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I INTRODUCTION 

By definition evoked potentials are "the detectable 

eleetrical changes in the brain in response to deliberate 

stiaulation of any part of the nervous system• (16). The 

importance of recording human brain responses to controlled 

sensory stimuli is well recognized. These responses represent, 

in fact, the end product of a long series of events in the uer­

vous system from the peripheral receptor organs, through many 

interneurones and relay stations, up to the cortical neurones 

which participate in their production. Any change, physiolo­

gical, chemical or pathological, occurring anywhere along their 

paths may be reflected in the recorded evoked responses. It is 

conceivable, therefore, that the study of these electrophysio­

logical data can yield useful information about the functional 

state of the nervous system. They can also, when correlated 

with behavioural and mental changes in the individual, become 

of considerable value in psychophysiological investigations. 

w. Grey Walter rightly said in 1950 that: 

"The future of applied electrophysiology lies not so 

much in the elaboration and standardisation of recor­

ding technique, nor yet in the accretion of over­

whelming statistics; but in the combination of these 

with carefully planned experimenta designed to evoke 

in the central nervous system activity of a known or 
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predictable extent and aodality• (21). 

The evoked responses are so saall in relation to the 

•spontaneoua• backcround activity of the brain that they are 

difficult or iapossible to detect in the usual electroencepha­

lograa. With the new averaging techniques, however, theae 

responaea can be extracted froa other exiatiag potentials and 

recorded froa scalp electrodes. Varioua systeas for the extrac­

tion of brain signala have been developed and described in the 

last few years. Many of these can process the evoked neuroelec­

tric signala with great speed and a higb degree of precision but 

are, however, very coaplex and coatly. Contributions to the 

development of relatively lesa complicated and lesa expensive 

averaging systems have been aade recently in the Electrophysio­

logy Laboratory of the Allan Meaorial Institute (26), (27). 

A considerable aaount of work on the average responses to 

various sensory aodalities in aan bas accuaulated over the last 

few years. This work bas been directed aainly toward the study 

of the aorphology of the average reaponses, their distribution, 

and tbeir relation to changes in the paraaeters of the stimulus 

or to changes in the subjectts psychophysiological state. This 

neurophysiological technique has also fouad soae clinical appli­

cation. 

Shagaas and Schwarts (71), (72) have aeasured the recovery 

cycles of the early components of the soaatosensory evoked res­

ponsas botb in normal and in psychiatrie patieats. They found 

that the recovery cycles in certain psychiatrie diagnostic 

categories differed froa noraal, and tbat the recovery cycles 
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of apaychotie" depressive patients differed froa those of 

"neurotic• depressive patients. The methods and procedures 

used by theae workers in reaehing their resulta vere laborious 

and impraetical for use in a large patient population. Their 

resulta, however, opened new issues for further psyehophysio­

logical investigations of cerebral responsiveness in mental 

illness. 

Other aspects of the evoked sensory responses seea also 

to be eorrelated vith the subjective state ot the individual. 

In faet, soae studies have indicated that the late components 

of the sensory evoked responses vere related to psychological 

phenoaena (41), (66), (57), (23). The late coaponents of the 

average somatosensory evoked responses have been lesa studied 

in coaparison to the late components of responses evoked by 

other sensory aodalities, particularly, the visual responses 

(20), (22), (9), (23). 

This study bas severa! aima, including an extensive re­

view of the literature on evoked responses in relation not only 

to the present work, but also to provide a basis for future 

atudies in this field. 

The purpose of the experimenta theaselvea is to investi­

gate certain aspects of the average soaatosensory evoked res­

ponses auch as their pattern, their distribution and the 

recovery functions of their early coaponents. This will 

provide us with data about these aspects of the responses in 

normal subjects, and will constitute a uaeful basis for the 

comparison of data obtained from psychiatrie patients in later 



4 

investicatioas. other aima are to investigate the relation of 

these responses to artifacts as well as to sa.e evoked phenoaena 

in the normal electroencephalograa. We further propose to coa­

pare our resulta with the resulta obtained in recent studieà by 

Shagass and Schwartz (69), (71) 1 Allison (3), and Goff ti, Jl!.(4S). 

In order to •ake this coapariaon we have uaed varioua recording 

techniques, including those used in the above stated studies. 



II RBVIEW OF THE LITBRATURB 

1. Animal !tudies on evoked respogaes 

a. M'th9ds fnd aima of auch studies 

5 

The introduction of the cathode ray oscillograph bas 

given iapetus to the study of the electrical activity of the 

nervous systea. The early studies vere perforaed on acute 

preparations or deeply anaesthetized aniaals. With progressive 

refineaent in the recording techniques. the brain's electrical 

activity could be studied in the non-anaesthetized unrestrained 

animal# and correlated simultaneously with the animal'• beha­

viour under various conditions. The recording vith •aero­

electrodes directly from the exposed cortex or froa sub-cortical 

structures ean aow also be supplemented by intracellular recor­

dings with iaplanted aicroelectrodes in the intact conscious 

aniaal. The early experimenta vere carried out on aniaals under 

deep barbiturate anaesthesia vhich causes the depression of the 

•spontaneous activity• (background noise) of the brain# thus 

iaproving the signal-to-noise ratio (33) 1 (35), (1) 1 (60). 

The technique of evoked response recording bas been used 

to study: i) the effect and action of drugs and anaesthetics 

(33) 1 (1), (40) 1 (12}, (53)J ii) the anatomical and functional 

organization of the nervous system {13), (53) 1 (2)J iii) the 

topographical organization of the sensory cortex (60), (62), (1), 

(77); iv) the cerebral respoasiveness and the effect of different 

states of alertness (8), (49). (40), (53), (34), (67); v) the 
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electrical correlates of conditioning, learning, senaory per­

formance and different mental states auch as habituation, 

attention, etc. (38), (5l)J vi) the electrical behaviour of 

single cortical cella to peripheral stimulation (4), (5). 

It is, however, important to recognize in evaluating 

these studies that the responses obtàined depend greatly on a 

nuaber of experimental paraaetera, e.g. the type and depth of 

anaesthesia, the site of recording, the nature of the stimulus, 

etc. 

Most of the sensory aodalities have been uaed to evoke 

responaes in the brain, however, the best studied sensory 

systems are the visual, somesthetic and auditory. Since in 

this atudy electric shocks to peripheral nerves have been ex­

clusively eaployed, ve shall aainly restrict our historical 

reviev to findinga related to the aomesthetic system and the 

soaatosensory cortex. 

b. Soaatosensory evokpd responsee recor4e4 froa the 

priaary projection area 

Aaong the first vorkers who recorded evoked responses 

froa the soaatosensory projection area were Marshall et Al.(60) 1 

Forbes and Morison (35), Adrian (1), Marshall ~Al· (62). 

Tbeir experiaents vere carried out on deeply or aoderately 

anaeathetized aniaals. Several aamaalian species were investi­

gated but the cat and aonkey brain have been the aost studied. 

In these experiaents either a cutaneous stimulation in the fora 

of a single touch (60), (62), or an electrical stiaulation 
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applied to a superficial peripheral nerve (35), (63) were used 

to evoke aetivity which vas directly reeorded from the brain 

vith gross electrodes. The response obtained under these condi­

tions was a short lateney, localized, usually surface positive 

potential called the prt.ary response. This response was known 

since the early part of the century but it was only in 1937 that 

Marshall ~Al· (60) aade use of it to study the functional or­

canization of the sensory cortex. Since then, many vorkers have 

endeavoured to localize and aap the sensory receiving areas of 

the cortex for different sensory aodalities in different species 

of aniaals. Since this early coaponent ia quite stable and of 

sufficiently high amplitude to be detected, it vas foUDd amenable 

to study, and its characteristics are nov vell known. 

This response is usually surface positive and aonophasic. 

When chloralose anaesthesia is used it aay become initially 

surface negative and diphasic (74). Its latency in the cat or 

the monkey varies betveen 5-20 msec., according to the areas 

of the body stimulated (60), (35), (1), (12). Its amplitude 

ranges up to 0.5 millivolt (1) and its duration is about 10-30 

asec. (1), (2). 

With a soaesthetic stimulation it is recorded froa the 

contralateral somatosensory area. The tactile representation 

of the body was fouad to correspond roughly to the aotor points 

on the precentral gyrus by Marshall et A!.(60), exeept fer a 

saall part of the face, which is represented in the ipsilateral 

soaatosensory area (79). A somatic area II has also been des­

cribed; it is lesa well organized topographically and it responds 

to bilateral peripheral stimulation (1), {77), (78), (79). 
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On the priaary receiving area the response is lesa loca­

lized under light anaesthesia than under deep anaesthesia 1 and 

is occasionally associated with a repetitive after-discharge of 

10 to 20 cycles per sec. which progressively diainishes in 

aaplitude (1). 

The primary response recorded from the cortex can follow 

a peripheral stiaulation frequency up to 5 per sec. according 

to the degree of anaesthesia1 and it disappears at a frequency 

of 12-15 per sec. (63) 1 (60). Its characteristics, particularly 

its short latency1 localization, stable pattern, rapid recovery 

and relative resistance to barbiturates suggested that it was 

carried to the cortex through the specifie ascending pathways 

(1) 1 (63). In fact, it can be recorded or elicited along any 

part of these pathways up to the specifie cortex. 

The mechanisas by which the surface positive wave ia 

produced are not yet definitely known. Chang considera the 

primary response aa consisting of presy.naptic and postsynaptic 

potentials. The former, of very short duration, are due to 

activity in thalamocortical fibres and the latter, constituting 

the aain part of the surface positive wave, are due to •the 

propagation of nerve iapulsea along the vertically oriented 

apical dendrites of different sized cortical pyraaids." (16). 

It is iaportant to recognize the action of central 

resulatory aechanisms and background states on evoked cortical 

responses. In tact, upon arrival at the cortex, an afferent 

iapulse can be modified in relation to the spontaneous cortical 

activity (8} 1 the cortico-thalaaic excitability (16), (15) 1 or 
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the influence of other afferent stimuli (nociceptive) (44). 

The affect of reticular stimulation bas been demonstrated. by 

King~ Al· (53) 1 Bra.er (10), Gauthier et al. (42} 1 Schwartz 

and Shagass (68). All pointed out that auch stiaulation will 

depress a peripherally evoked primary response. 

In addition to the short latency response (priaary rea­

ponse), and the repetitive after-discharge, long latency res­

ponsas are also recorded froa the specifie priaary projection 

area. Schwartz and Shagass (67), using an averaging technique, 

recorded both short and long latenoy responses from the somatic 

and auditory areas in response to peripheral electric shocks 

and clicks respectively. Torres and Warner (73) recorded in 

the cat both early and late responses to photic stimuli from 

the prim.ary visual are a. Buser and Borenstein ( 12) deaonstrated 

on non-anaesthetized, curarized cats, that late coaponents 

("secondary responses") evoked by stimuli belonging to a dif­

ferent sensory modality could be recorded in the auditory and 

visual cortex but not in the soma tic cortex. Brasier ( 9) re­

corded froa the primary visual area of the eat both early and 

late components in response to photic stimuli but found that 

the late components were not diffuse and could be recorded only 

froa the priaary visual area. 

c. Somatosensoa evoked reaponses recordecl frOJI! area! 

other than the priaarx projection area 

There is a fair agreement about the nature and charac­

teristics of the early component of the evoked potentials 
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which is localized in the priaary receiving areas and carried 

up to the cortex through the "classic" specifie sensory pathways. 

It is cenerally designated as the priaary responae. On the other 

band, different types of later components have been described by 

various authors and no defiaite agreement bas yet been reached as 

to their physiological nature and fuactional significance. 

Several naaes, saœe well established, have been applied to des­

cribe thea, however, they share in ca.aon longer latencies, a 

widespread distribution and greater lability than the early 

component. 

In 1936, Derbyshire ~ Al· (33} first deacribed in the 

deeply anaesthetized cat, following sciatic nerve stiaulation, 

a long latency widespread cortical potential. It could only be 

obtained when the level of anaesthesia was deep enough to abo­

lish the spontaneous cortical activity. This responae waa 

termed by Forbes and Morison (35) the •secondary diacharce• to 

distinguish it froa the primary responae. It ia characteriaed 

by a latency of about 40-80 msec., a siailar or soaewhat longer 

duration and a recovery time of greater than one sec. It 

disappears with a stimulation frequency greater than 3 per sec. 

French, Verzeano and Magoun (36), {37), by stiaulating 

the aedial brain atea reticular formation, recorded a siailar 

diffuse cortical responae which was, however, diainished or 

abolished by anaesthetics. These authors also contrasted the 

properties of the aedially and laterally situated ascending 

sensory pathways, by recording from these sites responaes 

evoked by various peripheral stimuli. They fouad that "the 
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aedially conducted potentials exhibited slower conduction, 

co.mon transport for all modalities and distribution to wide 

areas of the cortex by way of the diffuse thalaaic projection 

system•. The aedial but not the lateral pathways vere found to 

be sensitiTe to anaesthetics. The characteristics of the long 

latency secondary discharge, as vell as the selectiTe action of 

the anaesthetics on the medial system were attributed in part 

to the aultisynaptic nature of this system. 

Purpura (64) studied further the •aecondary discharge" in 

anaesthetized cats and found that it could be eToked by peri­

pheral electrical shocks or by stimulation of the medial brain 

stea reticular foraation. This response waa found to be rather 

diffuaely distributed vith its maximal amplitude occurring bi­

laterally in the anterior lateral gyrua. It was predominantly 

surface poaitiTe, ita pattern changing according to the corticalarea 

froœ which it was recorded. 

In 1954 1 Aaassian (S), experimenting on cats uader chlora­

loae anaeathesia, recorded from the soaesthetic association area 

a positiTe wave of 15-32 maec. latency, in reaponse to stimula­

tion of any limb. This response showed blocking interaction 

between afferent impu1ses froa different parts of tho body as 

well as between afferent impulses belonging to Tarious senaory 

modalities. Aaassiants •association area positive responses" 

seea, however, different from the reaponses recorded from 

Purpura, as they are dependent on aensorimotor cortical relay 

and are abolished by barbiturates. Single unit analysis in 

this area revealed that the saae coll responded to stimulation 
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at various peripheral sites and of various seaaory aodalities, 

but vith different discharge patterns. 

Buser and Borenatein (12) revealed the true coaplexity of 

the late eoaponents whieh they designated as •secondary res­

ponses". Their experimenta were conducted on unanaesthetized, 

curarized cats using a photographie super±aposition technique. 

The responses they recorded were widespread but aaximal in the 

"associative" cortex ca.prising the suprasylvian area and 

anterior lateral gyrus. They could be evoked by different 

seneory aodalities, and showed great variation in their for.., 

latency, and amplitude, in contrast to the primary response. 

These authors also deaonatrated under curarization or light 

chloralose anaesthesia that there were three distinct cortical 

areas where dynamic interactions occurred between responses to 

soaesthetic, auditory or visual stimuli when applied in pairs, 

simultaneously or successively. These interaction areas were 

situated between the primary projection areas of the respective 

paired modalities. In an interaction area the "secondary res­

ponse" to a particular stimulus vas either inhibited or aug­

aented by a stimulus of the complementary aodality aceording 

to the experimental parameters. 

In another study (13) the saae workers found that bar­

biturates depressed the secondary reaponses while chloralose 

augaented them. They alao demonstrated the independent 

nature of the secondary responses in that the destruction of 

the primary receiving area did not affect thea. 
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Albe-Fessard ~ Al· (2) demonstrated in the aonkey, under 

chloralose anaeathesia uaing electric shock st!.uli, •non-speci­

fie" responses both in the superior frontal gyrua and the supe­

rior parietal region. These responaes had a long latency of 

S0-80 msec., occurred bilaterally and showed blocking interaction 

when elicited froa different parts of the body. Responaes with 

s!.ilar properties were reeorded in the centrum medianum and 

zona incerta. Stimulation of the centrum medianum evoked 

similar responaes of relatively long latency in the frontal area. 

The authors suggested the centrum medianum as a relay along a 

secondary somesthetic pathway. 

It is evident froa the above discussion that the late 

components of the evoked responae show co.plex features and at 

times contradictory resulta have been reported by different 

authors regarding their distribution, or behaviour to the action 

of anaesthetics and different experimental conditions. Recently, 

Torres and Warner (73) 1 using photic stimulation in unanaesthe- · 

tized cats, distinguished two types of •delayed responsea•: 

•Type I• was always topographically associated with the primary 

reaponse, and resistant to barbiturate anaesthesia and brain 

stem section; •Type II• was not topographically associated vith 

the priaary response and was sensitive to light anaesthesia and 

brain stea section. It is suggested that the first type is •in 

many aspects similar to though not identical with the secondary 

discharge of Forbes and Morison•, while the second type would 

correspond to the responses described by French~ Al·(36), (37} 

and by Buser and Borenstein (12). 
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The effects of the reticular formation and different 

states of arousal on the late components have been studied by 

severa! authors. Buser and Borenstein (13) fouad that their 

•secondary responses• were related to the •Ievel of vigilance• 

of the aniaal and the pattern of the electrocortical activity. 

They were best developed when the cortical activity showed an 

alternation of rapid and slow rhythm; and tended to disappear 

during cortical •arousal• whether spontaneous, due to peripheral 

nociceptive stimulation, or due to stimulation of the reticular 

formation. They disappeared during the electrocortical pattern 

that corresponded to •deep sleep•. Bremer (10) also reported 

the depression of the late components of the evoked responses 

after thalamic or mesencephalie reticular formation stimulation. 

Schwartz and Shagass (67), (68) noted the relation of the late 

components to the spontaneous cortical activity and their de­

pression with states of alertness whether spontaneous, due to 

the effect of drugs, or due to stimulation of the mesencephalic 

reticular formation. 

2. Animal studies on cerebral recovery cycles 

Like a peripheral nerve, a neuronal aggregate in the 

central nervous system, when activated either directly or 

synaptically, undergoes a series of changes in its excitability 

consisting of periods of absolute unresponsiveness, relative un­

responsiveness and full responsiveness (40), (16). The stage 
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of full responsiveness or recovery is soaettmes followed by a 

eyclie variation in exeitability demonstrated by phases of 

supernoraality and subDDrmality (40}, (53), (34) 1 (67). Cortical 

responsiveness ean be aeasured by the technique of paired sti­

aulation. This technique consista of applying pairs of •condi­

tioningn and •test• stimuli separated by various intervals, and 

by plotting the ratio of the amplitudes of the second to the 

first response as a function of the separation betveea the 

stimuli. In 1933, Bishop (8} was the first to postulate the 

presence of a spontaneoua cortical excitability cycle when he 

fouad that repeated conatant stimuli to the optic nerve did not 

evoke siailar responses in the contralateral visual cortex. In 

1936, Bartley (7) was the first to plot an excitability curve 

of the visual cortex of the rabbit by applying the technique of 

paired stimulation to the optic nerve. 

Several vorkers have studied the recovery functions of 

various sensory systems in an:tmals. The recovery ti:ae of the 

soaatosensory cortex in the eat was found by J archo ( 49} to 

range betveen 50-100 asec. Marshall (61) reported that the 

recovery tiae of the visual cortex of the eat ranged up to 

1-4 sec. Tunturi (75) reported a recovery time of up to 

350 asec. for the auditory cortex of the dog. Other autbors, 

however, bave found different recovery values than the ones 

quoted. The vide range of values reported by any one author, 

as well as the disagreeaent between authors, shows that the 

recovery tiae of the brain depends oa aany factors. The 
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following are some of these factors: 

i) the type and dosage of drugs and anaesthetics (40). 

ii) the intensity of st!.u1ation (65). 

iii)the locus of recordiug (34). 

iT) the state of alertness of the experimental animal (34~ 

v) the influence of the reticular foraation (53). 

We shall comaent in greater detail on the effects of drugs, 

the influence of the reticular formation, and the varying states 

of sleep and alertness. 

kegarding the action of barbiturates~ there is general 

agreement that they lengthen the recovery tiae. With light 

doses of barbiturates which teaded to cause synchro~ in the 

resting electrocortical activity, King et al. (53), recording 

froa the thalamus and internal capsule, found an increase in 

the facilitation peaks (supernoraal excitability) of the re­

covery cycle. With large doses of barbiturates, they reported 

a reduction in amplitude and a prolongation of the recovery 

tiae of the responses recorded rostral to the thalamus but no 

effect was found on the responses recorded from the medial 

lemniscus. These authors concluded that barbiturates aet on 

the thalamus. Ether also increased the recovery tiae but less 

than barbiturates (40)~ (62). Amphetaaine was reported by 

Gastaut (40) to shorten the absolute refractory period but 

Schwartz and Shagass (67) could not confira this and found that 

it only depressed the facilitation peaks of the recovery cycles. 

The latter workers showed also that chlorproaazine increased 

the facilitation peaks of the recovery cycles. They concluded 
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that the pattern of the recovery cycles depended on the accoa­

panying spontaneous cortical electric activity. 

Blectrocortical arousal 1 whether spontaneous or caused by 

reticular foraatioa stimulation, is associated with a depression 

of the facilitation peaks of the recovery cycles (53) 1 (67). 

Sleep, on the other haDd 1 causes an increase in the facilitation 

peaks (34). 

Recently, Schwartz and Shagass {68) investigated the 

effect of reticular stimulation on the soaatosensory cortical 

recovery in the cat. They found that auch stiœulation produced 

an early recovery peak at about 30 msec., which was not reported 

in previoua studies (49), (67). 

J. Techniques of recording average evoke4 rosponses. 

One of the difficulties encountered in recording an evoked 

response from the huaan scalp is that its amplitude ia so saall 

in relation to the background •ongoing" activity that it is 

difficult or impossible to detect in the usual electroeacepha­

log.ram. Some of the existing activity 1 like the alpha rhythm, 

cannot be filtered out because parts of the response wbich 

require amplification lie in the same frequency band. 

An evoked response consista of a predictable series of 

electrical events bearing a definite relationship to the onset 

of the stimulus. Such an activity is ti.m.e-locked to the stimulus 

in distinction to the background activity which occurs in a ran­

doa fashion. Since any system of averaging is essentially based 
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on the principle of integration, upon repetition of the stimulus 

the time-locked actiYity will tend to add in the saœe direction 

wbile the random actiYity will aYerage out. Thus, a saall sig­

nal preYiously hidden in a large background activity will build 

up and becoae detectable. 

Many aYeraging systems, soae of great coaplexity, are now 

available for averaging evoked responses. For the description 

of the iDdividual deviees, the original sources sbould be con­

sulted. Recently, Davis and Ferris (25), Goldstein (46), 

Goldstein et A!·(47) 1 and Brown~ Al· (11) bave reviewed the 

commonly used systems and have discussed their underlying prin­

ciples. 

The first method used was tbat of Dawson (29) in which he 

synchronized the sweeps of the cathode ray oscilloscope to the 

stimulus delivery and photographed a number or responses on the 

same plate. Through this photographie superimposition technique, 

he could separate the evoked responses from the background noise. 

The aethod, however, lacked accuracy in that the response bad to 

be higher than the noise level and no fine details could be ob­

tained. In 1951, Dawson (31) devised an eleetroaechanical 

averager based on the principle of adding the successive poten­

tials of the waveform folloving the stimulus. This system bad 

great sensitivity and could deteet potentials auch saaller than 

the background noise but on the other band, there were severa! 

limitations on account of its mechanical design. In most of the 

recent systems the computation is performed entirely electroni­

cally which adda greatly to the rapidity and flexibility of 
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these systems. 

Though different aethods aay be eaployed in different 

deviees, the computation of the average responses is basically 

the saae. It consista of aeasuring the signal voltages of the 

responae at different points following each sti.ulus; the saa­

ples taken at the saae points are stored and added together 

and wben the desired nuaber of responses bas been added, an 

average response is given. 8 Thus the amplitude of any point 

in the average response wavefor.a is the average of amplitudes 

of points at eorresponding latency in the individual responses.• 

(46). The different systeas used for computation belong to one 

of two groups, either analog or digital. 

The system employed in this study will be deseribed la­

ter (27). 

4. Sensory evoked responses in aan. 

As previoualy pointed out, it is diffieult to deteet the 

evoked reaponses in aan with the standard eleetroeneephalographic 

aethods. This is partieularly true of the early coaponents of 

the responses, whieh have saaller amplitudes and shorter dura­

tions in coaparison to the later ones. As early as 1939, 

Davis (28), and Davis et al. (24) described long lateacy res­

ponses to varions sensory stimuli both in awake and sleeping 

subjects. other workers subsequently deseribed soaewhat siailar 

responses under various naaes. However, it was only after 

Dawson (29) introduced his photographie superimposition tech­

nique, and especially after the developaent of the eleetronie 
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aethods of averaging, that the evoked responsea in man lent th .. -

selTes to study. 

Generally speaking, early and late coaponeats can be dis­

tinguished; the latter being soaettaes followed by recurring 

rhythaic vaTes. !here is agreement that the early coaponents 

are relatively simpler and aore stable than the later ones. 

rhese various caaponents have been studied with respect to their 

differentiai distribution on the scalp, their recovery times, 

and their correlations vith changes in the stiaulus paraaeters 

or in the psyehophysiological state of the subject. We ahall 

briefly reviev same~ the findings on the visual and auditory 

responses and then suaaarize the data on soaatosensory res­

ponses relevant to the present vork. 

a. Visual and auditorr eyoked re!ponses. 

Among the recent studies of visual evoked responses is 

the vork of Calvet s1 Al· (14) who used an averaging technique 

and recorded the responses from the occipital region. They 

found that the early coaponents consisted of saall potentials 

of varying polarity which were difficult to detect. rbese 

early coaponents bad a latency of 40-SO asec., and were fol­

lowed at 100-150 msec. after the stimulus by one or two negative 

waves, each about 100 msec. in duration. The late coaponents 

vere sometimes followed by rhythaic vaves recurring at a fre­

quency of about 10 cycles per sec. and decreasing rapidly in 

amplitude. 

Brazier (9), using a cross-correlation technique, recor­

ded the first 100 asec. of the responses following a flash 

-··--···-~------
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stimulus~ and was able to detect small occipital potentials as 

early as so.e 20 msec. after the stimulus. 

Cigaaek (17)~ (18), (19), eaployiag the photographie 

superiap•sition technique described the complex pattern of 

the evoked visual responses up to 600 msec. after a photic sti­

aulus~ and studied the effect of the stimulation frequency on 

its coapoaents. The earlier components could follow a auch 

higher frequency than the later ones. In 1961~ Ciganek (20) 

constructed an average sumaary curTe of his previous individual 

curves and after compleaenting his preTious test observations 

with the study of the effect of sleep, both natural and follow­

ing barbiturates, gave his final views and conclusions. He 

considered the responses to consist of a series of 7 waves 

ranging from 28 to 135 msec. followed by a "rhythmie after­

discharge" at about 240 msec. after the stimulus. He called 

the first three waves "the priaary response" on account of: 

i) its short latency; ii) its resistance to an increase in the 

stimulation frequency; iii) its resistance to sleep. The part 

of the responses following wave 3, he called the "secondary 

responsen and suggested that it was produced by non-specifie 

diffuse pathways because of the following characteristics: 

i) its long latency (over 90 msec.); ii) its decrease or disap­

pearance on increasing the rate of stimulation; iii) its non­

specificity with regard to modality (it was evoked also by 

sound during sleep); iv) its lability to sleep. Following the 

secondary response, a "rhythmic after-discharge" sometimes 

appeared which bad approximately the same frequency as the alpha 
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rhytha; it bad a fusiform pattern and gradually decreased in 

amplitude. 

Cobb and Dawson (22) studied the latency and fora of the 

visual eveked responsea usine the more sensitive averaging tech­

nique described by Dawson (32}. They deaonstrated that the 

initial occipital electric change was a positive deflection 

1-1.5 microvolta in amplitude occurring at 20-25 asec. after 

the stimulus. The further sequence of the reaponses they ob­

tained consiated of a negative wave with a peak latency at 

40-50 msec., a larger positive wave with its peak at 55-65 msec. 

and a negative wave with its peak at 90-100 msec. The latter 

was followed by a series of rhythmic deflectiona of about 10 

cycles per sec. These authors atudied the effect of a change 

in the intenaity of the stiaulus, and found that a reduction 

in intensity led to a decrease in the amplitude and an increase 

in the latency of the responses. Inveatigating the effect of 

visual attention, they reported that "fixation on a detail of 

the visual field between flashes may lead to an increase in the 

second, negative, coaponent of the response and a ahortening of 

the initial positive deflection•. 

In a recent study1 Contaain and Cathala (23) recorded 

average evoked visual responses simultaneously froa different 

scalp locations. They demonstrated the c0111plexity and the 

change in the pattern of the responses with different place­

ments. They differentiated between the responses obtained in 

the occipital regions and thoae obtained from more anterior 

positions up to the naaion. They subdivided further the occi-
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pital responses into: i) early components, ("primary responaes"), 

which bad a triphasic wavefo~ starting with a positive deflec­

tion at 50 msec. These coaponents vere localized in their dis­

tribution and seeaed to depend on the intensity of the stimulus. 

ii) the •secondary responses•, which consisted of a diphasic 

coaponent (negative-positive) starting at 135 asec. and ending 

at about 260 asec. They vere found to be more diffuse in their 

distribution and seemed to be more related to the psychophysio­

logical state of the subject. They decreased in amplitude when 

the eyes were closed or when the subject was not fixating the 

source of light. iii) "late rhythmic waves• which started at 

260-350 msec. and lasted about 200-500 msec.; they vere prominant 

on closure of the ayes. 

It is generally appreciated that the early part of the 

auditory evoked responses (corresponding to the primary res­

ponse found in animals) is difficult to detect from the scalp 

even when an averaging technique is employed, because the audi­

tory cortex is buried in the Sylvian fissure. Calvet ~ Al-(14) 

recorded auditory evoked responses somewhat similar to the 

somatosensory evoked responses they obtained. They found early 

inconsistant defleetions starting at about 15-25 msec. and 

lasting 30-40 msec. They vere followed by later components 

consisting of negative and positive phases, the durations of 

vhieh vere lesa than those of the corresponding phases of the 

somatosensory responses. These were sometimes followed by 

rhythmic vaves of relatively shorter period than noted in the 

somatosensory reeording. 
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Geisler (43) studied the •short latency ca.ponents• of 

the responses to click stimuli vith a special-purpose digital 

computer (ARC-1). He recorded aonopolarly from different place­

ments and found that the most consistent response was a bilateral 

negative deflection with a peak latency at 30 mseo. This wave 

vas of "fairly widespread• distribution and its maximal amplitude 

was in the occipital regions. An inconsistent positive wave with 

a peak latency at 20 msec. was recorded in soae subjects. Geisler 

coneluded on the basis of their latencies and distributions that 

these responses vere •secondary". In this study he also investi­

gated their behaviour under different experimental conditions; 

including the alteration of stimulus rate and intenaity1 and the 

effects of sleep and varying psyohophysiological states. 

b. Somatosensory evoked reSQOD!el recorded from tb• scalp. 

Though probably the earlie1t study on the average aensory 

evoked responsea (29) vas performed on the somatosensory systea1 

it vas only recently that the soaatosensory evoked responses 

have been studied in detail. Table I summarizes the techniques 

and resulta obtained by various workers who have recorded soma­

tosenaory evoked responses. 

Dawson (29), (301 using his superimposition technique and 

electric shock stimulation to peripheral nerves, recorded a 

highly localized surface positive deflection over the contra­

lateral 1omatosensory area. It began at 22-23 asec. after the 

stimulation of the ulnar nerve at the wrist, and had a peak 

latency of about 25 msec. The focus of maximal amplitude was 
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Dawson, 1947 

1950 

Larsson, 1953 

1956 

Dawson, 1954 

Calvet et al. 
1956 

Geisler, 1960 

Shagass and 
Schwartz, 1961 

1962 
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Table I Comparison of the findings and techniques of various authors 
in recording average somatosensory evoked responses from 
the human scalp. 

Components 
Described 

Localization 

"Primary wave" Contralateral. 

"Pri.mary 
response" 

"Non-specifie 
responses" 

Highly 
localized. 

Contralateral. 
Highly 
localized. 

Bilateral and 
widespread. 

Barly and late Contralateral 
components over somato­

sensory area. 

Barly compo-
nents 

Late compo-
nents 

Total response 

Barly compo­
nents 

"Pri.mary 
response" 

Contralateral. 
Localized. 

Widespread. 
l 

Contra lateral 
on described 
"central 
locations tt. 

Bilateral on 
occipital 
locations. 

Contralateral 
over somato­
sensory area. 

Surface polarity and latencies in mse~ • 

0 

+ 

--t--

- -

-+-+ - + 

+-+ 
OY-+-+ 

--+-+ 

-+ 

or-++ 

--+-

--t-

lOO 150 200 

+ + 

Methods and set up. 

System: Photographie mperimpo­
sition. 

Leads: Monopolar and bipolar. 
Stimulation: Ulnar nerve at wrist 

1 per sec. 50 shocks. 
Subjects: Supine, awake, neck 

muscles relaxed . 

System: Photographie superimpo­
sition. 

Leads: Bipolar over somato­
sensory area, and mid­
lina locations. 

Stimulation: Ulnar nerve at wrist 
1 per sec. 50 shocks. 

Subjects: Sitting, awake. 

System: Electromechanical avera­
ger. 

Leads: 1'Monopolar" 6 cm .lateral 
to mid-line, reference 
electrode on forehead. 

Stimulation: Ulnar nerve at wrist 
1 per sec. 220 shocks. 

Subjects: Awake. 

System: Analog computer. 
Leads: Monopolar, active elec­

trode over sens ory are a, · 
reference electrode 
frontal or occipital. 

Stimulation: Peripheral nerves. 
50 - 150 shocks. 

System: 
Leads: 

Digital computer (ARC-1). 
Monopolar from different 
placements 4 cm. apart, 
reference electrode on 
nose. 

Stimulation: Median nerve atwrist 
1 per 5 sec. 100 res­
ponses averaged. 

Subjects: Awake and alert, rea­
ding during experiment. 

System: Analog computer. 
Leads: Bipolar, one electrode 

7 cm. lateral to mid­
sagittal plane and 2 cm. 
behind ext. audit. mea­
tus; the other electr.ode 
5 cm. anteriorly. 

Stimulation: Ulnar nerve at wrist 
1 per 1.3 sec. 50 - 150 
shooks. 

Subjects: Awake. 

Allison, 1962 "Component I" Contralateral. +--+ System: Special-purpose analog 
computer. 

; 

Goft' et al. 
- l962 

Uttal and Cook 
1962 

''Component II" Contralateral. + 
"Component Ill" Contralateral. + 
ncomponent IV" Widespread. - + 
"Component V" ~idespread. 

Total response -+ - +++ - + 

''Component I" Posterior con- + -+ 
tralateral 

''Component II" quadrant. + 
"Component mn ~ontralateral. + 

"Component IV" IWidespre ad. - + 
"Component V" [widespread. 

Total response. + -++-+ - + 

"M wave11 Posterior -+ 
~ontralateral 

"N wave" ~uadrant. + 
no wave " ~idespread. 

Total r esponse - ++ 

- + 

- + 

+ 
+ 

+ 
+ 

Leads: Monopolar from different 
placements, reference 
electrode on nose. 

Stimulation: Median nerve atwrist 
1 per 3-4 sec.40 shocks. 

Subjects: Sitting, ttalert" moni­
toring their own BBGs. 

System: Special-purpose analog 
computer. 

Leads: Monopolar from different 
placements, reference 
electrode on nose. 

Stimulation: Median nerve atwdst 
1 per 4.5 - 6.0 sec. 

Subjects: Sitting, "alert" moni­
toring their own BBGs. 

System: Analog-digital converter. 
Leads: Monopolar from contra­

lateral and ipsilateral 
somatosensory are as. 

Stimulation: Medi an nerve at wdst 
1 per 2.5 sec.80shocks . 

Subjects : Sitting "attentively 
observing the i r BBGs .'' 
Hand immobilized in 
plaster cast. 



1ocated at the surface marking of the central su1cus; the 

potentia1 gradients vere found to be steeper aaterior than 

posterior to this focus (JO). 
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Larsson (55), (56) confirmed Dawson'• findings regarding 

the 1atency and high loca1ization of the ear1y positive def1ec­

tion wbich he considered as corresponding to the primary response 

in anima1s. He also found that this def1ection was sometimes 

preceded by an inconstant sma11 negative defleetion and was 

followed by a diphasic wave. Larsson alao described a "non­

specifie response" consisting of a negative wave caœmencing at 

50-90 msec. and a positive wave commencing at 100-120 msec. each 

with a duration similar to its latency. This response was found 

to be widespread in its distribution and bad the same characteris­

tics as the 1ate components of the responses to visual or auditory 

stimuli. 

Dawson (32) produced clearer records of the different 

components with his electramechanical averager. The other 

workers, like Calvet ~ al. (14) 1 Geisler (43), Shagass and 

Schwartz (69), (72), Al1ison (3), Goff ~Al· (45) and Uttal 

and Cook (76), al1 used electronic techniques for averaging 

their responses. Shagass and Schwartz (69) studied the reco­

very cycles of the early negative-positive waves with peaks of 

latency respectively at about 20 and 25 msec. They demonstrated 

a statistically significant difference between its recovery in 

normal subjects and psychiatrie patients. 

Allison (3) described the total response up to 500 msec. 

following the stimulus and subdivided it into five eoaponents 

on the basis of differentia1 recovery times. He suggested a 
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functional significance for each of the components. 

Goff ~ al. (45) studied aystematically the distribution 

of the soaatosensory evoked responses on the scalp and used 

Allisonts classification. 

Uttal and Cook (76) used a still different ter.inology 

by applying the letters •M•, •x• and •o• to waves described by 

the previous authors. 

Repetitive waves, following the late components similar 

to those elicited by visual or auditory stimulation, have been 

found in response to a somesthetie stimulus (55) 1 (14) 1 (3). 

However, these are lesa prominant than those following a visual 

stimulus. 

c. Soaatosenaorx responses recorded directly froa the 

cortex. 

Woolsey and Erickson (80), using a six-channel electro­

encephalograph, recorded soaatosensory evoked potentials directly 

froa the cortex of neurosurgical patients under ether or pento­

thal anaesthesia. These evoked potentials vere initially surface 

positive and varied in pattern depending on the depth of anaes­

thesia. The initial surface positive wave was localized to the 

posterior aargin of the central sulcus and its amplitude ranged 

froa 50-150 microvolta. With a •quiet cortex•, the positive 

wave was easily detected and served to locate the post central 

gyrus. 

Jasper et ~-(50), using a aulti-beaa cathode ray oscil­

loscope, recorded simultaneously from differeat points on the 

exposed cortex single tracings of soaatosensory potentials 
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evoked by electrical stimulation of the ulnar nerve at the 

elbow. By varying the tiœe constant of the recording amplifiera, 

theae authors could eaphasize the early and late components of 

the evoked potentials. The initial deflection of the "priaary 

complex• was a surface positive wave with a latency of about 

18 asec. and an amplitude ranging up to 100 aicrovolts. They 

found that "the priaary coaplex seems very stable, either with 

or without anaesthesia, and is restricted to a cortical area 

consistent with the sensory responses to stimulation•. 

Hirsch ~A!· (48), using an averaging technique, recorded 

evoked responses to peripheral nerve stiaulation directly from 

the cortex in neurosurgical patients under different types of 

anaesthesia. The aaxiaua amplitude of the responses was found 

in the post central gyrus but they were present as well in 

front of and behind this area. These authors pointed out that 

tbere was a satisfactory siailarity between the responses they 

recorded from the cortex and those recorded from the scalp (14). 

In conclusion, there is qualitative agreeaent aaong 

the various authors as to the differentiai characteristics and 

the factors which affect the early and the late components of 

the sensory evoked responses in man. Some of the differentiai 

characteristics of the two major components are sumaarized in 

Table II, while some of the factors affecting them are sumaa­

rized in Table III. 
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Table II Differentiai characteristics of the early and 
late components of the sensory evoked responses 
in man. 

Characteristic 

Pattern 

Latencies 
Distribution 
Dura ti on 
Sensory modality 

Recovery tim.e 

Barly Components 

Less complex and 
less variable 

Short 
Localized 
Short 
Modality specifie 

Short 

Late Components 

Complex and 
variable 

Longer 
Widespread 
Longer 
Modality non-
specifie 

Longer 

Table III Factors affecting the early and late components 
of the sensory evoked responses in man. 

Factor 

State of alertness 

Degree of attention 
to stimulus 

Stimulus frequency 

Anaesthetics 

Barly Components 

Less affected 

Less affected 

Can follow higher 
frequencies 

Less affected 

Late Components 

More affected 

More affected 

Disappears at 
relatively lower 

frequencies 
More affected. 



s. Psxchological and behayiovral correlates qf aegsorx 

evoked response1 and cortical excitability. 
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Bvoked cerebral reaponses have been studied in relation 

to behavioural manifeatationsin waking1 unreatrained animala, 

and in relation to certain paychological phenoaena in man. We 

ahall now review some of the data derived fra. these atudiea. 

Galamboa (38) recorded in cats evoked responaes to clicks 

fraa chronically iaplanted electrodes in the cortex and in sub­

cortical structures. He found that the amplitude of the res­

ponsea varied froa one click to another. The re1ponses •being 

large when attention ia directed toward the stimulus and small 

when the animal is distracted1 habituated or attending to saae­

thing else•. Thus, when the cat was •attending• to food, a 

reduction in the amplitude of the responsea occurred at all 

recording sites. Galaabos alao studied the electrical corre­

latea of conditioned learning, fiadinc that the responses in­

creased in aaplitude when conditioaing was established and that 

they decreased in amplitude during the extinction precedure. 

Further analysis of the responses showed that they were large 

and protracted in time in the conditioned state and that they 

were relatively sœall and of shorter duration in the extinguished 

state. In the light of these resulta, Galambos concluded that 

the variations of the brain responses vere related to the 

•significance• of the stimulus rather than to its physical 

characteristics. Jouvet and Hernandez-Peon (51) bad previously 

shown that the amplitude of the click responses recorded from 

the dorsal cochlear nucleus of the cat was greatly reduced 
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after habituation or when the eat's •attention" vas diverted to 

non-auditory atï.uli. This d!.inution in the amplitude of the 

evoked responaea vas attributed to a centrifugai inhibitory 

action exerted by the reticular foraation. The authors diacusaed 

this controlling aeehanisa in relation to habituation, attention 

and coDditioning. 

Lindsley (59) revieved the literature eoncerning the role 

of the reticular formation in behaviour and in psychological 

phenoaena. He also studied perception and sensory discrimination 

in relation to teaporal factors. Applying this approach in the 

investigation of the perceptual proceases, he deterained the 

critical flicker frequeney in human subjeets and found that it 

vas about 42 flashes per sec. Wben he applied the aaae light 

flashes to curarized or acute preparations, he found that the 

subcortical visual pathways could follow a flash frequency above 

lOO per sec., while the cortex could only follow a frequency of 

about 40-50 flashes per sec. In this vay, he deaonstrated that 

there was "one parallelisa or correspondence between limita of 

human discrimination of flicker and electrophysiologic response 

in the visual pathways and cortex of the cat". 

It is clear that these studies of the evoked responses in 

aniaals have provided valuable electrophysiological correlates 

to soae psychological phenoaena and soae aspects of behaviour. 

It should be stressed, nevertheless, that it is iaposaible to 

assess the subjective state of the experimental aniaal. 

The effects of attention, distraction and habituation on 

the sensory evoked responses in man have been studied and 
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findings atœilar to those obtained in an!.als were demonstrated. 

Thus, Garcia-Austt et Al· (39), who recorded average viaual 

evoked responses rroa different scalp locations obaerved the 

following changes in the responses: when the subject became 

habituated to the flashes, i) the amplitude of the evoked res­

ponses diainished; ii) their waveforas became more complex; 

iii) the distribution of the responses became restricted to 

the occipital region; iv) an after-discharge appeared in the 

records. When the subjectts attention was distracted froa the 

flashes by asking him to perfora a mental ca1cu1ation, the 

amplitude of the responses diminished also. When the subjectts 

attention was, on the other band, focused on the flashes by 

asking him to count them, features opposite to those present 

under habituation became apparent, viz.: i) the amplitude of 

the responses increased; ii) their waveforms became more sim­

plified; iii) the distribution of the responses became more 

diffuse; iv) the after-discharge disappeared. 

Jouvet and Courjon (52) recorded visual evoked responses 

from the optic radiation in conscious neurosurgical patients. 

The diainution of the amplitude of the responses "during states 

of distraction" was accoapanied by alpha blocking. Of particular 

intereat is the finding reported by these authors in the case of 

a patient suffering froa conversion hysteria with generalized 

body anaesthesia. They found that a painful stimulus did not 

disturb the patient'• attention, that there was no diminution 

of the evoked responses to photic stimulation, and that no 

alpha blocking appeared. When, however, the patient was asked 
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an eaotionally loaded question the a.plitude of the evoked res­

ponses diainished and the alpha blocking appeared. 

Contaain and Cathala (23) fouad that the early coaponents 

("priaary responses•) of the visual evoked responses in man 

were related to the physical characteristics of the stimulus, 

while the late coaponents ("secondary responaes•) were related 

to the psychophysiological state of the subject. These late 

components, in fact, varied according to the subjectts decree 

of visual attention. Larsson (57) reported that the late com­

ponents of the somatosensory responses were related to the 

"significance" of the stimulus. 

The effect of sleep on the evoked responses to different 

sensory aodalities was investigated and found to be a coaplex one. 

Most authors, however, agree that the late coaponents are those 

which are aost affected by sleep (20), (43), (76). 

Of interest is the close correspondance deaonstrated be­

tween the psychophysical threshold of a sensory stimulus and 

the electrophysiological threshold of the averaged evoked res­

ponses. This correspondence was pointed out for aoaatic and 

auditory stimuli by Shagass and Schwartz (69) and Geisler (43). 

Atteapts are being made to use this correlation to aeasure the 

psychophysical threshold in children and to differentiate be­

tween organic and non-organic disorders of sensation. 

Psychological and psychiatrie relationships to cortical 

excitability cycles have been also reported. The concept of 

a spontaneous cortical excitability cycle was first foraulated 

in 1933 by Bishop (8). This concept which implies a waxing and 



waning excitability was uaed again by Lindsley (58) aud 

Lansing (54) and correlated with psychological phenoaena. 
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Lansing studied the relationship between the reaction 

tiae to a visual stimulus aDd the phases of the occipital and 

aotor alpha cycles. A significant relationship was fouad - the 

shortest and longest reaction timea being in opposite phases of 

the alpha cycle. 

Recently, Shagass and Schwartz (70), (71), (72) aeasured 

the cortical recovery cycles of the early components of the 

somatosensory responaes both in noraal controls and in the 

following psychiatrie groups: i) neurosia vith anxiety and de­

pression; ii) psychotic depression; iii) achizophrenia; iv) 

various personality disorders. They fouad that there vas no 

aignificant difference in the early recovery peak of the cor­

tical excitability cycles between the neurotic group and the 

no~al controls. However, all other groups showed a diainutioa 

of early recovery. Clinical t.proveaent tended to be aasociated 

with a restoration of noraal early recovery. 
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III INSTRUMENTATION ABD EXPERIMENTAL PROCEDURES 

1. Data recol"ding system. 

All the experimenta were conducted in a aoderately illu­

ainated rooa vbieh was aaintained at a constant temperature. 

The usual souods originatiag froa outside the rooa eould not be 

beard. The evoked responaes were averaged by aeana of a one­

channel analog averager (SARA) developed at the Electrophysiology 

Laboratory ef the Allan Memorial Inatitute by Davis and Ross (27). 

This is essentially an analog averager in whieh info~ation is 

stored on a short loop of aagnetic tape. It has a resolution of 

one millisecond and reads out continuously the result of the 

integration. The build up of the averaged response can, there­

fore, be observed and the computation is •on-line•. The result 

of integration is recorded continuously with the ink writer of 

an Offner recorder type 542 and is displayed more clearly on 

the screen of a cathode ray oscilloscope. See Fig. 1 • When 

the desired number of •tiaali has been civen, the averaged 

response is photographed from the screen of the oscilloscope 

by means of a polaroid camera and thus obtained in a permanent 

fora. The other ink writer of the Offner recorder displays 

the raw data of the braints electrical activity under the same 

scalp electrodes froa wbich the response is averaged. The noise 

level of the system normally was masked by the biological •noise• 

of the background activity of the electroencephalogram. 

This averaging systea has obviously soae limitations, 



Fig. 1. The upper ink tracings of each pair, A and B, show 

the build up of the averaged responses between the 15th and 

20th stimuli and between the 40th and 45th stimuli respectively. 

The lower tracings show the spontaneous brain activity recorded 

from the same electrodes with the individual evoked responses 

hidden in the "background noise•. The amplitude scale refers 

to the non-averaged brain activity. 
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A 

B 

1 s ec . 

Fig. 1. 
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viz.: i) it possesses only one averaging channel ao that 

siaultaneously evoked responses froa different scalp place­

aenta cannot be obtained under the same experimental condi­

tions; ii) due to the analog nature of the systea any slight 

unbalance would tend to produce a cuaulative drift. 

Large artifacts, as with any averaging syatea, tend to 

contaminate the data accuaulated in any run, resulting in a 

certain amount of the data being rejected. The subsequent 

repetition of a run in order to obtain a clean record may, if 

it oecurs too often, prolong the recording session to the ex­

tent tbat a liait is placed upon the usefulness of a single 

channel analyzer to survey large areas of the scalp. This 

limitation is particularly troublesoae with a non-cooperative 

subject. 

Silver electrodes attached to the scalp with bentonite 

paste were used to pick up the brain potentials. The place­

ments of the recording electrodes will be described under 

experimental procedures. The electroencephalographic signala 

were amplified by a Tektronix type 122 preaaplifier and then 

fed to the input of the averager. 

2. Stimulation system. 

Electric stimulation of the ulnar nerve at the wrist was 

exclusively used in this study. The stimuli were 1 msec. pulses 

delivered to the subject from a Grass 84 stiœulator through an 

isolation unit. When paired stimuli were used, the interval 

between each stimulus of the pair was determined by the dial 

--····--



38 

settings of the stiaulator. Stimulation was triggered rrom the 

averager and the frequency of presentation controlled by the 

length of the aagnetic tape loop. The frequency of stimulation 

varied from 1 per sec. to 1 per 4 sec., being varied from one 

run to another but remaining constant within any one run. Only 

repetitive recular stimuli were given and no random stimuli were 

used. Stimuli were repeated 50 timea in order to obtain the 

average of the subject's responses. The stiaulus intensity was 

adjusted from the voltage dial of the stiaulator to produce a 

twitch of the ulnar aide of the haad, without being painful or 

uncoafortable to the subject. The voltage settinga used varied 

between 70-120 volts with the actual voltage at the electrodes 

being samewhat lesa than this, due to the internal impedance and 

non-linearity of the isolation unit. There was no indication of 

the actual voltage, curreat, or energy acting upon the nerve. 

The stiaulating electrodes vere taped, the cathode on the ulnar 

nerve at the wrist, and the anode on the palm of the band. To 

minimize the stiaulus artifact, a grounded lead aheet was applied 

on the subjectts arm. Stimulus parameters were checked by means 

of an oscilloscope. 

3. Subjects. 

Hineteen subjects served in this atudy; all were either 

hospital staff members or medical students in apparently good 

health. Their ages were between 20-35 years and thirteen sub­

jects vere males. During the experiment, they lay comfortably 

on a bed with their head on a pillow to keep the neck muscles 

relaxed. The subjects were required to keep their eyes open 
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and to stay alert except when stated otherwise. Most of the 

subjects were interested by the experimental procedure and re­

ported about their subjective state between recordings. When 

a monopolar technique was used with the reference electrode on 

the bridge of the nose, the subjects were specifically asked to 

relax their facial muscles during the recording. Further.more, 

the tracing of the normal electroencephalograa gave an idea 

about the degree of alertness and muscle potentials present at 

the time of recording. 

4. Experimental procedures. 

The procedures used in this study aimed at: i) studying 

the latencies, pattern and distribution of the somatosensory 

evoked responses; ii) measuring the recovery cycles of the early 

components of the responses; iii) studying the effects of 

different recording techniques and of changes in the stimulus 

parameters; iv) excluding sourcea of artifacts, mainly muscle 

potentials. 

Nineteen subjects were tested in this study. Recovery 

cycles were measured in nine and data concerning the remaining 

aspects of the study were obtained from all the subjects. Each 

experimental session lasted 2 - 3 hours; the sessions for re­

cording recovery cycles being the longer. Six of the subjects 

served for more than one experiment and a total of 31 experi­

menta were performed. 

Recovery cycle procedure: 

We have used the method described by Shagass and Schwartz 

{71) in order to compare our resulta with their findings. To 
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obtain the recovery function, pairs of "conditioning" and •test" 

stimuli were given separated by varying intervals and the ratio 

of the amplitudes of the second to the first respoase was plotted 

acainst the tiae intervals. The separation between each stiMulus 

of a pair varied froa 2.5 asec. up to 170-190 asec. The increase 

in the interval was made in steps of 2.5 msec. up to 20 aaec., 

in steps of 5 asec. up to 30 asec. and thon in steps of 10 aaec. 

up to the end of the series. The pairs of stimuli were repeated 

SO times at a rate of 1 per 1.3 sec. to obtain the average of 

their responses. Usually, three tracings of average responses 

due to unpaired stiauli were taken during an experiMental ses­

sion to compare the repeatability of the responses and to use 

in the computation of the recovery cycles. The intensity of 

the stimulus was adjusted so as to produce a twitch of the 

ulnar aide of the hand without being painful to the subject. 

The rance of voltages used varied between 70-105 volts. The 

evoked potentials were recorded bipolarly froa both contra­

lateral and ipsilateral soaatosensory areas. Two different 

tiae scales were used exhibiting either about 100 asec. or 

about 250 asec. of the time-locked activity. The former was 

used for tiae intervals between each stimulus of the pair up 

to SO asec.; for greater time intervals, the longer length of 

activity was recorded. The recording electrodes were placed, 

one 7 ca. lateral to the aidline and 2 ca. behind the inter­

aura! plane, and the other S cm. anterior on the same para­

sagittal plane. Relative positivity of the posterior electrode 

was made to produce an upward deflection in the tracings. 
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In this series of experimenta. we alao recorded bipolarly 

from two other placements in order to detect any tiae-locked 

activity occurring within the tiae liaits of the early coaponents 

uaed in the computation of the recovery cycles. A •air of elec­

trodes was placed on the aidline. one at the vertex, the other 

6 cm. behind it; and another pair placed some distance above 

the left eye on positions Fp 1 - F 7 (standard ten twenty sys­

tem). 

For the calculation of the recovery cycles, only the 

first two aoat constant deflectiona of the contralateral soaa-

tosensory evoked potentials vere considered. Theae are negative­

positive peaks occurring at lateacies of about 19.50 ± 1.50 and 

31 +_ 5 i 1 asec. respect ve y. 

Xn the tracings due to paired stimulation the response to 

the second stimulus waa usually clearly seen and its peak la­

tencies as well as its duration reaeabled largely tbose of the 

first reaponae. In those tracings where the second responae 

vas not well defined tbese characteriatics were used to locate 

it. Since the deflections produced by the second stimulus 

frequently coincided in time with tbose due to the first stimu-

lus. it was necessary to deduce the true amplitude of the former 

deflections. This was done by assuaing• as Sbagass and Schwartz 

did (71). that the recorded response was the algebraic summation 

of the responses to the individual stimuli. Hence 1 the peak 

amplitudes following unpaired stimuli were subtracted fra. the 

deflections in the paired stimulus records at the tiaes corres­

ponding to the peaks due to the second stimulus. This correc-
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tion was made for intervals between each stiau1us of a pair 

up to 50 msec. 

Distribution 2rocedure: 

Information regarding the distribution of the responaes 

was derived froa the tracings of the average responaes due to 

unpaired stiauli made during the recovery cycle procedure. For 

the study of the distribution of the late components1 however 1 

it was found preferable to use a monopolar recording technique 

with the reference electrode on the bridge of the nose and a 

slower stimulation frequency of 1 per 4 sec. A loncer duration 

of the responaes (about 450 asec.) following the stimulus was 

also filmed by using a slower sweep rate of the oscilloscope. 

The monopolar technique presented the advantage of being asso­

ciated with lesa variability of the responsea but tended to 

pick up muscle potentials which in turn tended to diarupt the 

averaging system. Combined with a stimulation frequency of 

1 per 4 sec. this technique, though useful 1 could not be used 

for extensive surveys becauae of the above mentioned difficulty 

and because of being time consuming. Responses of 450 msec. 

duration were reeorded both bipolarly and monopolarly from 

three of the four placements used in the recovery cycle pro­

cedure, namely the contralateral, ipsilateral and midline 

placements. To study more systematically the distribution of 

the various components, responses were also recorded monopolarly 

froa points each 4 cm. froa the other, starting from the vertex, 

as illustrated in Fig. 6 p. 54. The vertex point (#4 in Fig. 6 ) 

was defined here as the intersection of the mid-sagittal plane 



43 

and the interaural circle. The responses were recorded on two 

different tiœe scalea of lOO and 450 aaec. to show clearly the 

early and late components respectively. In two subjects (D.M 

and T.R.), this aurvey was carried out more extensively. In 

subject D.M. a total of 60 average responses were recorded 

from 37 different scalp locations over three experimental ses­

sions each lasting about two hours. Of these responses, 35 were 

recorded on the lOO msec. time scale using a stimulation fre­

quency of 1 per 1.3 sec. and 25 responses were recorded on the 

450 msec. tiae acale using a stimulation frequency of 1 per 

4 sec. in order to show the late components. In subject T.R., 

we recorded the responses from 14 and 6 locations respectively 

uaing the above time acalea and frequencies. 

other pr29edures: 

The procedures used in the remaining aspects of this 

study will be discussed with the resulta under the appropriate 

headings. 
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IV RBSULTS 

1. De§Cription of the somatosensorx evokt4 responsea. 

The average cerebral responaes evoked by ulnar nerve 

stimulation consisted of a series of complex waveforas which 

lasted about 500 asec. The coaponents of these reaponaes 

showed certain variations in their latencies~ patterns, and 

amplitudes w.ben recorded in the same subject as well as in 

different subjects. However~ despite these variations the 

saaatoaensory evoked reaponsea were quite stable and repeatable 

when recorded in the same subject under the same experimental 

conditions. Theae responses showed saae common features in 

different individuals which allowed a general description. 

Fig. 2 shows the patterns of the contralateral aomatosensory 

evoked responses recorded monopolarly in six subjects. 

It is convenient to divide the soaatoaenaory responses 

into ca.ponents simply for descriptive purposes without atta­

ching a special functional significance to any of the coaponents. 

This classification of the responses into coaponents waa based 

on the following considerations: i) the latency ranges of the 

coaponenta; ii) the diatributioa of the componenta on the 

scalp; iii) the recovery characteristica of the coaponenta 

under different stimulation frequencies. 

Severa! terminologies and labels were used in the litera­

ture to describe the coaponents of the soaatosensory evoked 

responses. Since our resulta coïncide with those of Alliaon (3), 



.Fig. 2. Patterns of the monopolar soaatosensory evoked responses 

of six subjects. The active electrode was 8 cm. lateral to the 

mid~line on the contralateral interaural corona! plane and the 

reference electrode was on the bridge of the nose. Relative 

positivity of the active electrode is indicated by an upward 

deflection in these and the following tracings. Vertical 

scale = S)Kv. 
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we have followed his classification which divided the somato­

sensory responses into five caaponents. Fig. 3 shows a 

scha.atic representation of the contralateral soaatosensory 

evoked responses recorded monopolarly with an active electrode 

8 ca. lateral to the mid-line on the interaural plane and a 

reference electrode on the bridge of the nose. Relative posi­

tivity of the active electrode is indicated by an upward de­

flection in this diagraa and in subsequent tracings. 

The resulta concerning the patterns and the peak latencies 

of the coaponents were based on data collected during all the 

experimental sessions. A total of 905 measureaents of peak 

latencies of the various components were calculated from the 

tracings of the 19 subjects tested. These 905 measurements 

represent 568 latency 8easurements of components I and II in 

19 of the subjects; 82 measurements of component III in 13 sub­

jects; 123 measureaents of component IV in 17 subjects; and 

132 measurements of component V in 18 subjects. Each measure­

ment represented the peak latency of a component of the average 

cerebral responses to 50 electric stimuli applied to the ulnar 

nerve at the level of the wrist. 

Component I consisted of a triphasic wave (positive­

negative-positive). The early positive deflection was incon­

stant and of small amplitude; its peak latency occurred at 

about 16 ! 2 JJI.Sec. It was followed by a sharp, Tery constant 

negative peak occurring at about 19.50 ± 1.50 maec. The 

latency and pattern of this defleetion were very stable in any 
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Fig. 3. Schematic representation of the contralateral somato­

sensory evoked responses. Dashes indicate either inconstancy 

of a component or a possible variation in pattern. 
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one or the subjects teated. The last part or the rirat coapo­

nent is an inconstant positive wave wbich may appear as a 

"notoh" anywhere on the rising limb or the next coaponent. 

Coœponent II consisted or a constant positivity with ita 

peak latency at 31 t S asec. This derlection was also stable 

in its appearance and in its latency in any one subject tested. 

Component II was followed by a series of complex and variable, 

usually positive waves which constituted coaponent III. The 

peak latency of this coaponent was about 50 ± 9 msec. At tiaes, 

this third coaponent was absent or was separated froa the pre­

ceding wave by a negative deflection. 

Coœponent IV was an inconstant, diphaaic (negative­

positive) wave which showed great variation of amplitude and 

pattern; its peaks occurred respectively at 63 ! 22 asec., and 

89 ± 31 asec. 

Component V is also a diphasic (negative-positive) wave; 

its peak latencies occurred respective1y at 145 ± 35 asec. and 

240 t SO asec. This component was constant in its occurrence · 

and diffuse in its distribution. Its amplitude tended to be as 

high as coaponents l and II coabined tocether; it was even 

higher when the stimulation frequency was 1 per 4 sec. 

Sometimea fo1lowing componeDt V, repetitive rhythaic 

waves in the alpha rrequency range were recorded. These waves 

bad a sinusoidal appearance and their amplitudes decreased gra­

dual1y. They were not detected beyond 500 msec. in our series. 

Table IV summarizes the peak latencies and the degree of 

conat ancy of the various components of the responses. The peak 

·-···-··-··----------
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latencies of the inconstant deflectiona of component I were 

omitted beeauae of the difficulty in their measurements. The 

table shows that the late eamponents have greater ranges of 

peak latencies and overlap with eaeh other to some extent. The 

early components, on the other band, are relatively more stable 

regarding their lateneies and patterns. In fact, we eould 

obtain almost identical contralateral responses (100 msec. tiae 

scale) for each of two subjects we retested after a 6 month 

interval under the same experimental conditions. (See Fig. 4). 

In most of the other subjects where we recorded the early res­

ponses more than once during the same experimental session, 

similar resulta were obtained. 

In three subjects, we filmed the build up of the res­

ponses after 10, 25, and 50 stimuli to the ulnar nerve. The out­

put of the averager was adjusted each time before filming the tra­

cings in order to obtain the same amplitude scale (See Fig. 5). 

It is noticed that the average responses to 10 stimuli resemble 

in their general pattern those obtained after 25 and 50 stimuli. 

The late components of the responses show relatively more varia­

tions in their build up than the early components I and II. 

In general, with a greater number of stimuli, the responses 

became clearer in their details and the random "background 

noise• was more efficiently averaged out. 
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Table IV Peak latencies and constancy of the different 
components of the somatosensory reaponses 
recorded in 19 subjects. 

Component 
and 

Po1arity 

Component I 

Cc:aponent II 

Coaponent ni 

Coaponent IV 

Coaponent V 

Late rhythaic 

+ 

+ (notch) 

+ 

+ 

+ 

+ 

waves 

Constancy 

inconstant 
constant 

inconstant 

constant 

inconstant 

inconstant 

inconstant 
inconstant 

constant 
constant 

inconstant 

Peak Latency + 

its Variabi1ity 

---------
19.5 + 1.5 msec. -

---------
31 + 5 msec. 

40 ± 8 .sec. 

50 + 9 msec. 

63 + 22 msec. 

89 ± 31 msec. 

145 + 35 asec. -
240 ± 50 asec. 

rate 8-12 per sec. 



Fig. 4. Tracings from two subjects showing the high repeata­

bility of the early components of their respective contralateral 

somatosensory responses after a period of six months. 
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Fig. s. Tracings from two subjects showing the build up of 

their averaged contralateral somatosensory evoked responses 

afte.r a repetition of the stimulus 10, 25, and 50 times 

respectively. The output of the averager was adjusted for 

each tracing in order to maintain a constant voltage scale. 
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Subject C.B. Subject A.K. 

10 stimuli 

l 25 

'"'VL 
stimuli 

Sf)l'l'ISU . 

50 stimuli 

Fig. 5. 
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2. Distribution of the reaponaea. 

In the study of the distribution of the reaponses we relied 

on the amplitude measureaents of the components recorded froa 

different scalp locations. The .-plitudea of all the componenta 

varied between 0.88 aicrovolta and 26.40 microvolts. The lower 

liait of this range waa auffieiently hisb to be separated from 

the noise level. In most subjects, the responaea were recorded 

from the placements used in the recovery cycle procedure, i.e. 

froa contralateral, ipsilateral and aidline plaeeaents. The 

responses were recorded from these placements bipolarly, aono­

polarly or both. Stimulation frequeneies ranging from 1 per 

1.3 sec. to 1 per 4 sec. were used in order to show clearly the 

early and late co.ponents reapectively. 

In two subjects, D.M. and T.R., the distribution of the 

responsea was studied aore extensively by reeording aonopolarly 

from 37 locations on the scalp. Bach of these locations was 

separated 4 ca. froa the other, after the vertex-point waa de­

terained as previously described and illustrated in Fig. 6 • 

The rigbt aide of the diagraa with the even numbera indicates 

the locations contralateral to the ulnar nerve stiaulation. In 

subject D.M., we recorded the responaes from 35 locations with 

a fast sweep rate of the oscilloscope to show the first 100 maec. 

of the responses, and froa 25 locations with a slow sweep rate 

to show the first 450 asee. In subjeet T.R., we recorded the 

responses froa 14 positions with the fast sweep rate and froa 

6 positions with the slow sweep rate. 



Fig. 6. Schematic diagram of the placements of active elec­

trodes in monopolar recordings. These placements were spaced 

4 cm. apart after determination of the vertex-point (#4). The 

reference electrode was placed on the bridge of the nose. The 

right side of the diagram with the even numbers is contralateral 

to the ulnar nerve stimulation. 
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In out" amplitude measUI"eaents, oompon.ents l: and Il: were 

oonsidered together beoause of their similar distribution on 

the scalp and beoause of the inoonstancy of the last positive 

deflection of eomponent l:. We thus measured the amplitude of 

these coaponents from the peak of the sharp negative defleotion 

of coaponent l: to the peak of the positive deflection of compo­

nent Il:. The amplitude of the positive deflection. of oompon.ent 

l:l:l: was aeasured either from the peak of a preeeding negative 

deflection when. this was present or otherwise from the base 

line (See scheaatio diagraa in Fig. 3 ). The amplitudes of 

oomponents IV and V vere measured from the peaks of their nega­

tive deflections to the peaks of their positive defleetiona. 

The data obtaiaed from the two subjects studied more 

eztenaively and from the reaaining 17 subjects showed that 

components l: and Il: were relatively more lacalized in their 

distribution than all the other components of the responses. 

These early oomponents were recorded from the posterior contra­

lateral quadrant of the head, and their maximal amplitude was 

found on the locations 4 or 8 cm. behind the contralateral inter­

aura! plane. Positive deflections falling within the latency 

ranges of oomponents l: and Il: were also found on the aid-line 

locations aostly posterior to the vertex. These eoaponents 

were present to a lesser extent anterior to the interaural 

coronal plane. Tbeir amplitude gradient showed a auch steeper 

decrement anterior to this plane than posterior to it. l:n 

some subjects small positive defleetions appeared on the !psi­

lateral somatosensory region. 

---····-----···-----------
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Coaponent III was more diffuse in its distribution than 

I and II. It was more pronounced on the contralateral locations 

on the head; its maximal amplitude seemed to be on the contra­

lateral interaural plane. Ita amplitude gradient~ like coaponents 

I and II, decreased more rapidly anteriorly than posteriorly. 

Component IV was more diffuse in its distribution than the 

previous components, and also showed greater variations of 

latencies and patterns. It could not always be clearly detected. 

Its amplitude was smaller than that of component V. 

Coaponent V was very diffuse in its distribution, being 

picked up from all locations. Its positive deflection was 

highest at the vertex where it appeared as a tall narrow peak. 

On both aides of the vertex the base of this component broadened 

and its peak sometimes bec ame bifid. Figs. 7 and 8 show the 

distribution of the responses recorded in subject D.M. from the 

placements on the mid-line and interaural plane. 

Although components I and II in this study were not always 

found to be very loealized over the somatosensory region, there 

is evidence that they spread from a focus in this area. Thus, 

in one subject (R.B.) where we used bipolar leads, these early 

components failed to appear where we bad previously recorded 

them, although the later components were present. However, a 

displacement of both electrodes 1 cm. anteriorly waa enough to 

reveal the early coaponents. This was interpreted as due to 

the electrodes being placed in the first case on an isopotential 

line (See Fig. 9 ). 



Fig. 7. Tracings from subject D.M. showing the distribution 

of the somatosensory responses recorded from mid-line placements. 

The tracings on the left side of the figure were recorded with a 

fast sweep rate while those on the right side were recorded with 

a slow sweep rate in order to show the later components of the 

responses. Numbers refer to the electrode placements as shown 

in Fig. 6. 
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Fig. 8. Tracings from subject D.M. showing the distribution 

of the somatosensory responses recorded on the interaural 

coronal plane. The tracings on the left side of the figure 

were recorded with a fast sweep rate while those on the right 

side were recorded with a slower sweep rate. Numbers refer 

to the electrode placements as shown in Fig. 6. 
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Fig. 9. Bipolar tracings showing the effect of a slight 

displacement of the recording electrodes on the early compo­

nents. Tracings A and B were recorded from the same contra­

lateral placements with a fast and slow sweep rate respectively. 

Bnly long latency components are seen in B. Tracing c, recorded 

with the slow sweep rate, exhibited short latency components 

after displacing each electrode 1 cm. anteriorly. (See text.) 
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3. Recoverx cxcles of the earlx coaponents of the responaes. 

The procedure of administerinc pairs of "conditioning" and 

"test" stimuli separated by varying intervala and the method of 

computing the recovery cycles have been described in the previous 

section. The degree of recovery of the early components bas been 

expressed as a percentage of the ratio of the amplitude of the 

second responae (R2) in relation to the first response (Rl) for 

interstimulus intervals ranging between 2.5 asec. up to 170-190 

DlBec. Full recovery is reached vhen R2 == Rl, i.e. wh en the 

second responae bas reached the value of Rl. When this occurs, 

the recovery curve is at the leve! of the line which indicates 

lOO% recovery (See Fig. 10 ). The values of Rl have been found 

quite constant during any one experimental session. The ampli­

tude measureaents were made from the peak of the sharp negative 

deflection of camponent I to the peak of the posit.ive deflection 

of eoaponent II which, in the subjects tested for recovery cycles, 

occurred respectively at latencies of 19.50 ± 1.00 msec. and 

31 ± 5 JllSec. 

Nine subjects were tested for their recovery cycles. 

Figs .11 & 12 show saaples of responses to paired stimuli from 

which the recovery cycles were plotted. The variations in the 

amplitudes of R2 in relation to Rl can be observed at the dif­

ferent interstimulus intervals shown. 

In general, the pattern of the recovery cycles measured 

were characterized by oscillations both below and above the line 

of full recovery, denoting periode of subnormal and supernoraal 

excitability, as well as fluctuations in the level of excitability 



Fig. ~o. Recovery cycles of the early components of the somato­

sensory responses illustrated for two subjects. Recovery level 

of lOO% indicates that full responsiveness bas returned. 
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Figs. 11 and 12. Samples of responses to unpaired and paired 

stimuli illustrated for two subjects, J.B. (Fig. 11) and T.F. 

(Fig. 12). The method of calculating the true value of the 

response to the second stimulus (R2) is described in the text. 

Sl and 82 = first and second stimulus artifacts. 

Rl = response to first stiaulus. 

R = response to unpaired stimulation. 
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single stimulus S, SJ. 2.5 msec. apart 
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within each period (See Fig. 10 ). Although the recovery cycles 

differed in their iadividual foras., they seeaed to confora to a 

general pattern. All cycles., in fact, showed a recovery peak 

or a tendency for recovery within the first 20-30 msec. and 

anotber peak at about 130-150 aaec. The first peak of recovery 

appeared., however, to be a more constant feature, since other 

facilitation peaks occurred before 130 asec. All subjeèts but 

one (M.M.) showed at least one recovery peak during the duration 

of the reeovery cycle. Seven subjects shoved either full reco­

very or a facilitation peak within the first 20-30 asec. of the 

cycle. The tvo subjects (M.M., A.K.) who did not show an early 

recovery peak each attained a recovery level of 80% during the 

first 30 asec. and then their recovery cycles followed subse­

quently the general pattern of recovery described. Six subjects 

showed recovery or faciliation peaks at about 130-150 maec. and 

the subject (A.K.) reached full recovery for the first time 

during this period. Three subjects showed a third facilitation 

peak at about 80-100 msee. Table V suaaarizes the findings 

regarding the patterns of the nine recovery cycles mentioned. 

In only one subject (M.M.) was a period of absolute un­

responsiveness found at the beginning of the recovery cycle. 

It is of interest that this is the same suhject whose eurve did 

not recover at all during the vhole duration of the cycle. All 

the other subjects started tbeir recovery cycles at about 30% 

of full recovery. 

The recovery cycle of one subject {D.S.) vas aeasured 

after a six aonth interval using both monopolar and bipolar 



Table V Summary of the patterns of the somatosensory 
recovery cycles measured in 9 subjects. 
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Recovery patterns observed Number of subjects 

Recovery or facilitation peaka 
within the first 20-30 msec. 

Absence of full recovery within 
the first 20-30 msec. 

Recovery or tendency for recovery 
within the first 20-30 msec. 

Recovery or facilitation peaks 
between 130-150 msec. 

Absence of full recovery between 
130-150 msec. 

Recovery or tendency for recovery 
between 130-150 msec. 

More than two facilitation peaks 

7 

2 

9 

7 

2 

9 

3 
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recording techniques; the other experimental paraaeters were 

the same. The trends of recovery were found to be repeatable 

but the quantative values differed soaewhat. The cause of 

theae differences requires further investigation which could 

not be pursued in this study. 

4. Bffects of soae experimental changes. 

During the course of this study, we studied the affects 

of changing the parameters of the stimulus on the recorded 

responses. In six subjects we decreased the stimulation fre­

quency to 1 per 4 sec. instead of the usual 1 per 1.3 sec. 

We found that under this condition the later components (IV and 

V) tended to appear more clearly and assumed higher amplitudes, 

especially with the monopolar recording technique. The early 

coaponents on the other band did not change appreciably in 

aize or pattern (See Figa. 13 & 14 ). 

The intensity of the stimulus was also varied in 4 sub­

jects. We deterained firat the sensory threshold in each of 

the subjects. Its value ranged between 24-28 volts. When the 

stimulus was at threshold value, we eould not determine exaetly 

whether a response was present or not in the tracings, as it 

could have been saaller than the noise leval. aesponses usually 

began to show wben the intensity of the stimulus was around 40 

volts. It was also found that the twitch threshold was alwaya 

higher than the senaory threshold and that cortical evoked 

responaes appeared before the occurrence of the twitch. All 

components of the response seeaed to grow in aaplitude and 



Fig. 13. Effect of a lower stimulation frequeacy on the late 

coœponents of the contralateral somatosensory responses. 8oth 

tracings were recorded bipolarly. The stimulation frequency 

was 1 per 1.3 sec. in A and 1 per 4 sec. in B. 
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A 

B 

Fig. 13. 



Fic. 14. Effect of a lower stimulation frequency on the 1ate 

coaponents of the contra1atera1 somatosensory responses. Both 

tracings were recorded monopo1arly. The stimulation frequency 

was 1 per 1.3 sec. in A and 1 per 4 sec. in B. 
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coœplexity as the intensity of the stimulus was increased (See 

Fig. 15 ) • 

s. Electrophysiological nature of the recorded potentials 

and exclusion of artifacta. 

In recording electrical potentials froa scalp electrodes, 

it is a legitimate question to ask whether the recorded signala 

do refleet the brain's activity or are of an artifactual origin. 

Some of the artifacts that may be mistaken for brain activity 

can originate from the recording system, the scalp musculature, 

eye blinks and eye aovements, or from distant electrophysiolo­

gical sources. In this study, we bad firstly to guard against 

time-locked activities other than the evoked cerebral responses 

and secondly against non time-loeked activities wbich can conta­

minate the averaged cerebral responses. As to the latter possi­

bility, this applies to any averaging system and as mentioned 

before, the system used in this study was easily disrupted by 

excessive muscle potentials. These auscle artifacts eould be 

detected as soon as they were produced while aonitoring the 

build up of the response on the screen of the cathode ray oscil­

loscope and the run was then restarted. 

That no artifact was produced by the averaging system 

itself could be shown by having the system function for the 

entire duration of the run but without applying the recording 

electrodes on the scalp. In this instance, no signala appeared 

on the screen of the oscilloscope. 

To test the effectiveness of the averaging technique in 



Fig. 15. Effect of increasing the stimulus intensity on the 

various components of the contralateral somatosensory responses. 

Tracings were recorded bipolarly. The sensory threshold was 

28 volts in this subject. Voltages shown refer to dial settings 

of Grass 54 stimulator. 
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reducing the level of noraal background activity_ we recorded 

in 4 subjects up to 900 msec. samples under the uaual exper~en­

tal conditions but without applying stbuli to the ulnar nerve. 

In the aeven tracings obtained in this way any components which 

were encountered were predominantly within the alpha frequency 

band• with peak to peak deflectiona o~ about O.S microvolts 

(See Fig. 16). 

In order to test the possibility of very late coaponents 

carrying over and contaminating the initial components of the 

response to the following stimulus, we also conducted theae long 

term recordings (900 msec.) with stimulation. The reeording 

system hasan inherent minimum repetition rate of 1.3 sec., yet 

most of the major components were found to have died out before 

the end of the 900 msec. (0.9 sec.) recording. This indicates 

that there vas no contamination from the carrying over of later 

components. 

other important sources of artifacts that had to be taken 

into consideration were the eye blinks and the associated eye 

movements. Eye blinks ean occur as part of a muscular startle 

reaction (56), (57) associated with peripheral stimuli, or they 

may oceur spontaneously. In 9 subjects, we recorded bipolarly 

same distance above the eye from positions Fpl - F7 (standard 

ten twenty system}, and in 4 other subjecta, we recorded aono­

polarly either just above or below the eye. The time scales of 

the traeings extended up to 450 msee. to cover the duration of 

the early and late components of the somatosensory responses. 

In almost all the subjects the sensitivity of the averager had 



Fig. 16. Absence of responses when no shocks were applied 

to the ulnar nerve. Tracings were recorded from the contra­

lateral somatosensory areas with fast and slow sweep rates. 

Note the presence of a low amplitude activity within the 

alpha frequency band. 
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to be eut to one-half the usual gain in order to prevent extreme 

saturation of the raw record. Althougb the sensitivity was 

still high enougb to deteet normal evoked responses,blink arti­

faets were not found in the averaged record of any subjeet up 

to 450 maec. (See Fig. 17 ). We also reeorded the eye blinks in 

3 subjeets with the ink writer of the Offner recorder. The 

electrie pulse of the stimulator was fed into the Offner recorder 

to show the relation of the blink to the stimulus. ln two of 

these subjects~ the blinks oecurred randomly without apparent 

relation to the stimuli~ and with a frequency similar to their 

spontaneous occurrence during a control period in which they 

were recorded without applying shocks. In the third subject~ 

we started recording his eye blinks at the beginning of the 

experiaental session before the possible occurrence of habitua­

tion. The shock intensity was within the usual range. It vas 

fouad that this subject blinked after each of the first four 

stimuli but these blinks varied in their latenciea and patterns. 

Subaequently~ the subject blinked 20 timea during a period of 

tiœe in which he received 72 shocks at a rate of 1 per 2 sec. 

Theae later series of blinks occurred randomly without apparent 

relation to the stimuli and varied in their latencies, amplitudes 

and patterns. It was concluded that the bliDks were not time­

locked to the stimuli except possibly the first few, and that 

the stimulus intensity used vas not sufficient to produce 

blinks as part of a startle reaction or that if theae blinks 

occurred1 they became rapidly habituated. 

The high decree of repeatability of aoae components 



Fig. 17. Monopolar tracings reeorded just below the eye in A 

and above the eye in B. There is no evidence of blink arti­

facts or other time-locked aetivity up to about 450 msec. after 

the stimulus. 
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within the same subject after a long interval of tiae, their 

conformity to a general pattern in al1 subjects tested, and 

their differentia! distribution on the scalp are all in favour 

of their neurophysiological origin. Further evidence that the 

average responses recorded from the scalp reflect average res­

ponsas detectable on the underlying cortex bas been presented 

by Geisler {43). This author recorded in the aonkey evoked 

responsea to clicks from points lying each directly underneath 

the other on the different coverings of the brain, fraa the 

scalp to the pia mater. He demonatrated the effects of the 

different conductivities of these layera on the evoked poten­

tials, and concluded that the •average responses recorded from 

the pial surface of monkey cortex are faithfu1ly reflected at 

the surface of the scalp, as long as the potential fields evoked 

by the stimuli are not too sharply 1ocalized •••• we therefore 

expect that average reaponses obtained from the scalp of human 

subjecta will indeed reflect activity existing in the brain 

heneath". Furthermore, the responaes recorded in this study 

were similar to the responses recorded directly from the sur­

face of the brain in man both with averaging {48) and non­

averaging techniques (50). 
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V DISCUSSION 

1. Description and distribution of the responses. 

The cerebral responses to somatic stimulation do not 

differ essentially in their general pattern from the cerebral 

responses to other sensory aodalities. As pointed out in the 

review of the literature, this general pattern consista of: 

i) short latency eoaponents; ii) long latency coaponents; 

iii) late repetitive rhythaic waves. The characteristics of 

these major components have been described. 

We have found as noted by Geff ~ Al-(45), that a mono­

polar reeordiag technique with the reference electrode on the 

bridge of the nose yielded less variability in the recorded 

responses than the bipolar technique. The latter technique 

tended to accentuate the inter-subject variations of the late 

components, and would be therefore less useful for the study 

of the fora and distribution of the responses. The difficulties 

associated in averaaing the responses of a monopolar recording 

have been discussed. 

Our resulta on the latencies and the waveforms of the 

somatosensDry evoked responses extending up to 500 msec. were 

found to agree, generally, with Allisonts findings as well as 

with his classification of the responses into five components 

{3). The literature shows that there exista a fair agreement 

among the authors regarding the early part of the responses 
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extending up to about 60 asec., corresponding to the first three 

of these five components. These similar resulta were obtained 

by differant workers whether a photographie superiaposition 

technique (29) 1 (30) 1 (55), (56), (57) or an electronie summa­

tion technique was used (32), (14), (69), (3), (45), (43), (76). 

See Table I. Direct recording from the surface of the brain 

also yielded early responses similar to those recorded from 

scalp electrodes (So), (50), (48). 

These rather stable responsea correspond to the negative 

deflection of component I and to the positive deflection of 

component II whose peaks occurred respectively at latencies of 

19.50 ± 1.50 asec. and 31 ± 5 msec. in our subjects. The smaller 

values (25 ± 5 msec.) given to the positive deflection by some 

authors (55) 1 (29), (69) seem to correspond to the last positive 

deflection of co.mponent I. This wave was found in our tracings, 

but it was not included in Table IV because of its inconstancy. 

Deflections similar to wave III, which occurred at 50 ~ 9 msec., 

have been described by Larsson (SS), Calvet ~ al. (14), Dawson 

(32) 1 and Geisler (43). The wave labelled "N" by Uttal and 

Cook (76) falls within this range of latency. 

Regarding the distribution of the responses, it is to be 

noted that we recorded from different scalp locations successively 

rather than siaultaneously, because of the availability of only 

one averaging channel. It was found that componentai and II were 

distributed more widely than was reported in earlier studies 

(29), (SS) and were aainly present in the posterior contralateral 

quadrant of the scalp. The potential gradient of co.mponents I 
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and Il which was found to be steeper anterior to than posterior 

to the surface marking of the central sulcus bas also been re­

ported by Dawson (30) and Goff s1 al. (45). 

Our findings on the distribution of component III, thougb 

scanty, compare with those of Goff~ Al·(4S) who studied 

systematically the distribution of the somatosensory evoked 

responses from 21 locations in each of 6 subjects. The fusion 

of components Il and Ill noted in this study have been reported 

in recent studies. The reason for this fusion is not clearJ 

however, it does not seem to be related to the electrode place­

ment (76). The implication of this fusion on the measureaents 

of the recovery cycles will be discussed subsequently. 

The late camponents are exemplified by the diphasic waves 

IV and V. These components occurred with peak latenoies ranging 

from 63 ± 22 msec. to 240 ± 50 msec. (See Table IV and Fig. 3 ). 

They showed some overlap in their latencies and their distribu­

tion was widespread over the scalp. Component V was constantly 

present and reached its highest amplitude at the vertex. 

On aocount of their higher amplitudes and longer durations, 

the late components of the responses have been recorded in the 

electroencephalogram using standard procedures. ln 19391 Davis 

(28) recorded a diphasic or triphasic "on-effect" to auditory 

stimulation in waking subjects. This response lasted about 

300 msec. and was highest at the vertex. Its amplitude raaged 

up to lOO microvolts. Davis ~ Al· (24) described the "K-complex" 

in sleeping subjects and related its slowcomponent to the "on­

effect" observed in waking subjects. Gastaut (41) and Bancaud 
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et al. (6) described simultaneoualy in 1953 under the naaes of 

•vertex spike• and "V-potential• a prominent negative wave with 

a phase reversai at the vertex. When this wave was not mono­

phasic, its initial deflection vas alvays negative. In 1956 1 

Roth et al. (66) described a long latency response to various 

stimuli both in vaking and sleeping subjects under the name of 

11K-complex". They disagreed vith previous vorkers (41), (6), 

(55) about the polarity of its initial deflection, stating that 

8 though the most prominent deflection is sometimes surface neaa­

tive, careful examination has in our cases almost invariably 

revealed a saall surface positive deflection preceding it•. 

They reported also that "the form of the reaponse ia influenced 

by its voltage•. Among the workers who used averaging recording 

techniques, Larsson (55) 1 (56) described the •non-specifie" res­

ponse. This response vas videspread in its distribution and 

consisted of a negative wave oceurring between 50-90 msee. and 

a positive vave occurring between 100-120 msec. Calvet ~ Al· 

(14) recorded tvo biphasic (negative-positive) waves vith siailar 

latencies to components IV and V. The vave labelled •o• by 

Uttal and Cook (76) seems also to correspond to coaponents IV 

and V. The resulta given by Allison (3) and Goff et al. (45) 

are close to those obtained in this study. 

Late repetitive rhythaie waves vere at tiaes recorded in 

our series. They have also been reported by other vorkers and 

seea to be lesa proainent after a soaatic stimulus than a visual 

one (55) 1 (14) 1 (23), (3). 



2. Racovery function of the early componepts. 

A tentative general pattern for the recovery cycles of 

the early coaponents of the somatosensory responses was des­

cribed previously as noted above. This pattern consisted of 
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a facilitation peak or a tendency for recovery within the first 

20-30 msec. of the cycle and similarly another peak at about 

130-150 maec. other peaks of supernormal excitability or full 

recovery also occurred in the intervening part of the cycles. 

It should be stressed, however, that beyond the tendency to 

conform to this general pattern, the prominent feature of the 

recovery cycles that we measured was rather their phasic varia­

tions and oscillations within each phase so that no two cycles 

were fouad to follow exactly the same course of recovery. 

The recovery functions of the early components of the 

soaatosensory evoked responses have been studied recently by 

Shagass and Schwartz (69), (71) 1 Allison (3), and Uttal and 

Cook (76). Our findings concerning the early peak of recovery 

agree with those obtained by Shagass and Schwartz. Allison 

reported a U-shaped recovery function for component I. He 

found that the recovery level of this component was about 60% 

at 3 msec.; it then decreased to about 20% between 5-20 msec. 

and it reached 90% at approximately 200 msec. Allison reported 

also that "the recovery function of 2 1 like that of 1, tends 

to be U-shaped, although 2 sbowed a greater degree of sub­

normality tban did 1" (3). The discrepancy between our findings 

and tbose of Sbagass and Schwartz on the one band and those of 

Allison on the other band regarding the early peak of recovery 
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may be related to the different procedures used by the latter 

worker. Allison, in fact, employed a aonopolar recording tech­

nique and bad fewer intervals between 10 and 20 msec. He also 

used a different computation technique whereby he could obtain 

directly the amplitude of the second response by •procramming 

the computer to cancel the conditioning response while summating 

the test response• (3). To test the effect of a monopolar 

recording technique on the pattern of the recovery cycles we 

repeated the recovery cycle of subject D.S. both aonopolarly 

and bipolarly during the same session, and found that the 

general pattern of recovery waa the same in either case, though 

they differed quantitatively. 

Uttal and Cook (76) measured in two subjects the recovery 

cycles of the •M" wave. This wave seeas to correspond to either 

component I or to a combination of I and II. The early course 

of the recovery cycles measured by these authors cannot however 

be assessed from their curves which started at 25 and 40 msec. 

ln one of their subjects, the recovery level was 90% at 25 maec. 

and in the other subject, it was about 55 % at 40 msec. 

In our series, the average level of recovery at the shor­

test time interval (2.5 msec.) of the recovery cycles was fouad 

to be about 30% in 8 of the 9 subjects. In only one subjeet 

(M.M.} was an initial period of absolute unresponsiveness present. 

It is of interest to note that this is the same subject whose 

curve did not recover during the whole duration of the cycle. 

Shagass and Schwartz on the other band have shawn •normal" 
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recovery cycles which started at the zero level of recovery 

(absolute unresponsiveness) (69). Our findings on the pattern 

of the recovery cycles agree otherwise with those of the latter 

authors who also described facilitation peaks between 20 and 

100 msec. 

The absence of full recovery in M.M. (80% in the first 

30 msec.) may be merely a normal variation or be due to the 

state of alertness of the subject during experiment. It may 

also be accounted for by a fusion of components II and III of 

his responses. The positive peak of his component II occurred 

at 35 msec. and it was t.œediately followed by another positive 

peak occurring within the latency range of component IV. It is 

to be noted in this regard that Allison reported a recovery time 

of about one sec. for component III. 

The cyclic variations observed in the cortical recovery 

cycles of our subjects have been reported in previous studies 

both in man and in animals (40) 1 (65) 1 (34), (69). The mean 

values of the facilitation peaks which occurred within the 

first 30 msec. and between 120-150 msec. of the recovery cycles 

have been calculated for all the subject except M.M. These 

values showed a mean recovery level of 107% and 105% for the 

respective facilitation peaks. This degree of facilitation 

slightly above the level of full recovery seems to be related 

to the fact that our subjects were instructed to keep alert 

during the experiment. Evarts ~Al· (34) and Schwartz and 

Shagass (67) have pointed out the relatianahip between states 

of alertness and cortical recovery cycles in cats with chroni-
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cally implanted electrodes. These authors demonstrated that 

states of alertness characterized by an electrocortical pattern 

of arousal tended to be associated vith low facilitation peaks 

in the cortical recovery cycles, and that aleep tended to be 

associated with higher facilitation peaks. 
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SlJMMARY 

A study of certain aspects of the cerebral responses 

evoked by ulnar nerve stimulation bas been made on 19 noraal 

subjects. A single-channel analog averager vas used to sepa­

rate these evoked potentials from the ongoing background 

activity of the brain. 

1. The recorded average responses were found to consist 

of complex waveforas which lasted up to about 500 msec. 

For descriptive purposes these responses were divided 

into five components and the pattern of each component 

was detailed. The early components of the responses 

sbowed relative stability in their latencies and patterns, 

and were highly repeatable; the late coaponents showed 

greater variations in these parameters, and were less 

repeatable. 

2. The study of the differentia! distribution of the coa­

ponents on the scalp revealed that coaponents I and II 

were relatively more localized. They were recorded 

from the posterior contralateral quadrant of the head 

and seemed to spread from a fairly circumscribed focus. 

Coaponent III seemed to be more pronounced over the 

contralateral placements on the scalp. Component IV 

vas diffuse and showed a great variation in its distri­

bution. Component V was constant and widespread, rea­

ching its maximum amplitude at the vertex. 
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3. The recorded potentials were discussed in teras of 

their neurophysiological nature and the el±aination of 

possible sources of artifacts. 

4. The recovery cycles of caaponents I and II were mea­

sured in 9 normal subjects. The patterns of these 

recovery cycles vere studied and described in view of 

the reported changes wbich can occur in certain psy­

chiatrie patients. 

s. The findings obtained in this study were compared to 

and discussed in relation to the resulta obtained in 

some recent works. 

6. The literature oa evoked responses and the relation­

ship of these responses to some behavioural and psy­

chological phenomena have been reviewed with regard to 

this work. 



86 

REFERENCES 

1. Adrian, E.D. Afferent discharges to the cerebral cortex 

from peripheral sense organs. J.Physiol., (Lond.) 

1941, lOO: 159-191. 

2. Albe-Fessard, D., Rocha-Miranda, C. and Oswa1do-Cruz, E. 

Activités d'origine soaesthesique evoquees au niveau 

du cortex non-specifique et du centre median du thala­

mus chez le singe anesthesie au chloralose. EEG Clin. 

Neurophysiol., 19591 11: 777-787. 

3. Allison, T. Recovery functiona of soaatosensory evoked 

responses in man. BEG C1in.Neurophysio1., 1962, 14: 

331-343. 

4. Amassian, V.B. Evoked single cortical unit activity in the 

soaatic sensory areas. BEG Clin.Neurophysio1., 1953 1 

5: 415-438. 

s. Amassian, V.E. Studies on organization of a somesthetic 

association area 1 including a single unit analysis. 

J.Neurophysio1., 1954 1 17: 39-58. 

6. Bancaud, J., Bloch, V. et Paillard, J. Contribution BEG 

a l'etude des potentiels evoques chez l'homme au 

niveau du vertex. Rev.Neurol., 1953, 89: 399-418. 

7. Bartèey, S.H. Temporal and spatial summation of extrinsic 

impulses with intrinsic activity of cortex. J.Cell. 

Coap.Physiol., 1936, 8: 41-62. 

8. Bishop, G.H. Cyclic changes in the excitability of the optic 

pathway of the rabbit. Am.J.Physiol.,l933 1 103: 213-224. 



87 

9. Brazier, M.A.B. Studies of evoked responses by flash in man 

and cat. In: H.H. Jasper, L.D. Proctor, R.S. Knighton, 

W.C. Noshay, and R.T. Costello (Editors). Reticular 

Formation of the Brain. Little, Brown and Co., Boston, 

1958: 151-168. 

10. Bremer, F. Neurogenic factors influencing the evoked poten­

tials of the cerebral cortex. In: W.A. Rosenblith 

(Editor). Sensory Communication. The M.I.T. Press and 

John Wiley & Sons, Inc., New York, 1961: 675-698. 

11. Brown, R.M., Barlow, J.s., O'Brien, D.F., Peake, W.T. and 

Geisler, C.D. In: W.A. Rosenblith (Editor). Proces­

sing Neuroelectric Data. The M.I.T.Press, Caabridge,Mass., 

1962: 99-110. 

12. Buser, P. et Borenstein, P. Reponses corticales "secondaires" 

a la stimulation sensorielle chez le chat curarise non 

anesthesie. BEG Clin.Neurophysiol. 1 1957 1 Suppl.6: 89-106. 

13. Buser, P. et Borenstein, P. Reponses somestheaiques, vi­

suelles et auditives recueillies au niveau du cortex 

"associatif" suprasylvien chez le chat curarise non 

anesthesie. BEG Clin.Neurophysiol., 1959 1 11: 285-304. 

14. Calvet, J. Cathala,B.P., Contamin,F., Hirsch,J. et Sherrer,J. 

Potentiels evoques corticaux chez l'homme. Rev.Neurol., 

1956, 95: 445-454. 

15. Chang, H.T. Changes in the excitability of the cerebral cor­

tex following single e1ectrio shock app1ied to the cor­

tical surface. J.Neurophysiol., 1951, 14: 95-112. 



88 

16. Chang, H.T. The evoked potentials. In: J. Field, H.W.Magoun 

and V. Hall (Editors). Handbook of Physiology, Sect.l. 

American Physiological Society, Washington, D.C., 1959, 

1: 299-313. 

17. Ciganek, L. Potentiels corticaux chez l'homae, evoques par 

les stimuli photiques. Rev.Neurol., 1958a, 99:194-196. 

18. Ciganek, L. Postdecharge rytbaique corticale, evoquee chez 

l'homae •ar les stimuli photiques. Rev.Neurol., 1958b, 

99: 196-198. 

19. Ciganek, L. L'influence de la stimulation photique sur le 

potentiel evoque chez l'homme. Rev.Neurol., 1958c, 

99: 198-201. 

20. Ciganek, L. The EEG responae (evoked potential) to light 

stimulus in man. BEG Clin.Neurophysiol., 1961 1 13: 

165-172. 

21. Ciganek, L. Die Elektroencephalographische Lichtreizantwort 

Der Menschlichen Birnrinde. 1961 1 p.7, Verlag der 

Slowakischen Akadeaie der Wissenschaften Bratislava. 

22. Cobb, W.A. and Dawson, G.D. The latency and form in man 

of the occipital potentials evoked by bright flashes. 

J.Physiol., 1960 1 152: 108-121. 

23. Contamin, P. et Cathala, H.P. Reponses electrocorticales 

de l'homme normal eveille a des eclairs lumineux. 

Resultats obtenus a partir d'enregistrements sur le 

cuir chevelu, a l'aide d'un dispositif d'integration. 

EEG Clin.Neurophysiol., 1961, 13: 674-694. 



24. Davis, H., Davis, P.A., Looais, A.L., Harvey, E.N. and 

Hobart, G. Electrical reactions of the human brain 

89 

to auditory stimulation during sleep. J.Neurophysiol., 

1939, 2: 500-514. 

25. Davis, J.F. and Ferris, H.A. A review of systems for re­

cording averaged evoked responses in the human electro­

encephalogram. Medical Electronics. Proceedings of the 

Second International Conference on Medical Electronics, 

Paris, 1959: 103-107. 

26. Davis, J.F., Ferris, H.A. and Ross, W.R.D. A siaplified 

analog storage and averaging systea. Digest of Tech­

nical Papers, New York, 1959: 85. 12th Annual Conference 

on Electrical Techniques in Medicine and Biology, Phila­

delphia. 

27. Davis, J.F. and Ross, W.R.D. SARA - Still another response 

averager. Digest of Technical Papers, New York, 1960: 

14-15. 13th Annual Conference on Electrical Techniques 

in Medicine and Biology, Washington. 

~8. Davis, P.A. Effects of acoustic stimuli on the waking human 

brain. J.Neurophysiol., 1939 1 2: 494-499· 

29. Dawson, G.D. Cerebral responses to electrical stimulation 

of peripheral nerve in man. J.Heurol.Neurosurg.Psychiat~ 

1947, 10: 137-140. 

30. Dawson, G.D. Cerebral responses to nerve stimulation in man. 

Brit.Med.Bull., 1950 1 6: 326-329. 

31. Dawson, G.D. A suaaation technique for detecting small sig­

nala in a large irregular background. J.Physiol.,l9Sl,ll5:2. 



90 

32. Dawson, G.D. A suaaation technique for the detection of 

small evoked potentials. BEG Clia.Neurophysiol., 1954, 

6: 65-84. 

33. Derbyshire, A.J., Reapel, B., Forbea, A. and Laabert, B.F. 

The effects of aneathetics on action potentials in the 

cerebral cortex of the cat. Am.J.Physio1., 1936 1 116: 

577-596. 

34. Bvarts, E.V., Fleming, T.C. and Huttenlocher, P.R. Recovery 

cycle of visual cortex of the awake and sleeping cat. 

Am.J.Physio1., 1960, 199: 373-376. 

35. Forbes, A. and Morison, B.R. Cortical response to sensory 

stimulation under deep barbiturate narcosis. J.Neuro­

physiol., 1939, 2: 112-128. 

36. French, J.D., Verzeano, M. and Magoun, H.W. An extra1eanisca1 

sensory system in the brain. A.M.A. Arch.Neuro1.Psychiat~ 

1953a, 69: 505-518. 

37. French, J.D., Verzeano, M. and Magoun, H.W. A neural basia 

of the anesthetic state. A.M.A. Arch.Neuro1.Psychiat., 

1953b, 69: 519-529. 

38. Galaabos, R. E1ectrica1 correlates of conditioned learning. 

The Central Nervous System and Behaviour. (Firat Con­

ference) Edited by M.A.B. Brazier. Madison Printing 

Co., Madison, N.J., 1958: 375-415. 

39. Garcia-Austt, E., Bogacz,J. and Vanzulli,A. Significance of 

the photic stimulus on the evoked responses in man. In: 

A.Fessard, R.W.Gerard, J.Konorski (Consulting Editors). 

Brain Mechanisas and Learning. C.C.Thomas, Pub1isher, 

Springfield,Ill. 1961: 603-623. 



91 

40. Gastaut, H., Gastaut, Y., Roger, A., Corriol, J. et Xaquet,R. 

Etude electrographique du cycle d'excitabilite cortical. 

BEG Clia.Neurophyaiol., 1951, 3: 401-428. 

41. Gastaut, Y. Les pointes negatives evoquees sur le vertex; 

leur signification psychophysiologique et pathologique. 

Rev.Neurol., 1953, 89: 382-399. 

42. Gauthier, c., Parma, M. and Zanchetti, A. Bffect of electro­

cortical arousal upon development and configuration of 

specifie evoked potentials. BEG Clin.Neurophysiol., 1956, 

8: 237-243. 

43. Geisler, C.D. Average responaes to clicks in aan recorded by 

scalp electrodes. Mass.Inst. of Technol., Res. Lab. 

Electron., 1960, Techn.Rep. 380. pp. 158. 

44. Gellhorn, B., Koella, W.P. and Ballin, H.M. Iateraction on 

cerebral cortex of acoustic or optic with nociceptive 

impulses: the problea of coiUilciouaness. J.lieurophysiol., 

1954, 17: 14-21. 

45. Goff, W.R., Rosner, B.S. and Allison, T. Distribution of 

cerebral somatosenaory evoked responaes in normal aan. 

BEG Clin.Neurophysiol., 1962, 14: 697-713. 

46. Goldstein, M.H. Averaging techniques applied to evoked res­

ponses. Computer Techniques in EBG Analysis. Suppl.20 

to "The BEG Journal", 1961: 59-63. 

47. Goldstein, M.H. and Peake, W.T. ~al. Evoked responses. In: 

W.A. Rosenblith (Editor). Processing Neuroelectric Data. 

The M.I.T. Press, Cambridge, Maas. 1962: 12-JS. 



92 

48. Hirsch, J.F., Pertuiset, B., Calvet, J., Buisson-Ferey, J., 

Fischgold, B. et Scherrer, J. Etude des reponses electro­

corticales obtenues chez l'homme par des stimulations 

somesthesiques et visuelles. BEG Clin.Neurophysiol., 

1961, 13: 411-424. 

49. Jarcho, L.W. Excitability of cortical afferent systems 

during barbiturate anesthesia. J.Neurophysiol., 1949, 

121 447-457-

50. Jasper, H. Lende, R. and Rasmussen, T. Evoked potentials 

froa the exposed somatosensory cortex in man. J.Nerv. 

Ment.Dis., 1960, 130: 526-537. 

51. Jouvet, M. and Hernandez-Peon, R. Meeanisaes neurophysiolo­

giques concernant l'habituation, l'attention et le 

conditionnement. BEG Clin.Neurophysiol.,l957,Suppl.6: 

39-49. 

52. Jouvet, M. and Courjon, J. Variations des reponses visuelles 

sous-corticales au cours de l'attention chez l'ho .. e. 

Rev.Neurol., 1958, 99: 177-178. 

53. King, E.E., Naquet, R. and Magoun, B.W. Alterations in 

somatic afferent transmission through the thalamus by 

central mechanisms and barbiturates. J.Pharmacol.Exp. 

Ther., 1957, 119: 48-63. 

54. Lansing, R.W. Relation of brain and treaor rhythms to visual 

reaction time. EEG.Clin.Neurophysiol.,l957, 9: 497-504. 

55. Larsson, L.E. Electroencephalographic responses to peripheral 

nerve stimulation in man. EEG Clin.Neurophysiol., 1953, 

5: 377-384. 



93 

56. Larsson, L.E. The relation between the startle reaction and 

the non-specifie BEG response to sudden stimuli with a 

discussion on the mechanism of arousal. BEG Clin. 

Neurophysio1., 1956, 8: 631-644· 

57. Larsson, L.E. Correlation between the psychological signi­

ficance of stimuli and the magnitudes of the start1e 

b1ink and evoked EBG potentials in man. Acta Physiol. 

Scand., 1960, 48: 276-294. 

58. 

59. 

Linds1ey, D.B. 

phalograa. 

Linds1ey, D.B. 

Psychologica1 phenoaena and the electroence­

EEG C1in.Neurophysio1., 1952, 4: 443-456. 

The reticular system and perceptua1 discri-

mination. Int H.H. Jasper, L.D. Proctor, R.S. Knigbton, 

W.C. Noshay and R.T. Costel1o (Bditors). Reticular 

Formation of the Brain. Little, Brown and Co., Boston, 

1958: 513-534. 

60. Marshall, W.H., Woolsey, C.N. and Bard, P. Cortical repre­

sentation of tactile sensibility as indicated by cortical 

potentials. Science, 1937, 85: 388-390. 

61. Marshall, W.H. and Talbot, S.A. Recovery cycle of the lateral 

geniculate of the nembutalized cat. Am.J.Physio1., 1940, 

129: 417-418. 

62. Marshall, W.H., Woolsey, C.N. and Bard, P. Observations on 

cortical somatic sensory mechanisms of cat and monkey. 

J.Neurophysiol., 194la, 4: 1-24. 

63. Marshall, W.H. Observations on subcortical somatic sensory 

aechanisms of cats under nembuta1 anesthesia. J.Neuro­

Physio1., 194lb, 4: 25-43. 



94 

64. Purpura, D.P. Further analysis of evoked ttsecondary dis­

charges•; a study in reticulo-cortical relations. 

J.Neurophysiol., 1955, 18: 246-260. 

65. Rosner, B.S. Bffecta of repetitive peripheral stimuli on 

evoked potentials of soaatosensory cortex. Am.J. 

Phys1ol., 1956, 187: 175-179. 

66. Roth, M., Shaw, J. and Green, J. The fora, voltage distri­

bution and physiological significance of the K-complex. 

EBG Clin.Neurophysiol., 19561 8: 385-402. 

67. Schwartz, M. and Shagass, C. Effect of different states of 

alertness on somatosensory and auditory recovery cycles. 

EEG Clin.Heurophysiol., 1962, 14: 11-20. 

68. Schwartz, M. and Shagass, C. Reticular modification of 

somatosensory cortical recovery function. BEG Clin. 

Neurophysiol., 1963, 15: 265-271. 

69. Shagass, C. and Schwartz, M. Evoked cortical potentials and 

sensation in man. J.Neuropsychiat., 1961, 2: 262-270. 

10. Shagass, C. and Schwartz, M. Cortical excitability in 

psychiatrie disorder: preliminary resulta. Proceedings 

of the Third World Congres& of Psychiatry, pp. 441-446. 

71. Shagass, c. and Schwartz, M. 

in psychotic depressions. 

6: 235-242. 

Cerebral cortical reaetivity 

Arch.Gen.Psyehiat., 1962a, 

72. Shagass, C. and Schwartz, M. Observations on somatosensory 

cortical reactivity in personality disorders. J.Nerv. 

Ment. Dis., 1962b, 135: 44-51. 



95 

73. Torres, F. and Warner, J.S. Some characteristies of delayed 

responses to photie stimuli in the eat. EEG.Clin.Neuro­

physiol., 1962, 14: 654-663. 

74. Towe, A.L. Evoked potentials and phenoœena of the somato­

sensory cortex. Confin.Neurol. (Basel), 1956, 16: 

333-360. 

75. Tunturi, A.R. A study on the pathway from the medial geni­

eulate body to the acoustie cortex in the dog. Am.J. 

Physiol., 1946, 147: 311-319. 

76. Uttal, W.R. and Cook, L. Systematics of theevoked somato­

sensory cortical potential. IBM J. Res. and Develop., 

1962, 6: 179-191. 

77. Woolsey, C.N. "Second" somatic reeeiving areas in the cere­

bral cortex of the cat, dog and monkey. Fed.Proc., 

1943, 2: 55-56. 

78. Woolsey, C.N. Additional observations on a "second" somatic 

receiving area in the cerebral cortex of the monkey. 

Fed.Proc., 1944, 5: 116. 

79. Woolsey, C.N. Patterns of sensory representation in the 

cerebral cortex. Fed.Proc., 1947, 6: 437-441. 

80. Woolsey, C.N. and Erickson, T.C. Study of the post central 

gyrus of man by the evoked potential technique. Trans. 

Amer.Neurol.A~soc., 1950, 57th Ann. Meeting: 50-52. 


