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    Dear highly distinguished reader,




    Writing a foreword to a unique, fascinating, and excellent book is a great honor. The honor is combined with the feeling of pleasure and satisfaction as the whole creative process, the original concept, the brilliant ideas, as well as the experimental work I have known from the very beginning. The execution of original ideas needs enthusiasm, insistence, hard work, and first of all belief in that the concept is correct.




    Dr. János F. László had original ideas, optimism, enthusiasm, and belief. He was a highly qualified physicist who approached the question of biological effects of static magnetic fields from the physicist’s point of view. He aimed at obtaining legitimate evidence on the biological effects of static magnetic field under both in vitro and in vivo circumstances. In addition, he and his coworkers, collaborators, colleagues were not satisfied with providing merely a description of the effect of static magnetic field, but tried to clarify the mechanism of action, the time-dependency of the effect, and the “dose-dependency” of the SMF-induced action. Why is this important? Static magnetic field (SMF) therapy is used by large numbers of people for self-care all over the world; however, the SMF dosage, treatment regimens, and mechanism of action have not yet been established. Therefore, it is of utmost importance to elucidate, first under experimental conditions, the mechanism of action, the optimal duration to SMF exposure, and the effective dosage. The research initiated, carried out, and permanently stimulated by János László focused on these unanswered questions.




    As the book quite adequately reflects, the analysis and examination of the biological actions of SMF were based on a well-designed systemic study. Experiments were carried out first in microorganisms (bacteria) than in mollusks, followed by mammals (mice and rats), and finally in humans. Thus, the book synthetizes the biological effects obtained from both animal and human subjects – and what is exceptional is that the outcome and conclusion were based on the author’s own results – as opposed to the data in the literature. The final goal of all the studies was to establish the potency, efficacy, and safety of SMF which are the basis of its human application. Consequently, the results summarized in the present book have not only importance for basic science but also for clinical practice.




    To my greatest sorrow, the preface cannot be finished by wishing the author further successful research and encouraging him to write the next volume about his newest findings. János László, shortly after finishing his excellent book, passed away leaving behind him many unanswered questions and unresolved problems. The present volume, however, will convince everyone that his oeuvre is complete, and this book which is based on wide collaboration of different fields of science will certainly constitute a determinant reference book for a long time in the field of magnetic field research.




    February 24, 2015. Prof. Dr. Klara Gyires MD, Phd, DSc


  




  




  




  

    Preface




    


    Dr. János F. László*




    

      University of Debrecen, Hungary Faculty of Informatics


    




    


    * Dr. János F. László passed away after writing the manuscript. The book has been published posthumously. It is the manifestation of the author's deep dedication to science and it represents the helping hand that researchers can grab to further their research in this field.


    


  




  

    I am fully aware of the risk I undertook when, accepting the challenge; I decided to write this book. The challenge appeared in a crystal clear form of a kind request from Bentham Science. This very distinguished publishing company expressed their feeling that my experience with static magnetic fields (SMF) may be of interest to a broader audience. I hope they were right…




    I spent almost 2 decades in the research field of controlled thermonuclear fusion, while being employed at the Technical University of Budapest, Hungary. Stellarators use very complex external SMF to keep the plasma focused inside the vacuum vessel. When facing the problem of SMF-exposure on living organisms, I felt predestined to contribute to this unique and challenging exploration.




    What do I mean when I say I undertook some risk? The effect of SMF-exposure on living tissues is namely like sport. Few have adequate knowledge about it, while many have opinion or prejudice. It is also not widely acknowledged that in the past 60 years, parallel with the discovery and development of nuclear magnetic resonance spectroscopy (NMRS) and its entry to medical diagnosis (as magnetic resonance imaging or MRI), serious research has been done resulting in 7 Nobel Prize winners. This made it all the more important to clarify whether the result of the diagnosis of MRI would have a correlation with the SMF-exposure itself. Let us immediately clear some points:




    

      	An SMF exists that has a clinically significant analgesic and anti-inflammatory effect,




      	This response relies in the biology of the subject itself mobilizing its own defense systems in overcoming pathological conditions.


    




    Taking risks happens when strong motivation is at hand. I happen to have several. I wrote this book, because (i) I wanted to overview what we have done in the past 7 years in a concise form, (ii) I want to encourage fellow scientists to join us and share our efforts and victories, (iii) I am looking for sponsors who would provide sources for research but leave research independent.




    I am often asked by laypeople as well as professionals whether this or that jewelry, band, mattress, pillow, or disk including permanent magnets, available in the market would really “act” as pain-killer or anti-inflammatory device. Well, my best answer to that query is “I don’t know. They may.” My experience tells me that there are some arrangements, structures of permanent magnets that exert measurable (patho)physiological effects when living tissues are exposed to it. Such arrangements are discussed in this book, which makes up for the evidence-based part of it. The scientifically non-evaluated and/or non-reproducible experiments with other arrangements “may still act”. They certainly “act” at the psychosomatic level. The placebo effect induced by magnetic fields can rise up to 60%. Is this good or bad news? Placebo effect itself has a good reputation and an evidence-based foundation in medicine, and serves as one of the most effective therapeutical strategies in otherwise unmanageable diseases. It is inexpensive, it acts immediately, and it can have a long lasting beneficial effect. However, placebo also has side effects. Unfortunately, there's no such thing as a free lunch.




    A well-founded hope is slowly evolving that we might create a method for analgesia and anti-inflammation that is at least as effective as conservative options but may have fewer side effects and interactions.




    Is it really a surprise for the respected Reader that static magnetic fields (SMF) can affect a living object? An ever increasing annual number of publications reporting about evidence-based medical research prove that living objects respond to external magnetic fields in a wide range of frequencies. These results are briefly reviewed in the preliminaries of the chapters. However, I feel encouraged to concentrate on our own studies which provide the first pieces of evidence in some fundamental aspects of research that exposure to an external, artificial SMF can induce or assist certain (patho)physiological effects.




    This book basically covers all phases of studies regarding the effect of SMF-exposure on living matters starting from in vitro assays, through in vivo experimental tests, ending with human trials. In the beginning, though, I must be a little more technical in order to introduce the fundamental steps of medical device development to the Reader. Most of the developmental steps follow the rule: The stronger, the longer lasting, and the more prompt the beneficial response to SMF-exposure compared to sham-exposure, the further we got with the optimization of the SMF-producing generator.




    In all honesty, I must admit that not all experiments provided evidence for the beneficial effect of SMF-exposure on the specific biological response tested. Even if a positive response was found, we were not always convinced that it was the exclusive action of SMF-exposure. Therefore, we had to differentiate between several options to the best of our knowledge.




    

      	Is there really no effect that can be measured?




      	Would there be an effect if we chose a more appropriate model?




      	Can we still miss observability of an effect in a perfect model by superficial execution?


    




    These are concerns probably every researcher must deal with. However, we have never encountered a situation in which the exposure in the applied magnetic induction range and the applied short periods of time would have caused negative (that is harmful) main or side effects.




    Although the viability of a number of healthy microorganisms was tested in vitro, human lymphocytes and macrophages resulted in more interesting insight when SMF-exposure followed gamma-irradiation or lipopolysaccharide-activation. The Reader will soon realize that we spent most of our time with in vivo experimental research. The reason for this is that these tests have provided the most positive results; consequently, they were more applicable for device development. Within in vivo animal tests, we selected pain models in invertebrates and also in mammals, further divided into acute and chronic pain models, inflammation tests is mammals, as well as an allergy test. The human trials presented here must be considered incidental; nevertheless, they still open up new vistas of future research and development.




    I am personally proud to have succeeded in getting a little beyond the level of phenomenology by revealing some of the possible background mechanisms in action. It seems obvious today that a living object that has self-motion in an external SMF is subject to an induced time-dependent magnetic flux and, consequently, to internal electric potential differences; however, the point whether these changes can be scientifically measured in the biological response is still open for discussion. A model is presented to physically correctly simulate and thus assess the generated magnetic potentials in rodents that move in an inhomogeneous SMF within geometric restraints.




    When designing a model to test SMF-exposure, the first consideration, contrary to therapy, is (i) to expect a positive result. This condition was unfortunately very effective in limiting the number of models. (ii) Science in general must advance Based on experimental results; such results have either not yet existed or if existed, were ambiguous. (iii) The result should have a clinical relevance. Other factors that have also played a restricting role were (iv) time- and budget-restrictions. (v) Also, a laboratory should be picked for the measurement that has a traditional practice in the field of the model. This choice provided further advantages: The experience in the lab furnished us with immediately comparable results to those achieved with other (mostly chemical) agents in the same model. (vi) We started with in vitro and in vivo measurements where the role of placebo (and other psychosomatic) effects could be minimized. (vii) We always aimed at (but were not always successful in) repeating the experiment in another laboratory in order to check reproducibility. Another important point in the choice of experiment was the (viii) level of hospitality of the host institute for a new and important research field. I have astonishingly positive experiences with this latter factor.




    Research in the field of SMF-induced or -assisted biological responses is a rather new, but very important and promising field with high expectations from both the research society as well as the average man. On one side of the topic is the knowledge we can gain from natural sciences: The method of nuclear core and electron resonance, the spectroscopy methods of molecular, even atomic resolution, and the quantum mechanics describing their operation. On the other side there is the knowledge we obtain from life sciences, where explanation is given on the level of receptors and enzymes. The imaginary tunnel of scientific cognition is bored from both sides. Although we are unfortunately far from joining the 2 bores, the present book hopefully serves as a step from the direction of receptors toward magnetic spins.
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    The Reader must be warned though that this book does not aim to summarize the complete craftsmanship accumulated about the medical applications of SMF-exposure, neither can it reveal all the gaps in knowledge. It certainly tries to untangle some areas that seem to be important from the clinical viewpoint. This book is not intended to be a review even if it contains a large enough amount of references to start a research in this field for a newcomer. It basically accounts for the author’s own experience in life sciences during the past 7 years. Having a background in electric engineering and a history of almost 2 decades of university physics lecturing, the biology-related topics collected in this book come from the fresh aspect of a particular and positively skeptic “outsider”. By definition, a person is positively skeptic if he does not believe his own eyes, but is ready to learn, “to strive, to seek, to find, and not to yield” (from Alfred Lord Tennyson, English poet, 1809-1892). I personally take responsibility that every single statement I formulated in this book reflects evidence provided by our own experimental data, measured in the best possible way. Although double blinding could not always be carried out, we always strived after reproducibility.




    In good faith,




    

      János F. László,*


      Budapest, Hungary, 2014


      Email: anna.laszlo@connect.polyu.hk

    




    

      *Dr. János F. László passed away after writing the manuscript. The book has been published posthumously. It is the manifestation of the author’s deep dedication to science and it represents the helping hand that researchers can grab to further their research in this field.
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    A special tribute is due here to those Hungarian researchers who substantiated the area of biophysics dealing with how different living tissues respond to SMF-exposure. Júlia Lengyel, a Hungarian physicist, was probably the first scientist, to have “scientifically conducted investigations” on SMF-exposure-related issues specifically on cancer more than 80 years ago [1] as referred to in the 2nd chapter: “Rejection of transplanted tumors in mice” by J. Barnóthy in the book Biological Effects of Magnetic Fields first published in 1964 [2]. The Barnóthy family, Jenő (who died 20 years ago) and Madeleine (born Magda Forró 110 years ago) primarily deserve the Reader’s attention since they worked and published extensively in the area.




    The present book does not need to prove that natural SMF like that of the Earth otherwise known as geomagnetic field influences living objects in multiple modalities. This fact has been evidenced and can be regarded as notorious. In the course of the 100 million years of phylogenesis, living organisms have gotten used to the geomagnetic field which has a vertical component of 43.6814 μT, a North-South component of 21.1571 μT, and an East-West component of 1.5483 μT at the place and in the time of my writing this text, 150 m above sea level [3]. Some animals developed special receptors that assist them in navigation. Magnetotactic bacteria [4], migratory fish, and bird species [5] have such animal “GPS”. A receptor sensitivity level of 2 orders of magnitude below geomagnetic field induction of the Lorenzini ampoules help cartilaginous fish (rays and sharks) detect the hidden prey [6]. It has recently been revealed that even a type of mammal (a bat species) uses the geomagnetic field for navigation [7].




    Human habitat on Earth creates a very complex system. Concentrating on merely natural magnetic phenomena, we can create a triangle with the vertices mag-netism, climate, and biosphere, see Fig. (1.1). It has not yet been decided whether the geomagnetic field has a direct measurable effect on mammals, but little doubt occurs as to whether its changes in time cause measurable responses [8, 9]. Alterations in the geomagnetic fields, on the other hand undoubtedly lead to climate changes. Needless to say that this indirect effect of the magnetic field determines the health of a human, i.e. his homeostasis [10].
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Fig. (1.1))


    Model of human habitat concerning magnetism, the essence of which is that the effects are introduced through time-dependence.



    All 3 above mentioned components are interrelated directly as well as indirectly. The present book will allow me to focus only on a small but singular part of this complex system: The relationship between artificial SMF and human homeostasis within the global ecological biosphere.




    We can suppose that the effect of artificial SMF-exposure on humans is also widely known. Nuclear magnetic resonance spectroscopy (NMR) was invented in 1945. Later, in the seventies it was completed with scanning and computer image processing, and was called magnetic resonance imaging (MRI). MRI has since become an important tool as a non-invasive method in modern medical diagnostics primarily useful for soft tissues. The importance of NMR (and MRI) has been punctuated 7 times so far, when 9 excellent scientists were rewarded with the Nobel Prize: Otto Stern in 1943, Isidor I. Rabi in 1944, Felix Bloch and Edward Purcell in 1952, Richard Ernst in 1966, Nicolaas Bloembergen in 1981, Kurt Wüthrich in 2002, Paul C. Lauterbur and Sir Peter Mansfield in 2003. Raymond V. Damadian was the first in 1971 who initiated the “MRI industry” with his publication in Science as well as with the first whole-body diagnosis [11]. Magnetic fields were in the focus of research of Hendrik A. Lorentz and Pieter Zeeman, who won a Nobel Prize in 1902, Willis E. Lamb and Polykarp Kusch were awarded in 1955, while Robert B. Laughlin, Horst L. Störmer, and Daniel C. Tsui received one in 1998.




    One current concern of MRI designers is how to improve visual resolution. One method is relatively straightforward; the SMF component of the MRI, B0 should be increased. One of the first commercial MRI devices had a B0 of 50 mT; companies today offer a wide range of machines in the 3-14 T range. Such high fields can be sustained exclusively by superconductive magnets, the cooling of which requires significant technical background, maintenance, and huge overhead costs.




    Since the European Union (EU) banned the trade restrictions regarding the sale of medical devices with permanent magnets in 2002, the market was swarmed with “magic” and “enchanting” devices for practically all purposes: The same apparatus would increase low blood pressure (BP), while decreasing high BP at the same time. The question obviously arose: Do these devices have any influence on the human organism beyond psychosomatics?




    SMF-exposure (MRI included) has progressed step by step to become a broadly examined physical agent; the database of NCBI (National Center for Bio-technology Information, in short PubMed) produces the following time development (Table 1.1) if searched for “static magnetic”:




    

      Table 1.1 Number of publications in PubMed database, which contain “static magnetic” in the decades after 1960.




      

        

          

            	



            	before 1960



            	sixties



            	seventies



            	eighties



            	nineties

          


        



        

          

            	number of publications



            	1



            	10



            	31



            	258



            	1136

          


        

      




    




    Similar data for this century until February 14, 2014 (Table 1.2):




    

      Table 1.2 Similarly to Table 1.1 detailed for years starting with year 2000.




      

        

          

            	



            	2000



            	1



            	2



            	3



            	4



            	5



            	6



            	7



            	8



            	9



            	10



            	11



            	12



            	13



            	14

          


        



        

          

            	number of publications



            	259



            	259



            	233



            	282



            	312



            	380



            	412



            	405



            	436



            	469



            	503



            	522



            	527



            	498



            	53+?

          




          

            	5 year sum



            	1345



            	2102



            	2103+?

          




          

            	10 year sum



            	3447



            	

          


        

      




    




    The numbers are probably not exact. They are partly low estimates because PubMed does not have a track record for the far past (most publications before 1960 have never made it into the database); they are partly high estimates because publications may have been included that have nothing to do with life sciences. All in all, the trend is probably true that the number of publication shows an almost monotonic rise in time. Both World Health Organization (WHO) and the EU require such research. The importance of the therapeutic applications of SMF and the knowledge we lack in this field of science is reflected in the report of WHO from 2006 [12] in the Research Agenda for Static Fields: Introduction): “For static magnetic fields, research carried out to date has not been systematic and has often been performed without appropriate methodology and exposure information. Coordinated research programs are recommended as an aid to a more systematic approach. There is a need to investigate the importance of physical parameters such as field intensity, exposure duration and field gradient on biological outcome.”




    Here is another citation issued by Scientific Committee on Emerging and Newly Identified Health Risks of the EU from 2009 [13], in the Health Effects of EMF Exposure, Abstract): “Although a fair number of studies have been published since the last opinion, the conclusion drawn there stands: There is still a lack of adequate data for a proper risk assessment of static magnetic fields. More research is necessary, especially to clarify the many mixed and sometimes contradictory results. Short term effects have been observed primarily on sensory functions for acute exposure. However, there is no consistent evidence for sustained adverse health effects from short term exposure up to several teslas.”




    The official statement of WHO and the EU in effect says that up to a magnetic induction of 8 T, the human body will not be jeopardized by an external SMF. A fresh statement was due in 2008 about devices with higher fields but due to the lack of experimental research data, the EU postponed the issuance [14]. Instead, SCENIHR published the report mentioned above [13] about the potential hazards of SMF-exposure in January 2009.




    The secret to the beauty of this research field lies in its complexity, its interdisciplinary or rather transdisciplinary nature. Without being exhaustive, Fig. (1.2) shows some of the inter- and trans-connected areas.




    
[image: ]


Fig. (1.2))


    Inter- and transdisciplinarity among different research areas dealing with static magnetic fields.



    The description of SMF and the circles of application belong to physics. The generation of SMF is typically a task for technical and material sciences. The effects caused concern the field of biology and medicine affecting geosciences (natural SMF), psychology (psychosomatic therapies), agriculture (plant, soil bacteria), and chemistry (interaction models). Last but not least, we have mathematics providing the basis of all models including science supplying statistical models. The research detailed in this book is therefore, a field to be regarded as not only multi- and interdisciplinary, but also transdisciplinary since there is not only an overlap between fields, but in some cases these areas are inseparable.




    Here are some world record holder SMF, just for the Reader’s information. A fully functional SMF generator in the USA at Los Alamos National Lab produced 100.73 T magnetic induction in pulse mode. The maximum achievable magnetic induction today in continuous mode is 45 T. This device can be found at the National High Magnetic Field Laboratory in Tallahassee (Florida, USA) belonging to Florida State University. The exposure chamber for experimental use contains 15 sample holders with a diameter of 32 mm each. The generator is powered by a 29.3 MW electric supply.




    In spite of the amount of publications providing medical evidence for the beneficial effects SMF-exposure can exert on living matter, a researcher must keep his obligatory skepticism due to the difficulties comparing different measurements. On the other hand, the spread of MRI devices (many hundred thousand diagnoses were going on around the world already in 2009) and the increase of B0 components make it not only important but also necessary to conduct research in this field. Accordingly, a large part of physiological research concerning the effects of SMF-exposure has been started on a pure epi-demiological basis. In these studies, those persons who work around functioning MRI devices are under examination since they are exposed for longer time periods and/or more frequently to fringe fields around MRI devices. Similarly, an increased risk may be attributed to particle accelerators in high energy labs, affecting research personnel. There is an increased duration of SMF-exposure to some workers in special areas of industry, such as aluminum processing or accumulator production. At these locations regular medical surveillance and check-up are compulsory.




    If electrically charged particles (objects) move in an external SMF with non-relativistic velocities with a component non-parallel to the SMF, the SMF diverts the particles from their original path as described by the Lorentz force. Living tissues consist of electrically charged particles most of which are in motion even if the object itself is stationary. There is no wonder that SMF-exposure becomes a crucial factor. The question, therefore, is whether such effects remain observable even if the ab ovo magnetic disorder in the mostly diamagnetic matter (of water) and the induced elevated heat transfer show a trend of reducing the effect below measurable thresholds.




    Some suggest that the magnetic interaction is only indirectly responsible for the physiological effects induced by electromagnetic fields (including zero frequency, SMF). Time-dependent magnetic fields generate a magnetic flux on a certain surface (transformer induction) that causes an electric potential difference, and this can lead to the production of electric currents. The other possible source of induction can be if a conductor moves within a homogeneous or inhomogeneous SMF (motion induction). When a patient is moved into the bore of a 3 T MRI from a magnetic background of some mT in a path of 1 m within a time period of 20 s, his body is exerted to a sudden gradient in the SMF in the 3 T/m range. This is an extreme magnetic and, thus, electric load for the body. It is widely accepted that the human body is rather sensitive to changes in electric current densities. Magnetic induction concerns neuroscience since the peripheral nerves are the most sensitive parts in our body to get stimulated by external magnetic fields. These peripheral nerves are our primary SMF receptors specialized to sense electric currents as well. For their stimulus, 480 mA/m2 electric current density [15] or 40 T/s magnetic induction change [16] seem to be satisfactory.




    As mentioned before, even a human body at rest is subject to changes in the magnetic flux in a perfectly homogeneous SMF. Without self-motion there are numerous currents in the body carrying electric charges, electrons, ions, and charged molecules. Before being examined, the patient’s head will be fixed on the table of the MRI. Even so, patients often complain about unusual sensations at one or multiple modalities of perception: Sparkling stars (phosphenes, visual level), nausea or vomiting (proprioceptive level), vertigo (vestibular level), metal taste (gustatory level), and/or headache (multimodal level). These symptoms are probably primarily due to magneto-hydrodynamic interactions [17] and as a consequence, simultaneous inputs in the brain get into conflict [18].




    Taking into account the scanning function of a clinical MRI, the complicated picture becomes even more implied. The B1 component of the MRI is a gradient SMF, which is not only a varying SMF in all 3 dimensions in space, but is a time-switching SMF as well. The research exploring the effects of such SMF is a separate area of research [19] and will not be discussed in the present book.




    What role can SMF-exposure have in therapy? As an example let us look at neuropathic pain… Neuropathic pain affects 44-98 million people worldwide. The lower estimate does not include patients with low-back pain associated with neuropathy. Neuropathic pain has long-term consequences regarding the quality of life of the patient as well as his insurance costs. Neuropathy is a disease of the nervous system. The 3 major forms of nerve damage are: Peripheral neuropathy, autonomic neuropathy, and mononeuropathy. Neuropathy is classified according to its cause: Diabetic peripheral neuropathy 0.6%, postherpetic neuralgia 0.5%, cancer-associated 0.2%, spinal cord injury 0.12%, causalgia and reflex sympathetic dystrophy 0.1%, multiple sclerosis 0.05%, phantom pain 0.05%, post stroke 0.03%, human immuno-deficiency virus (HIV)-associated 0.015%, trigeminal neuralgia (tic douloureux) 0.015%, low-back pain-associated 2.1% in % in 100,000 cases [20]. Nerve damage is likely due to a combination of factors: Metabolic factors (high blood glucose, long duration of diabetes, possibly low levels of insulin, and abnormal blood fat levels), neurovascular factors leading to damage to the blood vessels that carry oxygen and nutrients to the nerves, autoimmune factors that cause inflammation in nerves, mechanical injury to nerves (carpal tunnel syndrome), inherited traits that increase susceptibility to nerve disease, lifestyle factors such as smoking or alcohol consumption. Its symptoms are: Allodynia, anesthesia, dysesthesia, hyperalgesia, hyperpathia, hypoesthesia, paresthesia, phantom pain, referred pain including numbness, tingling, or pain in the toes, feet, legs, hands, arms, and fingers, wasting of the muscles of the feet or hands, indigestion, nausea, or vomiting, diarrhea or constipation, dizziness or faintness due to a drop in postural BP, problems with urination, erectile dysfunction (impotence) or vaginal dryness and weakness.




    Pain attached to neuropathy (diabetic peripheral neuropathy, post herpes neuralgia, tumoral disease, injury of the spinal marrow or multiple sclerosis, phantom pain, pain following stroke and trigeminus neuralgia, lower back pain) causes long-lasting decrease in life quality of 44-98 million people worldwide. (The higher value contains those who have lower back pain, possibly due to neuropathic pain, such as sciatica or lumbago.) At least one third of the world’s population is affected by this kind of pain throughout their life. This pain must be released. Current therapy options are rather restricted. Conventional therapy includes steroids (e.g. betametazon, prednisolon, and hydrocortisone) and non-steroidal anti-inflammatory drugs (NSAID, e.g. ketoprofen, diclofenac, diclo-fenac, naproxen, piroxicam, clonixin, ibuprofen, nimesulide paracetamol, and meloxicam), anti-inflammatory drugs, antiepileptics, local anesthetics, anti-depressants, antiarrythmics, opioid analgesics, NMDA-receptor antagonists, as well as all of these combined.




    These methods work on different background mechanisms, with different effectiveness, but their common advantage is that they contribute to the lowering of inflammation. Although these drugs are effective, their application warrants extra prudence. Their use often triggers undesired side effects and almost always unperspicuous interactions. These therapy options involve real hazards (e.g. allergy, ulcers in the gastric tracts, etc.). Iatrogenesis (health degradation following medical treatment or advice) is number 5-9 leading death cause in the USA [21, 22].




    Is there anything wrong with medicines in general? Well, the different phases of research and the marketing authorization take about 10-12 years; meanwhile, the legal protection of the patent lasts for 20 years. Is 8 years enough to realize profit for the shareholders? Will patients not die before even commencing treatment? Molecules are not selective enough to exclusively get to the target receptor and receptors are not selective enough to exclusively get to the donor molecule.




    Does the Reader agree that everyone would be interested in a therapy option that is able to kill pain, inhibit inflammation, reduce edema and handicap with a method that is non-drug, non-invasive, non-contact, non-psychoactive, not painful, has a prompt and local effect, can be used comfortably at home, uses the endogenous sources of the human body, is evidence-based with a device that does not need care or even maintenance, has a lifespan over that of humans, does not contain moving parts, is inexpensive, does not need external power, and its use does not require expertise? Many researchers and clinicians would, indeed, be interested in such a therapy option, and, in fact, hope to have found one in SMF-exposure devices.




    Human ingenuity has supplied everyday life with apparatuses in a wide range of the electromagnetic spectrum. Why did I choose the zero frequency limit for the subject of this book? I decided long ago that I wanted to contribute to the understanding of the background mechanism of how magnetic fields act on living matter. The zero frequency limit seemed to be the only choice providing the possibility of studying an electricity-free action of SMF even if, in practice, this electricity-free action can rarely be realizable.




    The critics may ask why I chose to investigate many different fields of life sciences rather than digging deeper in one single field. I have a theoretical and a practical answer to this. The theoretical reason is that we are still lacking systematic phenomenological knowledge in many areas of medicine. Systematic research is typically carried out by several research groups cooperating and exploring a certain area. This is how we have been working. The practical reason is even simpler; the lower the well in a fundamental field of science, the higher the costs.




    The structure of the life sciences chapters in this book follows basically phylogenesis (chronology). It starts with experiments on microorganisms (In Vitro Experiments on Microorganisms) and through inver-tebrates and mammals (In Vivo Animal Experiments), consolidates in human trials (Human Investigations). At the beginning of coherent sections, preliminaries inform the Reader about the antecedents. Tables, summarizing Chapter 5 and 6, help further orientation. In case of analgesia, I introduced a special summary, partly because of the complexity of the topic and partly because of the depth of the discussions. Chapters 2 (Physical Properties of Static Magnetic Fields) and 3 ( Sources of Static Magnetic Fields ) only serve the purpose of assisting the Reader in getting acquainted with the physics background and the problems arising from mixing natural and life sciences.
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    An SMF is conventionally described by the 3 dimensional magnetic induction ([image: ]) or magnetic field strength ([image: ]) vector. Since most applications in this book use SMF perpendicular to the surfaces of the living matter (except the 3 T clinical MRI), we choose to use magnetic induction whose component perpendicular to the interface between materials with different susceptibilities remains unchanged. I shall sometime abbreviate magnetic induction vector to induction bearing in mind that magnetic induction is a quantity, not a phenomenon. SMF is a special type of magnetic field in which induction does not change in time. In other words, it is time-independent, its time derivative is zero, or the field is simply static. However, even an SMF can and, as a matter of fact, always does change is space. We refer to SMF as inhomogeneous if at least one of its components has a non-zero induction derivative (gradient) in space. In the hypothetical situation when a magnetic field does change neither in time, nor in space, we call it homogeneous SMF. This is a mathematical model, an abstraction, since there are no infinite sources of magnetic fields, not to mention that along the edges the SMF will necessarily be inhomogeneous. The sources of SMF are electric currents or atomic particles (molecules) that have a net magnetic spin. We shall speak about the sources a little more in a little more detail in Chapter 3 (Sources of Static Magnetic Fields ). Earth itself is a complex natural source of SMF due to the huge amount of minerals that are either magnetically anisotropic or in motion. Anisotropy is a term for being directionally dependent. Artificial magnetic fields generated by man are usually produced by electric currents. If the current is direct (DC) the resultant field is SMF; otherwise it becomes an electromagnetic field in the broader sense (AC, non-zero frequency). Nowadays, due to the development of materials science, permanent magnets that generate SMF easily 5-6 orders of magnitude beyond that of Earth and 2-4 orders of magnitude beyond that of natural magnetic ores can be manufactured. In some of the experiments reported in this book, we used magnetized cubes of size 10×10×10 mm that have a remanent magnetic induction (induction remaining even if the source magnetic field strength gets back to zero) of 1.47 T!




    We stick to SI units in this book; accordingly, magnetic induction (or magnetic flux density or intensity in the English literature) has a unit named after Nikola Tesla (1856-1943), Serbian inventor. T (=Vs/m2=Wb/m2=N/A/m). magnetic flux is measured in Wb (=J/A=Tm2) named after Wilhelm Eduard Weber (1804-1891), German physicist (the surface density of 1 Wb magnetic flux is 1 T, this is where the English nomenclature for magnetic induction originates from). magnetic field strength is in A/m (named after André-Marie Ampère, French physicist, 1775-1836). A particle carrying a charge of 1 C (after Charles Augustin de Coulomb, French physicist, 1736-1806) and passing through a magnetic field of 1 T at a speed of 1 m/s perpendicular to SMF experiences a force with magnitude 1 N (after Sir Isaac Newton, English physicist, 1642-1727). The unit V was named after Alessandro Giuseppe Antonio Anastasio Volta (Italian physicist, 1745-1827).




    The grade of a permanent magnet relies on the maximum energy product of the materials the magnet is made of (B×H), frequently provided by the manufacturers in English units. A grade N50 magnet, for example, is made of a material with a maximum magnetic load of 50 MGOe (megaGauss Oersted named after Carl Friedrich Gauss, German mathematician, 1777-1855 and Hans Christian Ørsted, Danish physicist, 1777-1851), i.e. about 4×105 TA/m.




    

      Measurements




      In principle, the [image: ]([image: ]) vector-vector function must be known (measured or calculated) at all [image: ] positions within the finite volume of the exposure chamber to fully describe the SMF. We actually measured all 3 components of the specific magnetic induction vector in our studies. Usually 2 of them were ignorable for their absolute values were orders of magnitude below the so-called dominant component as well as they decayed in the magnetic background. Such negligible components were regarded as fringe field components.


    




    

      Tools, Sampling




      Magnetometers are used to determine the direction or magnitude of an SMF. Basically a magnetometer can be either “fluxgate” or based on the Hall-effect (named after Edwin Herbert Hall, American physicist, 1855-1938). Either way, one vector component can be measured at a time. The fluxgate magnetometer is a sensitive device; the mechanism is based on the different magnetic saturation of ferromagnetic materials. The probe consists of 2 parallel ferromagnetic cores, close to each other. A coil is wound around the cores, and thus the secondary AC current generated in the coil is detected. The signal of the coil is proportional to the induction of the external SMF, depending on the orientation of the SMF and the cores relative to each other. Fluxgate magnetometers have a measurement range between 1 nT to 10 mT. A special application of such magnetometers is using the corresponding component of the geomagnetic field as a basically constant bias allowing for the detection of SMF below that of Earth.




      A probe based on the Hall-effect consists of a thin square pad or foil made of gallium- or indium arsenide semiconductor furnished with 4 electric terminals. DC is lead through the pad or foil between 2 opposing main terminals, and the potential difference between the other 2 cross terminals gets measured. The so-called Hall-potential is proportional to the magnetic flux through the pad or foil, to the cosine of the angle formed by the magnetic induction, to the main direction of the pad or foil (polarization dependence!), and to the DC current between the main terminals. Hall-probes can measure between 100 µT up to 100 T, in principle.




      I wish to mention the superconducting quantum interference device (SQUID) here that is capable of measuring very small magnetic inductions (down to 5×10-18 T) based on superconducting loops containing Josephson junctions (after Brian David Josephson, Welsh physicist, 1940).




      We used Hall-probes exclusively. In order to scan SMF along lines in a generator, the generator was set up on its side on a stable, solid surface, and its position was marked for repeated measurements. The active part of the Hall-probe (Model 420 Gaussmeter; Lake Shore Cryotronics, Westerville, OH, USA) was at the end of a rigid and long shaft. The passive part of the probe, including the electronics, was fixed to the arm of the robot so that the active part would penetrate into the interior of the exposure chamber. The arm, holding the probe, was controlled by a computer equipped with dosimetric scanning software. The probe was moved parallel to the magnetic matrices of the chamber. Line scans were executed at 5 different planes between the matrices. Since a transverse probe can measure only one component of the induction at a time, the measurement was repeated after rotating the plane of the shaft (including the active part) by 90o. The third component was measured by a different probe with a flexible shaft. The active part of the probe was fixed perpendicular to both previous directions. These measurements were performed separately from the life sciences studies.




      Whenever something is asserted about the magnetic induction of a certain SMF, it is based on a sequence of dosimetric experiments as well as on multiple mea-surements at the same point. The number of sampling points was between several tens to hundreds depending on the inhomogeneity of the SMF. These values were averaged provided that averaging was not counter-indicated. Counter-indication occurred when the sampling points were different. For example, sampling SMF along the symmetry axes of cylindrical magnets with identical pole directions in the isocenter of an arrangement, the search for local maxima was definitely not counter-indicated. When determining the gradient components of the magnetic induction in a given distance from magnets, the local extremes of the induction of all neighbors were collected in a given distance from the surface. These values were then divided by the distance of neighboring extremes, and the ratios were averaged. The lateral distance between nearest neighbors was always held constant because the lateral periodicity of the magnet lattices (lattice constants) was fixed. If the number of individual magnets permitted, the SMF of magnets close to the edges were disregarded due to counter-indication; they had fewer neighbors than the ones in the bulk. In most experiments, we succeeded in leaving the edges of the SMF outside the exposure chamber excluding special SMF ranges from the experiment. Thus, such non-special induction and gradient values characterized the SMF of a specific magnet arrangement. These values will be summarized in Chapter 3 (Sources of Static Magnetic Fields).


    




    

      Constraints, Solutions




      Physical perception has its obvious limits. Whether we look at the direct effects SMF-exposure can exert on biological systems or the indirect effects of SMF-exposure through induced electric fields, we need signals that are measurable and large enough compared to the physiological signals produced by the background of thermal motion. This background exhibits constraints in the measurability of signals in biological systems [23, 24]. Energy approximations are used for the lower limit of detection taking into account the average thermal energy of the environment as a background and the energy of the occurring biological phenomenon. SMF-induced effects, probably due to radical pair interactions, are weak interactions compared to thermal motion [25].




      A typical surface scan of the component perpendicular to the surface at a distance of 10 mm can be seen in Fig. (2.1). Individual neodymium-iron-boron (NdFeB) grade N50 cylindrical magnets were positioned with alternating poles by one another in a checkerboard-like configuration. This configuration is called “bidirectional”, as opposed to “unidirectional” when magnets are oriented with their identical poles in one direction. The line-scanned area within the isocenter of the arrangement was 41×41 mm in size. The contribution of the asymmetric magnetic induction near the edges can be disregarded within this area since the arrangement has a lateral extension of at least twice the 41 mm distance.




      
[image: ]


Fig. (2.1))


      A typical field scan of SMF at a distance of 10 mm from the magnets’ surface for the case of NdFeB N50 cylindrical magnets sitting one next to another with alternating polarity.



      
[image: ]


Fig. (2.2))


      Schematic figure of a resultant arbitrary signal (e.g. magnetic induction) distribution of a bidirectional magnet arrangement. The resultant signal can be drastically different from the individual signals depending on the arrangement of the individual magnets. Dashed and solid lines denote the individual and the resultant signals, respectively. A) Cylindrical magnets of 5 mm radius are arranged with alternating polarity along a line 10 mm away from each other. B) Same as in (A), but the magnets are 20 mm away from each other. C) Same as in (A), but the magnets are arranged with identical polarity along a line 10 mm away from each other. D) Same as in (C), but the magnets are 20 mm away from each other.



      Approximating the scanned values of the SMF distribution along the x axis, we fitted normal distribution functions to the individual peaks, where the contribution of the kth peak to the distribution was [image: ], with k=1,2,…,n (σ was considered equal for the peaks), and λ the distance between the means (the lattice constant). In this simple approach, widely used for finding the spatial resolution in laterally or vertically periodic systems (see e.g. in the review of Hofmann [26]), the magnets were bidirectionally arranged and the R radius of each individual magnet was 5 mm (equals to one half of σ), See Fig. (2.2A) and Fig. (2.2B). Dashed lines represent arbitrary signals (e.g. magnetic induction values) belonging to each contributing magnet, whereas the solid line shows the resultant signal due to the interaction between the magnets. If λ is small and we neglect the non-symmetrical side peaks, the peak-to-peak (P-P) value of the resultant signal can be significantly smaller than what the individual peaks would suggest. E.g. if σ/2=R=5 mm and λ=10 mm, the signal is reduced to 15% of the P-P value (Fig. 2.2A). For σ/2=R=5 mm and λ=20 mm, the signal is reduced to only 73% (Fig. 2.2B). For a similar situation when σ/2=R=2.5 mm, λ=5 and 10 mm, the corresponding values are 32% and 73%, respectively. The spatial resolution gets better with decreasing λ.




      Similarly to Fig. (2.2A) and Fig. (2.2B), Fig. (2.2C) and Fig. (2.2D) show the situation when the magnets are placed one next to another unidirectionally. If σ/2=R=5 mm and λ=10 mm, the magnitude of the resultant magnetic field becomes 2.5 times bigger than the individual signal. At the same time, the distribution in the center can be considered homogeneous since since the P-P value is almost zero. However, the P-P value becomes measurable if σ/2=R=5 mm and λ=20 mm, as shown in Fig. (2.2D).




      In order to be able to take this effect into account, we defined “surface roughness” as a=ΔB/λ in T/m. Here, the induction difference (ΔB) was considered equal to the P-P value over the distance between the adjacent positive and negative peaks in both directions (because of symmetry reasons λ was equal in both x and y directions). The Reader will see how surface roughness affected the measured induction values in case of concrete applications of generators in the Section Generators 1-16. The average values for all peaks, P-P, and [image: ] are collected in Table 3.4. In this sense, a homogeneous field has [image: ]=0 (see e.g. Fig. 2.2C).




      No special efforts were made during the biology experiments to shield the experimental setup from the geomagnetic field of Earth since the shielding itself could generate unwanted side effects [27]. Horizontal components of the SMF in the exposure chambers and all components of Earth’s magnetic field were regarded as stray field components. Control samples were always exposed to at least the horizontal component of the geomagnetic field, magnetic induction values of which were a minimum of 4 orders of magnitude lower than those at the target position in the exposure chamber.


    




    

      Relevant Interactions in Biology




      According to the classification of WHO [12], the interaction between SMF-exposure and a living tissue can be of the following nature:




      

        	Electrodynamic interactions



          

            	o Magnetic induction of electric fields and currents




            	o Lorentz force



              

                	■ Flow potentials




                	■ A theoretical study of the possible effects of flow potentials on the heart


              


            




            	o Magnetohydrodynamic model


          


        




        	Magnetomechanical interactions



          

            	o Magnetomechanics (torque on magnetic dipole moment)




            	o Magnetophoresis (force on magnetic dipole moment)




            	o Anisotropic diamagnetism


          


        




        	Radical recombination rates




        	Biogenic magnetite



          

            	o Single-domain crystals




            	o Superparamagnetic magnetite




            	o Other ferromagnetic inclusions




            	o Local amplification due to ferromagnetic material


          


        




        	Mechanistic co-factors and other mechanisms



          

            	o Light as a co-factor




            	o State dependence


          


        


      




      Although some discussion will follow in Section Clinical MRI, an overview of all possible interactions and related studies would well exceed the volume limitations of this book. The Reader is, therefore, referred to the most comprehensive review papers available: From a physicist [17] and from a physician [28]. Meanwhile, some specific topics were reviewed by Colbert et al. [29], Kangarlu [30], Heinrich et al. [31], Yamaguchi-Sekino et al. [32], and Ueno [33].


    




    

      Magnet Therapy, Definition of Dose




      Magnet therapy (magnetic therapy, biomagnetic therapy, or magnetotherapy) is a complementary or alternative medical practice part of which is SMF-exposure. Clinicians claim that SMF-exposure can have a beneficial effect on the body part exposed. Such effects include anesthesia, analgesia, increased speed of blood flow, more effective and faster wound healing with fewer scars. Beyond the occurrences of “magnetic therapy” in publications (presented in the Introduction), “magnetic therapy” appears in 237 titles of patents in the USA (USA Patent Database at http://www.uspto.gov) and 2239 titles among European patents (European Patent Database at http://ep.espacenet.com) as of February, 2014. These numbers show an undeniable trend of favoring this type of therapy. The reason for this interest in SMF-based medical devices especially SMF-based medical devices is obvious: Patients like it that such devices offer a simple solution for analgesia, for example. Also, they are safe and long-lasting, and the method is drug-free and non-invasive. Most of such devices are relatively inexpensive too. SMF-therapy can be classified as a self-healing therapy option due to it being comfortably applicable at home.




      The direct or assisted effects of SMF-exposure on acute or chronic diseases are an intriguing although little “exotic” and somewhat “miraculous” territory of science for those in clinical practice. Experimentalists, on the other hand, simply accept it as a valid option once the method can be supported by evidence. Most of us, fundamental scientists and practitioners, are waiting for an éclat, for the unambiguous background mechanism(s) to be revealed. This mechanism should be describable by physical interactions, should have a range of side effects and interactions with drugs, and a wide spectrum. These are the characteristics that make an evidence-based method practical. Needless to say that so-called conservative medicine lacks such comprehensive characteristics in almost all methods in everyday practice. As mentioned in the Introduction, the development of a new drug is far too expensive and takes too much time, and even if it gets to the market, the agent substance may still not reach the targeted receptor or may reach other receptors. Human studies related to SMF-induced analgesia, for instance, make the decision difficult, whether the effect experienced by healthy volunteers or even patients would go beyond placebo [34-38], since the effect gets mediated partly through the same set of endogenous opioid receptors. As mentioned in the Preface, placebo effect was shown to produce side effects already in 1974 [39].




      Several reports were dedicated to the comparing of existing results, and almost all of them concluded that the studies were difficult to compare [40-42]. Colbert et al. [43] however, made serious progress by suggesting a standard to describe the devices and exposure conditions in human trials. They proposed to include the material magnets are made of, magnet shapes and sizes, pole configuration in case of multiple magnets, measured magnetic induction or field strength map (especially those at the target site), exposure frequency, duration, target tissue location, quality and distance from the magnets’ surface, as well as the structure holding the magnets. Such tables will be presented with regard to all human studies in this book (Sections On healthy volunteers, On visitors of a dental clinic, Stomatological pain, Erosive gastritis, Allergy, Pain perception and bone turnover).




      Since SMF-exposure is not attached to radiation, we cannot expect results we are used to in radiation biology. In radiology terms, “dose” is an amount of energy absorbed in the target tissue. In case of SMF-exposure this definition cannot be used. Radiation biologists use the dimensionless N number for dose-equivalence, but this is useless for us as well since the quantities N depends on are not at all, or if they are, they are not well -defined (for example the duration of dose transfer, the volume in which it is absorbed, and also the subject of exposure). The routine use of N for magnetic induction as a routine in the MR literature for the homogeneous SMF component of the MR (B0) seems to be an oversimplification.




      When trying to define dose for SMF-exposure, we need to tackle the following questions:




      

        	
Biological effect: Type of model, definition of effect and/or response




        	
Subject exposed: Type (strain), gender, age, mass, character of the subject (static like during anesthesia or dynamic when freely moving), area of exposed surface, individual subject, period of examination, average (median) of measured values.




        	
Location: Circumstances preceding and during the experiment (temperature, air pressure, nutrition and water quality and quantity, sample size per group and overall, lighting, circadian cycle, background noise and vibrations, magnetic background, etc.).




        	
Magnetic field in air: Time dependence (static, dynamic), induction (absolute value and direction), homogeneity (induction gradients’ absolute value and direction), P-P induction at different distances from the magnetic surface, surface roughness.




        	
Magnetic field in subject tissue: The same as in air, plus subject tissue quality, penetration depth of SMF-exposure into tissue (crossing and distracted lines).




        	
Source of magnetic field: Material (its grade if applicable), remanent induction, shape, height, radius or side lengths, lattice constant, number of neighbors, induction on the magnets’ surface, magnetic coupling, polarities.




        	
Timing: Durations attributed to different biological responses following or during SMF-exposure (especially if response times are short or if the field is time-dependent), multiple (repeated) exposures, and time points of measurement(s) relative to exposure(s).


      




      Let us now inspect a concrete situation in life when we want to perform a specific animal in vivo experiment where the aim is to illuminate the effect SMF-exposure might have. We assume that the subjects are individuals of an ordinary mouse strain of identical age and similar body mass. The subjects are free to move within geometric constraint during whole-body SMF-exposure. We have enough sources and time to include a sample size to realize a statistical power of 80%. The model in question is a well-known and widespread acute pain assay with well-characterized responses in case of a complete family of pharmacological treatment options. We know all production specifications of the magnets used for generating the SMF; we measured the magnetic induction and gradients vectors of the SMF in 3 dimensions in advance with a certified magnetometer. We have a picture of SMF inhomogeneities, including the spatial edges of SMF. We can now establish that our SMF is as homogeneous within a good approximation, and the direction of the dominant component of the SMF is perpendicular to the cage. With the help of MRI measurements we clarified earlier what type of magnetically anisotropic materials occur in the body of a mouse and we also executed a computer simulation to find out the penetration depth of SMF into the subject’s body. Now we can begin designing the experimental protocol. In order to verify dose-dependence, we need at least 4 different SMF and 4 different single exposure durations. The evaluation of data should be done after the same time period, excluding an undesired parameter in the model; namely, the spontaneous decay duration of the effect. We measure 4 time periods per SMF-exposure. We also need to carry out the experiment in preferably one, but definitely not more than 2 days, during the same hours. Since the minimum sample size is 10/group, we need to experiment on 50 animals per day, including daily control. We can achieve this by either Choosing short exposure durations, or having many generators and human power to perform the experiments simultaneously. Both choices are risky: Decreasing exposure time may result in the lack of effects, and the simultaneous experimenting may result in differences compared to single animal-experiments because of the social behavior of mice [44]. Even if we can afford single-animal experiments, we would face difficulties: We would like to have the same (preferably blinded) person do the experiments in order to avoid the variability in judgment. The following day we use another SMF, then another, and again another. During the 4 days we accumulate data on 200 animals. A physiological response function (φ) develops which depends on at least 2 parameters: Absolute value of magnetic induction (B) and exposure duration (τ). We necessarily assume that all circumstances in the lab remain unchanged during the 4 days. On the basis of our experiment, we determine whether our function φ is really a classical dose function depending on (Bτ or Bτ2) only. This means that φ corresponding to unit induction and unit duration is equal to double induction and half (or quarter) duration. Is the biological response of our mice to SMF-exposure with a double magnetic induction for a halved time identical? This condition might seem too rigid for a life sciences experiment. However, if this assumption does not hold, our chances of a true extrapolation and, consequently a true prognosis from a low number of experiments degrade severely. There still remains a question: Even if we succeed in determining function φ(B,τ) reliably in a certain experiment, what can we conclude from this function regarding (i) another model under identical exposure conditions or (ii) the same model under different exposure conditions?




      The Reader is now probably convinced that the effective dose problem has no simple solution. A third phase clinical trial, however, requires that an SMF-exposure device be optimized and validated through many series of in vitro and in vivo tests. It would be an amazing step towards comparable (maybe even reproducible) tests if scientists could be motivated to design and execute their tests according to how they are presented here, they did not mind the excess work, and described the applied technology and exposure conditions already in the preclinical phase. As long as this is only a hopeful perspective, we cannot draw reliable conclusions about the real efficiency and possible benefits of SMF-therapy.


    




    

      From Transcutaneous Electric Nerve Stimulators to Gradient Static Magnetic Fields
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