chinese 
pathophysiology views disease as resulting from a disruption in the normal flow of Qiand in this 
view, Qiis always preserved. Thus if the flow of vital energy 6 obstructed, M o w  the obstructed 
area is deficiency with acess above. Furthermore the concept wkreby disease arises from a 
disturbance in the flow of Qi, may be seen to parallel the second law of thermodynamics which 
predicts an increase in disorder in any isolated system. Thus, the Chin- have developed a 
theoretical framework for understanding life processes and pathology based on the Second law of 
thermodynamics, thousands of years before the concept of entropy was acknowledged in the 
West. 

Entropy and biology 
While the Chinese seem to have recognised that the concept of entropy applies to life processes, 
it seems somewhat surprising that, despite its universal application, the concept of entropy is not 
widely utilised within Western medical science. The reason for this appears to be mainly historical. 



The 2'"' law was originally formulated as an enginering concept and described in terms of the 
usefulness of energy by Thompson in 1852. Su-uentfy the concept of entropy was 
reformulated in 1872. Thus the concept of entropy was derived as an engineering concept when 
man was claiming domination over the inanimate world during the industrial revolution. I n  fact, at 
the same time as the Second iaw of thermodyilamics was k i n g  acknowledged, the biological 
sciences were busy integrating the concept of evolution and natural selection which seems to 
contradict the Second law. 

The reason living system appear to contradict the znd law of thermodynamics is that the znd law 
only applies to isolated systems i.e. systems that do not communicate in any way with their 
environment. Living system however are necsady  open systems; and thus appear not to fall 
under the jurisdiction of the Second law. Indeed, living systems tend to build up order as they 
grow, learn and evolve. As BertalanQ states 

'The fundamental characteristics of life, metabolism, growth, dwelopment, self- 
regulation, mpcrnse to stimuli, spontaneous activity, etc., ultimately may be 
considered as cor:sequences of the fact that the organism is an open system. The 
theory of such systems, therefore, would be a unifying principle capable of 
combining diverse and heterogeneous phenomena under the same general 
concept, and of deriving quantitative laws? 

The task of deriving laws warding the ability of open systems to become self-organising and 
increase their order is the subject of the field of non-equilibrium thermodynamics. I n  his book 
OrderoutofChaos, the N M  Laureate, Ilya Prigcgine maintains that it is communication 
throughout the system that allows open system to maintain their stabiiity and to increase in 
otder, As he s3ates: 

''The Qster the communication takes place within a system, the greater the percentage of 
unsucceSSfLll fluctuations and thus the more stable the system. Indeed the more complex 
a *ern is, the more numerous are the ty- of fluctuations that threaten its stability. 
[Hence] ... there is competition between stabilisation through communication and 
instability through f uctuations. The outcome of that competition determines the threshold 
of stability."' 

CommunicaPion, information and entmpy 
This idea suggests that it is information flow (i.e. communication), that enables systems lo build 
up and retain a high degm of order. The link between communication and entropy is indeed a 
pmfound one. This was demonstrated by CIaude E. Shannon who in 1948, while working in Bell 
laboratmy on the engineering probl~ems of communicatian channels, derived a mathematical 
expression f ~ r  informdon that was subsequently shown to be identical to thermodynamic 
entropy. In the introduction to Shannon's work entitled 'The Mathematical Theory of 
Communiation; Wamn Weaver states: 

"When one meets the concept of entropy in communication theory, he has a right to be 
rather excited - a right tn suspect that one has a hold of something that may turn out to 
be basic and important ... One must think a Eong tim, and consider many applications, 
befare he fully realises how powerfbl and generzll this amazingly compact theorem really 
is ,'" 

Shannon's equation, which equates entropy with urrce*inQ, is defined in terms of a welldefined 
question (Q) representing a question with a finite set of answers, along with knowledge (X), 
based on knowledge of the question and past experience. This knowledge leads to the 
assignment of probabilities (p) to the various possible answers. Shannon's measure is expressed 
wmbolically as S(Z/X) to emphasise that the uncertainty or e n t o ~  depends on both the question 
(Q) and knowledge (X). The expression is written as: %m)=-K Upln p 
Where K refers to an arbitary sacale factor. (When K = 1/In2; S= bits of information. When K= 
Boltrnun's constant (i.e., 1.38 X 10'~); S= Joules per degree Kelvin). This mathematical definition 
has the propem that if one ( c o m d y )  assigns p = 1 to one of the answers and (therefore) p = 0 
to all the others, then s(QM = 0 (there is nc uncertainty / entropy). On the other hand if all 
probabilities are assigned equally then s(Q/X) is a maximum (there is maximum ~ncertainty).~ 
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Information and Qias energy 
Shannon's expression, which forms the mathematical basis for all types of cammunications, neatly 
defines entropy in terms of "unce/taint)/'or "inhnmbW a ~ t l  eveak that infomtion may be 
considered as a form of energy. Information can thus be measured in terms of "bits" or "30uk~ 
per degree Kelvin" (one bit is approximately equal to 1.8 X 10 Joules per degree Kelvin). This 
expression therefore prwides a link between qualitative and quantitative aspects of energy and 
suggests that the Chinese concept of Qi, which also &ers to quality of energy, may be cla~ely 
related to the concept of 'YnIbmabbn. ' 

The similarities between the concepts of information and of Qiare many. A t  the mast basic level, 
"information" provides science with the ultimate in reductionism, for the "bit" (which is either 0 or 
1) is the smallest quantifiabls unit. Similarly Qiis seen to arise from tbe inter;:Jay of the p l a r  
opposites of yin and yang which are also considered hndamental building blocks of reality. 
Futherm~re, the idea that it is communication (infomtion flow) that allows systems to build up 
and retain order, cl- parallels the idea that the flow of Qimaintains the functional integrity of 
living systems. Thus both "information" and Qican be considered to be types of energy that 
sustain living systems and animate awareness. Ar, obstruction in the flow of either information or 
Qi would therefore produce an isolated system and result in an increase in entropy that would 
manifest as pain and disease (biological disorder). Thus while life is dpendent on "negentropy" in 
order to build up order and thus grow, learn and evolve, entropy represenb a threat to iife which 
may be consciously perreived as painful. 

Pain and entropy 
The idea that p i n  is related to entropy is strengthened when examining the language of pain. 
Pain is usually described in terms of the mechanism r;f injury (stabbing, burning, crushing, 
pinching, etc.) which describe the ways in which biokxjcal order may be disturbed. In  addition, 
the symptoms commooty associated with pain (calor, tumour, iubor, and l a w  - heat, swelling, 
redness and loss of function) may all be seen to describe a drxrease in biological order. A s  well as 
being associated with biological disorder, the physialogid ccrfrelates of pain can be seen 
reflect the cosmological correlates of entropy, which ~prese.nt a trend towards an expanding 
universe (swelling), energy dissipated at heat (heat and redness), and an increase of useless 
energy (loss of function). The idea of pain as entropy suggesCs therefore, that the same process 
that lays waste to galaxies, also results in disrupbon and destruction on a personal level. This is in 
accordance with the Eastern medicine idea of the microcosm reflecting the macrocosm and 
enables a cosmological perspective to be applied t~ pain within a scientific framework, without 
resorting to the non-rational language of m).stical experience. 

The entropic view of pain allows otherwise esoteric Eastern concepts to be expressed in the 
language of science. Thus the Eastern view of "life is pain" can be seen to relate b the fact that 
homeostasis is never perfect and that life is necessarily an entropic process. The uttjmate state 
therefore is one of "nirvana" or "enlightenment", which state of "being at one with the universe". 
In the enlightened state there is no distinction between self and nonself and thus perceptions are 
no longer isolated and subject to the second law of thermodynamics. 

Disease and obstructions in information flow 
While the enlightened state suggests a state of ideal health occurring where percemon is flowing 
freely, the states of pain and disease occur when thew is an obstruction in one of the many forms 
of information Cowing throughout biological system. Thus pain and di~ease may arise as a result 
of many different types of obstructions, ranging from blocks in enzyme pathways and biochemical 
processes, to mechanical disruptions in arteries, veins, ureters and intestines to blocks in nerve 
conduction or the transmission of direct currents. In  addition to the many welldefined physical 
pathways in the body, there are also pathways that appear to be more "informatimal" than 
physical. Thus the concept of information flow may be applied to conscious ~ T O C ~ S S ~ S  and 
psychological disorders may be seen to arise from emotional blxks c~curing when information is 
too ovenv helming to be processed and is blocked from emotional expression. Furthermore the 
classical acupuncture meridians represent pathways where the informational substrate is less well 
defined. 

The acupuncture meridian system describes a system of pathways for the flow of information 
where certain points may ad as channels for infnnation transfer between the organisms and its 
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environment. This exchange may take place i r i  niany different ways. Information may be 
exchanged through mechanical means such as pressure or needling, through heat and cold, 
through the application of direct electrical or electromagnetic energy such as electmacupuncture 
cr laser siirnulation, as well as through more subde means, such as through changes in 
environmental electromagnetic fields. Thus t h e .  points may be responsive to both man-made 
and natural electromagnetic fields as well as to,interactions with the fields produced by other 
people such as healers. 

While the exchange of information at acupuncture points may take on many forms, the substrate 
for information flow throughout the meridians has not been precisely determined. There is much 
evidence however to suggest that electromagnetic energy is involved. Acupuncture p i n t s  have 
consistently k n  shown to be points of low electrical and acupuncture meridians 
have been shown to be low resistance path~ays. '~. '~ 

The evidence has not yet included a full explanation of how different meridians may carry 
different types of information according tD their corresponding organ system, however, there are 
many possibilities, including different waveforms, frequencies, resonance, etc. Modern attempts 
to measure and influence these pathways have met with considerable success however there is 
rnuch that still needs to be learned before technology can take full advantage af the insights 
provided by Eastern medicine. 

Acupuncture Is basd on ths view that information and energy flow are the primary substrates for 
bath health and disease. While this view is supported by the laws of thermodynamics, the 
challenge remains to be able to access this infornation flow for the purposes of diagnosis and 
therapy. Much work remains b be done both on a clinical lwel in demonstrate the efficacy of 
different diagnostic and therapeutic techniques as well as on a theoretical level to integrate many 
of the insight. provided by Eastern medicine w d ~  modem technology. The ability to integrate 
Eastern and Western ideas has been explored within the framework of theoretical physics by 
Capra who in his book 'The Tao of Physics" suggests 

"We are heading towards a new synthesis, a new naturalism. Perhaps we will eventually 
be able to combine tfie Western tradition, with its emphasis on experimentation and 
quantitative formulations, with a tradition such as the Cilinese one, with its view of a 
spontanmus, self organising world."13 
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PART 2 Diagnostic and Therapeutic Implications 

Bio-energetic medicine covers a wide range of different therapeutic and diagnostic approaches 
based on the idea that life is dependant on a subtle form of energy. Pain and disease are said to 
be produced when this energetic flow is disrupted or Mocked and bioenergetic therapies are 
aimed at r-ring the natural energetic flow and thus aiding the bodies own homeostafk 
responses. science is yet to recognise a form of energy specific t~ living systems, m n y  of the 
concepts underlying bioenergetic medicine have often been criticised as being unscientific. Many 
bioenergetic concepts however, may be translated into more rigorous scientific t e r n  and are 
supported by the discovery of the electfomagnetk spectrum and the development of informatioa 
theory as well as evidence from clinical trials. 

Bio-energetic therapies involve many drffennt approaches including acupuncture, various forms 
of electrotherapy, homoeopathy, various forms of psychotherapy as well as prayer. These 
therapies share many common underlying principles in that considerable attention is often paid to 
the patients emotional and physical state and the therapeutic act usually involves relatively small, 
yet very spmfic, energetic or physical stimuli in which the timing is often important. Thus bio- 
energetic therapies are often also referred to as vibrational or information-based medicine. 

While science does not recognise life energy as a distinct entity, 'information' itself can be 
considered as a type of energy. Information can be measured in bits or pules/degree Kelvin (one 
bit is approximately equal b 10 '" joules/Kelvin) and thus inforrnation may be considered as a 
form of subtle energy that animates our awareness. The concept of disease arising from a 
blockage of 'qi' can thus be seen to paral!rl the second law of thermodynamics which is one of 
the most fundamental laws in Wesiem as argued above, A Wockage in t3e flow of information 
through a biological system would therefore tend to produce disorder (disease) and by restoring 
information flow, homeostasis would naturally return. 

Electromagnetic radiation as subtie energy 
Life has evolved bathed in a constant stream of energy. While much of this energy is obvious t~ 
us in kinetic, chemical , gravitational and thermal forms, there are other forms of energy that are 
more subtle. Oectmmagnetic energy may be considered as a subtle energy fer except for the 
visible m d  infra-red regions, most of the electromagnetic spectrum is not obvious unless specific 
receivers (such as radios, mobile phones, televisions or photographic gates) are used. The 
'invisible' parts of the electromagnetic spectrum however can be found to have profound effects 
on living systems which may result in either gross or subtle changes. 

The study of the biological effects of ektromagnetic radiation is an exbernely complex and 
controversial one. Although gross effects fmm electromagnetic radiation (EMR) are usually 
attributed to its thermal or ionising properties, it is now widely accepted that there may be many 
non-thermal effects of EMR. The biological effects of EMR may arise from many factors including: 
the electric or magnetic field components, the energy content, frequency, coherence, resonance, 
or modulation of a fundamental frequency, the waveform, amplitude or modulaticn of amplitude, 
the length of and timing of exposure, the area they are applied to, interference effects with other 
fields, presence of existing pathology, (turnor promoting rather than initiating eff-), and the 
information content of the fields. l"' 

The large number of variables to consider when examining the biological effects of 
electromagnetic fields makes this an extremely complex area. This complexity is compounded by 
the fact that biological systems are non-linear and are capable of responding to so-called 
'quantum events' such that a single quantum of energy is able to cause biological effects. Enzyme 
system within the body are typically capable of an amplification factor of the order of 10" and 
this is evident when considerigg that the darkadapted eye is able to detect a single photon or the 
ear can detect sound ranging from silence to the output of a jet engine3. 
The sensitivity of biological systems to EMR has led to suggestions that that both natural and man 
made EMR may be responsible for producing various types of pathology. Over the past 100 years 
the natural background EMR has been overtaken by man made sources so that we are all 
currently exposed b artificial EMR of various frequencies from numerous sources ranging from 
powerlines, radio, television, video display units, microwave wens and mobile phones. However, 
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while it is now clear that humans as well as other organisms are able to respond to fields as low 
as the earth's static magnetic field, and that pineal melatonin production may be influenced by 
EMR, 4;5 it is still not clear how low level magnetic and electric fields effect the human organism. 

Due to the difficulty of performing research in this area, most studies of EMR induced pathology 
are based on epidemidogiwl evidence. Epidemiological studies exist that demonstrate 
correlations between magnetic storm activity and psychiatric hospital admi~sions~~, or kbnreen 
exposure to power line radiation and the development of childhood le~kemia~ ;~~ ,  howwer, while 
these studies are suggesbve, they do not help to explain the causal pathways involved. 
Proponents of the harmful effects of low level EMR suggest that EMR may act as a general 
stressor which would compromise already susceptible individuals as well as having long term 
effects on otherwise healthy people 3. There are certainly many cases of electromagnetically 
sensitive individuals wrth socalled electromagnetic allergies, that may present with non specific 
ailments or chronic fatigue as well as many cases of illness occurring in domicils that are subject 
to &reme EMR exposure due to Iml geography and the siting of radio or microwave towers. ': 

While there is much controversy as the harmful effects of EMR, it may also be possible that 
natural EMR has a halancing effect on the body. This is suggested by the finding that there are 
naturally occurring e&mely low frequency (ELF) electromagnetic waves produced by lightning 
(Schumann resonances) that travel in the cavity between the ionosphere and the earth's surface 
with similar frequency components to the EEG during meditation 12. Recently these Schumann 
resonance frequencies have ako been found to preferentially propagate along acupuncture 
meridians 13. The possibility of positive effects of natural EMR has led to the development of many 
devices that supposedly enhance these natural frequencies. Very few of these devices however 
have &een subject to rigorous research and supporting evidence for their use remains anecdotal. 

Diagnostic applications 
The diagnostic applications of different types of electromagnetic energy is relatively recent, 
beginning around the start of this centu~y with the discovery of X-rays and the use of the 
galvanometer to detect the electrical activity of the heart, and progresing towards increasingly 
more sophisticated and more subtle uses. Current diagnos-tic techniques involve either su bjedng 
the body to an energy source and detecting the output, such as in conventional X-ray or MRI 
scanning, or the detection of the bodies own internal electrical activrty such as in the eiectro- 
cardiogram (ECG), elxtroencephalogram (EEG), electm-myagram (EMG), ellectro-oculogram 
(W), or detecting other electrical properties of the body such as the galvanic skin response 
(GSR) or impdance such as used in impedance plehysmography, and body composition studies. 
Cther diagnostic inshumenb that work on more subtle levels invdve detecting the magnetic 
fields prPduced by the body b produce the magnetocardiogram (MCG) or the magneto- 
encephalogram (Mffi). 

While there are many conventional applications of energy in diagnosis, the more bioenergetic 
appmches generally involve perturbing the bodies own electrical h o m s i s  and monitoring the 
response. This appmch is commonly U& in acupuncture-related diagnostic instruments and 
Kirlian photography. U&ca! m s u r e m n t s  may a b  be used to detect acupuncture points 
which can be defined electrically as points of low electrical resistance ''-l8. The electrical 
properties of acupuncture points have also been shown tD alter during pathulogical processes 19. 

Acupuncture is perhaps the most well researched bioenergetic therapy and is also one of the 
oldest. The rleurophysiological basis of acupuncture has now been well established on the basis of 
endorphin and other neurotransmitter involvement, the diffuse noxious inhibitory controi system 
(DNIC) and the gate control theory 'O. The realty of acupuncture points however is often 
questioned for no consistent structural correlates for them have been identified. Acupuncture 
points it setams are best considered as functional, rather than structural entl~ties, and this is 
confirmed by the finding that there is an extremely high correlation between acupuncture points 
and musculoskeletal trigger writs, which are points of focal muscle tenderness that can be 
identified using a pressure algometer or palpation, and which are found to have a local twitch 
response lxo mechanical stimulation 21. 

While funct:ir~nal correlates of acupuncture p i n &  have been shown to exig;:, sceptics often point 
out that the acupuncture meridians have not been objectivety identified. ellW. acupuncturists 
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howwer would maintain that acupuncture meridians are a anceptual tool, such as the lines of 
latitude and longitude on the earth, and thus while they are usefijl for navigating a specific 
territoq, to search for anatomical correlates of the meridians would make as much sense as 
digging in the ground to look for the equator. Recently however there has been the suggestion of 
objectively defining the meridians using techniques capable of imaging functional, rather than 
structural relationships. Studies utilising radioactive tracers have shown that certain tracers 
appear to migrate along the acupuncture meridians U and electrical impedance studies have 
shown significantly lower impedance along the acupuncture meridians compared to surrounding 
skin 16. 

The electrical properties of acupuncture points and meridians my be utilised for both diagnostic 
and therapeutic purposes. Many dtfferent electro-diagnostic devices have k e n  d e v e b w  such as 
the 'Mora', 'Vega', 'Biocom', 'Elect-acupuncture According to Voll (EAV)', 'Electrodennal 
Screening TesY (EDST) and 'Listen' systems. These instrumenb may k used to determine a 
person's energetic balance as well as modifit this balance with small but precise electrical 
stimulation. Most of these systems have k e n  developed on clinical grounds for the bio-energetic 
basis for these systems it is all not well understood. Attempts tD explain these systems include 
quantum mechanical phase matching and phase modulation of electron waves within the body U 
however these explanations are by no means complete. 

Therapeutic applications 
The use of electromagnetic energy for therapeutic purposs goes back at least as far as ancient 
Greece where electric eek were used in the treatment of arthritis and ancient China where 
lodestone was used in healing. Today the therapeutic uses of electromagnetic energy are 
widespread and used routinely in many applications ranging from the use of large fields such as 
ECT or defibrillation to lesser fields applied more specifically such as pacemakers or diathermy 
devices, to even more subtle uses such as in electm-acupuncture or Tmnscutaneous Electro- 
Neuro Stimulation (TENS), magnetic stimulation for bone healing, low level laser therapy and the 
use of static magnetic felds for pain. Other bioenergetic therapies may work on even more 
subtle levels where the type of' energetic interaction has not been precisely classified. 

BiaeergePics and human conscioysnss 
Perhaps the most interesting and challenging areas in bio-energetics is the field of human 
consciousness where studies have begun to show that human consciousness through a simple act 
of volition may be able to after otherwise random physical processes and that the act of praying 
for patients may have substantial therapeutic benefits. Many researchers when hearing of 
telekinesis or other psychic phenomenon tend to get a bit agitated and frustrated at the inability 
to reproduce these phenomena or to explain them using conventional wisdom. There are a few 
serious researches however, who have applied rigorous scientific principles to the study of these 
phenomena and have provided evidence that this is an area that deserves further study. 

Robert Jahn, Dean Emeritus of the School of Engineering and Applied Science at Princeton 
University established the Princeton Engineering Anomalies Researck. (PEAR), in 1979 to 
investigate anomalous human-machine interactions. Since this time, Ja!inls group have 
established an impressive body of evidence to suggest that human consciousness can indeed 
z C x t  otherwise .random physical processes. In  a series of experiments involving wer 50 million 
trials and over 3 billion binary events the PEAR group have demonstrated h a t  human intention is 
able to alter otherwise random physical prc#ess@s which include electrical, mechanical, fluid 
dynamical, optical, acoustic, micm/macroscopic and dig01 and analog processes, all of which can 
be calibrated with a predictable and precise statistical output 24;25 

While the Princeton group have performed studies demonstrating that human volition may erect 
otherwise random physical prxesjes, there have also been many different studies demonstrating 
potential clinical applications. One of the earliest rigorously designed, double blind, randomised, 
placebo controlled, trials of prayer was performed by Randolph F3yrd involving 393 coronary care 
patients at San Francisco General Hospital. In  this study the patients were randomised and 
various religious groups were recruited and given the first name of a patient as well as a brief 
description of the patient's diagnosis and condition and were asked b pray for them. When 
comparing the patients who were prayed for with the control group there, were dramatic 
differences. None of the prayed for gmup required intubation while 12 ii? the control group 



required ventilatory support. The przyed for patients were found to be five times less likely to 
require antibiotics (3 vs16) and three times less likely to develop pulmonary oedema (6  vs 18) ". 
Many of the studies on the ability of human consciousness to affect life processes have been 
summarised in the book "Healing Words" by k r r y  Dossey 27 which also discusses some of the 
barriers to subjecting this area to scientific scrutiny. 

Bioenergetic medicine certainly challenges the existing medical paradigm. I t  is often suggested 
that research into bio-energetic medicine will prwide new understandings of health and disease 
and that biwnergetic mediane will be the medicine of the 21" Century. Certainiy a more 
complete understanding of heafth and disease must include the electromagnetic nature of the 
body and the field nature of consciousness. However, even though science cannot fully explain 
t t~e  basis of bioenergetic medicine, the scientific method supports its clinical use. Many of the 
techniques such as acupuncture ", homeopathy 29 31 and prayer " have been shown to  be of 
value when subjected to randornised, placebocontrolled trials, and thus these techniques can no 
longer be ignored or pushed aside as being irrelevant. Indeed the evidence sugges-ts that these 
techniques deserve further serious research as well as consideration when deciding upon a 
therapeutic intervention. 
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Needle match 
Acupuncture works. So say German scientists who have put the dierapy to the test using a 
"placebo" needle. 

Rather like a theatrical dagger, the placebo has a blunt needle that rebacts into the handle 
when pressed onto the skin. The patient feels a pin prick and "sc?&' the needle being 
inserted, but there is no real acupuncture going on. 

Konrad Sbeitbeqer, an anaesthetist at the University of Heidelberg who invented the 
placebo needle, Selievtu it can inject rigour i n b  ~xxlpuncture research. "It helps differentiate 
the physiological effects of the needle from the pychdqical effects," he says. 

Streitberger's team used the needle on patients with rutator cuff tendinitis, a painful 
shoulder problem. Of 52 patients, 25 were given aclapuncture and the rest received the 
placebo. After eight sessions, the first group showed much b q y r  impmvements. 
Streitberger hopes to confirm the, e W  in b-ials with patients suffering from other diseases. 

Ted KapWluk of the C e m  for Attemative Medidne fkxath and Education at Harvard 
Medkal Schooi !Jesaibes the needle as a "creative step fwward". But he would like to see a 
double-hlind ttal, in which neither the patient nor the doctor knows who is g a n g  the 
placebo. I3xbr.s need to know the identity of Streitfxqer's needle to manipukte it 
P W ~ ~ Y  

Graham hawton - Pain (volt33, p235) 
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Mapping Acupuncture Points Using Multi 
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Abstract 
The practice of acupuncture involves the stimulation of s e c  poinfs on the skin called 'acupuncture points' 
which m small regions of I d  or refemd pah that m more sensitive than surmunding tissue. The fad that 
acupuncture points can be identified subjectively as tender points and are found to have characteristic electrical 
properties suggest that they are fuxxtiond entities rather than structural ones. These functional properties are 
used diagnostically in a clinical setting as pathology in a particular body location has been shown to conrelate 
with i r p d  tenderness and eiectrical conductivity of the 'componding' acupuncture point using electronic 
'point kators', whi& measure the DC resistance of points compared to surmundlng skin. 

C o m m d y  available point h t o r s  genedly utilize a metal locator p& and an indiffmmt d W e  and 
are designed to produce an auditory output (usually a high pitched tone) when a point is located. These devices 
howevw are open to aiticism Thqr axe unable to mntrol for local variations in skin thickness, surface 
secretions, or p m s w  placed on the electrode, and are only able to measure a single point at a time. These make 
them time consuming to use and subjective to user bias in point selection. Furthermore these devices do not 
store data and are therefore unsuitable for pducing a map of skin resistance, which can be accesseci over time. 
To overmme some of the limitation. of currently available single p m k  devices, we have designed a multi- 
channel p& capable of measuring and then mapping the skin resistance of multiple points. 

Keywords: 
Bio-elech.onics Measuxement and Instrumentation, 
Acupunct.. z, Skin Resistance Map, Object Oriented 
C Programming, Electsonic Design. 
Introduction 
Acupuncture has Seen used as a therapeutic modality 
since the beginning of recorded history and is 
currently utilized by over one quarter of the world's 
population. In clinical practice acupundure has 
prcven to be a relatively safe and effective therapy, 
the main use of which is in the treatment of pain and 
addiction. The current integration of acupuncture into 
Western medicine however, is based on clinical rather 
than scientific grounds for as yet there is little 
understanding of how acupuncture achieves these 
results. 

The practice of acupuncture involves the stimulation 
of specific points on the skin called 'acupuncture 

points' which are small regions of local or xvferred 
pain that are more sensitive than surrounding tissue. 
Drawings and figurines describing acupunchue 
points and meridians, which are lines linking these 
points into functional p u p s ,  have been used by 
traditional Chinese physicians for centuries and m 
still used by modern acupuncturists as a guide to 
therapy. The reality of acupuncture points however, 
is often questioned for no consistent structural 
correlates for them have been. identified. While 
acupuncture points are not associated with any 
unique anatomical stru-, they can be objectively 
identified using elaLtrical parameters. In particular, 
acupuncture points have ben found to be points of 
low electrical resistance cornpad to surrounding 
tissuelr). 

The significance of the unique electrical properties of 
acupuncture points is uncertain at present. The 
phj~siological basis for these altered electrical 
properties has been attributed to mgional 
hyperactivity of the sympathetic nervous system, 
which may affect both sweat gland activity and b l d  
flow @ation. Alterations in sk5n resistance have 
also been shown to relate to temperature, the 
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thickness of the stratum corneum, the amplitude and 
frequency of stimulation and the pressure on the 
reading e l W e 4 .  As well as  varying with objective 
parameters, skin conductivity has also been shown to 
vary with subjective sensations of pain, with painful 
areas demonstrating a rPduLixd skin resistance. A close 
correlation 1- also been shown to &t between 
acupunctu.re points and musculoskeletal 'trigger 
points' which are points of localised tenderness '. 

The fad that acupuncture p i n t s  can be identified 
subjedivdy as tender points and are found to have 
charaderistic electrical properties suggest that they 
are functional entities rather than structural ones. 
These functional properties may be used 
diagnostically in a dinical setting as pathology in a 
particular body location has been shown to correlate 
with inaeased tenderness and dectricd conductivity 
of the 'corresponding8 acupunchm point. The clinical 
assessment of acupuncture points is generally 
accomplished using palpation or via an electronic 
'point locator', which measure the DC resistance of 
points c o m p a d  to surroundkg skin'. 

Commercially available point locators utilise a metal 
locator probe and an indifferent electrode and 
produce an auditory output (usually a high pitched 
tone) when a point is located. These devices however, 
are open to aiticism. They sup unable to control for 
local variations skin thickness, surface secretions, 
or pressure placed on the electrode? and are only able 
to rnear,im a single point at a time. These make them 
time mnsuming to use and subjective to user bias in 
point selection. Furthermore these devices do not 
store data and are therefore unsuitable for producing 
a map of skin msistance, which can be access4 over 
time. To ovemme some of the limitations of currently 
available single p& devices, we have designed a 
multichannel p& capable of measuring and then 
mapping the skin resistam of multiple points. 

Method 
We have designed a probe that consists of 256 pins in 
a precise 16 X 16 square grid pattern. The probe is 
placed on the skin so that the pins slide freely 
allowing the weight of each pin to apply a constant 
pressure at each contact point. The probe is then 
c o ~ e c t e d  to a 16 X 16 multiplexer configuration. The 
output of the multiplexer goes to a Wheatstone 
bridge. A regulated 5 volts K is applied between the 
top and bottom of the Wheatstone bridge to power 
the 2 branches. The voltage different taken from the 
mid point of the 2 branches result in a ratio between 
the reference resistance and the skin resistance 
measured by the probe, and this voltage is then 
passed to an analog to digital converter (ADC). The 
digital signal is then sent to the parallel port of a PC. 
The measurement cycle for all. 256 pin. is 920 seconds, 

short enough to prevent polarisation effects during 
measurement'. 

The whole process is controlled by dedicated 
software d e s i p d  for the purpose. The software 
controk the initialization of the probe, the pin 
selection sequence, data logging, filtering and 
compensation of the acquired data, as we1 as thtr 
plotting of the skin resistance map. Selection of the 
grid size is also done via the software by setting the 
number of columns to read fmm the probe. The 
resulting output is a shaded contour plot with darker 
shade showing points of low electrical resistance on 
the skin, which may correspond to classical 
acupuncture points. 

Wardware Design 
The multichannel probe has been designed with up 
to 256 channels, with each channel having a stainless 
steel flat-endd pin acting as an electrode. Each pin is 
Imm in diameter. The elgctrode m y  used has 256 
points spaced 5mm apart which cover m area of the 
skin measuring 8 cm by 8 cm. Each pin is allowed to 
slide freely along its leregth so that the weight of the 
pins applies constant prrssure at each contact point. 
The pins are comected to 16 multiplexers. These are 
the MPC506A, which are single-ended 16-to-1 
channel CMOS analog multiplexers (Figure 1). This I6 
X 16 pins grid configuration connected to the 16 X 16 
two-tiered multiplexer expansion, which enables the 
256 pins to be selected sequentially during 
measurement. The c h a ~ e i  selection is achieved via a 
high-performance, CM- silicon-gate, dual 4stage 
binary ripple counter, the 74HC393. The two 4bit 
counters are cascaded together to provide an &bit 
.counter, thus giving 256 possible selections. The 4 
least significant bits of the counter are connected to 
the 16 first stage multiplexers, while the 4 most 
significant bits are connected to the stage two 
multiplexer. The output of the stage two multiplexer 
then goes to a Wheatstone bridge, which uses two 1 
megaOhm (1I'dfI) resistors on one of its branches. The 
other branch is made up of the skin resistance 
between the palm and the back of the hand as 
reference resistance (Rf), and the resistance between 
any single pin eledrode on the probe and a point on 
the skin near the area to be measured. Depending on 
the area to be measured, the resulhnt measurement 
could either be transversal or longitudinal. The 
voltage ~ ~ ~ u l t i n g  from the imbalance of resistance 
between the 2 branches of the Wheatstone bridge 
provides the ratio between the reference resistancc 
which is constant, and the resistance being measured. 
The signal is then fcd k u g h  a pocket sample?, 
which act as a data logger. 

The functionality of the pocket sampler had been 
extended through the modification of the control 
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software to provide a RESET signal from pin 17 of the 
SIC2 DB25 socket incorporated in the design of the 
sampler. A CLOCK signal is also extracted from the 
sample to provide synhnkat ion of the chariiels 
selection and data logging. The digital output from 
the pocket sampler is then sent to the PC through b e  
parallel port. (Fiigurr! 1) . 

Software Design 
During rnmurement, the pins are p l a d  on a s'xin 
area gIkd the whole p m  of the m e a s m e n t  and 
the data logging sequence is controlled via the 
computer software developed for the p r k .  This 
software is written in C++ using the objectsriented 
p r o g r a w  mc od and controls the initialization 
of the probe unit s td the data logging unit, the pin 
selection sequence, data logging, etc. Figure 2 shows 
a flow chart for the softwan?. The software will first 
check for the existence of the system and then 
initialize the multiplexer unit and the analog to 
digital converter unit. When the data logging starts, it 
controls the selection of the charan&, and samples 
and holds the data in the analog to digital converter, 
which converts the analog voltage to an &bit digital 
data. The software then selects the higher nibble, 

which k the 4 most significant bits of the &bit digital 
data, ar,,i reads it via the status register of the parallel 
port on the PC, followed by selecting the lower 
nibbles and reads it. Consequently, it combines both 
high and low nibble together to get back the original 
&bit data. The software saves the data in the memory 
and plots a graph of the data versus time as it comes 
into the stream. The dak, once collected, can be saved 
to a file. The measurement cycle for all 2% pins is 
about 120 seconds so that each p i n t  has a voltage 
applied for less that 0.5 seconds which should te 
short enough to avoid polarisation of cells7. 

In order to produce the final xesistance map, points 
we= plotted every 1 mm using an interpolation 
method simihr to a spline functionv. This function 
was used h3 interpolate the voltage distribution 
between the four normalized values which were 
measured from the electrode array which had 
electides spaced 5mm apart. After calculating the 
normalized value for every millimeter, points were 
assigned a shading according to h%& value, with the 
colour changing in increments of 0.022 normalized 
units. The resulting map was plotted using the 
Microsoft Excel standard graph function (fig 4). 

L.-/-TT Sampler 

l ( ~ u n & l  Selector) dk I 

Figure 1 Design Schematic - Multi-Channel Resistance Probe. 

I To PC via Pmllcl Port 
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Figure 2 Flow Chart for Sampler's Software. 

Results 
Figure 3 shows an example of a skin resistance map 
produced by the multi-channel skin resistance 
mapping probe. To produce this map, a 16 X 8 array 
was selected via the software, which produ.4 a grid 
of 128 points over an area of 8 X 4 cm. This array was 
applied to the anterior surface of the lower arm and 
the back of the lower arm directly under the area was 
used as the second point, as shown in figpm 3. 
Measurements were done seqaentially from pin 1 to 

pin 128 as indicated by the numbers in figure 4. 5 
subjects were measured in the experiment. The 
atample in f i p  4 is the resulting map for one 
subject for which 3 repeats were done. It represents a 
shaded plot with light areas representing higher 
mistance and dark areas hsepresenting lower 
resistance. The map produced shows that amas of 
particularly low resistance can be identified. nesc 
points are proposed to cornpond to acupunchue 
points. Furthermore the map showed that these 
points are distributed Ismgitudinally along the 
fomann which is consistent with the Chinese theory 
that points are connected along a low resistance 
pathway or 'meridian'. 

Discussion 
The p& described in. this paper has many 
advantages over conventional acupuncture point 
iocators. The ability to measure the resistance of 
multiple points with a single application of the 
e l W e  overcomes the user bias in point selection 
that may occur with single p i n t  dtxtdes. Using a 
PC to log the data also erasures that the same time is 
spent measuring each point and that the total 
exposure time of the skin to d e c a l  stimulation is 
short enough to prevent polarisation of the cells. The 
use of the weight of each pin to provide consistent 
pressuxe to each point also helps to remove potential 
user bias that may occur with existing devices, which 
depend on the user to apply pressure on a single 
handheld electrode. 

The most u ~ f u i  features of the device is the fact that 
it produces a skin resistance map produced by 
simultaneous measuremer~t of the whole area and 
thus objective determination of acupuncture points 
with respect to surrounding tissue. This has many 
advantages over the auditory output produced from 
single point devices. The map produced by this 
device may be printed out and retained for future 
~ference thus enabling comparisons to be made 

Figure 3 Position of the multi-channel probe on ihe Anterior 
Surface of  the lower a m .  Measurement is done longitudinally as 
indicated by tk position ofthe pin numbers. ?"he semd dectrode 
is presented in hidden view, as it is on the back of the a m .  



Australas. Phys. Eng. Sci. Med. Vol. 21, No. 2,1998 Kwok d nl Mapping Acupunctute Poin6 Using Multi channel m i c e  

r I I I I I 

2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 

Figure 4 A Shaded Plot of. Skin Resistatice Map oftlte Atrterior Ssrjacc of the b l u e r  A I  nr. The light arcus rrprescnt higlvr 
resistance and dark areas represent lower rcsisfancc. 

between different subjects or for the same subject at 
different times. This device therefore allows 
resistance maps to be followed over the course of an 
illness, as well as allowing resistance maps with 3. 
similar conditions to be compared thus enhancing the 
study of the relationship between illness and the 
~lectrical properties of acupuncture points. 

In order to correlate the resistance map with the 4. 
location of traditional acupuncture points, i t  is 
necessary to accurately define the outline of the 
electrode grid 01: the body surface so that the location 5. 
of anatomical landmarks used to locate acupunchlre 
points can be accurately determined. One limitation 
of the current device is that the electrode array only 
covers an area of 8 cm'. However, multiple readings 6.  
can be taken from the same patient over different 
8cm1 blocks, thus building up a picturc of skin 
rcsistance over a large area. Furthermore, provis~ons 
have been made in the software to vary the number of 
electrode pins thus allowing the measurement of 
either a larger total area or the same area with a 7. 
reduced spacing between the pins so as to produce a 
map with a finer resolution. 
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ABSTRACT 
Acupuncture may act through modifying bioelectric events and this may occur 
through difkrent mechanisms including the application of external currents. 
According to the Seebeck effect which produces a potential difference when a 
temperature gradient is placed across a conductor, the physical properties of 
acupuncture needles may produce internal currents due to the temperature gradient 
across the needle when placed insiru. Such currents were detected when needles were 
differentially heated and these currents were found to be in the range capable .of 
producing biological effects. The traditional design of acupuncture needles and 
traditional needle manipulations seem to maintain a temperature gradient across the 
needle and thus enhance the Seebeck effect. 

KEYWORDS: Electrostirnulation, Seebeck effect, Acupuncture, Needles, 
Temperature gradients 

INTRODUCTION 

Many theories have been proposed to explain acupuncture effects, yet the mechanism of 
acupuncture is still not well understood. There is evidence to suggest that bioelectric phenomena 
may be involved in the action of acupuncture as acupuncture points have been found to have 
electrical skin resistance up to 100 tirncs less than surroundiirg 2 5  [2, 61 and acupuncture 
meridians, which are lines connecting functionally related points, have been shown to be low 
resistance pathways with characteristic transfer functions [4, S]. These findirigs have led to the 
suggestion that the techniques of acupuncture act on an electrical basis by effecting a biological 
control s~stem'that underlies healing and regeneration [2]. 
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That acupuncture may be related to bioelec!ric phenomena is also suggested by the 
success of electrostimulation techniques. Modem eie/:trostimulation techniques involve the use of 
specially designed electrostimulators which pov3de voltages in the range of rnillivolts and 
currents in the range of micro to mWarnps. Thesc devices permit the application of positive or 
negative potentials tc acupuncture points 'and for the frequency of stimulation to be modulated 
from 1 Hz to 10 kHz. Lmv frequencies in the 2 to 20 hertz range are used to produce an 
acupuncture like effect [8, 1 l]. While there is much evidence to suggest that electrical stimulation 
contributes to acupuncture effects, it is not clear if electrical effects play a role in traditional 
acupuncture needle insertion. 

When an acupuncture needle is inserted into t k  body, a temperature differential of around 
10 to 15 degrees is created between the handle of the needle at room temperature and the needle 
tip at body temperature. Whenever 2 temperature gradient is placed across a conductor a potential 
difference is produced according to the Seebck effect [3, 9; which describes the flow of 
electrons down a temperature gradient. Thus the temperature gradient across an acupuncture 
needle when placed insiru is capable of inducing a potetitial difference due to the Seebeck effect, 
with the needle tip being of negative potential compared to the more positive handle. The 
traditional design of acupuncture needles appears well suited to maintaining such a temperature 
gradient because the classical coiling of copper around the handle of the needle acts to increase 
the surface area and thus acts as a thermal radiator. The classical technique of heating the handle 
of an inserted needle with burning moxa (arcemesia vulgarisj [7] acts to reverse the potential 
gradient causing the handle to be positive. 

The above analysis suggests that the acupuncture needle insertion produces electrical 
effects, however, the order of magnitude of these effects is yet to be determined. The present 
study aims to determine the order of magnitude of the electrical potentials and currents produced 
in an acupuncture needle due to the temperature gradient between the environment and the body, 
as well as to determine the effect caused by heating the handle of the needle as done with 
moxibustion stimulation. 

METHODS 

Traditional 'Hwato' brand acupuncture needles 0.2 mm in diameter and 40 m in length, 
made In China from stainless steel with coiled copper handles were used. Needles were connected 
to a standard BIOPAC, EEG, biopotential amplifier circuit as presented in figure 2, in order to 
record potentials down to the microvolt range. The gain of the amplifier was set at 10,000 with 
the sampling rate set ai 5Q Hz. The EEG amplifier's built in 'zlpha filter' was used which consists 
of an analog 8-13 Hz band pass filter followed by a full wave rectifier and a 5 Hz two pole low 
pass filter. A 0.1 Hz low pass digital filter was also added to exclude ldw frequency noise and 
drift. This configuration was used to observe slow changes in the DC potential across the needle 
and was found to eliminate the majority of high frequency noise and to produce h e  cleanest 
signal with the availablp, equipment. The needle was connected in series with a ~ M R  resistor to 
rfiatch the input impedance with the impedance of the amplifier. 



The BIOPAC was interfaced with a PC and the related "ACKNOWLEDGE" software 
was used to display the output and to perform the digital filtering. All measurements were 
carried out inside a Faraday cage to shield from the effects of low frequency electromagnetic 
radiation. The amplifier set-up and PC were kept outside the Faraday cage and shielded leads 
were used between the experimental set-up and the amplifier (figure 1). 

Figure 1. Experimental Set-up 
An acupuncture needle was connected in series with a 2MQ resistor to a BIOPAC 
EEG amplifier using shielded leads. All measurements were performed inside a 
Faraday cage and the cage and amplifier were connected to a common ground. 
The needle tip was heated to body temperature by holding it between thumb and 
forefinger. The handle was then heated using a naked flame. 

Measurements were made on the needle alone to eliminate the effect of the 
transcutaneous potential difference. The ambient room temperature was maintained at a 
steady 22°C. A temperature gradient of 13.3"C was maintained across the needk by heatin; 
the needle tip to a tenlperature of 35.4 degrees Celsius us measured by an electronic 
temperature probe. This was done by grasping the end of the needle between two fingers. This 
may have contributed to high irequency noise. A temperature gradient of over 800 "C was 
maintained by heating the needle handle using a naked flame which should not produce any 
additional high frequency noise. All rneasurenlents were repeated five times using the same 
tyFe of needles to ensure consistency of results. 
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Figure 2. Recordings 
(a) Raw data of recording across a needle: 1) at room temperature, 2) with the needle 
tip heated to body temperature using investigator's fingers, 3) after the fingers were 
removed, 4) when the needle handle was heated with a naked flame, and 5) after the 
flame was removed. 
(b) The same results after filtering with a 0.1 Hz low pass digital filter. 
(c) Averaged results taken over five different recordings 



RESULTS 

Figure 2a. shows a recording needle potentials before, during and after heating the needle. 
Figure 2b. shows the same data after digital filtering was applied. As can be seen from the figure, 
heating of either the L̂ip or the handle of the needle produces an initial peak in measured potential 
which then drops after a period of about one second to a level above that recorded at room 
temperature. This indicates that there is an initial current flow in the needle after which an 
equilibrium is maintained. The equilibrium is reached when a potential difference across the 
needle can balance the temperature gradient. The equilibrium potential for a heated needle occurs 
at 18 p V  and is maintained for as long as the temperature gradient exists. When the needle is 
heated, a higher level of background noise is also seen due mainly to temperature effects. 

The experimental procedure was performed five times on different needles to ensure 
consistency of results and average values were taken (figure 2 ) .  The average value for potentials 
across a needle at room temperature was 5 PV. When the needle tip was heated to body 

temperature the average potential was 13 PV, while after heating the needle handle with a flame 
the average potential was 18 pV. The average peak value was 270 pV which from Ohms law 
(where I = V/R and V = 270 pV and R = 2 MQ) gives a value 135 pA for the initial current flow. 

DISCUSSION 

The above results suggest that the temperature gradient across an acupuncture needle is 
able to produce an electrical current of the order of pA and a potential difference of the order of 
pV. This effect was consistently observed whenever heating was applied and was independent of 
any high frequency interference. The initial effect of heating the tip of the handle i s  to create a 
current of 135 pA from the cooler to warmer region (electrons flow from hot to cold). This initial 
current flows for approximately 1 second at which time an equilibrium is reached and a steady 
potential difference of 18 p V  is maintained. It has been shown previously that the Seebeck 
potential for copper-iron thermocouple pair is approximately linear in the range from 0°C to 
200°C. after which it plateaus and drops [g]. Our results are consistent with this finding. 

The voltages and currents produced by a temperature gradient across a needle are in the 
range that has been shown to have biological effects including healing and regeneration [l]. The 
traditional design of acupuncture needles seems to enhance these electrical phenomenon. The 
coiled copper handle around a steel or iron shaft used in traditional needles acts to enhance the 
Seebeck effect due to the handle acting as a thermal radiator. The modem trend however, of using 
different materials for the handles of acupuncture needles such as plastics which have an 
insulating effect would tend to reduce any temperature gradient and thus reduce this effect. The 
use of two different metals in the needle construction should also.act to produce electrical effects 
due to a temperature differential at the interface of the two metals according to the Peltier effect 
[3, 91. This effect however would be minimal as .the temperature: gradient at the bimetallic 
inlerface would be small and the effect would be limited to the region of the needle's handle and 
would not extend down the shaft into the patient's body. 
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There are. many traditional manipulations to acupuncture needles that seem to modulate 
the Seebeck effect. The classical technique of heating the handle of an acupuncture needle placed 
in situ with burning moxa 171, would act to reverse the normal temperature gradient by making 
the handle of the needle hotter cornpared to the tip and hence would reverse my current flow 
caused by the Seebeck effect. This would provide acupuncture practitioners with a technique for L 

applying either a positive or negative potentid and thus creating current flow either to, or from, 
the body. Another traditional manipulation that may modulate the Seekck effect and enhance its 
therapeutic role is the technique of lifting and thrusting an acupuncture needle in and out of the 
skin [7]. This technique would cause alternate heating and cooling of the needle and produce an 
alternating current of between 2 to 10 Hz which is the frequency range used by modern 
electrostimulation devices to maximize endorphin release [l  l]. 

The experiment presented here applies only to the electrical effects produced by 3 

temperature gradient across an acupuncture needle. In a clinical situation however there is the 
possibility for many other electzical effects. The short circuiting of the biological transcutaneous 
potential difference, the: creation of a half cell potential between the needle and body fluids, and 
electromagnetic induction on the needle, may all contribute to electrical effects of needling and 
may play a role in the mechanism of action of acupuncture. 

CONCLUSION 

The insertion of a metallic needle into the body results in the generation cf electrical 
currents due to the temperature gradient between the body and the environment. These currents 
are in the range shown to have biological efiects including healing and regeneration [l]. The 
traditional design of acupuncture needles seems to enh.mce this effect and traditional 
manipulations may modify this effect by causing changes in polarity and frequency. The modern 
practice of using different materials in the needle handle such as plastic which act as a thermal 
insulator may reduce these effects. 

It seems significant that the ancient Chinese, przsumably without any knowledge of 
bioelectric events, should develop techniques that can modulate current flow to and from the 
body. The above results suggest that the technique of acupuncture can modify bioelectric events 
without external ilelectrostimulation equipment through the Seebeck effect. This adds weight to 
the suggestion that acupuncture may work through an internal electrical control system. 
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ity since the beginning of recorded history and is cur- 

rently used by over one quarter of the worlds' population 
including nearly one quarter of Australian doctors. In 

clinical practice acupuncture has proven to be a cheap, 
safe and effective therapy, the main use of which is in 

treatrrlb.lt of pain and addictions yet how acupuncture 
achieves these results is not well understood. The neuro- 
physiological mechanisms underlying acupuncture has 

been well described based on the neuro-humoral model 

which explains different aspects of acupuncture related 
phenomena through the release of endogenous opiates 

and other neurotra~smitters, as well as on the gate con- 
trol theory and the Diffuse Noxious Inhibitory Control 

(DNIC) system. The bioelectric basis of acupuncture 
however remains uncertain, despite the fact that acupunc- 

ture points can be objectively identified using electri- 
cal parameters. 

Although acupuncture points are not associated 
with unique anatomical structures, they have been con- 

sistently found to be points cf iow electrical resistance 
compared to surrounding skin [15,17]. Human skin has 

also been shown to contain a potential difference of 20- 
90 mV at rest (outside negative and inside positive), 

setting up a 'skin battery' D]. Acupuncture points tend 
to short-circuit this skin battery and thus can be iden- 
tified as having resting potentials m x e  positive than 
surrounding skin [S]. 

While acupuncture points are identifiable electri- 
cally the, reasons for this remain uncertain. The physi- 

ological basis for these altered electrical properties have 
been attributed to regional hyperactivity of the sympa- 

thetic nervous system which may affect both sweat gland 
activity and blood flow regulation 1181. Alterations in 
skin resistance however have also been the stratum 
corneum [9,19] and the amplitude and frequency of 

stimulation [l 21. Besides varying with objective param- 
eters, skin conductivity has also been shown to vary with 
subjective sensations of pain, with painful areas dem- 
onstrating a reduced skin resistance [16]. A close cor- 
relation has also been shown to exist between acupunc- 
ture points and painful musculoskeletal 'trigger points' 
[loll md acupuncture points related to painful body 
areas have been shown to have a particularly low resis- 

tance which may be used for diagnosis [l l]. 

hi addition to alterations in skin conductivity, acu- 
puncture has been associated with changes in bioelec- 

tric potentials due to the production of local 'currents 
of injwy'. Local tissue damage has been shown to short 

circuit the skin battery producing a current cf i~jury that 
is generally in the range of 1-10 mA [l]. The insertion 

of an acupuncture needle has also been shown to pro- 
duce such currents that may last up to two days after 

needle insertion 1171. At the time of needling, currents 
are also produced due to the metal of the needle reacting 

with the ionic solutio~rs of the body. Tine traditional 
twirling of the needle may also produce very low fre- 

quency, pulsing currents. 
While currents of injury are insuficient to produce 

nerve impulses, they have been shown to have profound 
biological effects, including the stimulation of nerve 

growth f i3], wound healing [l], limb regeneration [7j, 
and bone healing [2], as well as being involved in 

ernbryogenesis, differentiation, and tumor growth [4]. 
These findings have lead to the suggestion that acupunc- 

ture points act as 'booster amplifiers' in a primitive 
analog DC signaling system that subserves thc dstection 

of injury and the maintenance of growth and wound 
healing [4] and that the flow of 'chi energy* along the 

meridians as described by Traditional Chinese Medicine 
(KM) may be of an electrical nature. This suggestion 

is strengthened by the dem~nstration of the finding that 
acupuncture meridians have been shown to posses the 

electrical characteristics of transmission lines [14]. The 
A@ characteristics of meridians have also been shown 

to display frequency specificity [6]. 
While electrical resistance and impedame measures 

are able to identify acupuncture points and have found 
a clinical use in point location, the system of acupunc- 

ture meridians and other theoretical constructs of Tra- 
, ditional Chinese Medicine (TCM) remain withmt sci- 

entific validation. This study aims to provide a prelimi- 
nary examination of the DC resistaxe between acupunc- 

ture points along the large intestine meridian compared 
to the resistance between 'acupoints' and points outside 
the meridian system. 
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Electrical resistance. measurements were performed 

along the Large Intestine meridian in healthy human 
subjects (1 female, 3 male) using a constant current 
source of 10 amps and adhesive, i cm diameter, AgCI- 

gel electrodes. E!ectrodes were placed on the Hegu (Li 
4) point over the first dorsal interosseous muscle on 

either hand, as well as on a point along the same channel 
(Li 1 l), and a nearby 'nonpoint' on the dorsurn of the 
hand that was located greater than 1.5 cm from the near.. 
est point or meridian (Fig. 1). 

Poinis were identified by an acupuncture point 

locator (MME Neurometer) and a medically qualified 
acupuncturist using traditional Chinese acupuncture 
charts. The Large Intestine meridian was selected for 
preliminary experiments due to the ease of electrode 
placement, and the fact that the point Li 4 is known to 
b: a 'major' point in Traditional Chinese Medicine. 

Resistance rmasurements were made betwee 

Figure 1. Points used for resistance measurements 
(Li 4, Li 11, nonpoint (np)) and location of Large 
Intestine meridian (dotted line). 

points along the Large Intestine'meridizn both unilat- 
erally (Li 4 - Li 11) and bilaterally (Li 4 - Li 4; Li l ?  
- Li 11). ~easurernents were also performed and bilat- 
erally (Li 4 - np; Li 11 - np). Further measurements were 
performed over 15 minute periods with readings plot- 
ted at 10 second intervals and these measurements were 
repeated during periods of aerobic exercise as well as 
mental distraction caused by the asking of unexpected 
questions. 

Resistance values ranged from around 5011 up to 
over 4 MR and were found to vary for different subjects, 
as well as for the same subject at different times. Re- 
sults showed that the electrical resistance between uni- 
laterally located acupacture points was corsistently less 
than the resistance between an acupoint and a nearby 

'nonpoint' even though the distance between the point 
and nonpoint was significantly shorter than between the 
two meridian points. (Fig. 2) 

The resistance between the two Li 4 points bilat- 
erally was also found to be less than the resistance 
between Li 4 and a contralateral nonpoint (Fig 3). It is 

Resistance 

Subj ect ' 4 

Fig 2. Unilateral measurements showing that the 
points delonlg: the mer.idhm (4 -31) gemsally displayed 
the least resishace. 
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Fig. 3. Bilateral measurements showing that the 
greatest distance (4 - 4) displayed the least resistance. 

interesting to note that the resistance between the two 

Li 4 points bilaterally was also found to be less than the 

resistance between two other poigts aiong the same 

meridian both unilaterally and bil.aterally even though 

the Li 4-Li 4 length was considerab:y greater. As these 

relationships were consistent across subjects, these re- 

sults demonstrate, that the resistance along the Large 

Intestine merid;an is indeed less than the resistance 

between a mcric'ian point and a 'nonpoint'. 

Time dependence of resistare measurements have 

been plotted in (Figs 4-6). Note tnat during these mea- 

surements subjects were exposed to constant stimulation 

by a DC current of 10 pA produced by the ohmmeter. 

From the limited number of measurements per- 

formed three general trends were found. When resistance 

values were found to be initial'ly high (greater than 8 Id2 

they would either remain fairly constant (Fig 4) or ex- 

perience an exponential decrease with a time constant 

of around 90 seconds (Fig 5) .  When resistance was 

found to be initially low (less than 3 kR, it would tend 

to irlcrease exporentially (Fig 6). Dramatic drops in the 

resistance were recorded when subjects were made to 

undertake aerobic exercise (Figs. 4 & 6)  at~d lesser drops 

weye noted when a subject was unexpectedty distracted 

Fig 6). 

<-. exercise 
1 S \ 

Icn ' O  

S 

8 - 
X l 0 0  sec 

Fig. 4. Examples of fairly constant resistance mea- 
sures showing dramatic decreases with exercise. 

0 

x 108 sec 

Fig. 5. Examples of initially high resistance mea- 
sures showing exponential decrease. 

X l 0 0  sec 

Fig. 6. Example of initially low resistance measures 
with exponentidly increases rrnd d~amatic drops 
during exercise and distraction 
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This study is consistent with other studies demon- 

strating that acupuncture points are of a lowe: elzctri- 

cal resistance compared to surrounding areas. The find- 
ing that the resistance between acupuncture points was 

less than between a point and nonpoint even though the 
path length was often greater, suggests that there is s 

high conductance pathway occurring along acupuncture 
meridians. 

The finding that the resistance between Li 4 - Li 

4 bilaterally was often less than the resistance between 

points along the same meridian both unilaterally and 
bilaterally even though the Li 4 -Li 4 distance was 

considerably greater may be explained by a particularly 
low local resistance at both Li 4 points. In Traditional 

Chinese Medicine (TCM) the point Li 4 is considered 
as a "major' point. It may be possible therefore to draw 

a relation between points of very low resistarm and their 
relative 'importance' in terms of TCM. 

The reductions of resistance with exercise and 

altered attention are likely to be related to alterations in 
sympathetic rctivity resulting in increased blood flow 
and greater ionic permeability. The reduction in resis- 

tai~oe over time in some subjects may be due to stimu- 
lation of the meridian by the measuring current causing 

polarization of the channel. Tnis is suggested by poten- 

tial measurements that showed a rising potential differ- 

ence during the period (:, :esistance measures. It should 
be noted that while the subjects received 10 pA  in most 
cases there was no subjective awareness of current. 
Some subjects however did experiexe a sensation of 
heaviness similar to the feeling of 'deqi' experienced 
during an acupuncture session. 

Although this study is of a preliminary nature, it 
is interesting to note that resistance values seemed to 

remain fairly constrnt at around 1 MR. The trend for 
high resistance values to decrease and for lower values 
to increase over time is consibtent with the idea that acu- 
puncture point stimulation is honleostatic in nature and 
that the same points can be used for both excess and 
deficiency condirions. 

This study supports the traditional idea that there 
are conductive pathways between acupuncture pints and 
suggests that 'chi' may have an electrical nature. The 

clinical finding that points related to organs with a dis- 
turbed hnctioning are of a lower resistance than other 

points suggests that it may be possible to define the 
functional anatomy described by TCM ir; terms of elec- 

trical parameters. Thus by combining bioelectronic 

engineering with TCM theory it may be possiblz to 

devciop a non-invasive diagnostic system which could 
also be used therapeutically utilizing electro-stimulation 
or laser. Before firm relationships between electrical 
rneaslrrements and defined clinical conditions can be 

established however, further studies are needed involving 
all of the ,different meridians as well as greater numbers 
of subjects under different pathqhysiolcvgical conditions. 
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Acupuncture in Australia - a review of its current 
pasition 

Dr Marc Cohen 

Historical basis of acupuncture 
me use of counterirritation techniques is as OM as 
r d e d  history. The use Q: sharpened bone ard 
stone implements has been recorded in diverse 
geographical W b n s  and amongst widely separated 
cultures, includir,g the Ehntus in South Africa the 
Sirtghalese in Sri Lanka, the Eskimos in Alaska as well 
as in China, Northern Europe and S ~ t h  America. In 
China, stone needles dating back to 1700 BC have 
been found at arl archaeological she in Anyan, in the 
Honan province. 

The modern day pr~ctice of acupuncture has evolved 
from Traditional Chinese Medicine (TCM) which 
according to legend commenctd with Fu Hsi (B.C.2953) 
who isattributed with the inventi m of the eight Diagrams 
made up of broken and unb ,oken lines used as the 
basis of the I -CMg wki h acts as a pictasial 
rep~esentation af t he Chines universalistic philosophy. 
The elakoration of Chinese I I Aicine was ccntinued by 
the emperor She? Nung ,died 2698 B.C.) who is 
venerated as the tat;,er of agricutture and is reputed to 
have undertaken systematic empirical obsewation of 
all herbs by tasting each one in order to acquaint 
himself with their value. 

By I;: tk,e most renowned of the legendary rulers of 
ancient China however was Huang Ti, also known as 
the Yellow Emperor. Huang Ti is said to have reigned 
from 2696 - 2598 BC and Su-rna Ch'ien, the great 
mterkrr of the secondcentury BC, began his HistoriafI 

wfth an account of Huang Ti, whom he defind 
;.S tns fo:mder of Chinese civilisation and the first 
humane flier of the empire. Huang Ti has b w n  
accredited with the invention of wtseled vehicles, 
amlour, ships, pottery, and other useful appliances, as 
well the invention of the art of wiitino. He is zlso 
regarded as the zuthorof the Canon of I ~tsmal Medicine 
called the Nei Ching Su Wen (The \r sllow Emperors 
Chssic of Internal Medicine) which is said to btl lhe 
oldest extant medical book in the world and remains 
the theoretical foundation for Chinese medi3ne to this 
day. As llza Veith states in the introduction to her 
trarisiation of the Nei Ching Su Wen "The $Jei Chirg, 
theclassic of Internal Medicine, attributed to Muang 'Ti, 
the Yellow Emperor, is indeed a very impor?an! if not 
the most important early Ch;nese medical book, 
particirlarly its first part, Su Wen, "Familiar 
Corryersations" between the Emperor and his physician 
Ch'i PO. It is important because it develops in a lircid 
and attractive way a theory of man in health and 
dlssasi and a theory of medicine. It does this in very 
mucl) the same way as did the physicians of India who 
wrote ibe classk books of Yajutvedic medicii:e, or the 
Hippocratic physici;.ns of Greece; that is by using the 

philosophical concepts of the time and picturing man 
as a microcosm tbat reflects the macrwosm of the 
universe. The theory expounded in the Nei Chhg Su 
Wen has remained %he dominating theory of Chinese 
indigenous medicine to the present day. " [22] 

Oespite the aut,horship of the Nei Ching Su Wen being 
attributed to the Huang Ti, irs antiquity has been 
questioned and most historians now date its origins %o 
around the fourth century BC. Iiwasat this time that the 
foundatisns of b t h  Eastern ancl Western thought were 
fist committed to writing, with Socrates, Aristotle and 
Piato laying the foundation for Western 'thought, and 
Lao Tzu, Cor.:ucius, and Gacolama Buddha providing 
She basis for the development of Eastern thought. It 
was also around this time that the foundations of 
Eastern and Western medicine were being forged, with 
the formation of the Hip.pocratic writings (Corpus 
klippcxraticum) in the West, and :he canoilisation of 
the Mei Chkg Su Wen in the East. These medical 
works are significant as they mark the beginnings of 
rwdern medicine and are the first treatises to view 
disease as arising from interactions between the 
environment and constitutional factors, rat her '! han the 
actions of gods or supernatural forces. 

The Nei Ching Su Wen, which is still used today as the 
theoretical basis for Traditional Chinese Medicine, is 
unusual for a gensral medical text in that it is devoted 
primarifyto preventativz measures. Hatherthan defining 
different disease entities and attempting to treat ilhsss, 
the ancient Chinev2physiciansernpksbed the healthy 
stale which was dofined as bein: "at one with the Tao", 
a,xi baving definttrcr 3 stato crf hmith, it was the aim of 
Chinese physicians 10 dcttect any deviation from this 
state and correct it before disease could develop. 

Placing great emphasis an the pldse, Chinese 
physicians aimed todetect paemartid conditions before 
they developed iri?~ overt pathology and since disease 
was seen to arise out of disequilibriiim, the basis of 
cue was in restoring harmony. Theduty of the traditional 
Chinese doctor was thus to instruct the patient how to 
remain well. Accordingly the aricient physicians were 
paid only while their patients remained healthy, and if 
a patient was to die unexpectedly the physician 
responsible was required to hang a lighted lantern 
outs~da his practice for a full month so that other 
patientl:; would be made aware of his shortcomings.[8] 
This attitude is expressed in the Nei Ching with the 
following passage; 

"The supdor physician helps before the early budding 
of the disease. The inferior physkkm begins to help 
when the disease has al;ready developed; he helps 



physiotherapis!~, chlropractors, and various lay 
practitioners. Of these groups however, medical 
practitioners are the only ones trained to assess patimts 
in a primary heafih care setting. Registered medical 
practitioners have extensive training in the basic 
sciences including anatomy, physiologj, pknnacdogy, 
microbiology. pathology and immunology as well as in 
clinical diagnosis, methods and proceduresand, when 
skilled in the use of acupuncture, medical practitioners 
are able to offer acupuncture as a treatment modality 
in the full context of diagnosis, treatment and 
management. [21] 

Acupuncture is a procedure involving both diagnosis 
and treatment and like any other procedure, there are 
associated risks if used without appropriate skills and 
knowledge. Risks associated wit h acupuncture include 
tra~smi~sion of infections such as HlV and Hepatitis B 
and C, etc. from contaminated needles, injury to viral 
structures by misguided needle placement, and the 
masking of symptoms preventing early detection and 
diagnosis. While the risk of infection can be easily 
prevented through the use of disposable needles or 
low level laser, the risk of injury can only be prevented 
through adequate training in anatomy and pathology. 
Without such training potentially serious complications 
may arise and death due to acupuncture has occurred 
in Australia at the hands of a non-medically qualified 
acupuncturist . 

The health system in Australia is such that is not 
appropriate for acupuncture to be used as a complete 
form of medicine and thus the practice of acupuncture 
should be considered a 'complernentaty', rather than 
an 'alternative' form of medicine. However, while 
medical practitioners are the only professional group 
trained to act as primary health care providers and 
coordinate and manage all aspects of patient care, 
there are other registered health professionals (eg. 
physiotherapists) who may possess sufficient training 
to use acupuncture as an available modality and 
identifycircurnstane~s when other professional medical 
services are required. In this position non-medical 
acupuncturists should be encouraged to work in 
conjunction with the medical profession rather than in 
opposition to it, and should thus adopt the role of 
Y herapists' rather t han 'doctors', as they are not sub@t 
to the theoretical, ethical, or legal strictures required of 
medical practitioners, nor are t hey bound by t he medical 
board's advert king guidelines. Furthermore in adopting 
the role of primary health care providers non-medical 
acupuncturists may put patients at risk if they withdraw 
medications indiscriminately, mask symptoms without 
performing investigations to determine a medical 
diagnosis, or discourage patients attending registered 
medical practitioners and receiving preventative 
screening measures and immunisations. 

Edlacati~n of acupun~turists 
In Australia there are no agreed standards for the 
practiceof acupuncture or the training of acupuncturists. 

men destruction has Set in, and since his help comes 
when the disease has already developed, it is said of 
him that he is ignorant." 5221 

The Eastern attitude of preventive medicine lies in 
stark contrast to that of the Hippratic tradition. The 
Hippocrafic phpirkrss practised in a market economy 
where physicians %(::'a sought only after disease had 
k m e  establishedanda physician's worth was j~ldged 
on his ability to make accurate predictions, even if 
powerless to alter an adverse outlook. The Hippcratic 
tradition thus concentrated on defining specific disease 
entities rather than abstract notionsof health, for it was 
only by defining the evolution of clinical syndromes t hat 
specific prognostic fezlures could be recognised and 
the likely course of &serjlse, a ~ d  success of specific 
interventions be determined. 

It has been suggested by some scholars that the 
comp!ementaqrature of Eastern and Western medicine 
has arisenthagh their respective use of hnguage.[l5] 
Eastern thought, which places much emphasis on the 
concept of flow and on symbolic representations of 
natcral phenomena, is based on an intuitive language 
which uses idclograms and syrnbolic constructs. In 
contrast, Western thought emphasises the process of 
systematically observing nature and deriving rational 
explanations, and is based on rational languages (the 
epitome of which is mathematics), which utilise a 
phonetic alphabet and logical construction. Furthermore 
Chinese thought has remained fairly consistent 
throughout the ayes, as has the Chinese language 
(event hough pronunciation differs indifferent regions), 
whereas Western thought has undergone numerous 
additions, corrections and modifications as it has been 
translated into the dominant language of the time. 

The development of Eastern medicine has taken an 
opposite but complementary approach to that of 
Western medicine. The Eastern way of thinking is 
holistic, and involves nonlinear logic and causal 
relationships rat her than the reductionist theories and 
linear causality of Western science. These different 
approaches to medical knowledge can be considered 
to be parallels of what are commonly called the holistic 
and reductionist world views and ahhoug h these views 
appear opposite, neither view can be considered more 
correct or more useful than the other. Reductionism 
and holism are merely different (or complementary) 
approaches, and both views are necessary when 
considering the many complexities of health and 
disease. [3] 

The Practice of Acupuncture 
The practice of acupuncture usually involves needles, 
but may also involve low level laser, moxibustion, 
cupping, transcutaneous electrical neural stimulation 
(BENS), trigger point therapy, point injection therapy 
and dorsal column stimulation. [2] In Australia at 
present, acupuncture is offered by a variety of providers 
including doctors, dentists. veterinary surgeons, 



~t present the extent to which general pprctlioners 
practice accpuncture appears to be extremely varied 
@wing from only a few consultations a month to full 
m precticz. However, as there are no &UCatio~l or 
legal requirements necessary for medical graduates to 
practice acupuncture, it is left up to each itdividuat 
Worfo determine, and seekout, the level of education 
and expertise hdshedeems adequate. In the absence 
of accepted standards the use of acupuncture should 
be on the basis of 'buyer beware' and acupuncturists 
should be encouraged to disphy their qualifications 

The Australian Medical .4cupuncture Society (AMAS) 
which is affiliat ed with t he Australian Medical Association 
rAMA), was formed in 1973 as a professional society 
ior doctors with an interest in medical acupuncture. 
The AMAS ajms to set a basic standard for medical 
acupuncturists by establishing a code of ethics and by 
setting a common curriculum for the education d 
acupuncturists . The society is also actively involved 
with other pacific Nations, namely USA, Canada and 
New Zealand as well as the UK to standardise the 
teaching of acupuncture in the Pan-Pacific region and 
world-wide. In order to maintain a high standard of 
acupuncture skill and k~owledge amongst its members, 
the AMAS t hrough its state branches organises f requent 
cliniml meetings, seminars and lectures: Often these 
seminars are conducted by eminent overseas medical 
accrpuncturists and these meetings are generally 
approved for 2 points per hour Category-A by the 
RACGP quality assurance (QA) and continuing 
education (CE) committee. 

In addition to educational events, the AMAS conducts 
an independent fellowship exam (FAMAS), similar in 
fonnat to other fellowship exams conducted by the 
Royal Colleges. The CAMAS exam consists of two 
parts; a written (part 1) and a cokbined oravwritten 
(part 2). To sit for the part 1 of the FAMAS emm 
requires candidates to have accrued at leas! 100 hours; 
of accredited time, while to be eligibk to sit for part 2, 
candidates must have completed their part 1 exam and 
have accumulated a total of 250 hours of accredited 
time. Accredited time may be accrued through clinical 
experience arranged either through acupuncture clinics 
at large teaching hospitals, such as at the Alfred 
Hospital and PANCH in Victoria, orthrough the AMAS 
preceptor system whereby students can sit in on 
sessions with experienced practitioners. Time may 
also becredited forattending Australian or international 
teaching programs or conferences, and for providing 
written case commentaries and case documentation. 
P1 l 

In 1989 the NH&MRC conducted a working party t,o 
review the current state of acupuncture practice and 
education in Australia.[l2] In its report, after praising 
the members of the AMAS and the Societies felllowship 
exam the working patty went on to express concerns 
that; 

"submissions from lay acupuncture training 
organisations do not indicate a content of training of 
standad equivalent to that of medical pra~titioner~ in 
the relevant subjects (anatonay. mizroSiology, diagnosis 
etc), mr has there been any independent evaluation by 
suitably qualified su!horiiies in any of these disciplines 
of the course content and qualrty or the standards 
achieved by students." 

The NH&MRC working party also suggested that; 

"when acupuncture courses have been accredited it 
~ L S  been by administ rative bodies and n d  by authorities 
able to evaluate c~wiculumcontenl. furthermore when 
acupuncture courses have been a w e d  by tertiary 
educstion institutions it has been by institutions with 
expertise in certain disciplines (eg. nursing, social 
sciencesj but not in those disciplines considered by t he 
Working party as critical ta the safe and informed 
practice of acupuncture such asanatomy, microbiology, 
clinicaldiag~is, therapeutics and clinical trial research. 
Moreover, there is no evidence that teachers of 
acupuncture have had adequate training in these 
disciplines and most significantly, thew is no evidence 
that they have a capacity to critically evaluate existing 
or new knowledge in t heir discipline in ordertodet ermine 
its vaiidit y." 

The AMAS felbwship is acknowledged world-wide for 
setting a high standard of professional knowledge and 
competency and fellows of the society are held in high 
regard by other medical colieagues both in Australia 
and internationally. At present however. there are m 
legal requirementsfor doctors to obtain their fellowship 
or other postgraduate quaDif'rcations and less than 200 
doctors have attained their fellowship of the society. 
The AMAS however maintains that dmlors need formal 
training to practise acupuncture effectively. To this end 
the AMAS suggests that medical acupuncture needs 
to be formally integrated into university medical 
undergraduate curricula, as well as becoming an 
acknowledged area c#sy?cial interes! with established 
minimum qualifications -;or postgraduates. The AMAS 
also agrees with the NH&MRC in advising patients to 
seek acupuncture treatments from suitably trained 
medical acupurtcturists. 

Uses of acupuncture 
In general practice acupuncture has proven to be a 
cheap, safe and effective thsrapy, the main rase of 
which is in treattnent of pain and addictions as well as 
being helpful in systemic conditior,~ Acupuncture can 
be used either alone, in conjunctioli xith co~ventional 
therapy, or as an atternative to pharmacoiheragy when 
patients cannot t~lerate certain medic?.lions. As many 
of the conditions treated by acupuncture are painful 
musculos~eletal conditions, acupuncture is often able 
to prevent the long term use of NSAlDS and steroids 
and thus minimise the side effects and cost of treating 



these conditions. The relative safety and efficacy of 
acupuncture compared to other treatment modalities 
suggests that in many conditions acupuncture should 
be used as a 'first line therapy', thus keeping with the 
Hippocmtic ethic of ''First do M; ham". 

In addition to treating pain, acupuncture has been 
shown to be effective in systemic conditions as well as 
In treating addictions including zddictions to narcotics, 
alcohol, tobaccoand minortmnquillisers. Acupuncture 
has also been shown to be effective for surgical 
analgesia, (201 however its ef f i icy is such that there 
would a p r  no justifikation for the introduction of 
acupuncture anaesthesia in competition wit h orthodox 
anaesthetic techniques. Acupuncture analgesia 
however, may have a role when conventional 
anaesthesia is either contraindicated or unavailable 
and thus when discussing acupuncture anaesthesia 
the NH&MRC (1 21 advises that; 

"it rray be appropriate to allow such a modality, at !he 
request d a registered medical practitioner skilled in its 
use, for conwmers vvho request it." 

Warld Health Organisation List of 
Indications for Acupuncture 

Neurological disorders 
Headache and migraine 
Trigemihal neuralgia 
Facial paralysis 
Peripheral neuropathy 
Post poliomyelitis paralysis 
Meniere's syndrome 
Neurogenic bladder 
Nocturnal enuresis 
Intercostal neuralgia 

Musculoskeletal disorders 
Acutdchronic muscle strains. Frozen shoulder, Tennis 
elbow, Lumbar pain and sciatica, Degenerative 
arthriiis,lnfkmrnatory polyarit-fit is. 

,Mouth disordtws 
Toot tmche 
Post extraction pain 
Gingivitis 
Acute or chronic pharyngitis 

Eye disorders 
Acute conjunctivitis 
Central retinitis 
Myopia in children 
Uncomplicated cataract 

Gastrointestinsl disorders 
Oesophageal and cardia spasm 
Hiccough 
Acute and chronic gastritis 
Gastric hyperacidity 

Uncomplicated duodenal ulcer 
Acute and chronic colitis 
Acute bacterial dysentery 
Constipation and Diarrhoea 
Paralytic ileus 

Respiratory system 
Acute bronchitis 
Bronchial as! hma 

Upper mspiratoq tmt 
Acatte sinusitis 
Acute rhinitis 
Common cold 
Acute tonsillitis 

Cost of Acupuncture 
At present the acupuncture is covered by a Medicare 
rebate under item 173 which includes: 

"Attendance at which acupuncture is performed by a 
m d i l  practitioner by application of stimuli on or 
through the surface of the skin by any means, including 
any consultation on the same occasion and any other 
attendance on the same day related tothe condition for 
whkh the acupuncture was performed." [g] 

The current Medicare rebate for item 173 ($1 8.30) is 
less than that offered for a standard consultation for a 
vocationally registered practitioner under item 23 
($20.40). The existing rebate system thus acts as a 
disincentive for doctors to practise acupuncture. 
However, despite this inequity, in 1992 a Health 
Insurance Commission study revealed that over 3000 
GPs (nearly 25%) clairrred rebates for acupuncture. 
Furthermore this study showed that the costs ta 
medicare were much lower for doctors who had a1 least 
50% of .their income derived from acupuncture. 
Compared to other GPs, these doctors had one fifth as 
many referrals and utilised one quarter oi the 
expenditure in radiology and pathology, as well as 
presumably kaving less prescribing. 

Acupuncture is a procedure and, like other procedural 
items, it should be eligible for accompanying 
consultation items. This is especially important with 
regards to initial visits which usually require a long or 
prolonged consultation. Uridsr the current system it 
would be better for doctors tc\ give free acupuncture 
and only charge for a medical consultation, however 
under item 173 this is not legal. Many doctors who bulk- 
bill are thus forced to bring their patient back to 
commence acupuncture treatment on a subsequent 
date in order to receive fair recompense. 

The practice of acupuncture represents an area of 
special interest requiring similar training and expertise 
as minor surgery or psychotherapy. Furthermore as 
well as additior~al training the practice of acupuncture 
requires more surgery space and more time per patient 



than conventional consultations. Medicare rebates 
shouid reflect these increased demands and t bus the 
AMAS suggest t hat rebates for acup~nct ure be at least 
equal to that of a standard co.r'sultation and that for 
initial consultations it should be permitted to attach a 
consultaPion item with acupuncture in accordance with 
the AMA schedule of fees. The AMAS also suggest 
that Fellows of the AMAS should be recognised as 
Vocationally Registered and t hus attract a higher rebaie 
for their services in accordance with Fellows of the 
RACGP. Such moves would encourage m x e  doctors 
to consider using acupuncture in their practice and 
would act as a financial incentive for doctors to 
undertake advanced training in acupuncture and thus 
achievea high levelof clinical competency and efficacy. 

Modern Theories of Acupuncture 
Many theories have been proposed to explain the 
mechanism of action of acupuncture. These range 
from the theory of Traditional Chinese Medicine ( K M )  
couched in the terms of Chinese cosmology, to modern 
neuro-humoral theories invoking complex nerve 
pathways and neurotransmitter release, as well as 
theories invoking bioelectric, biomagnetic and 
embryological phenomena. [3. 5) So far however, a11 
Western theories on acupuncture are incomplete and 
while K M  theory csaims to be a complete one, its 
concepts have not yet been integrated into the Western 
scientific framework thus rendering it incomplete from 
a scientific viewpoint. In 1989 after investigating the 
scientific basis of acupuncture t he executive committee 
of the National HealEh and Medical Research Council 
concluded that; 'The relief of pain by acupuncture can 
be explained in terms of neurophysiological 
mechanisrns. These mechanisms depend on an intact 
and functioning peripheraland central nervous system, 
can be induced without using the full range of traditional 
acupuncture points and are similar in mechanisms 
associated with narcotic analgesia.. In addition to a 
neurophysiological effect on pain, acupuncture has a 
powerful placebo effect ."[l 21 

While the nel rr!;$-qeiological basis of acupuncture is 
now well establisi~ed on the basis of endorphin and 
other neurotransrnitter involvement, t hediffuse noxious 
inhibitory control system (DNIC) and the gate control 
theory [3], the existence of acupuncture points is often 
questioned, for no consistent structural correlates for 
them have been identified. It appears however that 
acupuncture points may be functional, rather than 
structural entities, and this is contirmed by the finding 
that acupuncture points can be defined elecArically as 
points of low electrical resistance.[l , l0,18] The 
functional nature of acupuncture points is also evident 
from the fact that there is an extremely high correlation 
between acupuncture points and musculoskeletal 
trigger points which are points of focal muscle 
tenderness that can be identified using a pressure 
algometer or palpation, and which are found to have a 
local twitch response to mechanical stimulation. [l 1,161 

While functional correlates of acupuncture p in ts  have 
been shown to exist, sceptics off en point out that the 
acupuncture meridians have not been objectively 
identified. Most acupuncturists however would maintain 
?hat acupuncture meridians are a conceptual twl ,  such 
as the lines of latitude and longitude on the earth, and 
thus while they are useful for navigating a specific 
territory, to search for anatomical correlates of the 
meridians would make as much sense as digging in the 
ground to look for the equator. Recently however there 
has been the suggestion of objectively defining the 
meridians using techniques capable of imaging 
funct ional, rat her t han structural relationships. Studies 
utilising radioactive tracers have shown that certain 
tracers appear to migrate along the acupuncture 
meridians [6] and electrical impedance studies have 
shown significantly lower impedance along the 
acupuncture meridians compared to surrounding skin. 
[l 71 

There are many different clinical trials on acupuncture 
in the medical literature, howeverwhile t he goldstandard 
for clinical trial research is the double-blinded, 
randomised, placebocont rolled, cross-over trial wit h 
defined outcome criteria and sufficient numbers of 
patients to minimise type 1 and type 2 errors, none of 
the trials on acupuncture are able to meet t his standard. 
(231 Clinical trials on acupuncture have many inherent 
mettmdological problemsand published trials generally 
fall into four different groups; 1) Anecdotal or 
uncontrolled studies; 2) trials using a no-treatment 
control group; 3) trials using an alternative treatment 
control group; 4) placebo controlled trials which may 
either use a nonacupuncture placebo group such as 
bogus TENS, or a 'sham acupuncture' piacebo group 
where needles are placed in points considered to be 
'non-acupuncture points'. [ l  4, 191 

The methodotogiral problems associated with clinical 
trials of acupuncture are numerous. These include the 
fact that in order to have reproducible results a 
standardised treatment approach is needed. 
Acupuncture however is considered a 'holistic' therapy, 
and most acupuncturists tailor their treatments to the 
needs of individual patients and may even use different 
points as treatment progresses. Furthermore due to 
the nature of the treatment, double blind conditions are 
virtually impossible to achieve, as to perform true 
acupuncture requires t hat the therapist know the nature 
of the t reatment. Other methodological problems include 
the choice of control groups, agreement as to the 
location of 'true' acupuncture bpoints, the need for large 
numbers of patients in order to detect a statistical 
differences between groups, and the requirement of 
having objective yet multi dimensional measures of 
outcome.[7,14, 191 

A review of randomised trials on acupuncture [7] has 
shown that successful response rates vary from 30% 



for placebo groups, 50% forsham acupuncture groups, 
and 70% for true acupuncture groups. This review 
suggests that shamacupuncturecanndbe considered 
an adequate placebo, but rather a 'poor form of 
acupuncture' and that the use of a sham acupuncture 
group requires large numbers of subjects to be able to 
detecta significant difference between the groups (1 30 
patients are needed in each arm of a trial for a p value 
of 0.05). As most trials do not employ such large 
numbers d s l j s  the authors were forced to conclude 
that 

'the majority of published reports have a very low 
power fordistinguishing statistical diff erences between 
treatment groarps"[and hence] "onecannot necessaPily 
conclude from trials which produce statistically non- 
significant results that acupuncture (when compared 
with placebo for example) is ineffective." 

It is generally acknowledged amongst practitioners 
that the main mode d action of acupuncture is through 
stimulating homeostasis. This nodoubt involves neurally 
and chemically mediated phenomena. However while 
the neurophysiological basis for acupuncture is well 
established, acupuncture has also been shown to 
decrease red blood cell viscosity, white cell count, 
carotid arterial pressure and peripheral vascular 
resistance, increase free fatty acids, gamma and beta 
globulin levels, the phagocytic index of white blood 
cells and the blood glucose level as well as enhancing 
the release of serotonin. histamine and kinin 
components. Acupuncture also affects the autonomic 
nervous system and skin temperature as well as 
electroencephalograph, electrocardiograph and 
electromjjograph readings. Acupuncture has also been 
shown to produces multiple effects on defence and 
immune mechanisms including raising the titre of a 
variety of specific and nonspecific immune substances 
such as bacteriolysins, agglutins, opsonins, antibodies 
and complement components.(21] The above findings 
are indeed signif'int however while these findings can 
be seen to provide evidence suggesting how 
acugxrnct ure work t hey do not explain whyacupuncture 
works. 

Traditional theories of acupuncture 
Traditional Chinese Medical theory provides a 
comprehensive explanat ion of why acupunct ure works. 
This theory however is couched in the conceptual 
language of Chinese cosmology and philosophy [4] 
which employs such concepts as; "Tao"(infinite order), 
'%hi" (life energy), "Wusieng" (f ive evolutive phases), 
"ko" and "sheng"cycles (constructive and destructive 
cycles) and " Yin" and "Yang" (complementary 
opposites). When expressed in Chinese terminology it 
is difficult for Western minds to appreciate their 
significance, yet these concepts can all be found to 
have parallels in Western science. 

The concept of "iao" can be compared to the 
mathematical concept of absolute infinity which, like 

the Tao, is seen as inhermtly incomprehensible. Tine 
concept of "Chi" *!h the Chinese consider as a form 
of Vital energy' can be compared to the concept of 
'information' in thermodynamics which is also 
considered as a form of energy, and which is measures 
in t e r n  of 'bits', or joc!es per degree kelvin. The 
Chinese view of disease aetiology whareby aiseases 
are seen to arise from a blockage in the fbw of Chi can 
thus be seen to parallel the second law of 
thennodynamics which describes a tendency towards 
disorder in an isolated system. . 

Further paralllels between Eastern and Western 
concepts can be found as the 'ko' and 'sheng' cycles 
(constructive and destructive cycles) can be seen to 
parallel the concepts of evolution and entropy, and the 
concept of "Wusieng" or '5 evolutive phases' can be 
compared to the five phases information passes through 
during computation, which consists of a program, 
language, interface, processing and long term memory. 
Finally the concept of Yin and Yang can be seen to 
parallel the quantum theoretical concept of 
complementarity. In fact Niels Bohr, one oft he founders 
of quantum theory included the Yin/Yang insignia in his 
family coat of arms along with the statement that 
"opposites are complementary" . 

While the Chinese were not greatly interested in gross 
anatomy or precise st ructuml relationships, they did 
place much emphasis on functional ones and this is 
evident from the emphasis placed on taking the puke. 
The reading of the pulse plays a prominent role in both 
the Eastern and WesEern traditions, however whereas 
in the West information from the pulse is now analysed 
scientifically using specialised equipment such as the 
ECG, in the East pulse diagnosis (sphygmology) was 
developed into a great art which was used by the 
Chinese to place a persons state of being into a 
t heoretica! and cosmological context.(! 5). 

It Is claimed that the art of pulse diagnosis candetect 
a vast range of pathological and prernobid conditions, 
however to become competent in this art requires 
many years of intensive practical training and the 
subtleties involved have been compared toa orchestra 
conductor listening to a symphony and detecting when 
a particular string on a particular inst.rument is out of 
tune. Thus while few present day practitioners would 
claim to be expert in pulse diagnosis, the art of 
sphygmology remains an important aspect of both 
Chinese medical theory and practice. 

Much uncertainty remains as to the mechanism of 
action of acupuncture. However it is important to 
acknowledge that it is not necessary to know the 
mechanism of action of a therapy in order to use it 
effectively. This is in fact the case with most modern 
pharmacotherapeutic agents, anaesthetics and even 
some surgical procedures. Although it may not be 
necessary to have a precise knowledge of the 
therapeutic action of a particulartherapy, it is necessary 



to establish that a proposed intervention is without 
harmful side effects, and is at least as safe, or safer 
than, other modes of therapy for any given condition. 
I( is also necessary to determine whet her there are any 
potential long term side effects or adverse reactions on 
subsequent generations. Any therapeutic modality 
shouid also bs relatively consistent in that treatment 
rspnses can be predicled within prescribgd limits 
thus permitting the rational selection of therapies for 
clinical use. 

Acupuncture f ulfils ail d t hese cPitefi and thus deserves 
a respected place in madem day ciinica! decision 
making and practice. FuChermore in elucidating the 
mechanism d action of acupuncture new insights into 
human pthophysiology may be expected as this 
involves the integration of many diverse areas of 
knowledge. It should be remenrbesed that five yea:s 
before endorphins were discovered in the West, the 
Chinese had performed experiments that had shown 
the existence of these neurochernicals as a resull of 
performing research into acupuncture. 

When investigating t he t heoretical basis of acupuncture 
much remains to be learned from scientific enquiries. 
However there is also much valuable knowledge 
contained in the ancient Chinese texts and tradeional 
practices. When altempting to translate traditional 
Chinese practicgs ink a modern day scientific s9tting 
however there are many pitfalls, and as the renowned 
historian Jsseph Needham states; 

"In evaluating acupuncture through the works of 
representatives of the present day practitioners in the 
western World som2 reserve should be exercised for 
the following reasons; (a) very few of them have had 
reliable linguistic access to the voluminsus Chinese 
sources of many different periods, (b) it is often not 
quite clear how far their trahing has given them direct 
continuity with the living Chinese clinical traditions, (c) 
the history in their works is liable to be minimal or 
unscholarly, (d) their familiarity of theory are generally 
very inadequate, (e) they tend to adopt a too simplistic 
assimilation of classical Chinese disease entities to 
those of modern western medicine, (f) the cardinal 
importance of sphygmology [pulsediagr#asis] in Chinese 
differential diagnosis is almost ignored, and (g) their 
works are naturally so much influenced by modern 
western concepts of disease aetiology and pathology 
that they seem not to practice the classical Chinese 
methods of holistic classification and diagnosis. Not 
everyone with a modern Western medical training can 
immediately perform all the traditional-Chinese 
therapeutic feats. Pulse diagnosis, for example, as 
well as a very organist ic psychosomatic approach, is a 
fundamental feature of this.traditionat art, which after 
all depends on much subtle theorising, not of course in 
the modern style, but not nonsense either." [l31 

The future of Acupuncture 
Acupuncture has over the past 5000 years proven to 
be a safe and effective therapy which is currently used 
by nearly 25% of Australian GPs. Much research 
however remains to be done at both a basic science 
and clinical level to come to an understanding of its 
mechanisms of action yet this is only possible if people 
are trained in both acupuncture and research 
methodology. Important steps toward this end have 
recently been made with t he recognition of theacademic 
basis of gsneral practice, involving the training of GPs 
in research methods, and the introduction of formal 
training in acupuncture to medical undergraduates. 
These measures insure that in future there will be a 
growing number of well trained people able to perform 
high quality research into the scientific basis of 
acupuncture. 

It is generally recognised that just as there are two 
sides to the brain, there are iwo approaches to 
knowledge; rational and intuitive, subjective and 
objective, holism and reductionism. Neither of these 
views however has a more privileged position than the 
other and a balanced world view requires input from 
both. Theapproaches of Eastern and Western medicine 
represent two such views and thus by combining these 
views a more balanced and coherent medicine results. 
Thus, just as Western-trained medisal acupuncturists 
are able to combine the best elements of both Eastern 
and Western medicine intheirpractice, modem research 
has been able to blend ancient wisdom with modern 
technology to produce new effclive t herapies. Already 
there are hundreds of thousands of patients world- 
wide who have benefied from the new techniques of 
acupuncture anaesthesia, TENS, laser acupuncture, 
auricular therapy, and electro acupuncture, and as 
research continues these techniques will no doubt be 
refined and perhaps others developed. The ability to 
integrate Eastern and Western ideas has been 
commented upon by Capra who suggests; 

"We are heading towards a new synthesis, a new 
naturalism. Perhaps we will eventua:ly be able to 
combine the Western tradition, with its emphasis on 
experimentation and quantitative formulations, with a 
tradition such as the Chinese one, with its view of a 
spontancous, self organisdW.g world." [3] 

Dr M a c  Cohen Depl of Commurrity idedicine, 
Monash University, 867 Centre Rd., East Bentleigh, 
WC. Ph. 379 3 l88 
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Bio-energetic medicine covers a wide range of different therapeutic and diagnostic approaches, many of 
which are based on ideas borrowed from Eastern medicine wliich suggest that life is dependent on a 
subtle form of energy. This subtle energjr, often termed 'vital force', 'life enerby', 'life force', 'praila', 
'chi', c?r 'Qi', is deemed to flow tlarougliou't tlme organisnl maintaining both physical and psycl~ological 
processes. Pain and disease are said to arise when this energetic flow is disrupted or 'blocked' and bio- 
energetic therapies tend to focus on restoring the natural energetic flow and thus supporting the bodies 
lio~neostatic responses. 

\I'llile clinical studies support the use of bio-energetic therapies, many of the concepts underlying bio- 
energetic medicine have not been accepted by Western science and are criticized as being u~is~:ientific. 
The inability of science to recognise the basic concepts underlying Eastern medicine, prejents the 
tlieor.c.tica1 integration of Eastern and Western medicine, leaving medical knowledge divided by the use 
of different conceptual languages. Thus while one discipline is talking about 'Qi ', or 'yin ' and 'jmg ', 
atiotlier is talking in terms of 'rweptor ~rcmntitter interactions ', and 'phar~nucokiiwfics ', or 
'~~s~~cl~osoc ia l  stressors ' and 'lye e\wts'. When such different terms are being used it is di ??cult to 
find a common ground, even wl~en discussions are focused on the same issues. 

Eastem and Western medicine lie on either side of the Cartesian division between mind and body, 
subjective and objective, holism and reductionism. Eastern thinking is liolistic and outlines a whole 
philosophy of life that maintains a cos~nolopical perspective based on non-linear logic and acausal 
relationships. In  contrast, Western tllought is based on a reductionist approach that emphasizes 
controlled experimentation, and matl~ematical analysis based on analytical reasoning and linear 
causality. 

'T'liese approaches niay be seen as complementary and an integration of ideas may be achieved by 
establisliing parallels between their basic concepts. Such a mapping of ideas would create a :olnlnon 
language that would allow discussions between different traditions to take place, and pennit each 
tradition to infonn tlte other, thus providing new insights and understanding. In order to achieve this 
integration however, many Eastern concepts must be translated into the language of science, for it is in  
tile light of rational scientific inquiry that modern nledical kno~vledge is ultimately assessed. 



Parallels between Eastern and Western concepts 

Many of the fundamental concepts of Eastern medicine such as "Yirt" and "Yarrg" and "T~lo" have 
fiiirly obvious parallels in Western science. The concept of I'irt and Yimg can be seen to accurately 
parallel the quantum theoretical concept of complementarity. f i i  and lhlg refer to pairs of !iiutually 
esclusive yet inter-dependant opposites. This idea is well accepted within quantum theory, where light 
niust be understood to have the properties of both waves and particles for a complete description. In 
fact Niels Bohr. one of the founders of quantum theory ilicluded the Yi?dYartg insignia in his family 
coat of arms along with the statement that "opposites are complementary"'. 

Tlie concept of "Tao" finds parallels in Western science in the matliematical concept of Absolute 
infinit). An important feature of botli "Tao" and "Ahsolrrtc iufmitj," is that they are botli cons:dered to 
be inherently incomprehensible and thus unable to be grasped by the rational 'nii~id. The 
illco~iip~.ehensibility of these concepts places them essentially beyond thought, yet paradoxically allows 
them to provide the conceptual basis for an entire sysfem of thought. Tlie concept of Tao in Eastern 
tliouglit is seen to represent "the infinite order of nature" or the "way of tlie universe" and fi~rms the 
basis of Taoist philosophy wliicli considers Tao as  "dbmiless, nameless, tlie motive force of all 
nloi.ernents and actions, the mother of all substances". Similarly, the concept of Absolute irfirtity in 
niatliematics represents "the class of all sets" and this concept form the basis of set theor/, wliicll 
provides a conceptual framework for all mathematics and may even be described as a form of exact 
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\i1Iiile the concepts of Tao and I'iiig and Ihlg readily find counterparts within Western scimce, tlie 
concept of Qi appears to be more problematic. In  Easteni thought the concept of Qi refers to a subtle 
forni of energy that flows througliout the organism along certain defined pathways or meridians. This 
continuous flow maintains tlie functional integrity of the system. The ideograph used to denote the 
conccpt o f @  is made up of two Chinese cliaracters, one of \vliich means *'the flow of sonzething that is 
d i f i c u l t  to grasp" and mother that refers to "rice" or "source of energy o fa  human or animal". Thus Qi 
refers to "tlie flow of something that is the source of vital energy to humans and animais"'. 

l'lie rlorrrlal flow of Qi is seen as a necessary requirement of life and a disruption in the flow of Qi is 
scen to be the ?rime cause of pathology. Furthermore Qi is said to come in various fortrs wliicli 
aninlate life so that there is Qi from air and food, Qi tliat flows in the nieridians and perverst: Qi that 
causes disease. Thus as Porkett states; "wliatever Qi the context and absolutely without exception, [Qi] 
alwn!;s implies a qualitative determination of energy. In other words Qi means energy of definite (or 
definable) quality." 

Qi and Thermodynamics 

In  contrast to tlie Easteni concept of "Qi' or "lije etieigy", in Western science the concept of "energy" 
has n more precise tiieaning that does not include a form of energy specific to living systems and thus 
the concept of 'Qi ' is therefore often rejected as being 'unscientific'. Tlie concept of Qi liowew, does 
fi>llo\~ many fundamental scientific principles. In particular, the concept of is in accord with tht: laws of 
tl~er~iiodynamics, which are universal laws tliat comprise the most fundamental principles in Western 
scielice. As Einstein states: 

" A theory is the more impressive tlie greater is tlie simpiicity of its premises, tlie more 
different are the kinds of things it relates and the more extended is its range of applicability. 
Therefore the deep impression wliicli classical thermodynamics made upon me. It  is the only 
physical theory of universal content which I an1 convinced, tliat within the framework of 
applicability of its basic concepts, will never be overthrown." 



The First law of thermodynamics states that "matter alld ericrgy cavtiiot be creuted or destrojvd, O I ~ J )  

co~tw-ted.fio~n one form to atlother" while the Second law of thermodynamics concerns the concept of 
entropy which describes a universal tendency tow-ards disorder and states; "in art isolared system 
eutropy a lwqs  imrease " 
Tlie concept of Qi can be seen to be well in accordance with the laws of thermodynamics. Chinese 
pntliop!~ysiology, views disease as resufting from a disruption in the normal flow of Qi and in this view, 
()i is always preserved. Thus if the flow of vital energy is obstwted, below the obstructed area is 
deficiency and above the obstruction excess. Furthermore the corlcept whereby disease arises from a 
blockage in the flow of gi, may be seen to parallel the second law afthermodynamics which predicts 
an increase in disorder in any isolated system. Thus, the Chinese have developed a theoreticai 
framework for understanding life processes and pathology based on the Second law of 
tl~errnodynamics, thousands of years before the concept of el~i-opy was acknowledged in the W2st. 

Entropy and biology 

\I*liile the Chinese seem to have recognised that the concept of entropy applies to life processes. it 
sceliis somewhat surprising that, despite its universal application, the concept of entropy is nct widely 
utilised within Western medical science. Tlie reason for this appears to be mainly historical. The 2nd 
law \bras originally formulated an engineering concept and described in terms of the usefi lness of 
energy by Thompson in 1852. Subsequently the concept of entropy was reformulated in term:; of heat 
by Clausius in 1864, and then in terms of probability by Boltzmann in 1872. Thus the concept of 
entropy was derived as an engineering concept when man was claiming domination over tlie inanimate 
world during the industrial revolution.[prigogine] In fact at the same time the Second law of 
tl~erniodynamics was been acknowledged, the biological sciences were busy integrating the ccncept of 
evolution and natural selection which seems to contradict tlie Secotid law. 

llle reason living systems appear to contradict tlie 2nd law of thermodynaniics is that the 2nd law only 
applies to isolated systems i.e. systems tliat do not communicate in any way with their envi~mn~ent.  
L.ivirig systems however are necessarily open systems: and thus appear not to fall under the jurisdiction 
of the second law. Indeed, living systems tend to build up order as they grow, learn and evolve. As 
Bertalanffy states; 

"The fundamental characteristics of life, metabolism, growth, development. self-regulation, 
response to stimuli, spontaneous activity, etc., ultimately may be considered as constquences 
of the fact that the organism is an open system. The tI1eol-y ol* - ~ c h  systems, therefore, \vould bc 
a unifying principle capable of combining diverse and lieterogeneous phenomena under the 
same general concept, and of deriving quantitative laws." " 

Bertalanffy goes on to say: 
Tlie theory of open systems opens a new field in  physics, and this development is e x n  more 
remarkable because tliern~odynamics seemed to be a consummate doctrine within classical 
physics. In biology, tlie nature of tliz open system is at the basis of fundamental life 
phenomena, a ! ~ d  ihis conception seems to point the direction and pave tlie way for biology to 
become an exact science. 0 

The tack of deriving laws regarding the ability of open systems to become self-organising and increase 
their order is the subject of the field of ricm-equilibriu~n tliertnodynanlics. In his book Ordw out qf 
C ' l ~ m s ,  The Nobel Laureate, llya Prigogine maintains that it is comnii~nicatioti througllcut thl: system 
that allows open systems to maintain tlieir st,ability and to increase iii order. As he states: 

"'The faster the communication talker place within a system, tlie greater the percentage of 
unsuccessful fluctuations and thus the more stable the system. Indeed the more complex a 
system is, the more numerous are tlie types of fluctuations that threaten it's stability. . [Hence] . 
. .there is competition between stabilisation tlirough communication and instability througli 
fluctua:ions. The outcome of tliat competition determines the tliresl~old of stability." ' 



Communication, information and entropy 

This idea suggests that it is information flow (ie. communication), that enables systems to builj up and 
retain a high degree of order. The iink between communication and entropy is indeed a profomd one. 
This was demonstrated by Claude E. Shannon who in 1942, while working in Bell laboratory on the 
engineering problems of communication channels, derived a mathematical expression for infimnation 
that \vas subsequently shown to be identical to thermodynamic entropy. In the introduction 10 
Shannon's work entitled "'The h4atherna1ical Theory of Comn~unication". Warren Weaver states; 

"Wher, one meets the concept of entropy i n  conimunication theory. he has a right to lye rather 
excited- a right to stispect that one has a hold of something tliat may turn out to be basic and 
important. . . One must think a long time, and consider many applications, before he fully 
realises how powerful and general this amazingly conlpact tlleorem rcaliy is." 

Sha~inon's equation, which equates entropy with uncertainty. is defined in terms of a weli-defined 
question (Q) represe:~ting a question with a finite set of answers, along with knowledge (X), I~ased on 
knowledge of the question and past experience. This knowledge leads to the assignment of prol~abilities 
(p) to the various possible answers. Shannon's measure is expressed symbolically as S((?/X) to 
empl~zsise that the uncertainty or entropy depends on both ihe question (Q) and knowledge (:X). The 
expression is written as: 

S(Q/X) - -K Ipln p 
\rlicre K refers to an arbitrary scale factcr. (When K=l/ln2; S = bits of infonnation. When K = 
Boltzoian's constant (i.e.,] .38 xl0-"); S= Jou!es per degree Kelvin). This n~athematical definition has 
the prcperty that if one (correctly) assigns p=l to one of the answers and (therefore) p=O t~ all the 
others, then S(Q/X) = 0 (there is no uncertainty / entropy). On the other hand if all probabidies arc 
assigned equally then S(Q/X) is a maximum (there is maximum uncertainty). 

Information and Qi as energy 

Shannon's expression, which forms the mathematical basis for all types of communicatiol~. neatly 
defines entropy in terms of 'zmcertcrinfj~' or 'iuforalcrtio~l' and reveals that information may bt: 
considered as a form of energy. Infonnation can tllus be measured in terms of 'bits' or 'Jcules per 

10 degree Kelvin' (one bit is approximately equal to 1.8 x 10-" Joules per degree Kelvin). This 
expression therefore provides a link between qualitative and quantitative aspects of energy and suggests 
that tlit. Chinese concept of Pi, which also refers to quality of energy, may .be closely related to thc 
concept of 'iufb-mulion '. 

l'lie similarities betweett the concepts of information and of pi are many. At the most basic level, 
'infolwation' provides science with the ultimate in rcductionism. for the 'bit' (which is either 0 or 1 )  is 
the stn;dlest quantifiable unit. Similarly Qi is seen to arise from the interplay of  the polar opposites yin 
and yang wliicIl are also considered fundamental building blocks of reality. Furtliermore, the idza that it 
is corn~nunication (information flow) that allows systems to build up alld retain order, closely parallels 
the idea that the flow of Qi maintains the functional integrity of living systems. Thus both 'infonnation' 
a~ld Qi can be considered to be types of energy that sustain living systems and animate awareness. An 
ohstt.uction in the flow of either information or Qi, would tlierefore produce an isolated system and 
rcsult in an increase in entropy tliat would manifest as pain and disease (biological disorder). Thus 
wl~ile life is dependent on 'negentropy' in order to build up order and tllus grow, learn anc evolve, 
entropy represents a threat to life which may be consciously perceived as painful. 



Pain and entropy 

The idea that pain is related to entropy is strengthened when examining the language of pain. Pain is 
usuallq described in terms of the mechanism cf injury (stabbing. burning, crushing, pinching ctc) which 
describe the ways in which biological order may be disturbcd. In addition, the symptoms ccmmonly 
associated witli pain (calor, tuntor, rubor, nnd $ri~ctio-Iav~~r - heat, swelling, redness, 2nd loss of 
function) may all be seen to describe a decrease in biological order. As well as being associakd with 
biological disorder, the physiological correlates of pain can be seen to reflect the cosn~ological 
correlates of entropy, which represent a trend to\\ards an expanding universe (swelling), energy 
dissipated at heat (heat and redness), and an increase of useless energy (loss of function). TIN: idea of 
pain as entropy suggests therefore, that the same process that lays waste to galaxies. also r:sults i n  
disruption and destruction on a personal level. This is in accordance wi~h the Eastern medicinl: idea of 
the ~nicrocosm reflecting the macrocosm and enables a cosniolog~cal perspective to be applied do pain 
\i itliin a scientific framework, without resorting to the nord-rational language of mystical esperimce. 

I'he en?ropic view of pain allows otherwise esoteric Eastern concepts to be espressed in tlie language of 
science. Thus the Eastern view of "life is pain" can be seer1 to relate to the fact that homeostasis is never 
perfect and that life is necessarily an entropic process. The ultimate state therefore is one of 'nirvana' or 
'enlightenment', which is the state of "being at one with the universe". In the enlightened statc there is 
no distinction between self and non-self and thus perceptions are no longer isolated and subject to tlic 
second law of thernlodynamics. 

Disease and obstructions in information flow 

While the enlightened state suggests a state of ideal health occurring where perceptions flowing freely, 
tile states of pain and disease occur when there is an obstruction in one of the many Ibrms of  
infortnation flowing throughout biological systems. Thus pain and disease niay arise as a result of many 
diffc.re:it types of obstructions. ranging from blocks in enzyme pathways and biochemical processes, to 
n~echanical disruptions in arteriesi veins. ureters, and intestines, to blocks in nerve conducticm or the 
t~~ansliiission of direct cilrrents. In addit ion to the many wel!-defined physical pathways in the body, 
tliere are also pathways that appear to be more 'informational' than physical. Thus the concept of 
iiiformation flow may be applied to conscious processes. and psychological disorders may bt: seen to 
arise from emotional blocks occurring when information is too overwhelming to be processed and is 
blocked from emotional espression. Furtliermore the classical acupullcfure meridians represents 
p;itlnwys where the infor~iiational substrate is less well dehed .  

The acupuncture meridian system describes a system of patllways for the flow of infol-maticn where 
certain points may act as channels for infor~iiation transfer between the organism and its etwil.on~:ient. 
I'his evcliange may take place in many different ways. Information riiay be exchanged througll 
nlechariical means sucli as pressure or needling, through heat and cold, through the application of direct 
elec~rical or electrom~gnetic elrergy sucli as elcctro-acupunct ure or laser stimulation, as well as tiirough 
1i10r~' subtle means, such as through changes in  environmental electromagnetic fields. Thus these points 
may be responsive to both man unadc and natural electromagiletic fields as well as to interactions witli 
the fields produced by other people such as Ilealers. 

Wliiie tile exchange of inforltiation at acupuncture points may take on many forms, tlie substrate for 
itiSomi;~tion flow tlirougliout the meridians lias not been precisely determined. There is niuch evidencc 
Iiu\+ever to suggest that electromagnetic energy is involved. Acupuncture points have corisistel~tly been 

I I .  12 slio\vn to be points of low electrical resistance . and acupuncture meridians liave been sliw~n to be 
1 1 ,  13 Itn\l resistance pathways . While this evidence has not yet included a full explanatioli oT lion1 

dilr'erent meridians may carry different types of information according to their corresponditrg organ 
system, there are many possibilities including different waveforms, frequencies, resonance etc. Modern 
attemps to n~easure and influence these pathways liave met wit11 considerable success however, tliere is 



much that still needs to be learned before technology can take full advantage the insights pro.g.ided by 
Eastern medicine. 

Acupuncture is based on the view that information aiid'energy flow are the primary substrates for both 
l~ealtli and disease. While this view is supported by the laws of thernmdynamics. the challenge remains 
to be able to access this information flow for the purposes of diagnosis and therapy. Much work 
remaini: to be done both on a clinical level to demonstrate the efficacy of different diagnostic and 
thera;mtic techniques as well as on a theoretical level to iutegrate many of the insights provided by 
Easte~n medicine with modern technology. The ability to iritegrate Eastern and Westerri ideas nas been 
explored within the framework of theoretical physics by Capra who in his book "The Tuo of Physics" 
suggests; 

"We are heading towards a new synthesis, a new naturalism. Perhaps we will eventuall;/ be able 
to combine the Western tradition, uith its emphasis on experirnentation and quatitative 
formulations. with a tradition such at: the Chinese one, with its view of a spontanems, self 
organizing world." I d  
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ABSTMCT: We examined the correlation between solar 
activiry (sumpor numbers) and 96050 psychiarric 
adnissions between July 1983 and December 1993, in 
Victoria, Australia. Calculation of the Pearson 
corrdarion coeficiext gave a value of 0.399 ( P  value; 
0.0001). This value however, may be an artefact of 
aurocorrel~rions within the two series .-ather than a 
relationship benveen rhem as the Pearson correlation 
does not account for the serial narure of the data. To 
overcome this problem we calculated the prewhirened 
cross-correlation between the series and rested whether 
they were uncorrelared. The rest was significant (P 
value; 0.006), which gives srrong evidmce for G 

relationship benveen sunspot number and pgchiatric 
admissions. 

During periods of high solar activity there are greater X- 
ray, ultraviolet and radio emissions from the sun. In 
addition, solar flares are more frequent producing 
disturbances in the emh's magnetic field, disruptions to 
communications and power outages in high latitudes [l] .  
As well as p ~ ~ d u c i n g  disturbances to electronic 
communications there have been suggestions that high 
solar activity may also coincide with disturbances in 
biologi*,J systems. 

As early as 1935 studies have reported correlations 
between various measures of solar andfor geomagnetic 
activity and psychiatric admissions. In 1935 Dull and 
Dull [2] examined 40,000 cases over a period of 60 
months and described what appeared to be a relationship 
between magnetic storms and the incidence of nervous 
and mental diseases and suicides. This study however did 
not use any statistical analysis. In 1963 Freidman et. al. 
[3] looked at 28642 admissions over 52 months, more 
recently Raps er a1 [4] and Kay [5] performed similar 
studies. 

While these studies ([3], [4] and [5]) have reported a 
correlation between psychiatric admissions and solar 
activity, they have used only simple statistics such as the 
Pearson correlation coefficient to report their findings. 
Few of these studies have explicitly modelled the ordered 
nature of the data (e.g. monthly bivariate time series of 
solar activity and hospital admissions). 

Failure to take the serial nature of the data into 
account is not only an inefficient use of data but may lead 
to mistaken inferences. Specifical'ly, !arr correlations 

between series (cross-correlations) may be spurious if 
there are large correlations (autocorrelations) within each 
series [6]..Autocorrelations are commonly encountered in 
send ordered data such as time series dara. 
Consequently we have undertaken the following study to 
look at the relationship between solar activity and 
psychiatric admissions using appropriate time series 
methods. 

2. DATA 

Data on all admissions into psychiamc hospitals in 
Victoria from 1 July 1984 to 3 1 December 1993 covering 
a period of 347 11 days ( l  l 3  mont!!~) were included. This 
data was obrained from the Psychiatric Records 
Information Systems Manager (PRISM) database 
maintained b:: the Department of Health and Community 
Services in Victoria. This database includes all formal 
psychi~tric admissions into the Victorian public hospital 
system (43 hospitals) which covers a catchment area of 
approximately 4 million people. During the time period 
examined, there were 96050 admissions. 

This is the first time a study has included such a large 
number of admissions over an extended period. It is also 
the first time such admissions represented the total 
admissions from a population rather than admissions 
gathered from selected p s y c h i a ~ c  institutions. 
Therefore, the results presented here are less subject to 
selection biases. 

Daily sunspot numbers were obtained from the 
National Oceanographic and Atmospheric Administration 
(NOAA), which provide a weighted average of 
measurements made from a network of cooperative 
observatories around the world. 

Sunspots numbers act as indicators for solar activity 
and fluctuzte in a cycle of approximately 11.1 years. The 
most recent maximum being in 1989 when some of the 
greatest sunspots on record were recorded. 

3. METHOD 

In this study the time series i~chnique of prewhitening 
was used to examine the correlation between sunspot 
numbers between 1984-94 and 96050 psychiatric 
admissions in Victoria, Australia over the same pcriod. 
In this context, prewhitening involves [7] 4 stages; 1) 
modelling the sunspot series as an autoregressive 
integrated moving average (AJ2lM.A) process with a 
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white noise residual, 2) filtering the sunspot series with 
this model to get a white noise series, 3) filtering the 
admissions series with the sunspot model, 4) fonning the 
cross-correlation of the filtered series of stage 3 with the 
white n4se  series of stage 2. For instance, a peak in the 
estimated cross-correlation function for t i e  monthly 
series at lag d may indicate that number of admissions is 
relaced to the sunspot number after an intervd of d 
months [8]. The estimated cross-correlarion can be tested 
for the hypothesis that none of the correlations up to a 
oiven lag are si,onificantly different from zera - 

The motivation for the prewhitening approach comes 
from the area of time series forecasting and the notion of 
a transfer function (TF). If a time series (Y, i.e. 
admissions) is thought to be influenced by another (input) 
time seiies (X, i.e. sunspots) then a TF is hypothesised to 
exist that transforms X, into Y,. If the TF can be 
estimated then it is possible to forecat Y,from X,. 

In this study our aim was not to predict psychiatric 
admissions froni sunspot numbers but use the TF 
approach to rest for a relationship between the two. If a 
lT exists then a w!ii~e noise input should be altered so 
that cross-correlation of the nois: input and resultant TF 
ozqut is not that of two white noise series. As we do not 
kaow the form of the TF we infer its existence by 
reducing (filtering) the input series to a white noise series 
and applying this filter to the output. If the cross- 
correlation function of the filtered series is that of two 
noise series (null hypothesis) then no TF exists between 
them. If, however, the null hypothesis is rejected then a 
TF (relationship) does exist between the series. 

4. RESULTS 

The Pearson correlation coefficient between sunspot 
numbers and psychiatric admissions was 0.399 with a P- 
value (i.e. null hypothesis of no correlation) of 0.0001. 
This value is also the value of the zeroth order cross- 
correlation when neither series has been prewhitened. 
However, the calculation of ihe Pearson correlation 
assumes that the data are independent, that is, the order 
in which the data is presented is irrelevant. This is not 
the case with times series data. Both the sunspot number 
and psychiatric admission series show serial structure. 
The sunspot series exhibit a maximum between August 
1988 and August 1991, while there is a less well defined 
increase in psychiatric admissions after August 1987. 

A Ilicrc appropriate method of examining the 
correlation between these series is to use the time series 
transfer function model (as discussed above). The 
ARIMA model of the sunspot series was found to be a 
first order moving average of the first differences 
(standard error of moving average coefficient is given in 
brackets) : 
Sunspot, - Sunspot,., = error, - 0.4983(L-O.O823)*err0r,.~ 

The resulting cross-correlation was significantly different 
(up to lag l l ,  P-value = 0.006) f ion  that of two white 
noise series implying some relationship between the two. 
This is despite the significant autocorrelation exhibited by 
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both series. Note. that the tcroth correhtion (equal to the 
Pearson correlation coefiicient) of the prewhitened cross- 
correlation is O.Ci41. This is much smdler (and not 
significant) than the Pearson correlation coefficient of 
0.399 calculated before prewhitening. Thus althou_gh the 
TF model suggess a relationship between sunspot 
numbers and psychiatric admissions such a relationship 
would be quite complex. 

5- CONCLUSIONS 

We conclude that there is strong statistical evidence for a 
correlation between solar activity as measured by sunspot 
numbers and psychiatric admissions. This evidence is 
strong for two reasons. First, we have been able to use 
psychiauic admission data (96050 admissions) from 
almost an entire population of 4 million (Victoria. 
Australia) so that our results are not an artefact of srnall 
or biased sampling. Second, we have used the time seiies 
method of prewhitening that explicitly models the serial 
strmcture within and between series. So our results are 
not an artefact of spurious correlations caused by the 
inmnsic autoconelation within series. 

It would be interesting to apply this method to 
;idmission data for other conditions such as cardiac events 
or epilepsy. However, more importantly these results 
should stimulate discussion as to their cause. If the 
methodology we e~,ployed is inadequate, how can it be 
improved? Howeser, if the methodology is appropriate, 
then what is the mechanism of a relationship between 
sunspot numbers and psychiatric admissions? 

[ l ]  P.S. McIntosh, "Did Sunspot Maximum Occur in 
1989?," Shy and Telescope, pp. 2: -23, January 199 1. 
(21 T. Dull and B. Dull, 'Zusamenhange zwishen 
Storungen des Erdmagnetimus und Haufungen von 
Todesfallen", Deutsche Med. Wschr, pp. 61-95, 1935. 
[3] H. Friedman, R.O. Becker, and C.K. Bachman 
"Geomagnetic Parameters and Psychiatric Hospital 
Admissions", Nature, vol. 200, pp. 626-628, 1963. 
(41 A. Raps, E. Stoupel, and M. Shimshoni, "Solar 
Activity and Admissions of Psychiatric Inpatients, 
Relations and Possible Implications on Seas~nality". Isr 1 
Psychiatry Rclat Sci, Vol 28, pp. 50-59, 1991. 
[5] R.W. Kay, "Geornagnetic Storms: Association with 
Incidence of Depression as Measured by Hospital 
Admission*, Br J of Psychiatry, vol. 164, pp. 403-409, 
1994. 
[63 G. E. P. Box and P. Newbold, "Some comments on a 
paper of Coen, Gomme and Kendall." J .  R. Starisr. Soc. 
A, vol. 134, pp. 229-240, 197 I. 
[7] S. Makridakis, S. Wheelwright and V. McGee, 
Forecasting: Methods and Applications, 2nd Ed., New 
York: John Wiley & Sons, 1983. 
[8] C. Chatfield, The Analysis of Time Series, pp. 139- 
40,4th Ed., London: Chapman & Hall, 1989. 
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ABSTRACT 
Acupuncture points and meridians have been 

shown to have distinct electrical characteristics. 
Acupuncture points have been focnd to have lower 
electrical impedance and acupuncture meridians 
represent low resistance pathways. We examined the 
spectral characteristics of a section of the large 
intestine acupuncture meridian in 10 healthy 
volunteers by inserting a broad-spectrum pulse a t  one 
point and detecting the output response further along 
the meridian. Analysis of the meridian transfer 
function revealed characteristic resonant frequencies 
that strongly coincide with the spectral components of 
Schumann resonances and the human EEG. 

INTRODUCTION 
While the mechanism of acupuncture is still not well 

understood there is evidence to suggest that bioelectric 
phenomena may be involved. The ancient Chinese were 
aware of electromagnetic phenomena and ccasidered 
health to be an energetic balance between the organism 
and the environment. Chinese historical writings 
describe the use of magnets in healing as well as the 
correlation between illness and sightings of the aurora 
borealis (a visible indicator of geoinagnetic 
disturbances). 

More recent investigations have established that 
electromagnetic phenomena are involved in the practice 
of acupuncture by demonstrating the lower electrical 
resistance of acupuncture points and meridians [1,2]. 
The !ow impedance properties of acupuncture points 
gives weight to the traditional idea that acupuncture 
points are sites of energy transfer. Furthermore, 
impedance characteristics suggests that cenain 
frequencies may preferentially propagate along 
acupuncture meridians [ j j .  Tine extremely low frequency 
(ELF) range is of particular interest as homeostaiic 
responses have been linked to the occurrence of 
electroencephalogram (EEG) alpha activity which may 
be induced by acupuncture [4]. 

hlETMOD 
In order to determine the resonant frequencies of an 

acupuncture meridian, two acupunc:ure points along the 
large intestine meridian were located using standard 
charts. Conventional 32 gauge stainless steel 
acupuncture needles were inserted into these points and 
a broad frequency, biphasic pulse 1 msec/phase (2 msec 
pulse width) and 1 volt p-p amplitude was introduced 
into the distal point &i 4) at a rate of : pulse per second. 
Recordings were taken from this point as well as from a 
point further along she meridian (Li 11) over a 30 
second period (meridian shown in Figure 1). An 
additional large stainless steel electrode was held in the 
palm of the subject and was used as common reference 
point. The recorded signals were subject to frequency 
domain analysis to determine the transfer function and 
hence the spectral characteristics of the meridian. This 
procedure was repeated for 10 healthy subjects aged 
between 20 and 38 years old. 

Input 

Output 
- 

Figure l. Li 4-1 1 Meridian 
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Figure 2. Meridian Transfer Function 

RESULTS 
Preliminary results indicate the presence of strong 

resonant peaks in the transfer function spectra of the 
large intestine meridian (Figure 2). These resonances 
occur in the ELF range up to 45Hz. Of particular interest 
are the peaks occurring in the 8, 13, 20, 26, 33 and 39 
Hz regions, which closely correspond to the "Schumann 
resonances". Schumann resonances are the result of 
lightning-induced electromagnetic propagation between 
the surface of the earth and the ionosphere [5] .  These 
natural earth-ionosphere resonances have been 
previously shown to overlap with the principal spectral 
regions of the EEG (61. In addition, the dominant 
Schurnann component around 8 Hz corresponds to the 
alpha region of the EEG, which is known to have 
beneficial effects on health. 

This result confirms our previous studies [7,8] on the 
resonant frequencies of acupuncture meridians using 
AgAgCl electrodes. 

CONCLUSION 
The results of this study indicate that there are 

characteristic resonant frequencies in the spectra of the 
large intestine meridian. These ELF frequencies closely 
correspond to Schumann resonances and the principal 
spectral components of EEG. This result suggests there 
may be a resonant relationship between environmental 
ELF radiation, acupuncrure meridians and central 
nervous system activity. 
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Rio-encrgetic medicine covers a wide range of different therapeutic and diagnostic approaches, many of 
which ;Ire based on ideas borrowed from Eastern medicine whc11 suggest that life is dependent on a subtle 
fornm of energ. This subtle energy, often termed Gital force', 'life energy', 'life force', 'prana', 'chi', or 'Qi', 
is dccmed to flow throughout the organism maintaining both physical and psycl~ological processes. Pain 
and disease are said to arise when this energetic flow is disrupted or 'blocked' and bio-energetic therapies 
tend to focus on restoring the natural etlergetic flow and thus supporting the bodies hotneostatic 
rcsporxes. 

\\%ilc clinical studies support the use of bio-energetic therapies, many of the concepts underl-ring bio- 
energetic medicine have not been accepted by Western science and are criticized as being unscienific. The 
i~lab:liw of science to recognise the basic concepts underlying Eastern medicine, prevents the tl~eoretical 
illtcgr&on of Eastern and Western medicine, leaving medical knowledge divided by the use of different 
conceptual languages. Thus while one discipline is talking about '@ ', or >in and 'j'atg ', another is talking 
in tc rms of 'myYot. tt.un~-n~itter. interrliYiot~, ', and ~batv~"ok(?ir~eti~~~ ', or 'ps3d1osoid .~tmovs ' and '/$ et~en.~.?. \'Vhetl 
such different temx are being used it is difficult to find a conmon ground, even when discussions arc 
ic ~ u s c d  on the same issues. 

]':astern and Western tnedicine lie on either side of the Cartesian division benveen nlind and body, 
sabjcctive 2nd objective, holism and reductionism. Eastern thinking is holistic and outhnes a whole 
philosophv uf life that maintains a cosmolo~cal perspective based on non-linear logic and acausal 
relationships. Iri contrast, Western thought is based on a rcductionist approach that emphasizes ccmtrollcd 
cspcritnentation, and mathen~atical analysis based on analytical reasoning and linear causality. 

l'hcsc approaches may be seen as complementary and an integration of ideas may be achieved bv 
cstaldishing parallels between their basic concepts. Such a mapping of ideas would create a common 
1.ng11age that would allow discussions behwcn different traditions to take place, and permit each rradition 
t o  inform the other, thus providmg new insights and understanding. In order to achieve this integration 
lm\wx~r, many Eastern concepts must be translated into the language of science, for it is in thc Light of 
rntional scientific inqu y that modern medical knowledge is ultimately assessed. 

Parallels between Eastern and Western concepts 
hlanv c d  the futldamental coxepts  of Eastcrn tnedicine such as "17r1" and "1>11g" and l1TLIot' 1i:lve h, I y 
o b ~ i o ~ i ;  p:mllels in Western science. The concept of )%I and Ihtg can be seen to accurately parallcl L: : 
quantu~~l t11ec)retical concept of comp).ementarity. 1k  and )>ng refer to pairs of mutually esclusive ye: 
inter-dependant opposites. This idea is well accepted within qU~lhl111 theory, where light must be 
unclcrstood to have the properties of  both waves and particles for a cot~~plctc dcscr-iption. In fact Nicls 
liohr, one of the founders of quantum throry included the I?n/I'mg insignia in his f a d y  coat of arms 
along wit11 the statement that "opl~osites are complen~en ta~"~ .  



The concept of "Tuo" finds parallels in \Yrestem science in the mathen~atical concept of Absolute. infinity. 
,h important feature of both "Tau" and "d~lho/ztte inzt~it," is that they are both considered to be ilherently 
incomprehensible and thus unable to be by the rational mind. The incomprehensibility of these 
concepts places them essentially beyond thought, yet paradosically allows them to provide the cctnceptual 
basis for an entire system of thought. 7'he concept of Too in Eastern thought is seen to represent "the 
infinite order of nature" or the "waj- of the universe" and forms dle basis of Toast philosopliv which 
considers Tao as "forn~less, nameless, the motive force of all movements and actions, the mother of all 
substailces". Similarly, the concept of -~lho/~itc ittfit~iov in mathematics represents "tlx class of all sets" and 
this concept forms the basis cf set theory. \vhich provides a conceptual framework for all mathematics and 
Inay cven be described as a form of esact theolog).' 

Vllile the concepts of Tuo and and l>iz ready fuld counterparts within \Western science, thc concept 
o f g i  appears to be more problematic. In Eastern thought the concept of Qi refers to a subtle form of 
cacrgy that flows throughout the organism along certain defined patllways or meridians. This continuous 
flo\v maintains the functional integrq of the system. The ideograph used to denote the concept of Qi is 
madc up of hvo Chinese characters, one of which means "the flow of something that is difficult 1 0  grasp" 
and another that refers to "rice" or "source of energy of a human or animal". 'I'hus Qi refers to "thc flow 
of something that is the source of vital energy to humans and animals"~. 

'I'he normal flow oEQi is seen as a necessar). requirement of life and a disnlption in the flow of Qi is seen 
to  be the prime cause of pathology. Furtllermore Qi is said to come in various fo rm  which anim: te life so 
that there is Qi from air and food, Qi that flows in the n~eridians and perverse Qi that causes dise:w. Thus 
as l'orkett states; "whatever Qi the contest and absolutely without e:scepdon, [Q] always implies :I 

qualitative detern~ination of energy. In other words ,Qi means energy of definite (or definable) qualry.".' 

Qi and Thermodynamics 
In conlrast to the Eastern concept of "gi" or ''l;/; cttetgf', in \Trcstern science the concept of "eneigu" has a 
morc precise rneaning that does not include a form of energy specific to Living systems and thus the 
concc-pt of' 'Qi ' is therefore often rejected as being 'unscientific'. T11e concept of Qi however, doIx Follow 
nxmv liindamentsl scientific principles. In particular, the concept of is in accord with the laws of 
thcnnodynamics, which are universal laws that co~nprisc the most fundamental principles in Western 
science. As Einstein states: 

" A theory is the more impressive the greater is thc simplicity of its premises, the more different 
are the kinds of things it relates and the more cstendcd is its range of applicability. Ther5fore the 
deep impression which classical tl~ermodynamics madc upon me. It is the only physical theory of 
universal content which I am convinced, that within the framework of applicability of its basic 
concepts, w i l l  never be overthrown." 5 

'I'hc First law of thermodynanlics states that 'huffer r r d  etwzI1 ~umnuf be ~~eufed or de~~tnyed, 0114 t.on~~ct.ted f m a  
o n  / 0 tw  to attother" while the Second law of thermodynamics concerns the concept of entropy which 
dcscrlbes a universal tendency towards dsordcr and states; "it/ ' IN  i.ru/dted . I ? J % ~  ettfmpy u/~vqs innw~.e" 

'l'hc. concept of Qi can be seen to be ~ c l l  in accordance wit11 the laws of thermodynamics. Chinese 
pathophysiology, views disease as resulting from a disruption in the nornlal flow ofQi  and in this view, Q' 
is alwa)vs preserved. Thus if the flow of vital energy is obstructed, below the obsuucted area is deficiency 
and above thc obstruction excess. Furthermore thc concept whereby disease arises from a blockage in the 
flow of gi, may be seen to parallcl the second law of thermodynanlics which predicts an inzrease in 
disorder in my isolated system. Thus. thc Chincse have developed a theoretical framevrork for 
unclcrstanding life processes and pathology based on rllc Second law of thcrtnodynamnics, thousands of 
years before the concept of entropy nm i1ckn0\\3cdged in the \Vest. 



Entropy and biology 
\Yl~ile the Chinese seem to have recognised that the concept of entropy applies to life processes, it seems 
some\vhat surprising that, despite its universal application. rhe concept of entropy is cot widel; utihsed 
uithin Western medical science. The reason for this appears to be mainiy historical. The 2nd law was 
origiidy formulated an engmeering conccpt and described in terms of the usefulness of energy b-7 
l'lmnpson in 1852. Subsequently the conccpt of entropy was reformulated in terms of heat by Clausius in 
186-1, and then in terms of probability by Boltzmann in 1872. Thus the concept of en;ropv was derived as 
an engineering concept when man was claiming domination over the inanimate world during the ~ndustrial 
rc.1-olution.[prigogine] h fact at the same time the Second law of thermodynamics u.as been 
;~cknon.ledged, the biological sciences were busy integrating the concept of evolution and natural selection 
uhich seems to contradict the Second law. 

'I'hc re:\son living systems appear to contradict the 2nd law of thermodynamics is that the 2nd law onlv 
appl~cs to isolated systems i.e. systems that do not co~nn~unicate in any way with their environmel~t. Living 
svstc.ms however are necessarily open systems; and thus appear not to fall under the jurisdicticm of the 
second law. Indeed, living systems tend to build up ordcr as hey grow, learn and evolve. As B(:rtrlanffiy 
sratcs; 

"The fundamental characteristics of life, metabolism, growth, development, self-rcplation, 
response to stimuli, spontaneous activity, etc., ultimaiely may be considered as consequences of 
the fact that the organism is an opcn system. The theory of such systems, therefore, woukl be a 
unibing principle capable of combining &verse and heterogeneous phenomena under :he same 
general concept, and of deriving quantitative lauys." (l 

13crtalanfFy goes on to say: 
The theory of operl systems opens a new field in physics, and this development is even more 
remarkable because thermodynamics seemed to be a consummate doctrine within clasGx. physics. 
In biology, the nature of the opcn system is at the basis of fundamental life phenomena, and &is 
conception seems to point the direction and pave the way for biology to become an matt science.'' 

'I'hc task of deriving laws regarding the ability of open systems to become self-organising and incrcase their 
cdc r  is the subject of the field of non-equilibrium thermodyni~mics. In his book Order OM/ 6;'(3d05, Tllc 
Nobcl Laureate, 1lya l'rigogine maintains that it is colnmunication throughout the system that a k ~ w s  open 
systems to maintain their stability and to increase in ordcr. As he states; 

11' ]The faster the cotnmunicatiotl taker place within a system, the greater the percentage of 
unsuccessful fluctuations and thus the more stable the system. Indeed the more colnples :I systan 
is, the more numerous are the gpcs of fluctuations th:lt d,reaten it's stability. . [I-ience] . . .there is 
competition between stabilisation through collltnunication and instability through fluctuations. 
The outcome of that cczmpetiticn cietermines the threshold of stabilit).." 7 

Co~~zmunication, information and entropy 
'I'his idea suggests that it is infornlation flow (ic. communication), that enables systems to build up and 
n:tain a high degree of order. The link bchveen comtnunication and entropy is indeed a profo~nd w e .  
'I'his was demonstrated by Claude E. Sllannon who in 1048, villile working in 134 laborator+ on tlw 
engineering problems of commu~~ication channels, derived a tnathematical expression for infolmr tion that 
was subsequently shown to be identical to thcrmodvnainic entropy. In the .introductiofi to Shanncn's work 
cntit led "The Mathemaacal Theory of Communicatiot:", \\;/arrcn \Yreaver states; 

"\When one meets the concept of entropy in communication theory, hc has a right to Ix rnther 
escited- a right to suspcct that one has a hold of something that may turn out to be Imic and 
iinportant. . . One must think a lo!lg time, and consider tnany applications, before he hilly realises 
how powerful and general this amazingly compact theorem really is." 



Shannon's equation, which equates entropy nlth  uncertain^, is defined in teims of a well-defined question 
((3 representing a question wit11 a finite set of answers, along u4dr knowledge (X?, based on kno~ilcdge of 
the question and past experience. This knoukdge leads to the assignment of probabilities (I)) to the 
various possible answers. Shannon's measure is espressed symbolically as S(Q/X) to empl~asise that the 
uncertainty or entropy depends on both the question (Q and knov:ledge CS). ?he espression is w~itten as: 

where K refers to an arbitrary scale factor. (When K=l  /ln2; S = bits of information. \Wen K = 
I3oltz!nan's constant (i.e.,1.38 slO-23): S= Joules per degree Kelvin). This mathematical definition has the 
property that if one (correctly) assigns p= l  to one of the answers and (therefore) p=O to all tlw others, 
then S[Q/X? = 0 (there is no  uncertainq / entropy). O n  the other hand. if all probabilities are assigned 
cquaUv then S(Q/XJ is a maximum (there is rnasimum unccrtaint\.). 

Information and Qi as energy 
Ehan~ion's espression, which forms the ~nathcmatical basis for all q x s  of communication, ncatlr defines 
entropy in terms of 'uncw?ainS'or 'it~/ont~ation'and reveals that information may be considered as a f o m ~  of 
cller,rj-. Infortnation can thus be mcasured in tcrms of 'bits' or 'joules per degree I<elvin"one bit is 
;ipprmimately equal to 1.8 s 10 2' Joules per degree Kelvin). This expression tllerefore proviccs a link 
benvcaen qualitative and quarititative aspects of ene rn  -. and suggests that the Chinese concept of l?i, which 
also rcfcrs to quality oC energy, may bc closely related to thc cot~cept of 'i,lfo,watiott : 

'Ishe sidaritics between the concepts of information and of Q i  are many. At the most basic level, 
'information' provides science wit11 the ultimatc in reductionism, for the 'bit' (which is either 0 or 1) is thc 
sm:~llcst quantifiable unit. Sindnrly -2j is sccn to arise from the interplay of the poiar opposite: vin and 
yang which are also considered fundamental building blocks of realih;. Furthermore, the idea that it is 
communication (inforn~ation flow) that allows systems to build up and rctzin order, closely parallels the 
idea that the flow o f Q i  maintains the I'unctional integrity of living s~stems. Thus both 'informatio.1' and Qi 
can Ix considered to be types of eilerm that sustain living svstcms and animate awareness. An obstruction 
in rhc flow of either information or Q, mwuld therefore produce an isolated system and resllt in an 
i~~crcase in entropy &at would manifest as pain and &seasc @iological disorder). Thus while life is 
dc~cndent on 'negentropy' in order to build up order and thus grow, learn and evolve, entropy represents ;1 

threat to life \vhic11 may be consciously perccivrd as painful. 

Pain and entropy 
'I'hc idea that pain is related to entropy is strcngthcncd \v\len examining the language of pain. Pain is 
usu:~ll\- described in terms of the mechanism ot- injury (stabbing, burning, crushing, pinching ctc) which 
describe the ways in which biological order may be disturbed. In addition, the symptoms co~nmonlv 
associared with pnin (CLIIOT, t imo t ;  17dot; t ~ ~ d  /;IN~./~O-~~I.I.O~ - heat, swclli~lg, redness, and loss of functiol I) may all 
Ilc seen to describe a decrease in biological order. As well as being assodated with biological discrder, thc 
ph!~sidogical correlates of pain can be scen to rcflect the costnological correlates of entropy, which 
rc,prcsctlt :I trend towards an espanding universc (s\velling), ctlergv dissipated at heat (heat and redness), 
atid an increase of useless energy (loss of function). 'lhe idea of pain as entropy sugests  therefore, that thc 
same process that lays waste to galaxies. also results in disruption and destruction on a personal lcvel. This 
i$ in accordance wit11 the Eastern medicine idea of thc microcosm reflecting the macrocosm and mables :I 

coslnologicd perspective to be applied to pain within a scientific framework, without rcsortiilg to the non- 
rational language of mystical experience. 

P .  

l he cntropic view of pain allows othcnwisc esoteric Eastern concepts t o  be expressed in the language of 
scicl~cc. Thus the Eastern view of "life is pain" can be seen to rclate to the fact that honwostasis is never 

, - 
~wrfcct and that life is necessady an entropic process. l hc ultinate st7,te therefore is one of 'ninrana' or 
'idightenment', whicl~ is 'he state of "being at one wit11 the ~~~~~~~~sew. In the enliglltened state there is no 
distinction berween self and non-self and thus pcrccptions arc no longer isolated and subject to the second 
]::W o f  ~hermodynatnics. 



Disease and obstructions in information flow 
\Yrl~i1e the enlightened state suggests a state of deal health occurring where perceptions flowing frcely, the 
states cdf pain and disease occur when tl~ere is an obstruction in one of the many forms of infixmation 
flo\ting throughout biological systems. l l lus  pain and discase mar arise as a result of many differ-nt qpes 
of obstruc<ons, ranging from blocks in enzyme pathways and biochemnical processes, to mxhanical 
disrupons in arteries, reins, ureters, and intestines. to blocks in ncn-e conduction or  the transmission of 
direct cuiicnts. In addition to the many well-defined plwsical patlnvays in the body, there are also ix&ways 
that appear to bc more 'informationaly than physical. 'Thus the concept of information flow may be applied 
t i )  conscious processes, and psychological d i s o r d ~ i  may be secn to arise from emotional blocks occurring 
\\.hen informatic:.i is too ovend~elming to be processed and is blocked from emotional expression. 
Furthermore the classical acupuncture meridians rcprescnts pa t l~wa~s  where the informational susstrate is 
lcss MYU defmed. 

l 'he ;\cupuncture meridian system describes a system of pathways for the flow of informatic~n wherc 
certain points may act as channels for information transfer bchvecn the organism and iis envimnment. 
'Ihis exchange may take place in many different ways. Information may be exchanged through m-chanical 
il:cll.ts such as pressure or  needhng, through heat and cold, through the application of direct electrical or  
clecrromagnetic energy such as electro-acupuncture or laser stimulation, as well as through more subtle 
nlc:lns, such as through changes in environmental electromapctic fields. Thus these points may bc 
rcs~mn:;ive to both man made and natural electromagnetic fields as well as to interactions wlth 111e fields 
produced by other people such as healers. 

\\l~ile the exchange of information at acupuncture points may take on many fornls, the sub:trate for 
infolmltion flow throughout the meridians has not been precisely determined. There is much evidence 
ho\vcwr to suggest that electromagnetic energy is involved. L4cuput~cture points have consisterdy bcen 
sho\\rn to be points of low electrical resistancc~~~ 12, and acupimcturc mer i lms  have beer? shoum to be low 
rcsist:mce pathways". 17. \ U d e  this evidence has not y c ~  included a full esplanation of how different 
txcridms may carry different tTpes of informarion according to their corresponding organ s~.stcm, therc 
are nlmy possibilities includmg different \vavefom~s, frcqucixics, resonance etc. hiodern attempts t o  
nlcnsure and influence these path\vays have met wit11 considerable success however, there is much that still 
11ccc1s t3 be learned before technologv can takc fgll advantage tllc insights provided by Eastern nle3icinc. 

,\cuput~cn~re is based on the view that information and cncrjg flow arc the primary substrates ior both 
hedth :md disease. \Yhile this view is supported by the lmvs of thcrmody!lanics, the cl~allengc remains to 
I x  a l h  to access this information flow for the purposcs of diagnosis and thcrapy. Much work rcmains to 
1x clol~e both on a clinical level to dcmonstratr the efficacy of different diagnostic and th,-rapcutic 
tcclmiques as well as on a theoretical level to integrate many of thc insights provided by Eastern nledicinc 
\\it11 modem technology. l11e a b i l i ~  to intcgratc Eastern and \Yestern ideas has been explored within thc 
framcuork of theoretical physics by Capra \v110 in his book "The 720 of Physics" suggests; 

"We are lleading towards a new spthcsis, a new natur,llism. l'crhaps we wvdl cventual!y be able to 
combine the Western tradition, with its emphasis on esperimcntation and qu~ntitativc 
formulatiotms, with a tradition such ils the Chitlcsc one, with its view of a spontaneous, self 
organizing world." l"  
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Bio-energetic Medicine 

Bio-energetic medicine covers a wide range o f different therapeutic and diagnostic approaches based on 
the idea that life is dependant on a subtle form of energy. This subtle energy, often termed 'vital force', 
'life energy', 'life force', 'prana, 'chit, or 'Qi', is deemed to flow throughout the organism maintaining 
both physical and psychological processes. Pain and disease are said to be produced when this energetic 
flow is disrupted or blocked axid bio-energetic therapies are aimed at restoring the natural energetic flow 
md thus aiding the bodies own homeostatic responses. As science is yet to recognise a form of energy 
specific to living systems, many of the concepts underlying bio-energetic medicine have often been 
criticised as being unscientific. Many bio-energetic concepts however, may be translated into more 
rigorous scientific terms and are supported by the discovery of the electromagnetic spectrum and the 
development of information theory as well as evidence from clinical trials. 

Bio-energetic therapies involve many different approaches including acupuncture, various forms of 
electrotherapy, homoeopathy, various forms of psychotherapy as well as prayer. These therapies share 
many common underlying principles in that considerable attention is often paid to the patients emotional 
and physical state and the therapeutic act usually involves relatively small, yet very specific, energetic or 
physical stimuli in which the timing is often important. Thus bio-energetic therapies are often also 
referred to as vibrational or information-based medicine. 

While science does not recognise life energy as a distinct entity, 'information' itself can be considered as 
a type of energy. Information can be measured in bits or jouleddegree Kelvin (one bit is approximately 
equal to 10 -23 joulesKelvin) and thus information may be considered as a form of subtle energy that 
animates our awareness. The concept of disease arising from a blockage of 'chi' can thus be seen to 
parallel the second law of thermodynamics which is one of the most hndamental laws in Western 
science stating that; 'in an isolated system there is a universal tendency towards disorder'. A blockage in 
the flow of information through a biological system would therefore tend to produce disorder (disease) 
and by restoring information flow, homeostasis would naturally return. 



Electromagnetic radiation as subtle energy.Life has evolved bathed in a constant stream of entrgy. While 
much of this energy is obvious to us in kinetic, chemical , gravitational and thermal forms, there are 
other f o m  of energy that are more subtle. Electromagnetic energy may be considered as a subtle 
energy for except for the visible and infra-red regions, most of the electromagnetic spectmm is not 
obvious unless specific receivers (such as radios, mobile phones, televisions or photographic plates) are 
used. The 'invisible' parts of the electromagnetic spectrum however can be found to have profound 
effects on living systems which may result in either gross or subtle changes. 

The study of the biological effects of electromagnetic radiation is an extremely complex and 
controversial one. Gross effects fiom electromagnetic radiation (Em) are usually attkbuted to its 
thermal or ionising properties however, it is now widely accepted that there may be many non-thermal 
effects of EMR. The biological effects of EMR may arise from many factors including: the electric or 
magnetic field components, the energy content, frequency, coherence, resonance, or modulation of a 
fundamental frequency, the waveform, amplitude or modulation of amplitude, the length of and timing 
of exposure, the area they are applied to, interference effects with other fields, presence of existing 
pathology, (tumor promoting rather than initiating effects), and the infornation content of the fields. 

The large number of variables to consider when examining the biological eL'ects of electromagnetic 
fields makes this an extremely complex area. This complexity is compounded by :he fact that biologid 
systems are non-linear and are capable of responding to so-called 'quantum events' such that a single 
quantum of energy is able to cause biologica: effects. Enzymes systems within the body are typically 
ca~able of an amplification factor of the order of 1010 and this is evident when considering that the 
dark-adapted eye is able to detect a single photon or the ear can detect sound ranging froln silence to the 
output of a jet engine. 

The sensitivity of biological systems to EMR has led to suggestions that that both natural and lltan made 
EMR may be responsible for producing various types of pathology. Over the past 100 years the natural 
background EMR has been overtaken by man made sources so that we are all currently expos\sd to 
artificial EMR of various frequencies fiom numerous sources ranging fiom powerlines, radio, televisian, 
video display units, microwave ovens and mobile phones. However, while it is now clear that humans as 
well as other organisms are able to respond to fields as low as the earth's static magnetic field, and that 
pineal melatonin production may be influences by E m .  It is sti!l not clear how low level magnetic and 
electric fields effect the human organism. 

Due to the dificulty of performing research in this area, most studies of EMR induced pathology are 
based on epidemiological evidence. Epidemiological studies exist that demonstrate correlations between 
magnetic storm activity and psychiatric hospital admissions or between exposure to power line radiation 
and the development of childhood leukemia,however, while these: studies are suggestive, they do not 
help to explain the causal pathways involved. Proponents of the h&l effects of low level EMR 
suggest that EMR may act as a general stressor which would compromise already susceptible individuals 
as well as having long term effects on otherwise healthy people. There are certainly many cases of 
electromagnetically sensitive individuals with so-called electromagnetic allergies, that may present with 
non specific ailments or chronic fatigue as well as many cases of illness occurring in domiciles thal are 
subject to extreme EMR exposure due to local geography and the siting of radio or microwave towers. 



W e  there is much controversy as the harmful effects of Eh& it may also be possible that natwd 
EMR has a balancing effect on the body. This is suggested by the finding that there art: naturally 
occurring extremely low frequency (ELF) electromagnetic waves produced by lightning (Schumm 
resonances) that travel in the cavity between the ionosphere and the earth's surfice with similar 
frequency components to the EEG during meditation Recently these Schumm resonance frequencies 
have also been focnd to preferentially propagate along acupuncture meridians.The possibility of positive 
ef&s of natural EMR has led to the development of many devices that supposedly enhance these 
natur frequencies. Very few of these devices however have been subject to Figorous research and 
sui;pc h g  evidence for their use remains anecdotal. 

Diagnostic applications 

The diagnostic applications of different types of e!ectromagnetic energy is relatively recent, beginning 
around the start of this century with the discovery of X-rays and the use of the galvanometer to detect 
the ekctrical activw of the heart, and progressing towards increasingly more sophisticated and more 
subtle uses. Current diagnostic techniques involve either subjecting the body to an energy source 
detecting the output, such as in conventional x-ray or MRI scanning, or the detection of the bodies own 
internal electrical activity such as in the e l e ~ r o - c a r d i o ~  (ECG), electro-encephalogram (EEG), 
electro-myogram@MG) elearo-oculogram (EOG), or detecting other electrical properties of the body 
such as the galvanic skin response (GSR) or impedance such as used in impedance plethysmography, 
and body composition studies. Other diagnostic instruments that work on more subtle levels involve 
detecting the magnetic fields produced by the body to produce the magneto-cardiogram (MCG) or the 
magneto-encephalogram (MEG). 

While there are many conventional applications of energy in diagnosis, the more bio-energetic 
approaches generally involve pemrbing the bodies own electrical homeostasis and monitoring the 
response. This approach is commonly used in acupuncture-related diagnostic instruments and Kirlian 
photography. Electrical measurements may also be used to detect acupuncture points which can be 
defined electrically as points of low electrical resistance The electrical properties of acupuncture points 
have also been shown to alter during pathological processes Acupuncture is perhaps the most well 
researched bio-energetic therapy and is also one of the oldest. The neurophysiolcgical basis of 
acupuncture has now been well established on the basis of endorphin and other neurotransmitter 
involvement, the diffuse noxious inhibitory control system @MC) and the gate control theory. The 
reality of acupuncture points however is often questioned for no consistent structural correlates for them 
have been identified. Acupuncture points it seems are best considered as hnctional, rather than 
structural entities, and this is confirmed by the finding that there is an extremely high correlation 
between acupuncture points and rnuscu!oskeletal trigger points, which are points of focal muscle 
tenderness that can be identified using a pressure algometer or palpation, and which are found to have a 
local twitch response to mechanical stimulation. While hnctional correlates of acupuncture points have 
been shown to exist, sceptics often point out that the acupuncture meridians have not been objectively 
identified. Most acupuncturists however would maintain that acupuncture meridians are a conceptual 
tool, such as the lines of latitude and longitude on the earth, and thm while they arc usefbl for navigating 
a specific territory, to search for anatomical correlates of the meF:dians would make as much sense as 
digging in the ground to look for the equator. Recently however there has been the suggestion of 
objectively defining the meridians using techniques capable of imaging fiinctional, rather than structural 
relationships. 



The electrical properties of acupuncture points and meridians may be utilised for both diagnostic and 
therapeutic purposes. Many different electro-diagnostic devices have b- developed such as the 
'Mod,  'Vega', 'Biocom', 'Electro-acupuncture According to Voll @AV)', 'El&o-dermal Screening 
Test' GDST) and 'Listen' systems. These instruments may be used to d e t e ~ n e  a person's energetic 
balance as well as modlfjl this balance with small but precise electrical stimulation. Most of these 
systems have been developed on clinical grounds for the bio-energetic basis for these systems it is still 
not well understood. Attempts to explain these systems include quantum mechanical phase matching and 
phase modulation of electron waves within the body however these explanations by no means 
complete. 

Therapeutic applications 

The use of electromagnetic energy for therapeutic purposes goes back at least as far as ancient Greece 
where electric eels were used in the treatment of arthritis and ancient China where loadstone was used in 
healifig. Today the therapeutic uses of electromagnetic energy are in widespead and used routinely in 
many applications ranging from the use of large fields such as employed in ECT or defibrillation to lesser 
fields which may be app!ied more specifically such as used in pacemakers or diathermy devices, to even 
more subtle uses such as in electro-acupuncture or Transcutaneous Electro-Neuro Stimulation (TENS), 
magnetic stimulation for bone healing, low level laser therapy, as well as the use of static magnetic fields 
for pain. Other bio-energetic therapies may work on even more subtle levels where the type of energetic 
interaction has not been precisely classified. Thus therapies such as homeopathy. Reiki, and healing 
prayer may all be considered as involving bio-energy, however, while they have proven effective in 
clinical trials, their underlying mechanisms are still to be elucidated. 

Bio-energetics and human consciousness 

Perhaps the most interesting and challenging areas in bio-energetics is the field of human consciousness 
where studies have begun to show that human consciousness through a simple act of volition may be 
able to alter otherwise random physical processes and that the act of praying for patients may have 
substantial therapeutic benefits. Many researchers when hearing of telekinesis or othcr psychic 
phenomenon tend to get a bit agitsted and Frustrated at the inability to reproduce these phenomena or to 
explain them using conventional wisdom. There are a few serious researchers however, who have 
applied rigorous scientific principles to the study cC these phenomenon and have provided evidence that 
this is an area that deserves hrther study. 



Robert Jahn Dean Emeritus of the School of Engineering and Applied Science at Princeton U~ven i t y  
in 1979 established the Princeton Engineering Anomalies Research (PEA.) to investigate anomalous 
human machine interactions. Since this time Jahn's group have established an impressive body of 
evidence to suggest that human consciousness can indeed affect othenvise random physical processes. In 
a series of experiments involving over 50 million trials and over 3 billion binary events the PEAR group 
have demonstrated that human intention is able to alter othenvise random pirysicsl processes which 
include electrical, mechanical, fluid dynamical, optical, acoustic, micro/macroscopic and digital and 
andog processes, all of which can be calibrated -with a predictable and precise statistical output. 

While the Princeton group have performed studies demonstrating that human volition may effect 
otherwise random physical processes, there h v e  also been m a y  different studies demonstrating 
potential clirlical applications. These have been summarised in the book Healing Words by Larry Dossey 
in which the benefits of prayer. One of the earliest rigorously designed, double blind, randomised, 
placebo controlled, trials of prayer was performed by Randolph Byrd involving 393 coronary w e  
patients at San Francisco General Hospital. In this study the patients were randornised and various 
religious groups were recruited and given the first name of a patient as well as a brief description of the 
patients diagnosis and condition, and were asked to pray for the patients. When comparing the patients 
who were prayed for with the there were dramatic differences. None of the prayed for group required 
intubation while 12 in the control group required ventilatory support. The prayed for patients were 
found to be five times less likely to require antibiotics (3 vs16) three times less likely to develop 
pulmonary oedema 1;6 vs 18). While science has not yet advanced to the stage of being able to explain 
the basis of most forms of bio-energetic medicine, the scientific method has often supported the clinical 
use of energy medicine for many of the techniques involved have been shown to be of value when 
subjected double blind, randomised, place~o-controlled, clinical trials. It is often difficult to accept 
therapies without an explanation 
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ABSTRACT: 
Traditional Chinese Medicine suggestq that 

acupuncture points are sites of einergy exchange 
between the body and the environment. We 
examined the relative absorption of near infra-red 
laser light (3mw, 780m) using different pulse 
repetition frequencies at acupuncture points 
compared to non-acupuncture points. Results 
revealed that at 1 Hz absorption was greater at 
acupuncture points compared to nearby nsn- 
acupuncture points. At higher pulse repetition rates 
this difference was reduced. This suggests that 
acupuncture points do in fact have different 
absorption properties to non-acupuncture points 
and that there is a correlation between the skins' 
electrical conductivity and absorption of laser light 

INTRODUCTION: 
Traditional Chinese Medicine proposes that health 

is an energetic balance between the orgaxism and the 
environment and thzt acupuncture points are sites of 
energetic exchange that may be used to alter biological 
function. This energy may be in many forms including 
mechanical, thermal, electrical or electromagnetic 
including visible and infha-red light [I] .  The idea that 
acupuncture points mediate energy exchange is 
supported by t!le fact that these points have been shown 
to have a lower electrical resistance compared to 
surrounding skin [2]. The emergence of low level laser 
therapy as an eflr'ective therapeutic modality also 
supports this notion. 

Low level laser therapy involves the stimulation of 

acupuncture points with laser irradiation so as to 
produce photo-biostimulation with effects that include 
analgesia, ~~ccelerated wound healing and the treatment 
of soft tissue injury and arthritic conditions [3]. While 
different frequencies of laser radiation have different 
absorption into tissue producing different biological 
effects [4], there is evidence to suggest that some bio- 
molecules preferentially absorb only certain size 
packets or pulses of radiation and that the pulse 
repetition frequency may be an important factor in 
enhancing photo-biomodulative effects.[5] 

This study aim to determine the absorption of laser 
ir~adiation at acupuncture points compared to non- 
acupuncture points and to determine if there is differing 
absorption of laser light pulsed at different frequencies. 

METHODS: 
Near infrared laser light at a ccmtant 3mJV was 

produced from a 780nm laser d i d e ,  using specially 
designed feedback circuitry to maintain a constant 
output. This circuitry used a monitoring photo-diode, 
incorporated within the laser diode to provide a current 
proportional to output power. This current allowed the 
c i m & y  to eliminate any fluctuations in output power 
due to thermal effects and bias current changes. 
Focusing optics were used to collimate the laser light. 
The pulse repetition frequencies were controlled using 
additionally designed circuitry. This circuitry was 
interfaced via the parallel port of a computer and 
controlled t5r.g software written in Borland C++, 
specially for this purpose 

Laser light was applied to the acupuncture points 

~ i & e  1 
Experimental set-up 
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large intestine 3 and 4 (L13 and L14) as well as to 
n&y non-acupuncture points. Pulse repetition 
frequencies of 1, 2, 5 ,  10 15 and 20 Hz with a 50/50- 
auty cycle were used. The acupuncture points were 
defined both anatorriically by traditiond acupuncture 
charts, as well as elecfricidly by locating points with a 
reduced skin resistance using a multimeter. Points 
were chosen based on convenience of experimental set 
up and reliability of detectins low resistance points. It 
was founa that the acupuncture points generally had an 
electrical resistance one order of magnitude lower than 
the non-acupuncture points. Care was taken to avoid 
obvious skin blemishes or moles at these points that 
may have altered the reflective properties of the skin. 

Reflected radiation was collected and focused onto 
an infra-red sensitive receiver via a protected gold 
plated concave mirror (see Figure 1). The receiver had 
a peak response at 940nm and converted light into 
current. Daylight filters were used to minimise 
fluctuations due to ambient lighting. The current 
output of the receiver was converted into voltage, 
which was sampled and converted to digital 
information using the Biopac bio-potential amplifiers 
and data acquisition system. Siznal analysis was 
carried out using the accompanying Acknowledge 
software [6]. 

RESULTS: 
Preliminary results revealed that at 1 Hertz there was a 
lower output signal and therefore a greater absorption 
of laser at acupuncture points than at nearby non- 
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acupuncture points (Fi,gne 2). Results also showed 
that at higher pulse repetition rates there wzs less 
difference between the acupuncture points and non- 
acupuncture points (see Table 1). However, pulse 
repetition frequencies above 10 Hz showed no 
si,gificant changes. 

Table 1 Mean positive (p') and negative (p-) difference in 
amplitude betwe& acupuncture and non-acupuncture points 
(in Volts). 

Frequency (Mz) P' P 

20 N.4 NA 
NA (not applicable) as no measurable difference was 
observed. 

CONCLUSION: 
These results suggest that acupuncture points do in fact 
have different absorption properties to non-acupuncture 
points and that there is a correlation between the skins' 
elecmcal conductivity and absorption of laser light. 
The fact that there was less difference between the 
absorption of infra-red light at acupuncture points and 
non acupuncture points at higher pulse repetition rates 
suggests that the points may become 'saturated' 
preventing further absorption. 

F r e q u e n c y  (1  H a : )  
l 

- 6  J 
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Figure 2 
voltage (V) versus time (sec) of reflected infra red radiation from the laser, at acupuncture and non-acupuncture points, at a pulse 
repetition of l Hz. The mean positive and negative difference in amplitude between acupuncture and non-acupuncture points is 
0.749 V and 0.772 V respectively. 
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ABSTMCT: The use of magnetic flelds as a 
therapeutic intervention dares back to an:iquity and 
appears to be undergoing a resurgence. The use of 
magnets promises to provide a relatively cheap, safe 
and efjecrive fonn of therapy, particularly in the 
treatment of pain and other chronic conditions. The 
scientific basis for rhis r p e  of treamenr is now well 
understood and it appears that very little basic or 
clinical research has been pet$onned in rhis area. 
This paper describes how the personal experience of 
one individual led to the establishment of a company 
selling magnetic products and the documenration of 
a large number of anecdoral reports of success of 
t& type of treatment. 

CASE REPORT 

Mr. Dick Wicks is a former professional athlete who 
suffered an injury to his left knee in 1976, following 
a simple accident, colliding with a concrete pillar. 
'Kis resulted in chronic knee pain leading to multiple 
surgical interventions, including removal of his 
patella as well as hydrotherapy and physiotherapy 
without relief. 

After consulting with doctors in Australia, the 
United States, the United Kingdom, Canada and 
Stockholm, it was established that he was suffering 
from a chronic pain condition called Reflex 
Sympathetic Dystrophy Syndrome (R.S.D.S.) 
requiring him to undergo a series of chemical 
sympathectomy's to descroy the sympathetic ganglia 
in 1985. Still with no permanent pain relief and 
facing the possibility of amputation of his leg, Mr. 
Wicks went to Johns Hopkins University in 
Baltimore to consult with a world leader in R.S.D.S. 

Whilst in Baltimore, the diagnosis of R.S.D.S. 
was confirmed. yet no effective treatment was 
offered. It was during this time, however, that a 
chance meeting with an Australian athlete introduced 
Mr. Wicks to Magnetic Therapy. By bandaging a 
pillow containing pennanent magnets to his injured 
knee, he found that he could acflieve considerable 
pak relief. Furthermore, he also found that his leg 

which was permanently cold &er the chemical 
sympathectomy began to feel warm. 

Although the application of magnets has not 
provided a permanent cure for his pain. Mr. Wicks 
has found magnets to be the single most effective 
therapy for pain relief and now during waking hours, 
constantly wears a knee support containing ?him 
two, 600 Gauss static magnets in an alternating 
North-South configuration in addition to arch 
supports containing similar magnets and magnetic 
jewelry. He has found that this regimen allows him to 
function very well during the day, although he must 
still keep his left leg elevated while sitting. At night, 
he continues to use a magnetic pillow strapped to his 
knee as well as using a mattress overlay and pillows 
containing multiple magnets. Dick Wicks' biography 
"Dick Wicks a Magnetic Man", is to be released in 
February 1997 [l]. 

After having such personal success with the 
treatment of his chronic pain condition, Mr. Wicks 
began sourcing suppliers of high quality magnets and 
began developing and distributing magnetic pain 
relief products. Through his Australia-wide network 
he began to receive almost daily testimonials from 
people who had benefited from these products. 

More recently, he. has been using a specially 
designed Magnetic Machine which produces a 
continuous 71mG osiillating field superimposed on a 
600G static magnetic fieid, via flexible pads wrapped 
around the injured areas. The instrumentation power 
consumption is limited to 25W and the exposure time 
to half an hour. TJsirig this machine, overseas 
researchers have found greater benefit than with 
static magnets alone [2]. 

METHODS 

The therapeutic application of magnets generally 
involves the placing of permanent magnets over or 
around the area to be treated. The magnets used are 
generally either barium ferrite permanent magnets 
ranging from 400 to 2500 Gauss in field strength, 
incorporated into bandages, jewelry, or clothing, or 
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24 Carat gold plated rare-earth magnets placed 
directly onto the body using adhesive plaster. The 
placement of magnets is generally over the affected 
area. However, there is a preference to place 
individual magnets over traditional acupuncture 
points. 

The magnets are generally smdl discs, 6mm 
diameter by 2mm thickness and are placed 
approximately 1-2cm apart with zlternating poles 
facing rhe body. The number of magpets that may be 
used simultaneously ranges from 5 to 200 (underlays, 
back supports, etc) and the magnets may be left in 
contact with the body for hours or even days on end. 

Magnetic therapy may also be achieved with the 
use of pulsed magnetic fields and tials sugzest that 
Transcranial Magnetic Stimulation (TMS) is able to 
selectively stimulate different parts of the brain and 
to produce anti-depressmt and anti-Parliinsonian 
effects [3]. While TMS is still very much a research 
tool, further clinical trials are currently underway to 
test its efficacy. 
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DISCUSSION 

Currently rnagnctic pain relief products represent a 
world wide industry. Companies claim that the use of 
their products provide a relatively cheap, efficacious 
and safe form of therapy, that may be used d o n s  side 
more conventional therapy. However. while each 
company claims to have many testimonials and case 
reports of success and puts forward possible 
explanations for it, such as improved circulation and 
balancing the body's energy [ 5 ] .  there is very little 
documented scientific evidence and few controlled 
clinical mals to supporc this (61. 

Despite the lack of scientific support for the 
therapeutic use of rnaznets, the widespread use of this 
tlpe of treatment and the plethora of testimonials and 
case reports suggest that there is a real therapeutic 
interaction =king place and that there is a great need 
for controlled research on the basic mechanisms as 
well as the clinical applications for this type of 
tremnen t. 

REFERENCES 
RESULTS 

To date, magne~ic products have been used by very 
many people in Australia and overseas. Their main 
use tends to be in the treatment of arthritis and other 
painful, conditions. However, there is much anecdotal 
evidence to suggest that they are useful in many other 
conditions such as asthma, migraine and tinnitus. 
There is also a great deal of reported evidence 
regarding the benefits of magnets in treating sporting 
injuries and many world famous athletes have 
endorsed the use of these products and attest to their 
effectiveness [4]. In addition to treating many types 
of conditions in humans, this type of treatment has 
been found to be effective in treating painful 
conditions in animals in general veterinary practice, 
as well as specific use in treating injuries in race 
horses, greyhounds and household pets. 

The use of magnets in therapy has proven to be 
very safe. To date, no serious side effects have been 
identified with the use of magnets, and magnets do 
not seem to conflict with other forms of therapy that 
may be used concomitantly. Some people do describe 
the effects of magnets as a tingling or altered 
sensation or awareness. However, these sensations 
are generally described as a positive experience and 
are not usually distressing. In most cases, they may 
actually enhance the therapeutic response as they 
serve as evidence that magnets do produce a red  
effect. 
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Abstract: Radial pressure waves (RPWs) and carotid 
pressure waves (CPWs) were recorded using 
applanation tonometry in 6 healthy subjects (5M, IF, 
all aged 21 yrs) a t  rest as  well as after a vasodilator 
agent (sublingual glyceryl trinitrate [GTN] spray). For 
each subject, transfer functions between radial and 
carotid pressure waves were calculated by a 
nonparametric Fourier method. Using the transfer 
functions, CPWs were reconstructed from RPWs and 
compared to tonometrically recorded CPWs. The 
transfer functions accurately predicted CPWs a t  rest, 
however, post-GTN, there were significant differences 
between reconstructed and recorded CPWs. The 
timing of peak systolic pressure, as predicted by the 
reconstructed CPWs, was underestimated by 0.3% a t  
rest and was overestimated by 2.3% post-GTN spray. 

Introduction 

Central aortic pressure waves convey important 
information about cardiovascular status and function, but 
direct measurements are invasive and expensive. Previous 
studies have shown that reasonable enirnates of central 
aortic pressure waveforms can be ootained by applanation 
tonomeny of the carotid artery [1,2] which involves the 
flattening of the curved surface of the artery and indirect 
measure of the pressure withb ~~s i i ig  a pressure sensor. 
Recording the carotid artery using tonometry however is 
often a tedious and difficult techique because the artery 
is sulnounded by loose tissue, making it very difficult to 
applanate. 

The radial artery, on the other hand, is more accessible 
and easier to compress, but peripheral pressure waves 
differ substantially fiom central pressure waves due to 
changes h compliance of the vascular tree and reflection 
of pressure waves. There are suggestions however that 
peripheral pressure waves may be mathematically 
transformed to approximate central pressure waves [j]. 

This study attempts to determine whether it is possible 
to accurately predict central pressure waveform fiom 

peripherally recorded pressure waves both at rest a id  
after a hemodqnamic challenge. 

Method 

CPWs and RPWs were recorded simultaneously using 
two hand-held tonometry devices at rest as well as 2 
minutes post-GRJ sublingual spray. Subjects were lying 
supine and recordings were taken for 20 seconds and 
digitised at 200I-?? and stored for off line analysis. 

O;:,mal recording was occasionally difficult post- 
GTN spray due to the strong vasodilatory effect of the 
drug on the circulation causing a weak pressure wave. In 
one subject, an insufficient radial pressure wave was 
obtained and therefore this subject was excluded from the 
study. 

From each 20 second recording at rest, two typical 
looking W W s  as well as their corresponding CPWs were 
chosen. One typical looking CPW and its corresponding 
RPW were also selected from the post-GTN spray 
recordings for each subject. 

Transfer functions between the fust selected CPW and 
corresponding RPW at rest were derived for each subject 
by the nonparametric Fourier transform method [4]. 

For each subject, a reconstructed CPW (rCPW) was 
derived by applying the calculated transfer function to the 
selected resting RPW. The rCPW was then compared to 
the corresponding tonometry recording of the CPW 
(tCPW). The reconstruction procedure was repeated on 
the post-GTN d z t ~  which p!sced a physiological stress on 
the circulation by inducing marked vasodilation. This was 
to see if the transfer function still applied when the 
circulatory system was altered. 

Comparisons between KPWs and tCPWs were 
performed. Overall agreement was quantified by the sum 
of square differences between the two waveforms. Area 
differences between rCPWs and tCPMfs were also 
calculated as the absolute difference between the area 
under the two c w e s .  Finally, the timing of peak systolic 
pressure was predicted from the rCPW and compared to 
the timing of the peak in the tCPW. 
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Results 

Fig 1 displays an example of tCPW compared to 
rCP'W at rest and post-GTN spray by the application of 
nansfex functions. The m s f e r  functions were able 'to 
accurately predict CPW contour during resting state, but 
did not perform as well post-GM. The reconstiuction 
process was more accurate in the systolic portion of the 
wave than the diastolic portion. 

Figure '1. Exsrnpies of measured CPW (solid lines) 
versus CPW reconstructed by application of the 
transfer function (dotted iines) a t  rest (A) and post- 
GTN spray (B). 

1 165 329 493 657 821 1 160319 478637 796 
time (ms) time (ms] 

The SSD of rCPWs compared to tCPWs showed that 
the transfer functions predicted CPWs better at rest than 
post-GM. The SSDs between rCPWs and tCPWs at rest 
were not significantly difierent to beat-to-beat differences 
( ~ ~ 0 . 0 9 ) ~  but the differences observed for recordings 
made post-GTN were significantly different to beat-to- 
beat differences (p=0.04). 

At rest, there was less than a 12% difference in the 
area under the curve of the rCPWs compared to the 
tCPWs. Post-GTN, this difference became larger than 
35%. 

Table 1 displays the prediction of the timing of peak 
systcjiic pressure fiom rCPWs compared to tCPWs. The 
mean timing for peak systolic pressure calculated from 
the tCPWs at rest occurred at 14.6% of the cycle len,gth. 
Mean predicted timing calculated from rCPWs at rest 
occurred at 14.3% of cycle length. Post-Gm, these 
values were 14.3% and 16.6% respectively. The KPWs at 
rest underestimated the timing of peak systolic pressure 
by an average of only 0.3%, whereas the rCPWs post- 
GTN overestimated the timing by 2.3%. 

Interestingly, the reconstruction of pressure wave 
contour seemed to be more accurate f i r  the systolic 
portion of the wave, both at rest and post-GTN. Accuracy 
of recorlstruction of the diastolic portion of the waves 
varied from subject to subject suggesting that there is 
more variability in the diastolic portion of the wave. This 
variability is probably due to variations in pulse wave 
velocity and in the reflection of pressure waves. 
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Table 1. Prediction of timing of peak systolic pressure 
from rCPWs and tCPWs as  a percentage of total cycle 
length. 

I t  Rest ( Post -GTN I 

'3'0 '3'0 YO % diff. post- I 
at rest GTN 

sub 1 12.4 12.3 16.2 15.6 -0.1 -0.6 
sub2 14.7 12.1 14.2 13.0 -2.6 -1.2 

sub3 13.6 1 14.0 13.2 17.7 0.4 , 4.5 

Conclusion 

This study demonstrates that at rest, acceptable 
predictions of CPWs can he obtained by mathematical 
me*.lipulation of RPWs using transfer hc t ions .  This 
result confirms similar results published in a paper by 
Chen et al. [3]. However, the study by Chen et al. also 
found that the predictions were still accurate despize 
marked changes in pressure induced by hemodynamic 
transients [3]. This was not observed in the present study 
whereby the prediction of CPWs from RPWs was only 
accurate for pressure wave recordings made at rest and 
not for recordings made after vasodilation induced by 
GTN spray. 
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Abstract: Pulse pressure waves (PPWs) were recorded 
from the radial artery using photoplethysrnography in 
7 healthy subjects (6M, IF, mean age 23 yrs) a t  rest 
every 3 hours between 9arn and 5pn. Analysis of 
variations of PPWs included rum of square differences 
between waves, ANOVA and spectral analysis of the 
components of waves. PPWs recorded a t  9am were 
not significantly different to PPWs recorded at Bpm, 
however, PPWs bet-iiau each other time period were 
significantly different, with the largest difference 
occurring between 9am and 3pm. There was also some 
variation in the frequency components of the PPWs 
with an increase in higher frequency components as 
the day progresses. The finding of this study supports 
the suggestion within TCM that there a re  changes in 
PPW throughout the day. 

Introduction 

It is commonly accepted that arterial blood yressure 
exhibits a diurnal variation whereby it is highest during 
the day and lowest during the sleeping hours and many 
studies have documented this physiolo~iml variation 
[1,2,3]. Practitioners of Traditional Chinese Medicine 
suggest that during the course of the day, there are 
changes not only in the arterial blood pressure but also in 
PPW [4]. While alterations in fPWs are taken into 
account clinically when performing traditional Chinese 
pulse diagnosis, to date no published studies have 
documented these changes. 

Method 

FPWs fiom the =dial artery were recorded for 7 
subjects at rest over 4 time periods in the day from 
9:OOarn till 6:OOpm at three hourly intervals. Rtcordings 
were taken for 30 seconds using a photoplethysmograrn 
transducer (TSD 100) consisting of a matched infrared 
emitter and photo resistor comecred to a BIOPAC data 
acquisition system. These recordings were digitised at 
IOOHz and stored in AcqKnowledge for off-line analysis. 

The ECG was also recorded simultaneously and blood 
pressure was measured before each recording using 
an automated oscillomemc blood pressure monitor (MS- 
700) on the brachial artery. 

Recordings were performed with the subjects lying on 
their left sides in a reclining armchair with their left m 
extended and relaxed. The P f W  was recorded non- 
invasively from the left radial artery by taping the 
transducer just proximal to the styloid process overlying 
the radial artery. 

Three typical looking PPWs were chosen for each 
sub-iect at each time perid.  One of these PPWs was 
randomly chosen for eacn subject at each time in order to 
calculate variations in PPW contour. In order to account 
for differences in amplitude of recorded pressure waves, 
the amplitude of the waves were normalised. The 
variation in f PW contour was assessed by calculating the 
averaged sum of square differences (aSSDs) at each 
time period for each subject relative to the beat-to-beat 
differences (b-bDs). B e  aSSD between two waves 
describes the average difference at any point in time 
between the MO waves. This was performed using the 
Solver function on Microsoft Excel. 

ANOVA was used to determine whether there was a 
significant change in cycle length or mean arterial 
pressure (MAP) that may account for any variations in 
PPWs. Significance was accepted at a value of P < 0.05. 

The cycle len,gh was determined by calculating the 
R-R interval on the ECG that corresponded to each of the 
selected waveforms. This was performed for each subject 
on all three of the selected waveforms fcr each time 
period. 

Further analysis was performed through frequency 
analysis of the recorded waveforms. Fast Fourier 
transforms (FFTs) were made of the selected waveforms 
at each time period for each subject. Discrete wavelet 
transforms (DWTs) decomposed to 6 levels were also 
made of these waveforms. The DWT process results in a 6 
level decomposition of the pressure wave in10 
"approximations" and "derails" with the 
"approximarions" representing the low frequency 
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components of the signal being =m!ysed and the "detoiis" 
represent the hish fiequency components of the signal [ 5 ] .  

Results 

Fig 1 shows the pressure waves fkom each time period 
during the day. The selected pressure waves fiom each 
subject were averaged to obtain one wave that is 
representative for each time period. 

Figure 1. PPWs from each time period of the day. 

3pm 

There are obvious differences between the pressure 
waves at each of the time periods. The upstroke of the 
pressure waves are quite similar, but the decline fiom 
peak differs at each time period. ?here is a rapid decline 
from peak at 9:OOam and 12:00pm, and a slower decline 
from peak at 3:OOpm and 6:OOpm. Also, the incisura 
(secondary oscillation) is more pronounced at 9:OOam and 
6:00pm compared to 12:OOpm and 3:00pm. Finally, the 
slope from the decline from peak till the s t m  ~f the 
incisura is geatest for 9:00m, followed by 6:00pm arid 
then 12:OOpm and 3:OOpm. 

Table 1 depicts the mean aSSDs relative to b-bDs at 
each time period. The aSSD between PPWs at 9am and 
6pm, relative to b-bDs, was 7.2 ( ~ ~ 0 . 0 6 ) .  This means ha t  
the PPW at 9am was not significantly different to the 
RPW at 6pm relative to b-bik for all other time periods, 
there were significant differences between PPWs relative 
to b-bDs. The largest difference was found between 9am 
and 3pm with a value of 8.2 ( ~ ~ 0 . 0 2 ) .  

ANOVA revealed that there were no significant 
variation in MAP or cycle length over the day and the 
variations in PPWs were independent of mean arterial 
pressure and cycle length. 

Table 1. M a n  aSSDs between PPWs recorded at 
different times in the day relative to b-bDs. Vaiues are 
calculated by dividing aSSDs by b-bDs and averaging 
all the results for each time period. 
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Fourier analysis of the selected PPWs revealed that 
most of the waves exhibited the same frequency 
components with consistent peaks at 0.7812Hz and 
3.1250 kiz in all subjects at mos: rime periods. 

The pulse is transmined through the circulation at 
around 60 beats per minute and thus the peak at 0.7812 
Hz observed from the PPWs may simply represent the 
heart rate kquency. 

Analysis of the PPWs using DWTs revealed that 
presstare waves recorded throughout the day all had the 
same low frequency components up to 3.125Hq whereas 
pressure waves recorded at 9am and 12pm had a snong 
component in the middle frequency range of - 3.125 - 25 
Hz and pressure waves recorded later in the afternoon at 
3pm and 6pm had a strong component in the higher 
frequency range of - 25 - 50 Hz. 

These observations may be explained by variations in 
the physiology of the circulatory system. Diurnal variation 
of the sympathetic nef,!I3us system may alter the 
compliance of vessels over the day so that pressure waves 
exhibit lower frequency components in the morning and 
higher fiequency components in the afternoon. 

Conclusion 

This study demonstmtes that there is a significant 
diurnal variation of merial blood pressure waveforms 
which suggess that there may be a rhythmical cycle of 
PPW contours over the day and that these differences are 
not due to variations in mean arterial pressure or cycle 
len-oth. 

The fmding of this study supports the suggestion 
within TCM that there are changes in PPW throughout the 
day which may reflect changes in arterial compliance and 
possibly organ function. 
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Abstract 

We examined the relative absorption of near infra-red laser light (%W, 780nm) using different pulse repetition 
frequencies at  acupuncture points compared to non-acupuncture p i n k  Our results revealed that at  pulse frequencies 
below PO 1% absorption was greater at  ac~pnncture points compared to nearby mon-acupuncture points. At higher pulse 
repetition rates this difference was negligible. This suggests that acupuncture points do in fact have different absorption 
properties to non-acupuncture points and that there is a correlation between the skins' electrical conductivity and 
absorption of laser light. 

Introduction 

According to traditional Chinese medicine, the health of an organism is an energetic balance between its icierfial and external 
environments. It is possi'ble that acupuncture paints are sites of energetic exchanse which serve as an interface between %X 

internal and external worlds. This energetic exchange may occur in many forms icluding mechanical, thermal, e1edric.d or 
electromagnetic including visible and inhered light all of which may be applied to acupuncture points to alter biological furction 
clinically1. 
Unique Electrical Properties of Acu~uncture Points 

Although acupuncture points are anatomically similar to surrounding skin, studies have found that these points have unique 
electrical propekes. It has been well documented that the skin resistance over acupmcture points is lower than surrounding skin 
". On average, dry ski has a DC resistance in the order of 200KQ - 2MR while at acupuncture points this resistance drops 
down to as low as 5 0 ~ ~ ' .  Furthermore while human skin has been shown to have a resting potential across its epidermal layer 
from 20 to 90m\f, acupuncture points have been found to have 8 potential diierence 5mV greater than swounding skin2. Due 
to the higher conductance at acupuncture points, these points tend to short circuit the c'skiin battery" thus acting as a path of least 
resistance for currents driven by the resting potential across the s k i  surface '. 
Low Level Laser Therapy 

Low level laser therapy involves the stimulation of acupunctw points with either or both visible and infka red laser radiation. 
This form of therapy produces photo-biostimulation with effects that include analgesia, accelerated wound healing and the 
treatment of soft tissue injuq and arthfitic conditions '. Generally points are irradiated with between 0.1 and 4J ' with different 
frequencies of laser radiation having different absorption into tissue, producing different biological ef'iects 7. Tnere is also 
evidence to suggest that some bio-molecules preferentially absorb only wrtain size packets or pulses of radiation and that the 
pulse repetition frequency may be an impo~tant factor in enhancing photo-biomodulative effects 
Laser-Tissue Interaction 

There are two important modes of light interaction with tissue during laser treatment procedures: absorption and scattering. 
Absorption results in the transformation of light energy into some other form of energy, while scattering may be defined as a 
change in the direction of the propagating light. 
The interaction between light and tissue may be considered at three levels7: 

B. Atomic - Interaction occurs in the high frequency X-raj and Gamma-ray bands of the electromagnetic spectrum. 
2. Molecular - Light absorption mainly occurs at this level. Electron bonds within biomolecules may become excited which 
can result in the breakage of larger molecules. Such change may be %ither reversible or irreversible depending upon the 
intensity of the irradiation and the nature of the bonding. Macrosc.:,,~sally, the excitation of atoms to higher modes of 
oscillation or rotational stages within biomolecules can be seen as temperature elevation. 



3. Macromolecular and Microstructural - Interactions of this type result in scattering7 or absorption9. 
Laser - Tissue Penetration 

The depth of Laser penetration into tissue depends upon both scattering and absorption. It has been shown that it is also 
wavelength dependent '. Individuals' optic properties vary significantly so only approximate valus m given in table 1. 

Table 1. Approximate penetration depth in tissues of different wavelength. 
.a. 

Wavelength (nm) I Depth of penetration (mm) 
U.V 150-380 < 0.1 

I 
- - 

I v - -  

I Violet - Deer, blue I 390470 1 ADD~OX. 0.3 I 
L a , -  - -  

Blue - Green - 475-545 approx. 0.3 - 0.5 
Yellow - Orange 545600 approx. 0.5 - 1 
Red 600-650 amrox. 1- 2 

I ' I  - 

1 Deepred to Near 1.R I 650- 1000 I 2 - 3  I 
1 

t Near 1.R to Mid 1.R I 1000-1350 I 3 -5 1 

Aims 
The unique propeties of acupuncture points along with the success of low level laser therapy with different pulse repetition 
frequencies at these points suggests that acupuncture points may respond differently to laser light than smounding skin. This 
study aims to determine the absorption of pulsed infia red laser irradiation at acupunctire points compared to non-acupuncture 
points and to examine the efFects on absorption with changes in pulse repetition frequency. 

Method 
The source of i n h  red light used was a single mode laser diodz manufactured by Sharp Corporation. The LT026MI) has a 

maximum output power of 5mW at 780nm. However, the output power of the diode was regvlated to 3.0 mW using a constant 
current source with a bias current of 65rnA. Any minor current fluctuations due to thermal effects and bias current drift of the 
laser diode and bias circuitry was eliminated using specially designed feedback circuitry. This circuiby monitored the laser's 
output power directly via the photodiode incorporated within the diode itself and also through a nurnbw of current sensing 
resistors at appropriate locations in the bias circuitry. 

The complex VSIS structure of the laser semiconductor material provided an elongated radiated pattern with a 011 of 16 deg 
and a 01 of 36 deg. See Figure 1. Focusing optics were thus employed to focus and collimate the beam to a spot size of 
approximately lmm in diameter. 

Figure 1. VSIS structure " 

Pulse repetition f i t  quencies were controlled using additional circuitry. This circuitry was capable of providing a 
50150 duty cycle square wave with a resolution of 1Hz f 0.0000005 up to 100Hz. It was directly interfaced via the parallel port 
of a personal computer and controlled using software written in Borland C++. Pulse repetition frequencies of 1, 2, 5, 10 15 and 
20 Hz were used. 



h e r  light was applied to the acupuncture point large intestine 4 (L14), as well as to a nearby non-acupuncture point from a 
constant distance of 150mm. The acupuncture point was defined both anatomically by traditional acupuncture c h m ,  as well as 
electrically by locating points with a reduced s k i  resistance using a multimeter. The Point was chosen based on convenience of 
experimental set up and reliability of detecting low resistance pints. The non-acupuncture point was defined as a point 1 - 2 cm 
away fiom the acupuncture point with a higher electrical resistance than the acupuncture points. It was found that the acupuncture 
points generally had an resistance one order of magnitude lower than the non-acupuncture point l .  In both cases care was taken to 
avoid obvious skin blemishes or moles that may have altered the reflective properties of the &in. 

Reflected radiation was collected and focused onto an i n k  red sensitive receiver via a protected gold plated concave mirror 
(99.6% reflective co-efficient to infia red light). The receiver had a 7 . 5 m  active region with peak response at 940nm. Daylight 
filters were used to minimise fluctuations due to ambient lighting. The photodiode provided a current proportional to incident 
light upon the active region. This cwent was converted into voltage, which was sampled and digitized using the Biapac bio- 

go tential amplifiers and data acquisition system. Signal analysis was carried out using the accompanying Acknowledge softwm 

Figure 2. Block diagram of Experiment set-up 

Results 
Preliminary results revealed that at a pulse repetition rate of 1 Hertz there was a lower reflected signal and therefore a 

greater absorption of laser at the acupuncture point than at the nearby non-acupuncture point (Figure 3a). Results also showed 
that as the pulse repetition rate was increased the diffcr,ence in the reflected signal between the acupmchue points and ,at~tr:. 
acupuncture points was reduced (wt Table 2). At pulse repetition fiequencies above 10 Hz there was no detectable d i F w z e  
between the two signals. 

Frequency (k) 

Table 2 Mean positive (p) and negative (p-) difference in amplitude between acupunctun and non-acupuncture points (in Volts). 
Absolute (volts) 

1.52 1 
Xu 

1.452 
0.959 
NA 
NA 

NA (not applicable) as no measurable difference was obscrvcd. 
Figure 3. Absolute difference in volts between acupuncture and non-acupuncture point versus frequency. 

p- (volts) 
0.772 
0.918 
0.8 13 
NA 
NA 

Freqtiency (Hz) 
1. 
2 
5 
10 
20 

P‘ ( v o w  
0.749 
0.47 1 
0.146 
NA 
NA 
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Figure 3. Voltage (V) versus time (sec) of reflected infia red radiation fiom the laser, at acupuncture points and 
non-acupuncture points, at pulse repetition frequencies: a) 1 Hz, b)2Hz, c)5H7, d) l OHz 



DISCUSSION - 
These preliminary results suggest that acupuncture points could in fact have different absorption properties to non-acupuncture 

pints and thus the unique elec;brical properties of acupuncture points coincide with unique optical characteristics. The fact that 
kere was less difference between the absorption of i n h  red light at acupuncture points and non-acupuncture points at higher 
pulse repetition rates suggests that the point may have a refi-actory period. The limited number of pulse repetition ~ates used in 
this study however, do not allow us to elaborate on the absorption - frequency chamcteristics of acupuncture points. This will be 
the subject of ongoing research. 

The fact that lasers of dit'ferent frequencies have different penetrations into tissue and may have different bio-photo- 
stimulatory effects suggests that lasers of  different frequencies will have different zbsorption characteristics. It would be 
interesting to which frequencies of laser light have the greatest differential absorption at acupuncture points. This could lead 
to a detemkition of the tissue depth of these points as well as suggesting optimal stimulation frequencies for low level laser 
therapy. It is also possible that specific acupuncture points will have different responses to stimulation by laser light of different 
frequencies as well as diEerent pulse repetition rates. 

CONCLUSION 

This study suggests that acupuncture points could in fact have different absorption properties to non-acupuncture points and 
thus there are optical correlates of the unique electrical properties of acupuncture points. Further work is required to elaborate on 
these optical characteristics. 
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Abstract 

The system of acupuncture points and meridians can be seen to relate to a functional 
description of how the body has been engineered. W e  it is d a c u l t  to find 
anatomical correlates for points and meridians, it is possible to identify them 
electrically. Research into the electrical basis of acupuncture mainly focuses on the 
basic sciences of biophysics and bioelectronics raiber than clinical r e sach .  Research 
in this area includes; the development of different techniques and devices to measure 
the electrical impedance and resistance of acupuncture points, studies on the 
propagation of signals along the meridians, the propeAes of needle-tissue interactions, 
and the bioelectric and physiological effects of need@. Omer more clinical studies 
ihclude the eminat ion of the pulse using pulse plethymogmphy and studies looking 
at the use of diagnostic devices such as me Vega testing and Rodo&,. This research 
may not only help to validate the use of Traditional Chinese Medicine principles, it 
may also lead to h e  development of new diagnostic and therapeutic devices h t  can 
combine ancient Chinese wisdom with the latest in Westem technology. 



techniques or therapies and it enhances medical treatments. 
It is preventative, easy to use and safe. Through the 
initiations or attunenents of Reiki comes a re-awakening, a 
re-opening of the healing channel within all of us. Rciki 
accelerates mental, emotional, and physical healing as well 
as spiritual growth. Reiki will be an individual experience. 
Some people relate to it as dance, music, light, love or 
coning home. In a Reiki I class, persons are attuned to the 
energy and learn ways to use Reiki in their own lives and in 
service to other. In a Rciki 11 class, persons who have 
completed Reiki l t;aining are given methods for sending 
Rciki at a distance, funhering the mental, spiritual and 
emotional healing processes. 

REFLEXULOGY - THE NEW FRONTIER: 
CROSSlAiG C4NCHARTERED 

TERRITORY GUIDED BY MERIDIANS 
AND THE FIVE ELEMENTS 

lnge DOUGANS 
Founder of the Revolutionary Vacuflex Reflexology 
System and the International Schaol of Reflexology and 
Meridian Therapy, PO Box 68283 Bryanston 2021 
South Africa 

The concatenation of ancient, classical Chinese 
philosophy and Western ideology has added a powerful 
dimension to the understanding of the disease pathway by 
utilizing the remarkable diagnostic aspects of tlie nieridian 
network and man's inter-relationship. With the Five 
Elements. Modem technology, too, has nude its invaluable 
contribution with the Vacullex Systcm, combining the 
ancient practices of acupuncture and reflexology in one 
treatment; its unique "diagliostic" feature being the visual 
inipressions left on the plantar region of the feet, wiiic!i 
appear as colors, and are then interpreted by the practitioner 
as states of chronic and acute congestion, the accuracy of 
which the case histories predicate. It is vital to incorporate 
in our work the astonishing union of technical competence 
with spiritual force that is the embodiment of Chinese 
Medicine, integrate its unifying concepts so as to enhance 
our practice and render a cessation to tlie process of 
fragmentation that is characteristic of our times. 

WESTERN SCIENCE, EASTERN PHILOSOPHY 
AND INFQRMATbON THEORY: TOWARDS AN 

INTEGRATED THEQRY OF PAIN 
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reductionist and objective. Both approaches. however, 
attempt to reduce pain and suffering which appear to 
transcend this division. Information theory can also be seen 
to transcend this division for any description may be 
expressed as 'information', which can be reduced to 'bits' 
(the smallest quantifiable unit), or expressed qualitatively 
through the concept of 'entropy'. Like pain, the concept of 
entropy bridges the gap between objective and subjective 
descriptions, and while life is dependent on 'negentropy' in 
order to grow, learn, and evolve, entropy represents a threat 
to life that may be perceived as painful. By viewing pain as 
'biologicsl entropy*, the eastern view of 'life is pain' can be 
seen to relate to the fact that horncostasis is never perfect and 
life is necessarily an entropic process. Furthermore, the 
concept of information may be compared to the concept of 
'chi' or 'prana', and the eastern concept of Sisease arising 
from a blockage of chi can be seen to parallel the second law 
of thermodynamics which describes a universal tendency 
towards disorder in  any isolated system. The concepts of 
information theory apply to descriptions at all levels ranging 
from biochemical interactions to cognitive and behavioral 
~spects, as well as to philosophicnl and social issues. 
Information theory may thus Iielp to integrate knowledge 
from many diverse areas and produce a single body of 
knowledge aimed at the relief of 1iun:an suffering. (144) 

CDMMUNEATIDN: H 0  W PATlEN7S 
PERCEIVE WHAT WE THlNK WE SAY 
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Patients who are ill, in pain, trauniritizcd, or anxious 
perceive information as if they were in an a1 tercd state of 
consciousness. Communication is, therefore, often 
niisunderstood and difficult. both for the caregiver and tliz 
patient. It is important for us to understand this 
phenon~enon, why it occurs, and how best to deal with it  in 
order to minimize further suffering and to iniprovc patient 
care. Awareness of hypnosis and the nianner in  which the 
subconscious processes information helps us to 
counterbalance tliese intrusions more effecrively. This 
paper will address some of the common misintelpretations 
and offer suggestions for clarification. Trigger words and 
phrases, body language, and spontaneous ideomotor 
responses will be discussed. ( 1  5 1) 

Eastern and western medicine arc currently divided by 
different world views with the castem view being more 
holistic and subjective and the western view being more 




