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          2.1   Introduction 

 The application of electricity and magnetic  fi elds in medicine has a long and not 
always distinguished history. Reports of the use of electrical techniques in medicine 
date back at least to the Roman Empire where in 46 AD Scribonius Largus, physi-
cian of the emperor Tiberius, described the use of torpedos (aquatic animals capable 
of electrical discharge) for medical applications  [  1,   2  ] .

  The live black torpedo when applied to the painful area relieves and permanently cures 
some chronic and intolerable protracted headaches … carries off pain of arthritis … and 
eases other chronic pains of the body. 

 For any type of gout a live black torpedo should, when the pain begins, be placed under 
the feet. The patient must stand on a moist shore washed by the sea and he should stay like 
this until his whole foot and leg up to the knee is numb. This takes away present pain and 
prevents pain from coming on if it has not already arisen. In this way Anteros, a freedman 
of Tiberius, was cured. 

 (Compositiones Medicae, 46 AD)   

 The notion that electricity could be used for therapeutic purposes was carried 
through the Middle Ages and during the Renaissance gained particular attraction. In 
the 1600s in England, William Gilbert, physician to Queen Elizabeth, published  De 
Magnete , in which he described the use of electricity in medicine. Gilbert described 
that when certain materials are rubbed, they will attract light objects. He coined the 
name ‘electricity’ from the Greek ‘electron’ for amber  [  3  ] . 

 During the 1700s the use of electricity for the treatment of paralysis was sug-
gested by Krueger, a Professor of Medicine in Germany, and Kratzenstein published 
a book on electrotherapy. Kratzenstein described a method of treatment which con-
sists of seating the patient on a wooden stool, electrifying him by means of a large 
revolving frictional glass globe, and then drawing sparks from him through the 
affected body parts. 

 The development of the  fi eld diverged in several signi fi cant directions in the com-
ing centuries, in parallel with the expansion of knowledge in the physical sciences. 
These will be brie fl y described in turn. 
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 First, heralding the development of the science of electrophysiology, in 1780 in 
Italy, Luigi Galvani, Professor of Anatomy at the University of Bologna,  fi rst 
observed the twitching of muscles under the in fl uence of electricity (prepared from 
the leg of a frog)  [  4  ] . Alessandro Volta subsequently demonstrated that the ‘gal-
vanic’ effect did not require contact with the animal (and also contributed to the 
development of the battery)  [  4  ] . Another Italian, Carlo Matteucci, was able to show 
that injured tissue generates electric current  [  4  ] . 

 During the same time, the notion of magnetism, in particular that of ‘animal 
magnetism’, became widely known due to the work of Anton Mesmer. The concept 
was  fi rst described by Paracelsus (1530) but considerably popularised by Mesmer 
through his various works including the  Propositions Concerning Animal Magnetism  
in 1779 and his doctoral thesis  De in fl uxu planetarum in corpus humanum  produced 
in 1766  [  4  ] . Mesmer’s concept, however, related to magnetic properties only by 
analogy as he described the response of the human body to heavenly bodies and the 
bodies’ reciprocal interaction with the environment as analogous with the properties 
of a physical magnet. Mesmer initially constructed physical apparatus (the  baquet ) 
that was used to effect the animal magnetism of a subject but latter disposed of the 
use of metallic objects altogether. Mesmer’s ideas became very popular in certain 
European countries (especially Germany, Russia and Denmark) but were progres-
sively discredited, and Mesmer eventually closed his Paris clinic. Although 
Mesmer’s ideas were widely disproved, especially through a series of scienti fi c 
commissions in Paris, the notion that imagination (rather than magnetism) could 
have physical effects took hold and substantially contributed to the development of 
the  fi eld of hypnosis  [  4  ] . 

 In a different direction, the notion of ‘magnet therapy’ became widely popular 
through several centuries. This was based upon the presumption that electrical or 
magnetic stimulation could be a ‘nutrient’ to the body that was thought of as elec-
tric. Examples of this movement include the establishment of an ‘electrical therapy’ 
department which was established in the mid-1880s at Guy’s Hospital in London 
under Dr. Golding Bird. Various ‘therapeutic’ devices, including ‘electrical belts’, 
were widely popular through the early part of the twentieth century.  

    2.2   Early Attempts to Develop TMS-Like Approaches 

 The modern concept of TMS could not be envisioned prior to the early 1800s due to 
lack of knowledge until that time of the properties of magnetic  fi elds and their rela-
tionship to electrical currents. It was Michael Faraday who  fi rst outlined the prin-
ciple of mutual induction in 1831 (e.g. as later described in his Lectures on the 
Forces of Matter, given at the Royal Institution of Great Britain, December 1859) 
 [  5  ] . This principle states that a current can be induced in a secondary circuit when 
its relationship to a primary circuit is altered in several speci fi c ways, including that 
the primary current is turned on or off or the primary current is moved relative to the 
secondary current. Faraday described that this effect was mediated through the 
magnetic  fl ux created by the changing circuit and that alterations in the magnetic 
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 fl ux would induce an electrical  fi eld  [  5  ] . The line integral of this electric  fi eld is 
referred to as the electromotive force, and this force is responsible for the induced 
current  fl ow. The magnitude of this effect can be quanti fi ed and mathematically 
described. Importantly, the magnitude of the force is proportional to the rate of 
change in the magnetic  fl ux. 

 Nikola Tesla in the USA in the latter part of the nineteenth century was experi-
menting with the physiological effects of high-frequency currents  [  5  ] . He con-
structed a variety of  fl at, cone- and helix-shaped coils that were used to produce 
physiological effects. Tesla coils or Oudin resonators consisted of primary and 
 secondary large coils used to produce an ionisation of the air between the coils. 
A patient would sit between the coils and experience a sensation described by Tesla 
as like the ‘bombardment of miniature hail stones’. These coils formed the basis for 
the latter development of diathermy that was propagated by Tesla and the Frenchman 
   d’Arsonval. Tesla also contributed signi fi cantly to the development of X-ray  [  5  ] . 

 D’Arsonval was also the  fi rst person to develop ideas that could be considered 
equivalent to modern TMS technology. He reported the effects of cranial stimula-
tion with a large magnetic coil producing a 110-V current at 42 Hz. The coils util-
ised by d’Arsonval were similar to those developed by Tesla but without the 
secondary coil  [  4  ] . He described numerous physiological responses to his coil 
including the development of dilation of blood vessels, vertigo, syncope and phos-
phenes. Phosphenes, or visual  fl ashes of light, are produced with modern TMS 
stimulation of the occipital visual cortex, and it is possible that this was the source 
of the experiences produced in the experiments of d’Arsonval, although from knowl-
edge of the capacity of technology of the day, it seems more likely that they were 
the result of direct retinal stimulation. 

 As these reports were published in French, they were not widely read in the 
English- and German-speaking scienti fi c communities. Independent reports of a 
similar nature were made by Beer in 1902  [  6  ] , and a device designed for use in the 
treatment of depression and other neuroses was actually patented by Pollacsek and 
Beer in Vienna. Widespread use of this device did not follow, and one can reason-
ably assume that the induced  fi elds would have been insuf fi cient to be likely to have 
therapeutic effects. The report of Beer inspired several other investigators. Thompson 
produced a large 32-turn coil in which a subject’s head was to be placed which pro-
duced some sight and taste sensations  [  7  ] . Dunlap reported a controlled experiment 
designed to test the veracity of the reports of the sensations produced with these 
devices ‘controlling’ for the noise produced  [  8  ] . Visual sensations were associated 
with the alternating current, but he was unable to con fi rm other sensations. 
Magnusson and Stevens produced two elliptical coils, which were used to produce 
visual sensations including  fl ickering and a luminous horizontal bar  [  9  ] . 

 For several decades after, little research was published in this area. In 1947 
Barlow described the use of a small coil to produce visual sensations through stimu-
lation at the temple but not the occiput. The conclusion was drawn that the site of 
this stimulation was retinal  [  10  ] . 

 The  fi eld of magnetic stimulation of brain tissue did not signi fi cantly advance for 
the greater part of the twentieth century. Through this time, variations on electrical 
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therapies continued to remain popular. For example, Lakhovsky working in Paris in 
the 1920s developed his ‘multiple wave oscillator’, a device designed to produce a 
broad-spectrum electromagnetic  fi eld between two large circular electrodes  [  11  ] . 
The patient would sit between two of these coils and have disturbances of cellular 
function corrected. The therapeutic properties of devices generating  fi elds of this 
type have not been established, although this marginal  fi eld of medicine still has its 
proponents to this day. In recent years there has been a resurgence of interest in the 
role of pulsed weak electromagnetic  fi elds in the treatment of disease states includ-
ing multiple sclerosis, although controlled trials are lacking  [  12  ] . 

 The direct electrical stimulation of the unexposed cortex was  fi rst attempted in 
the 1950s  [  13  ] , but this proved to be painful for its routine use. The  fi eld was further 
developed in the early 1980s with attempts to alter the electrical stimulation to 
enhance the effect and lessen discomfort, but additional problems with painful jaw 
contraction were encountered  [  14,   15  ] . Electrical stimulation has gained some use 
in experimental electrophysiology but has been largely, but not completely  [  16  ] , 
replaced by magnetic stimulation.  

    2.3   The Development of Modern TMS 

 Modern TMS has a relatively brief history. Barker  fi rst started investigating the use 
of short-pulsed magnetic  fi elds to stimulate human peripheral nerves in the 1970s 
 [  17  ] . The  fi rst device capable of generating cortical activity was developed by 
Barker and others in Shef fi eld, England, and  fi rst described in 1985  [  18  ] . Stimulators 
 fi rst attracted the attention of neurologists and neurophysiologists due to their capac-
ity to be applied in the testing of nerve activity from the cortex to the periphery. The 
 fi rst therapeutic reports of the use of TMS were in the treatment of mood disorders, 
which emerged around the same time as reports of the capacity of TMS to alter the 
mood of healthy control subjects. The initial studies in healthy controls suggested 
that rTMS applied to the left dorsolateral prefrontal cortex (DLPFC) could induce a 
mild increase in self-reported sadness. rTMS applied to right DLPFC could improve 
self-rated positive mood  [  19,   20  ] . Mood effects across these and other studies were 
relatively inconsistent and produced with differing TMS parameters. Later studies 
did not necessarily con fi rm that mood changes could be produced reliably in healthy 
control subjects. However, initial studies in depressed patients were also being 
undertaken around the same time. The very  fi rst studies utilised stimulation over the 
vertex and, in general, reported inconclusive results, especially as they were usually 
open label studies in small samples  [  21–  23  ] . In 1994 it was proposed that the pre-
frontal cortex (PFC) might be a more effective target for TMS  [  24  ] . This idea was 
based upon the evidence of a link between the response to electroconvulsive therapy 
(ECT) and changes in PFC function  [  25  ]  as well as imaging studies reporting abnor-
malities in the PFC in depressed patients  [  26  ] . 

 The  fi rst published studies using focal stimulation of the prefrontal context fol-
lowed and appeared in 1995 and 1996. In the  fi rst of these studies, George et al. 
reported the treatment of six medication-nonresponsive patients with 20 Hz TMS 
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applied to the left PFC  [  27  ] . This was followed with a double-blind study of 2 weeks 
of treatment applied with a sham control in a crossover design  [  28  ] . Around the 
same time Pascual-Leone et al. reported a sham-controlled crossover study with 5 
days of 10 Hz treatment  [  29  ] . The results of these two studies were suf fi cient to 
arouse the interest of researchers around the world in the use of high-frequency 
rTMS applied to the left DLPFC. Studies since that time have substantially extended 
the dose of stimulation applied, both in regard to the number of treatment sessions 
and to the number of pulses applied per session. However, many of the basic aspects 
of treatment used in these initial studies, for example, the methodology for coil 
placement, have not really advanced substantially since the mid-1990s. Some 
researchers have developed new, alternate ways to utilise rTMS. For example, Klein 
et al. in the late 1990s developed the approach of using low-frequency rTMS applied 
to the right DLPFC  [  30  ] , an approach which has subsequently proven to be of simi-
lar ef fi cacy to standard left-sided high-frequency rTMS.      
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