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1. General characteristics of   EEG  signals 

 
The main  features used to describe EEG signals are principally:  

 

- wave shape (morphology);  

- voltage (amplitude);   

- frequency of repetition;  

- spatial distribution (location);   

- modality of appearance (rhythmicity, continuity, sinchrony, symmetry).  

These EEG features vary with: 

- age 

- mental state   

- consciousness level, 

- individual characteristics,  

- etc, 

 

also in physiological conditions and therefore these factors have to be taken into 

account to define an EEG as normal or abnormal.  

index.php


duration (ms) 

A 

B 

monophasic polyphasic triphasic biphasic 

Slow signal Sharp signal 

index.php


30 µV 

100 µV 

1 second 

8 Hz  

4 Hz  

Amplitude 

Frequency 

index.php


Right 

Left 

Focal Multifocal Diffuse 

index.php


2. EEG frequencies 

The wide spectrum of EEG frequencies are grouped in bands and historically 

named using Greek letters.  

 

EEG activity recorded at the scalp with routine EEG  instruments usually exclude 

the frequencies below 0.5-0.3 Hertz (Hz) and not exceeds normally 30 Hertz (Hz).  

 

The classical frequency bands of EEG are defined as follows: 

 

delta   (δ): 0.1 to <4 Hz 

theta  (θ):  4 to < 8 Hz 

alpha  (α): 8 to < 13 Hz 

beta   ( β): > 13 - 30 Hz 
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Delta band (δ): < 4 Hz  Theta band (θ): 4- < 8 Hz 

Alfa band (α): 8- <13 Hz Beta band (β): > 13 Hz 
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Currently, there is a great scientific interest in more rapid EEG frequency bands that 

are no detectable during the recording of a traditional EEG but can be recorded with 

modern digital equipment.  

The frequencies above the beta band are traditionally defined gamma band (γ, 30-

80 Hz).  

In epilepsy, research over the past decade has focused particularly on interictal 

high-frequency oscillations (HFOs) > 80 Hz, that are promising new biomarkers in 

epilepsy.  

HFOs are defined as spontaneous EEG events  consisting of at least four oscillations 

(ripples) that clearly stand out from the background activity. HFOs are subdivided into 

ripples ranging  from 80 to 250Hz , fast ripples (250 -500 Hz) and ultrafast ripples ( > 

500 Hz). The ripples can be recorded by MEG and EEG with automatic detection 

methods, whereas the fast and ultrafast ripples can be recorded only with intracranial 

EEG methods. The principal clinical application of HFOs was in the context of 

epilepsy surgery, followed by the assessement of epilepsy severity and monitoring of 

drugs response. Several artifacts, due to muscle contractions, movement or bad 

electrode contacts, should be distinguished from epileptic HFOs. The HFOs appear 

also correlated whit both cognitive and perceptual-motor processes.  

  

Including then the ultraslow and ultrafast frequencies the recordable EEG 

frequencies with the current technology can be classified as shown in the following 

table. 
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Hz EEG bands 

0 - 0.3 Ultraslow 

0.3 - < 4 delta – δ 

4 - < 8 theta – θ 

8 - < 13 alpha – α 

13- < 30 beta – β 

30 - < 80 gamma  – γ 

 HFOs 

80-250 Hz Ripples 

250-500 Hz fast ripples 

> 500 - 1000 Hz ultrafast ripples 
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Physiological rhythms and normal graphoelements 
 

Alpha rhythm  
  

• The alpha rhythm (or posterior dominant rhythm) is the 

hallmark of the  awake EEG  in older children and adults, 

with eyes closed or visually inattentive  and during the 

psycho-sensorial relaxed condition.   

• The alpha rhythm has a typical location in the posterior 

head regions 

• In some subjects the alpha rhythm is strictly confined to 

occipital areas, but in others spreads forward all the 

posterior quadrants (posterior temporal, parietal and 

occipital regions)  

 

At times the posterior rhythm may even spread to the central 

and frontal areas (F4 and F3 electrodes), mainly in aged 

subjects or during drowsiness. 
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An example of alpha rhythm in an awake adult subject with eyes closed. The tract delimited by the dotted lines  

shows a background alpha rhythm with a frequency of 10 Hz, and with a peak of amplitude of 55 uV/cm.  

Alpha rhythm is typically visible on the posterior regions with a regular and sinusoidal morphology.  
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An example of alpha rhythm recorded in a normal adult subject with eyes closed, during drowsiness. Alpha activity  

spreads from the posterior regions to the central and frontal areas, as demonstrated by the spectrograms. 
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• The morphology of alpha rhythm is mostly regular (monomorphic rhythm) with 

sinusoidal or fusiform shape (increase and gradual decrease in amplitude, 

“waxing and waning”; peaks and throughs of the waveform rounded and 

regular).  

• Rarely the alpha rhythm has a sharpened morphology (“spiky alpha”, with the 

negative component of wave sharp and the positive component rounded) and is 

considered a normal variant, especially in older children and young adults. 

• The alpha rhythm has a frequency within the range of alpha band (8 - <13 Hz) 

and in adults it generally ranges from 9 to 11 Hz. The frequency is generally the 

same in each hemisphere, but in the same individual it may vary in terms of 1 or 

even 2 Hz, while in a stable condition.  

• Some frequency variations of  the alpha rhythm may be dependent on the 

menstrual cycle (acceleration of alpha frequency in the premenstrual phase, with 

reduction of its amount or be related to the body temperature (increase of 

frequency during rising temperatures).  

• Recently has been demostrated in adult patients that the posterior alpha rhythm 

is significantly slower in the wake periods of sleep-recordings (before and after 

sleep), compared to standard wake recordings.  

• Brief faster alpha rhythm sequences than baseline can also be recorded 

immediately after the closing of the eyes (squeak phenomenon) 
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Alpha variants 
 

• Sometimes the normal sequences of alpha rhythm are substituted by 

slower or faster frequencies (slow or fast alpha variants).  

 

• The term “slow alpha variant” is referred to the appearance of a 

subharmonic of the fundamental rhythm (with a ratio of 1:2 or 1:3; if for 

example the alpha rhythm has a frequency of 12 Hz its slow variants 

will have a frequency of 6 or 4 Hz respectively).  

 

• The alpha slow variants have the same topography and reactivity as 

the fundamental rhythm but can also be unilateral or asymmetric. 

 

• More rarely the appearance of fast variants of alpha can be 

observed (16-20 Hz), for the most part mixed with alpha activity and 

with the same topography and reactivity. The fast variants can be 

activated by  Intermittent Photic Stimulation (IPS) and induced by 

benzodiazepines. 
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A combination of posterior alpha rhythm at 9 Hz and its subharmonic  

at 3 Hz (slow alpha variant)  
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The amplitude of posterior alpha rhythm in most adults is less than 50 uV.  

 

In order to be able to measure  the amplitude in an objective manner, a digital 

measurement cursor must be used, checking the amplitude values randomly at 

various points in the tracing and then calculating a mean value. This procedure is 

difficult to implement during a routine EEG inspection and therefore  visual 

assessment of the alpha activity amplitude can be very arbitrary; it is then preferable 

to make a subjective quantification of the amplitude in terms of low, medium and high.  

 

Usually the amplitude of  posterior alpha rhythm is asymmetrical on the two 

hemispheres, with a lower voltage over the dominant hemisphere (the left in 

right-handed individuals and the right in the left-handed).  

However, the difference in the posterior alpha rhythm amplitude between the two 

hemispheres usually not exceed 20 %.  

 

An asymmetry of posterior alpha rhythm is considered to be abnormal when in 

the non-dominant hemisphere it is more than three-fold greater than that of the 

dominant hemisphere.  

 

On the other hand, when the voltage of the alpha rhythm is higher over the dominant 

hemisphere the difference is considered abnormal if the amplitude is two-fold greater 

compared to contralateral side.  

Differences of  amplitude less than 50% are not considered to be pathological.  
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Normal asymmetry  

(right > left) of the  

posterior alpha rhythm.  
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There are also normal EEG tracings in which the alpha activity is poorly appreciable (low 

amplitude or desynchronised tracings). In these cases, often the desynchronisation of 

background activity is correlated to the state of anxiety due to examination or characteristic of 

the subject or is dependent on the non-relaxing registration environment.  

A: a poorly appreciable alpha rhythm in an adult subject during basal condition  

B: during hyperventilation alpha activity appears better synchronized 
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In addition to the frequency, the location and the amplitude, the other fundamental 

characteristics of the posterior alpha rhythm is its particular reactivity.  

 

This physiological posterior rhythm, very well synchronised with closed eyes and 

being in a relaxed state of wakefulness, suppresses dramatically  when the eyes 

are opened and/or during heightened mental activity (such as arithmetic calculation), 

somatosensory stimuli, etc.  

 

This phenomenon is what goes under the name of “blocking arrest of alpha”, 

discovered in his first report by Berger: during the EEG recording with closed eyes is 

usually observed the synchronised alpha rhythm thath  disappears immediatly as the 

technician ask the subject to open his eyes or to perform specific mental tasks. 

However, it must be emphasized  that sensory stimulation and mental activity block 

the alpha rhythm in a less pronounced way than the opening of the eyes. Sometimes 

the blocking reactivity is only partial, and with open eyes persist an alpha rhythm 

poorly modulated. 

  

On the other hand the blocking reactivity of alpha rhythm is instead defined as  

“paradoxical” when in subjects with closed eyes, there prevails a background activity 

of theta frequency (often related to drowsiness), in which the command of opening the 

eyes determines, as awakening reaction, the reappearance of  alpha rhythm absent 

before.  
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Normal reactivity of alpha rhythm with eyes opening  
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Incomplete reactivity of alpha rhythm that partially persists at eyes open  
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Genesis of  the alpha rhythm   
 

The majority of authors who have dealt with the genesis of the alpha rhythm have 

established that it is a rhythm with a cortical origin but with an important thalamic 

governance.  

 

Bishop in 1936 first proposed the concept of cortico-thalamic reverberating circuits, a 

concept that was later reaffirmed by many others.   

 

Andersen and Andersson in1968  proposed the theory  of the pacemaker thalamic, 

based on similitaries between human  alpha activity and experimental splindle activity 

induced in animals by barbiturates. According to this theory, the alpha rhythm is 

generated on the basis of rhythmic inputs that come from the thalamic centers. These 

inputs, through specific thalamo-cortical fibers, excite the upper cortical centers, 

inducing a synchronisation in them. This type of thalamo-cortical excitation would 

also  involve the activation of inhibitory interneurons acting only at the level of the 

thalamic circuits. Therefore, according to this theory, in the thalamus an 

alternation of excitation/inhibition is then determined, which would be the 

basis of the synchronisation and the rhythmicity of cortical activity. 
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Genesis of  the alpha rhythm   
 

In recent decades the genesis of alpha rhythm has not been further clarified  and 

demonstrated. From both clinical and experimental data it can be assumed that 

cortical alpha rhythm is the result of cortico-cortical and thalamo-cortical 

systems interacting with each other in very complex way. 

 

The neurophysiological mechanisms underlying the reactivity of the alpha rhythm  

(i.e. the blocking of alpha with eyes open or during mental activities) are also not well 

elucidated, but it is supposed that in the desynchronization of the tracing plays a 

fundamental role the ponto-mesencephalic reticular formation, through its 

activating action towards the cerebral cortex. 
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Cortex   

Thalamus 
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Mu rhythm () 
  

• Described for the first time by Gastaut in 1952  the mu rhythm is also known 

by discouraged terms such as rhythm en arceau, comb rhythm, rolandic rhythm, 

wicket rhythm and somatosensory alpha rhythm 

• It is characterized by brief and/or prolonged  rhythmic sequences  of waves with 

the frequency similar to that of an alpha posterior rhythm but with a different 

location and reactivity.  

• The most typical frequency of mu rhythm fluctuates from 7 to 11 Hz, and it is 

often mixed with beta activity.  

• This rhythm is typically seen in wakefulness but can also be seen in stages N1, 

N2 and R of sleep.  

• The amplitude of mu is generally less than 50 uV (usually lower than the 

amplitude of the alpha rhythm)  and its maximum spatial representation is in 

the central regions of scalp (below the C4, C3 and Cz electrodes).  

• The waves which constitute the mu rhythm are arciform (with sharpened 

negative phase and rounded positive phase) and they appear either at eyes 

open or closed, in subjects with motor inactivity. 
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100 μV 1 sec 

Eyes open 

Mu rhythm, better evident  

with eyes open; the peak of  

frequency is at 8.8 Hz,  

and maximum spatial  

representation  

is on the central areas, 

 bilaterally  
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• The prevalence of mu rhythm in healthy subjects or patients is very variable with 

values of 10-20%  in young adults and a lower incidence in children and the 

elderly.  

• Probably the prevalence of mu rhythm is higher; in fact, during closed-eye 

recordings the mu rhythm can be confused with the alpha rhythm transmitted in 

the central regions. In addition, during routine EEG recordings the traits of 

tracings performed at eyes open are very short, and therefore the mu rhythm may 

not be highlighted. With more sophisticated quantitative analysis of the EEG 

could highlight the mu rhythm in almost all healthy adult subjects.  

• The mu rhythm may be unilateral or bilateral, asynchronous and / or 

asymmetrical in the two hemispheres, with no particular correlation with 

hemispheric dominance.  

• Isolated reports have suggested that an unilateral mu rhythm can be associated 

with a structural ipsilateral cortical lesion, even in the absence of additional EEG 

abnormalities. 

• The most important peculiarity of the mu rhythm is its reactivity. The mu 

rhythm is indeed blocked by the movements (active, passive or reflex), by the 

tactile stimulation of body areas or even by the mental planning of movement. If 

the mu rhythm is well evident only from one side the best manoeuvre to visualise 

its reactivity is to ask the subject to tighten the contralateral hand, or think about 

permorfing this action. 
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70 μV 1 sec 

Eyes open 

Sequences of mu rhythm, more evident on right central region, that are  

blocked by asking the subject to tighten the contralateral hand (at arrow) 
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• The proof that the thought of performing the movement can block  the mu rhythm  

is shown by  the fact that the rhythm stops a few millisecond before the beginning 

of the voluntary movement  itself.  In addition even subjects with an amputed limb 

show this reactivity of the contralateral mu rhythm, after thinking about the 

execution of the movement in the phantom limb.  

• It was noted that mu rhythm is enhanced or sometimes facilitated by Intermittent 

Photic Stimulation (IPS) and pattern vision, validating the idea that for this 

rhythm the integration of sensory and visual function is relevant. 

• The mu rhythm in the scalp’s central areas  was correlated with the beta activity 

(around 20 Hz) described in the motor cortex in patients during 

electrocorticographic recording. Also this activity could be blocked by contralateral 

movement or by thinking about the execution of movement. 

• Although the mu rhythm is present in a high percentage of healthy subjects and it 

represents a physiological normal EEG pattern, in the past it has often been 

attributed to a pathological significance or it is interpreted as a  "borderline 

pattern".  

• One of the historical theories on the genesis of the mu rhythm was in fact that it 

was an expression of hyper-excitability of the rolandic cortex.  

• More recent studies have instead propose to interpret the mu rhythm as an 

important information processing function  that connects the perception with the 

action; specifically it would be the expression of the processes involved in the 

transformation of "seeing" and "hearing" in the "doing.”  
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 alpha rhythm mu rhythm 

Frequency (Hz) 8 - < 13   > 7 – 11 
Variants slow – fast absent or rare 
amplitude (uV) < 50  < 50 

Location posterior areas central areas 
Conditions of occurrence closed eyes either closed and open eyes 
Reactivity opening  of the eyes movement, tactile stimulus, 

mental movement planning 
 
Characteristics of the alpha rhythm and the mu rhythm 
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Breach Rhythm 
  

• Breach rhytmh (BR) consists of a focal sequences of rhythmic or 

pseudorhythmic mixed activity (theta, alpha and beta), sometimes associated 

with focal slowing or sharp activity or isolated spikes.  

• The breach rhythm develops over or near the area of bony skull defect, such as 

after craniotomy for neurosurgery or traumatic lesions, and it is not indicative of 

brain dysfunction.  

• The breach rhythm may be considered as a consequence of a skull defect and 

not as an epileptiform abnormality.  

• Sharpening and irregular morphology of BR may be misinterpretated, leading to 

a misdiagnosis of epilepsy 

• Therefore a correct differential diagnosis is important for the relevant clinical 

consequences 

 

The genesis of BR is not fully understood but the bone defects caused a reduced 

filtering effect and reduced electrical impedance. BR occurs in wakefulness but 

may persist also in sleep. If located over central region it may be blocked by 

contralateral movement, because of the coexistence of an underlying mu rhythm, 

but this reactivity is not observed over the temporal region. 
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1 sec 100 μV 

Breach rhythm recorded on left fronto-central region in a man who  

underwent craniotomy in the same site  
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100 μV 1 sec 

Breach rhythm recorded on right posterior parieto-temporal region in a  

48 years old patient who underwent craniotomy to remove a ganglioglioma  

index.php


 Lambda Waves   
  

• Lambda () Waves are physiological sharp waves occurring during 

visual scanning in waking subjects.  

• Their prevalence has been reported between 2% and 88%, with the 

highest occurrence in children and young adults.  

• They appear in occipital regions, with minimal spread to parietal and 

posterior temporal areas.  

• The lambda waves morphology is biphasic or triphasic, and the most 

prominent phase is positive.  

• Their amplitude is usually low ( 20-40 uV), the duration lies between 

200-300 msec and the frequency of repetition is at intervals from 200 to 

500 msec.  

• They are mostly bilateral, synchronous and symmetrical, but they may 

also be unilateral or otherwise asymmetrical.   
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50 μV 1 sec 

Bilateral, synchronous 

and symmetric lambda 

waves, with eyes open  
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• Lambda waves are best elicited when the subject visually scans a textured or a 

complex picture in a well-lit laboratory and are closely correlated with fast 

saccadic eye movements.  

• Lambda waves appear after a saccadic movement with a latency of 70-80 msec. 

• Lambda waves disappear with closed eyes, the decrease of the ambient lighting 

level, or by placing a completely white sheet of paper in front of the eyes of the 

subject (fixation off)..Lambda waves represent a sort of visual evoked responses 

and are the expression of oculomotor and visual integration.  

• There are two different types of lambda waves. The first type would be generated 

by the faster conducting fibers of the optic nerve (Y-type fibers), immediately after 

the primary saccadic movement. The second type would be due to visual impulses 

coming through the slower optical fibers (X- fibers), with return to central vision 

during or shightly before the locking phase of the secondary corrective saccadic 

movement. 

• Recently Alvarez et al  studied the occurrence of lambda waves in adult outpatients 

during prolonged EEG monitoring for unclear diagnosis of epilepsy. Lambda waves 

were found in 32% of prolonged recordings, mainly during watching TV, in relation 

to normal EEGs. Furthermore, all recordings with lambda waves also had positive 

occipital sharp transients of sleep (POSTS). This study showed that watching TV 

likely represent a powerful stimulus for lambda waves and confirms the 

physiological benign nature of this EEG pattern.  

• Finally, the lambda waves are of interest for the study of the visual system and 

should not be misinterpreted as epileptiform abnormalities. 
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In the same adult subject lambda wawes during awake, with eyes open (A)  

and POSTS during N1 stage of sleep (B)  
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Intraindividual and interindividual variability of the 

normal awake adult EEG                                      
  

• The EEG of a single subject may present variations both during a recording 

session and in separate recordings over time. This intra-individual variability is 

due to several factors, endogenous (arousal or drowsiness, anxiety, mental 

activity, blood sugar level, body temperature, etc) or exogenous (laboratory 

lighting level and temperature, noise, etc). 

 

• The changes in background activity observed in the same individual during a 

recording session depend mainly on the modifications in the alert level. In fact in 

the same subject if you can maintain the same level of alertness and the same 

environmental conditions, there is a good correlation between serial EEG tracings 

performed at different times (intraindividual stability of EEG). 

 

• EEG intraindividual differences have been reported also in women in 

relation to the various ovulatory and menstrual phases. Summarizing, in 

preovulatory and premenstrual  phases it has been observed an increase in alpha 

frequency and beta power; in  postovulatory and menstrual phase the alpha 

rhythm decreases in frequency, the absolute power of theta and alpha activity 

increases, while the beta power decreases.  
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Intraindividual and interindividual variability of the 

normal awake adult EEG 
  

 

• The inter-individual variations in the EEG, usually in the alpha rhythm, seem to 

be correlated with individual characteristics (personality, intellectual level, gender, 

genetic factors, etc).  

 

• Regarding gender some dated studies reported a more symmetric distribution of 

alpha frequency and also a higher beta amplitudes in female. However other 

authors have  successively found that  the alpha rhythm is better represented in 

males than in females or that there is no correlation between the EEG and sex of 

the subjects. These discordant  reports probably depend on dissimilar and not 

comparable experimental methods in EEG studies. 
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Age effect on the EEG of  wakefulness  
  

 In the first years of life (1-3) the awake EEG is dominated by diffuse slow delta-

theta activity, with high amplitude. This slow activity gradually tends to become 

rhythmic and with a prevalence in the central and parietal regions.  

 

 In particular, from 3 to 12 months of life, the posterior background activity, 

considered a precursor of the subsequent alpha rhythm, has a frequency of about 

4 Hz, is quite rhythmic, and partially reactive to the opening-closing of the eyes.  

 

 In the 2nd year this activity reaches the frequency of about 6-7 Hz and in the 3rd 

is around 7-8 Hz, with a more evident reactivity. From the 3rd year an alpha 

rhythm, which we could define as “immature” (low frequency, partial posterior 

location)  is already recognisable. The mid-posterior background activity in these 

epochs is of high amplitude and mixed with slower rhythms at 2-5 Hz. 
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Age effect on the EEG of  wakefulness  
  

 From 3 to 5 years of age the posterior rhythm is maintained as a frequency 

around 8 Hz, interrupted at intervals by sequences at 1.5-4 Hz, and the tracing 

shows abundant theta activity in anterior regions and / or diffuse, at 5-7 Hz. 

Hyperventilation (HV,  activation procedure that you can get in laboratory with a 

good cooperation already from 3-4 years) shows mostly a widespread, 

hypersynchronous, wide-voltage slow activity, and a photic driving response 

particularly at low frequencies is observed during the Intermittent Photic 

Stimulation (IPS). 

 

 From 6 to 12-15 years, the alpha rhythm progressively reaches the frequency of  

about 10 Hz, although it is always of high amplitude and mixed with slower theta 

activity (“posterior slow waves of youth”); sometimes this theta activity, 

confined in temporal posterior regions, is rhythmic and at subharmonic alpha 

frequency (slow alpha variant)   
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Posterior Slow Waves of Youth 
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 From 12-15 years onwards the EEG acquires progressively all the 

characteristics of the adult, both in basal and during activation tests, with 

attainment of a final mature pattern around 18-20 years.  

 In the EEG maturative process, however, the interindividual variability must 

always be taken into great consideration, since it has a decisive influence on the 

age of achievement of what can be considered a mature waking EEG pattern. 

 From about 20 years the physiological awake EEG maintains stable 

characteristics.  

 From the age of 50 onwards instead, a slight increase in theta activity and/or a 

slight decline in alpha frequency  may begin to appear, although consistent with a 

normal EEG for the age.  

 According to some authors the alpha rhythm slows down by 0.08 Hz per year 

from the age of 60, but this fact has not be confirmed by others. A more recent 

review by Rossini et al  describe resting EEG changes across physiological 

aging, with gradual amplitude decrease of alpha rhythm  and a global slowing of 

the background activity.  

 However, an alpha rhythm at a frequency of 7.5-8 Hz in subjects over 80 years 

can be considered completely normal. Furthermore, in the elderly the posterior 

physiological rhythm is of lower amplitude and tends to spread to anterior regions  

 Often the slow alpha variant are also found in posterior regions.  
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83 yrs 

95 yrs 

Examples of 

background 

activity with 

eyes closed in 

two old subjects 
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Poorly localized alpha activity with low amplitude and peak of frequency 

of 8.3 Hz in a 85 y.o. subject  
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Traditional International 10-20 System 
 

When Hans Berger recorded the first human EEG (1924) he only had two 

electrodes available, and he positioned them in the anterior and posterior regions 

of the head. Berger kept using this method for many years, considering it an 

efficient system to measure global cortical activity.  

 

Later on, other researchers highlighted how, in reality, EEG activity varied 

significantly depending on the area of the scalp from which it was recorded. 

Observation of different regional kinds of cerebral rhythms then encouraged the 

use of multiple electrodes and of more recording channels, but standardization of 

the recording methods soon became necessary, so that the resulting data could 

be comparable with one another. A committee of International Federation of 

Societies for EEG and Clinical Neurophysiology (IFSECN), led by H. Jasper, 

started working on a specific electrode positioning system, to be used in all 

laboratories.  

 

The first standardized system was presented at the 2nd International 

Congress of IFSECN in Paris in 1949 and published by Jasper in 1958; it is 

still universally used and known as the International 10-20 System (SI 10-

20). 
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a b c 

Traditional 10-20 system.  

a: antero-posterior mesial line, connecting nasion and inion;   

b: latero-lateral coronal line, connecting the two pre-auricular 

points, through the vertex;  

c: sagittal lateral longitudinal line, connecting nasion and inion. 
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Modification of  10-20 system (10-10 system) 
  

• The development of digital EEG and the introduction of high density 

EEG and source localization methods made it necessary to increase the 

electrode arrays.  

• Therefore a modification of 10-20 nomenclature with the definition of 10-

10 combinatorial nomenclature has been proposed and accepted by the 

American Clinical Neurophysiology Society (ACNS) and by the 

International Federation of Clinical Neurophysiology (IFCN). 

• The modified combinatorial nomenclature is an extension of the 10-20 

system and it entails the positioning on the scalp of  > 70 electrodes, 

placed along 11 sagittal chains and 9 coronal chains.  

• The modified 10-10 terminology replaces the inconsistent T4/T3 and 

T6/T5 terms with the consistent T8/T7 and P8/P7 .  
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a b 

a: standard positions of 19 scalp electrodes and two ear reference electrodes, according to 

traditional 10-20 system; b: modified 10-10 system, with 73 electrode positions on the scalp 

and two ear reference electrodes (note that the electrodes T8, P8, T7, and P7 replace the 

electrodes formerly named T4, T6, T3, and T5;  the electrodes of the inferior temporal chain 

F10, T10, P10, F9, T9, and P9 (dotted circles) are actually recommended as new standard 

montage with 25 electrodes 
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• During the routine recordings with the traditional 10-20 system the placement of 

19 standard scalp electrodes does not always detect the activity originating or 

propagating from mesial temporal structures.  

 

• For this reason the IFCN recommends a new standard array for clinical practice 

that includes the six electrodes of inferior temporal chain (F10/F9, 10% inferior to 

F8/F7; T10/T9, 10% inferior to T8/T7; and P10/P9, 10% inferior to P8/P7): it 

results in a total of 25 electrodes placed on the scalp (Fig. 3, Fig. 4).7 

 

• Recently it has been demonstrated that adding six electrodes in the inferior 

temporal chain to the traditional 10-20 system improves the identification of EEG 

abnormalities originating from the basal part of the temporal lobes.  

Mecarelli 2019 55 

index.php


New standard montage with additional coverage of the inferior and anterior brain 

regions, according to the recent recommendations of International Federation of 

Clinical Neurophysiology (from Seeck M, Koessler L, Bast T, et al. The standardized EEG 

electrode array of the IFCN. Clin Neurophysiol. 2017; 2070-2077) 
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F8 
T8 P8 

F10 T10 P10 

Electrodes of the right inferior temporal chain according to new 

recommendations of IFCN (T8 = ex T4; P8 = ex T6).  
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Proposed 10-5 system for High-resolution EEG 
  

• A further extension of 10-10 system (named 10-5 system) was proposed in 2001 

but it has not yet been accepted by ACNS and IFCN. The 10-5  proposed  

extension defines the position and nomenclature of 345 locations on the head, and 

it can accommodate a homogeneous distribution of a subset containing, for 

example, 128 or 256 electrodes.  

 

• The nomenclature of this system utilizes the combination of two letters to indicate 

the contours lying halfway between the original 10-20 system contours (the 

electrodes between the F  and C contour were labelled FC, and so on for others).   

 

• In this way, the locations for the coronal contours from anterior to posterior were 

named: AF, AFF, F, FFC, FC, FCC, C, CCP, CP, P, PPO, PO. Electrodes for High 

Density EEG are applied by using expandable nets or caps with embedded 

electrodes and their localization is determined by digitization in three-dimensional 

space. 
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a b 

The 10-10 ad 10-5 extension of traditional 10-20 system.  In a black circles indicate positions of 

the original 10-20 system, and gray circles indicate additional positions introduced in the 10-10 

extension. In b electrode positions in the proposed 10-5 system:  additional positions to the 10-

10 system are indicated with dots; a selection of additional positions useful for a 128 channel 

EEG system are indicated with open circles (from Oostenveld R and Praamstra P. The five percent 

electrode system for high-resolution EEG and ERP measurements. Clin Neurophysiol. 2001; 112: 713-719) 
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anterior 

posterior 

right left 

An example of 

256 channels 

high density EEG, 

with projected 

locations of 

electrodes on the 

scalp  
 
(courtesy from: Paolo 

Manganotti, Clinical 

Neurology Unit, 

University of Trieste – 

Italy) 

Mecarelli 2019 60 

index.php


Legend of  the following Image 

Comparison of standard and high density EEG in a patient with epileptic left temporal 

focus; a: standard EEG recording with placement of electrodes according to 10-20 

system; b: recording of a single spike by 256 electrodes placed on the scalp; c: the 

256 placed electrodes projected onto a 3D imagine of the patient’s brain, obtained by 

MRI; d: source analysis of epileptic focus (56 spikes average)  
 

(courtesy from: Annalisa Rubino, Lino Nobili, Epilepsy Surgery Centre – Niguarda Hospital, Milan, 

and Child Neuropsychiatry, Dept of Neurosciences, University of Genoa) 
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a b 

c 

d 
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Final Recommendations 
  

Although in clinical practice the electrode placement method should be 

individualized on the basis of the clinical needs of the individual patient, the 

following recommendations  ought to be kept in mind, according to the Guidelines 

of ACNS and IFCN: 

 

• the 10-20 traditional system (21 electrodes) may be adequate for most  patients, 

also for ambulatory or video-EEG longterm monitoring; 

• in the suspicion of epilepsy or in epileptic patients without a clear visualization of 

the epileptic focus, supplementing the 10-20 EEG array with six electrodes for 

the inferior temporal chain (25 electrodes in total) is recommended; 

• in children, except for special cases, the same number of electrodes as in adults 

is usually recommended;  

• the 10-10 system should be used in epileptic patients undergoing pre-surgical 

evaluation, and for source localization purpose; 

• for the transition from the traditional system to the new larger arrays, the 

modification of EEG machine headboxes and a gradual process of educating 

operators on the new terminology are necessary.  
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Electrode derivations and montages  
 

Brain electrical signals are displayed on the monitor depending on how the 

electrodes are connected to the amplifiers. Each amplifier has two electrode 

inputs (1 and 2), and then the potential measurement represents the potential 

difference between these two points. From the electrical point of view, one of 

these points is called “common” or “ground” and its potential is deemed to be 

zero: unfortunately, ground points generate potentials and do not represent a 

real zero. This can be overcome by connecting two amplifiers together at the 

ground point and comparing the potential difference between their active inputs. 

Then if two amplifier inputs (1 and 2)  have the same polarity and voltage, the 

output will be zero (in-phase rejection), while when these potentials are 

different, the recorded output value will be proportional to the difference 

between the two input values. Using differential amplifiers, only the difference 

between two inputs is known, not the absolute value of the potentials of 

electrodes attached to either inputs 1 or 2.  
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Comparing a large number of electrode positions, the EEG allows, with a good 

approximation, the localization of an abnormal activity on the scalp. In summary, 

on the monitor or recording paper, the signal is displayed with two fundamental 

characteristics: the voltage and the polarity. With regard to the polarity, by 

convention, if the relative voltage difference is negative, the signal deflects 

upward and, if the voltage difference is positive, it goes downward. Therefore, if 

input 1 is more negative than input 2 the output signal will deflect upward, 

whereas if input 1 is more positive than input 2 the output signal will deflect 

downward. Finally, when inputs 1 and 2 have the same polarity and voltage, the 

output signal will be a flat line. 

+ 

- 

a b 

c d 

+ 

- 

+ 

- 

+ 

- 
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Reference Derivations 
  

1. Common Reference 

  

With this recording method, each electrode placed on the scalp is referred to 

as a common electrode placed at a point x, on the scalp or elsewhere.  

The common reference electrode should be as neutral as possible from the 

electrical point of view , which is a really rare occurrence.   

 

Figure 9 shows the fundamental principles of the so-called “inactive” 

common reference. A potential with a negative voltage peak at the F3 

electrode generates a surrounding electric field with gradient marked by the 

circular lines. Using A2 as a reference, the signals in this virtual situation 

would be displayed like in Fig. 9, a. 

Choosing the A1 left ear electrode as a reference, which is located inside the 

F3 electrical field, and which has a low amplitude negative potential 

compared to the arbitrary zero (a common occurrence in normal practice), a 

very different pattern will be drawn (Fig. 9, b). 
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A B a b 

Fig. 9. Common reference recording  
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As a common reference, an active scalp electrode can also be chosen 

(active common reference). Figure 10  shows  a virtual situation in which 

the electrode placed in F3 is the one chosen as the common reference. F3 

is over the maximum electrical field on the scalp and records the highest 

negative signal. Since in this case the reference is negative in comparison 

to other electrodes, all amplifiers will produce downward deflections. 

Moreover, since the electrodes surrounding the activity peak (F1, Fz, F7, 

C3) differ only slightly in potential from the reference, their corresponding 

channels will show smaller deflections than the ones farther away (the 

bigger the distance from the reference, the bigger the deflection). 
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Activ Ref 
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Current digital EEG systems always refer the cerebral bioelectric signal to 

a common reference electrode, which typically has an input in patient 

head-box named G2 and which can be positioned on the scalp or elsewhere 

(usually it is placed medially on the scalp, anterior Fz or between Fz and 

Cz). The G2 common electrode is the common point referring to which all 

potentials of the single electrodes are measured (Fig. 11).  
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          G2  
G1 ground  

Patient head-box 

Fig. 11. G2 - Common 

Reference recording. 

G2 electrode is 

connected to the 

inverting input 

(negative) of all 

amplifiers, while the 

electrode to be 

measured is connected 

to the non-inverting 

input. What the 

machine physically 

measures then is the 

potential difference 

between each electrode 

and G2 (Fp1- G2, etc).  
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Common Average Reference  
  

Many of the problems encountered with the use of Common Reference can 

be overcome by Average Reference (AVG), a mathematical reference, 

introduced in Electroencephalography by Goldman and Offner in 1950.10,11 

In this case, the potentials of the single electrodes are referred to an instant 

average value obtained by adding together the potentials of all applied 

electrodes. The higher the number of electrodes is, the closer to zero the 

reference average potential will be. In fact, one of the properties of the 

mathematical average of a series of numerical values that is the sum of the 

average differences which equals zero. Regarding the results on the EEG 

tracings, this means that we will always have positive or negative 

deflections, with respect to the zero value of the reference. 

In analogical systems this derivation method is achieved by joining all 

electrodes to a high resistor placed in a common place inside the device. 

Modern digital systems calculate the mathematical average of the potential 

differences of all the electrodes used, at the same time and moment by 

moment. Figure 12 exemplifies how AVG reference works. In this case an 

ideal situation is presented, with only 8 electrodes applied to the scalp; 

electrode 1 has a more significant potential difference than the others (- 80 

mV), while the other electrodes remain at arbitral values of zero.  

Mecarelli 2019 72 

index.php


Fig. 12.  Average Reference (AVG) recording  
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Bipolar derivations 
  

In bipolar derivations, the potential difference is calculated between 

electrode pairs, placed along chains (longitudinal or transversal) in which 

an electrode is shared with two following channels. 

In this way, an event localized underneath a specific electrode will 

generate a deflection with the same voltage but opposite polarity in the 

two adjacent points in the chain of the electrode. 

Figure 13,a shows how the previously described theoretical example of 

Common Reference (maximum negative potential at F3 electrode) appears 

using bipolar derivation. The phenomenon known as phase-reversal, 

typical of bipolar montages and caused by the fact that an electric event 

affects the electrode in the middle of the chain, occurs between channels 

1 and 2. In this case F3 localizes the maximum field and the reverse 

phase is due to the fact that it is a common electrode to the first and 

second channel. This is an instrumental phase reversal because it is the 

instrument that causes the phase reversal and it must be distinguished 

from a true phase reversal, due to the fact that two different polarities are 

simultaneously present in adjacent cortical areas.  
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Where instead the maximum potential field is equally distant from the F3 

and C3 electrodes (Fig. 13,b), the second channel will not record any 

potential difference (zone of isopotentiality), while the phase reversal will be 

observed between the first and the third channel. Finally, if the maximum 

potential field takes place at the end of the chain (Fig.13,c) the only 

positive deflection will be detected in the channel connecting C3 with P3, 

possibly causing a wrong interpretation of the phenomenon. The 

phenomenon of phase reversal is shown also in Fig. 14.  
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A 

C 

B 

Fig. 13. Bipolar Derivation recording  
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Fig. 14. Schematic representation of an instrumental phase reversal phenomenon 

between F3-C3 and C3-P3 channel. A maximum field potential underneath C3 will be 

observed in phase reversal on the two channels having C3 in common (above), while, if 

the event equally affects the two adjacent electrodes C3 and P3, the potential will be 

cancelled on the channel connecting these two electrodes (below).  
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Choice of derivation in clinical practice 
  

Since EEG patterns are variable (focal or diffuse, transient or persistent) 

there is not one single ideal derivation to highlight all activities. A first 

important factor to take into account in the choice of derivation is 

interelectrode distance and this is valid particularly for active common 

references and bipolar derivations. In bipolar derivations, distances between 

the paired electrodes are small and equal and this favours the detection of 

the fast EEG activities; in active common reference, distances are bigger and 

unequal and this facilitates the amplification of the signal, thus better 

showing the slower activity. 

 

Focal epileptic activity is a phenomenon that provokes a change in the 

potential limited to a small part of the scalp. In order to accurately localize a 

strictly isolated focal potential with bipolar derivations it is necessary to 

demonstrate the simultaneous phase opposition at the point of intersection 

between two electrode chains placed perpendicular to each other: therefore it 

is necessary to use a suitable montage and, sometimes, to apply additional 

electrodes. 
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Common reference does not present such limitations and it has some 

advantages, especially for the detection of an epileptic activity with a not 

very good localized focus; it is important though to be sure that the chosen 

reference is not contaminated by the activity of the phenomenon itself (for 

example, in case of a focus with centrotemporal spikes, the ideal common 

reference is placed on the contralateral auricular lobe). 

 

Average reference seems to be the preferable technique, even if the 

problem of contamination still exists for all channels (it is thus advisable 

to calculate the correct average reference, obtained by excluding the most 

active electrodes from the average calculation). When the focus is recorded 

by multiple electrodes, the phenomenon is better showed using common 

reference (preferably inactive), which provides a better definition of the 

potential distribution and of the shape of the wave. 

 

 
In order to correctly identify and localize any focal activity, it should 

always be best to use more than one kind of derivation. Generally, it is 

important to bear in mind some important considerations: 

common reference allows to locate focal activity with higher voltage and 

with the same polarity; 

average reference shows a wider signal underneath one or more electrodes, 

but of opposite polarity than the majority of other electrodes; 

bipolar derivation localizes focal activity highlighting the phase reversal or 

cancellation of the signal (zone of isopotentiality). (Fig 15) 
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Fig 15. The same epoch of 5 sec of EEG recording shows a right temporal 

epileptic focus in bipolar, AVG reference, and common active reference 

derivation. In a (bipolar derivation) is evident the phase reversal 

phenomenon in the first and third channel, with almost total cancellation 

of spikes in the intervening channel F8-T4 (these electrodes are placed 

over the focus and their potentials presumably have the same polarity 

and voltage as input to the differential amplifiers); note the poor spread of 

spikes to the homologous contalateral areas. The AVG reference 

derivation (b) confirm  the higher negative signals at F8 and T4 

electrodes; note however that positive signals are present also in Fz, Cz, 

Fp1, and F3, and negative in F7 and T3. When is used a common active 

electrode of reference (G2, placed on midline in Fpz) the signal shows the 

same negative higher voltage in F8 and T4, with the evidence of 

synchronous lower negative signals contralaterally in F7, T3, T5. 

However, in this practical example, all three derivations allow to localize 

the epileptogenic focus with good reliability. (T4, T6, T3,T5 = T8, P8, T7, 

P7, according to the new nomenclature).  
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a b c 

Mecarelli 2019 81 
Fig 15 

index.php


Most of EEG diffuse activities are correctly evidenced by bipolar 

derivations, while average reference (AVG) can be misleading, possibly 

showing a localized phenomenon as a diffuse one. However, with bipolar 

derivation, the potential differences between adjacent electrodes are 

recorded and there is no indication regarding the activity of each electrode 

with respect to a distant reference point; in addition, bipolar derivation can 

show a reduction in signal amplitude or, within a widespread pattern, it can 

underestimate focal amplitude reductions which has the same localization 

value as spikes. Generally, EEG diffuse activities are better evidenced by a 

common reference derivation, but the reference electrode should not be 

affected by the studied activity and so, when this is not possible, it should 

be placed in a way that allows equal recording of both hemispheres. An 

extracranial medial reference, for example, can be used. Fig. 16 shows a 

widespread spike-wave discharge, anteriorly predominant, with the three 

recording methods. 
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Fig. 16. Diffuse discharge of polyspikes and spike-and-wave complexes, 

predominatly in anterior areas. The  bipolar (a) and AVG reference 

derivation (b) show the real characteristic of discharge, while the 

common active reference derivation (with G2-reference electrode placed 

in Fpz) is measleading (c). In c the contamination reference is very 

evident and the electrodes with larger signals are precisely those closest 

to the reference electrode and in them therefore the recorded activity is 

significantly reduced in voltage. (T4, T6, T3,T5 = T8, P8, T7, P7, 

according to the new nomenclature). 
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a b c 
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Montages 
  

A montage is the specific method of electrodes connection to the recording 

channel of the electroencephalograph. With 21 electrode positions in the 10-

20 system and 16 channels on display the number of possible montages is 

21. The 10-10 system, with more than 70 electrodes positions, allows the 

creation of an even greater number of montages, and the modern digital 

EEG machines allow the display of up to 256 channels. 

A wide range of montages, many of which are complex and inadequate, is 

used in EEG laboratories for routine recordings. This dissimilarity prevents 

the correct exchange of information between experts in the field. To 

counteract this, both the International Federation of Clinical 

Neurophysiology (IFCN) and the American Clinical Neurophysiology Society 

(ACNS) have published some guidelines which include ad-hoc 

recommendations.7,13 
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The montages for routine EEG recording are designated as: Longitudinal 

Bipolar (LB), Transverse Bipolar (TB) or Referential (R). Montages are 

designed for 18, 20, 26 and more channels. Here we report  a list of the 

main recommendations drawn from the above-mentioned guidelines: 

- no less than 16 channels of simultaneous recording should be used (a 

larger number of channels would be encouraged); 

- at least 21 electrodes should be placed following the 10-20 system (the 

IFCN recommend at least 25 electrodes, including the inferior temporal 

chain); 7 

- both bipolar and referential montages should be used for clinical 

interpretation; 

- the electrode derivations of each channel should be clearly identified at the 

beginning of each montage, so that the pattern of electrode connection is 

made as simple as possible and easily comprehensible; 

- in bipolar derivations, electrode pairs should run in straight lines and 

their interelectrode distance should be kept equal; 

- channel progression must be anterior-posterior. 
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Guidelines also recommend that a single channel electrocardiogram (ECG) should 

be included on one EEG channel. 

According to IFCN and ACNS, channels obtained by connecting the left-side 

electrodes should be above the right-sided ones.  

This recommendation coincides with the prevailing practice of the vast majority of 

EEG laboratories in North America and in other areas, but it is not followed in Italy 

and in many other European countries. In this book, according to the tradition of 

the Italian and European Neurophysiological academic school and the totality of 

clinical practice in our country, the  right-sided leads are placed above the left-

sided leads for either blocks of derivations. 

Regarding referential montages the choice of reference is critically important. For 

the ACNS a midline electrode (as Cz) would be a better choice of reference than A1 

or A2. However the referential suggested montages by ACNS establish the right 

auricular electrode (A2) as reference for the electrodes on the right side, and the left 

auricular electrode (A1) for the ones on the left side. 

Currently in digital electroencephalography, the G2 reference electrode can be used 

as an “active” reference, placing it on the midline, anteriorly to Fz. 

Figures 17 and 18 show suggested bipolar longitudinal and transverse montages 

with the extended standard array. Table 1 shows bipolar (old and new) and 

referential suggested montages. According to 10-10 position nomenclature T4, T6, 

T3, and T5 should be changed in T8, P8, T7, and P7. 
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Fp2 Fp1 

F9 
F7 

F3 Fz F4 F8 
F10 

T9 T7 C3 Cz C4 T8 T10 

P9 
P7 

P3 Pz P4 
P8 

P10 

O1 O2 

Fig.17 . New bipolar longitudinal montage proposed by International Federation 

of Clinical Neurophysiology (IFCN).  
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Fp2 Fp1 

F9 
F7 

F3 Fz F4 F8 
F10 

T9 T7 C3 Cz C4 T8 T10 

P9 
P7 

P3 Pz P4 
P8 

P10 

O1 O2 

Fig. 18. New bipolar transverse montage proposed by International Federation of Clinical Neurophysiology (IFCN).7  

Note that the interelectrode distance between the inferior and superior temporal electrodes is shorter (10%) compared to the other inter-

electrode distances (20%). 
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