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Normal Awake Adult EEG

Oriano Mecarelli

General Characteristics of the EEG
Signals

9.1

In order to properly describe the various components of an
EEG recording and to subsequently determine whether it can
be classified as normal or abnormal, the first step is the
detailed recognition of the isolated or repeated EEG wave-
forms. The main features used to describe EEG signals are
principally the wave shape (morphology), the voltage (ampli-
tude), the frequency of repetition, the spatial distribution
(localization), and the modality of appearance (rhythmicity,
continuity, synchrony, symmetry). These EEG features vary
with age, mental state, consciousness level and individual
characteristics also in physiological conditions and, there-
fore, these factors have to be taken into account to define an
EEG as normal or abnormal.

EEG waveforms can be defined as “slow” or “sharp/
spiky” on the basis of their shape or morphology (Fig. 9.1a).
Slow signals are represented by rounded waveforms with a
long duration in milliseconds (ms). The duration of a signal
is considered as the time between the beginning of the signal
and the end of a single wave or a complex of waves.

If the shape of the slow signals is particularly regular,
these are defined as “monomorphic”; on the other hand, if
irregularities are observed on the rounded shape, these are
called “polymorphic.”

The “sharp” or “spiky” signals have a shorter duration in
time. The spiky transients have various characteristics and
they are pathological in relation to epileptic syndromes.
However, certain sharp graphoelements can be observed also
in healthy subjects, particularly in drowsiness and in sleep.

The morphology of an EEG signal is then described by
the phase, which is defined from the point at which the signal
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leaves the isoelectric line to the point where it returns to the
baseline. Depending on how many phases a signal presents,
it will be classified as monophasic, biphasic, triphasic and
polyphasic (Fig. 9.1b).

Transient or repeated EEG signals may occur apparently
simultaneously in two or more locations of the one or both
hemispheres: this EEG feature is described as synchronous.
When there is a time difference between the appearance of
signals in various channels, the EEG feature is - on the con-
trary - described as asynchronous. Sometimes, there is a
short time difference between two or more deflections.
However, since subtle asynchronies may also be of clinical
relevance, asynchrony can be clearly demonstrated either by

a Slow signal Sharp signal
duration (ms)
b
monophasic  biphasic triphasic polyphasic

A

Fig. 9.1 Morphologic characteristics of EEG signals (a) Signal with
slow or sharp shape. (b) Various types of signals, differentiating by their
phases
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expanding the time scale or by using special measurement
techniques.

The amplitude of an EEG signal (expressed in microvolts,
pV) is also important for its characterization, from a mor-
phological point of view. The amplitude of a wave is mea-
sured by evaluating the height of the wave, assessed in mm
measured peak-to-peak, and multiplying it by the sensitivity
of the amplifier, thus obtaining a value in pV/mm. The
amplitude depends on various factors (i.e., location and deri-
vation of electrodes) and the visual assessment of amplitude
of EEG phenomenon in mm/pV can be very arbitrary. The
exact measurement of the amplitude of an EEG signal should
be performed using a special cursor at various epochs of the
tracing, where the EEG phenomenon is clearly present.

When comparing the signals amplitude obtained in two or
more channels of an hemisphere with those recorded from
the same regions of the contralateral hemisphere, we must
also describe the symmetry/asymmetry of the signals. An
EEG transient - or rhythm - is symmetric when it has more or
less the same amplitude in the two or more channels com-
pared. On the contrary, an EEG phenomenon is asymmetric
when its peak-to-peak amplitude is significantly lower - or
higher - than that of the contralateral side.

Finally, an EEG phenomenon must be described accord-
ing to the number of times that waveforms repeat themselves
over a 1-s period. This characteristic is defined the frequency of
the EEG signals and it is usually measured in Hertz (Hz). The
frequency is the most important parameter for characterizing
the ongoing EEG activities and the physiological thythms.

Figure 9.2 schematically describes the amplitude and
the frequency characteristics of different EEG signals repeat-
ing in form of rhythms.

A fundamental parameter for characterizing an EEG pat-
tern is the recognition of its spatial representation in the
scalp. For the spatial localization of EEG transients, it is fun-
damental to know the electrode positions and the derivations.
An EEG signal is defined as focal when it is present on a
single area of a cerebral hemisphere and as multifocal if it is
present on different areas of a hemisphere or of both hemi-
spheres, but asynchronously. The waveforms can be instead
defined as diffuse or generalized when synchronous in all
brain areas of both the hemispheres (Fig. 9.3).

Some rhythmic activities are characteristically located in
specific regions of the scalp (alpha rhythm, mu rhythm, sleep
spindles, etc.) and for the description it is important to define
their localization, in addition to their frequency and symmetry.

A sporadic single EEG signal, clearly distinguished from
the background activity, is defined as a “fransient”. A stereo-
typed succession of two or more EEG signals represents
instead a “complex”, that may be isolated or - more fre-
quently - organized in sequences (ongoing activity). The
EEG transient event and/or complexes are apparently spon-
taneous, or evoked by intrinsic or extrinsic stimuli. Both the
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Fig. 9.2 Different amplitude and frequency of EEG rhythm
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Fig. 9.3 Different localization of EEG signals on two cerebral
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transient signals and the complexes may have recurred over
time at periodic or quasi-periodic intervals (continuity).
These features are typical of many pathological EEG pat-
terns and will then be described later.

9.2 EEGFrequencies

The wide spectrum of EEG frequencies are grouped in bands
and historically named using the Greek letters. EEG activity
recorded at the scalp with routine EEG instruments usually
exclude the frequencies below 0.5-0.3 Hz and nor-
mally do not exceed 30 Hz. The classical frequency bands of
EEG are defined as follows (Fig. 9.4):

Delta (8): 0.1 to <4 Hz
Theta (0): 4 to <8 Hz
Alpha (a): 8 to <13 Hz
— Beta (f): > 13-30 Hz

The delta band was first described by Walter in 1936 [1]
as an EEG marker for cerebral tumors and it includes the
slowest EEG frequencies (<4 Hz); these can often be con-
fused on visual inspection with artifactual oscillations and
then improperly “cutted” by technicians with high-pass fil-
ters. The visual analysis of the physiological awake adult
EEG is not always able to highlight the effective amount of
the delta component which is masked by the other frequen-
cies, or represents electrical artifacts. The quantitative fre-
quency analysis of EEG tracings usually shows, also in
adults, the presence of an appreciable amount of delta power.
Currently, however, there is great interest in ultraslow com-
ponents (0-0.3 Hz) which are termed Direct Current (DC)
potentials and represent shifts of the baseline. The identifica-
tion and characterization of ultraslow activity play no signifi-
cant role in the clinical EEG, but they have a great interest in
various experimental fields (e.g., for the study of immature
cortical activity, the identification of epileptogenic zone, the
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Fig. 9.4 Qualitative and spectral representation of the main EEG frequency bands
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relation with cortical spreading depression in migraine
attacks, etc.) [2].

The theta band (4.0 to <8.0 Hz) should be divided into
theta 1 (theta slower: 4.0 to <6.0 Hz) and theta 2 (theta faster:
>6.0 to <8.0 Hz). Even the term “theta band” was first intro-
duced by Walter, in 1944 [3], associated with the presence of
thalamic tumors (he had chosen theta to stand for thalamus
because he presumed these waves had a thalamic origin). In
normal adult subjects, the theta band is poorly represented
but its incidence is variable, dependent on age, individual
characteristics, level of vigilance, etc. The appearance of
anterior theta activity in adults can be facilitated by a particu-
lar emotional states or mental processes of problem-solving.
Furthermore, when a gradual disappearance of the alpha
rhythm substituted by theta activity is observed in an EEG
tracing of an awake adult, this means that the subject is
sleepy. Sometimes, it is difficult to attribute a physiological
or pathological significance to theta activity registered in an
awake adult and the decision can only be facilitated by care-
ful assessment of the specific situation.

The alpha band (8.0 to <13 Hz) is proper for an EEG trac-
ing registered in adults during quiet wakefulness with eyes
closed. The term alpha was introduced by Berger in 1929 [4]
and this frequency band is characteristic of the physiological
alpha rhythm that will be described subsequently in detail.

Even within this frequency band, we can distinguish slow
alpha (8.0-9.0 Hz), intermediate alpha (9.0-11 Hz) and fast
alpha (11 to <13 Hz).

The beta band includes the frequencies between 13 and
30 Hz; it was first named by Berger [4]. In the experimental
psychophysiologic literature, this frequency band is divided
into beta 1 (13 to <20 Hz) and beta 2 (>20 to 30 Hz). A beta
activity of low amplitude (<30 pV) is normally recorded over
the fronto-centro-temporal regions in awake EEG of normal
adults. It is sometimes more appreciable with open eyes or
mental activity because, with closed eyes, it is masked by the
much higher amplitude and synchronization of the alpha
rhythm. The beta activity is related to mental and cognitive
processes of various types, anxiety and state of alert; it is also
induced or increased by drowsiness and light sleep.
Furthermore, numerous drugs (barbiturates, benzodiaze-
pines, neuroleptics, antihistamines, amphetamines, cocaine,
etc.) are potent beta-activators. During the recording of a
routine EEG, the anterior beta activity arising from the brain
can be confused with electrical activity generate by the mus-
cles (“muscle artifact”) and, therefore, suppressed by the
technician with specific filters.

Currently, there is a great scientific interest in more rapid
EEG frequency bands that are not detectable during the
recording of a traditional EEG, but can be recorded with mod-
ern digital equipments. The frequencies above the beta band
are traditionally defined gamma band (y, 30-80 Hz).
Successively, Curio [5] has been proposed by the following

Table 9.1 Frequency EEG bands

Hz EEG bands
0-0.3 Ultraslow
0.3 to <4 Delta—>d
4to <8 Theta—0
8to<lI3 Alpha—a
13 to <30 Beta—f
30 to <80 Gamma—y
HFOs
80-250 Hz Ripples
250-500 Hz Fast ripples
>500-1000 Hz Ultrafast ripples

designations for the ultrafast activity: omega band (o,
80-120 Hz), rho band (p, 120-500 Hz), and sigma band (o,
500-1000 Hz). In epilepsy, experimental studies over the past
decade have focused particularly on interictal High-Frequency
Oscillations (HFOs) >80 Hz that seems to be promising new
biomarkers in epilesy. HFOs are defined as spontaneous EEG
events consisting of at least four oscillations (ripples) that
clearly stand out from the background activity. HFOs are sub-
divided into ripples (80 to 250 Hz), fast ripples (250-500 Hz),
and ultrafast ripples (>500 Hz). The ripples can be recorded
by MagnetoElectroencephaloGraphy (MEG) and EEG with
automatic detection methods, whereas fast and ultrafast rip-
ples can be recorded only with intracranial EEG methods.
The principal clinical application of HFOs was in the context
of epilepsy surgery, followed by the assessment of epilepsy
severity and monitoring of drugs response [6, 7]. Several arti-
facts, due to muscle contractions, movements or bad elec-
trode contacts, should be distinguished from epileptic HFOs.
The HFOs appear also to be correlated with both cognitive
and perceptual-motor processes.

Including the ultraslow and ultrafast frequencies, record-
able EEG frequencies with the current technology can be
classified as shown in Table 9.1.

9.3 The Physiological Rhythms
and Normal Graphoelements
9.3.1 Alpha Rhythm

First described by Berger in 1929 [4, 8], the alpha rhythm (or
posterior dominant rhythm) is the hallmark of the awake
EEG in older children and adults, with eyes closed or visu-
ally inattentive and during the psychosensorial relaxed con-
dition [9]. The alpha rhythm has a typical location in the
posterior head regions; in some subjects, the alpha rhythm is
strictly confined to the occipital areas, but in others it also
spreads forward to all the posterior quadrants (posterior tem-
poral, parietal, and occipital regions). Sometimes, the
posterior rhythm may even spread to the central and frontal
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Fig. 9.5 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

areas (F4 and F3 electrodes), mainly in aged subjects or dur-
ing drowsiness (Figs. 9.5 and 9.6).

Even the subjects blind from birth have an alpha rhythm
localized in parieto-occipital areas, but the rhythm has a sig-
nificant reduction of power in the blind when compared to
the normally-sighted controls [10]. The morphology of alpha
rhythm is mostly regular (monomorphic rhythm) with sinu-
soidal or fusiform shape (increase and gradual decrease in
amplitude, “waxing and waning”; peaks and troughs of the
waveform rounded and regular). Rarely, the alpha rhythm
has a sharpened morphology (“spiky alpha,” with the nega-
tive sharp component of wave and the positive rounded com-
ponent) and it is considered a normal variant, especially in
older children and in young adults.

The alpha rhythm has a frequency within the range of
alpha band (8 to <13 Hz), generally ranging from 9 to 11
Hz in adults. The frequency is usually the same in both hemi-
spheres but, in the same individual, it may vary in terms of 1
or even 2 Hz. Some frequency variations of the alpha rhythm
may be dependent on menstrual cycle (acceleration of alpha
frequency in the premenstrual phase with reduction of its
amount) [11] or be related to body temperature (higher fre-
quencies during temperature increase) [12, 13].

of 55 pV/cm. Alpha rhythm is typically visible on the posterior regions
with a regular and sinusoidal morphology

Recently, it has been demonstrated that the posterior
alpha rhythm is significantly slower in adult patients in the
wake periods of sleep recordings (before and after sleep),
compared to standard wake recordings [14].

Brief faster than baseline alpha rhythm sequences can
also be recorded immediately after eyes closing (squeak phe-
nomenon) (Fig. 9.7) [15].

Sometimes, the normal sequences of alpha rhythm are
substituted by slower or faster frequencies (slow or fast
alpha variants) [9, 16]. The term “slow alpha variant” is
referred to the appearance of a subharmonic of the funda-
mental rhythm (with a ratio of 1:2 or 1:3; if, e.g., the alpha
rhythm has a frequency of 12 Hz, its slow variants
will have a frequency of 6 or 4 Hz, respectively)
(Fig. 9.8) [17].

The alpha slow variants have the same topography and
reactivity as the fundamental rhythm, but they can also be
unilateral or asymmetric. More rarely, the appearance of fast
variants of alpha can also be observed (16-20 Hz), for the
most part endowed 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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Fig. 9.6 An example of alpha rhythm recorded in a normal 57-year-old subject with eyes closed, during drowsiness. Alpha activity spreads from
the posterior regions to the central and frontal areas, as demonstrated by the spectrograms

The amplitude of posterior alpha rhythm in most adults is
less than 50 pV. 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 subjective quantification of the amplitude in terms
of low, medium, and high. Usually, the amplitude of poste-
rior alpha rhythm is asymmetrical on the two hemispheres,
with a lower voltage in the dominant hemisphere (the left in
right-handed individuals and the right in the left-handed)
[18]. However, the difference in the posterior alpha rhythm
amplitude between the two hemispheres usually does not
exceed 20%. An asymmetry of posterior alpha rhythm is
considered to be abnormal when, in the non-dominant hemi-
sphere, its amplitude is more than threefold greater than that
of the dominant hemisphere. On the other hand, when the
voltage of the alpha rhythm is higher in the dominant hemi-
sphere, the difference is considered abnormal if the ampli-
tude is twofold higher, compared to contralateral side.
Differences of amplitude less than 50% are not, however,
considered to be pathological (Fig. 9.9).

The reason why the amplitude of the alpha rhythm is
higher in the posterior regions of the non-dominant hemi-
sphere is not actually well known. To explain this phenome-
non, we still refer to the theory that the cortical EEG signals
are always of higher amplitude in brain areas that are not
too much involved in mental processes [18]. However, it is
probable that the mild interhemispheric asymmetry of the
alpha rhythm does not depend on hemispheric dominance,
but is to be related to differences in skull thickness [19].

There are also normal EEG tracings in which the alpha
activity is poorly appreciable (low amplitude or desynchro-
nized tracings). In these cases, the desynchronization of
background activity is often correlated to the state of anxiety
for the examination or due to the characteristic of the subject,
or it is dependent on the non-relaxing registration environ-
ment (Fig. 9.10) [16].

In addition to the frequency, the localization and the
amplitude, the other fundamental characteristic of the poste-
rior alpha rhythm is its peculiar reactivity. This physiological
posterior rhythm, very well synchronized with closed eyes
and in a relaxed state of wakefulness, suppresses dramati-
cally when the eyes are opened and/or during heightened
mental activity (such as arithmetic calculation), somatosen-
sory stimuli, etc. This phenomenon is called the “blocking
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Fig. 9.7 (a) Sequences of alpha rhythm at 8-9 Hz, recorded during baseline with eyes closed; (b) in the same subject, a brief faster sequence of
alpha rhythm at 10.5-11 Hz, immediately after eyes closure (squeak phenomenon)

arrest of alpha,” discovered in his first report by Berger [4]:
during EEG recording with eyes closed it is usually observed
in the synchronized alpha rhythm that disappears immedi-
ately as the technician asks the subject to open his eyes or to
perform specific mental tasks. However, it must be empha-
sized that sensory stimulation and mental activity block the
alpha rhythm in less pronouncedly than the opening of the
eyes [20]. Sometimes, blocking reactivity is only partial and
with open eyes an alpha rhythm, poorly modulated, per-
sists (Fig. 9.11).

On the other hand, the blocking reactivity of alpha rhythm is
defined as “paradoxical” when, in subjects with eyes closed, a
background activity of theta frequency, often related to drowsi-
ness, prevails; the command to open eyes determines, as awak-
ening reaction, the reappearance of alpha rhythm absent before.

9.3.1.1 Genesis of the Alpha Rhythm

The majority of authors who have studied the genesis of the
alpha rhythm have established that it is a rhythm of cortical
origin, but with an important thalamic influence. Bishop, in

1936, first proposed the concept of corticothalamic reverber-
ating circuits, a concept that was later reaffirmed by many
others [21]. Andersen and Andersson, in 1968, [22] proposed
the theory of the thalamic pacemaker, based on similarities
between human alpha activity and experimental spindle
activity induced in animals by barbiturates. According to this
theory, the alpha rhythm is generated on the basis of rhyth-
mic inputs that originate from the thalamic centers. These
inputs, through specific thalamocortical fibers, activate the
upper cortical centers, inducing their synchronization. This
type of thalamocortical excitation would also involve the
activation of inhibitory interneurons, acting only at the level
of the thalamic circuits. Therefore, according to this theory,
an alternation of excitation/inhibition is then determined in
the thalamus, which would be at the basis of the synchroni-
zation and the rhythmicity of the cortical activity.

In recent decades, the genesis of the alpha rhythm has
not been further clarified and demonstrated. From both
clinical and experimental data, it can be assumed that corti-
cal alpha rhythm is the result of cortico-cortical and thala-
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Fig. 9.8 A combination of posterior alpha rhythm at 9 Hz and its subharmonic at 3 Hz (slow alpha variant)

mocortical systems, interacting with each other in very
complex way [23].

The neurophysiological mechanisms underlying the reac-
tivity of the alpha rhythm (i.e., the blocking of alpha with
eyes open or during mental activities) are also not well eluci-
dated, but it is supposed that, in the desynchronization of the
tracing, a fundamental role of the ponto-mesencephalic
reticular formation, through its activating action toward the
cerebral cortex, is involved.

9.3.2 Mu Rhythm (p)

Described for the first time by Gastaut in 1952 [24], the mu
rhythm (also known by discouraged terms such as rhythm en
arceau, comb rhythm, rolandic rhythm, wicket rhythm and
somatosensory alpha rhythm) [9, 18] 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 fre-
quency of the mu rhythm fluctuates from 7 to 11 Hz and it is
often mixed with beta activity. This rhythm is typically
observed in wakefulness, but it can also be observed in stages
N1, N2, and R of sleep. The amplitude of the mu rhythm is
generally less than 50 pV (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 posi-
tive phase) and they appear either at eyes opened or closed,
in subjects with motor inactivity (Fig. 9.12) [12].

The prevalence of the mu rhythm reported in the literature
during the registration of EEGs in healthy subjects or patients
is very variable with values of 10-20% in young adults and
with a lower incidence in children and the elderly. Probably,
the prevalence of mu rhythm is higher; as a matter of fact,
during closed-eye recordings, the mu rhythm can be con-
fused with the alpha rhythm transmitted into 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 EEG analysis, the mu rhythm in
almost all healthy adult subjects may be highlighted [12, 18,
19].

The mu rhythm may be unilateral or bilateral, asynchro-
nous and/or asymmetrical in the two hemispheres, with no
particular correlation with the hemispheric dominance.
Isolated reports have suggested that a unilateral mu rhythm
can be associated with a structural ipsilateral cortical lesion,
even in the absence of additional EEG abnormalities [25].
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The most important peculiarity of the mu rhythm is its
reactivity. The mu rhythm is indeed blocked by movements
(active, passive, or reflex), by the tactile stimulation of body
areas, or even by mental movement planning. If the mu rhythm
is well evident only from one side, the best manoeuver to visu-
alize its reactivity is to ask the subject to tighten the contralat-
eral hand or think about performing this action (Fig. 9.13).

The proof that thinking to perform a movement is suffi-
cient to block the mu rhythm is shown by the fact that the
rhythm stops a few millisecond before the beginning of the
voluntary movement itself [26]. In addition, even subjects
with an amputated limb show this reactivity of the contralat-
eral mu rhythm after thinking about the execution of the
movement in the phantom limb [27].

Finally, it was noted that the 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 rel-
evant [12].

The mu rhythm in the scalp 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 contralat-
eral movement or with thinking about the execution of
movement [28].

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 path-
ological significance, or 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 proposed 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” into “doing.” [29]
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Fig. 9.10 (a) A poorly appreciable alpha rhythm in an adult subject during basal condition; (b) during hyperventilation alpha activity appears

better synchronized

Table 9.2 and Fig. 9.14 summarize and compare the fun-
damental characteristics of the alpha rhythm and the mu
rhythm.

9.3.3 Breach Rhythm

Breach Rhythm (BR) consists of focal sequences of rhyth-
mic 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 bone skull defects, such as after crani-
otomy for neurosurgery or traumatic lesions, and it is not
indicative of brain dysfunctions [9, 30, 31]. The breach
rhythm may be considered as a consequence of the skull
defect and not as an epileptiform abnormality (Figs. 9.15 and
9.16).

The genesis of BR is not fully understood, but the bone
defects cause a reduced filtering effect and reduced electrical
impedances. Sharpening and irregular morphology of BR
may be misinterpreted, leading to a misdiagnosis of epilepsy.
Therefore, a correct differential diagnosis is important for
the relevant clinical consequences [32]. BR occurs in wake-

fulness, but it may persist also during sleep. If located in
the central regions, it may be blocked by contralateral move-
ments, because of the coexistence of an underlying mu
rhythm, but this reactivity is not observed in the temporal
region.

9.3.4 LambdaWaves

Lambda (A) waves are physiological sharp waves occurring
during visual scanning in awake subjects [9]. Their preva-
lence has been reported to vary between 2% and 88%, with
the highest occurrence in children and in young adults [33].
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 pV),
their duration between 200 and 300 ms, and their frequency
of repetition is at intervals from 200 to 500 ms. They are
mostly bilateral, synchronous and symmetrical, but they may
also be unilateral or otherwise asymmetrical (Fig. 9.17).
Lambda waves are best elicited when the subject visually
scans a textured or a complex picture, in a well-lit labora-
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Table 9.2 Characteristics of the alpha rhythm and the mu rhythm

Alpha rthythm | Mu rhythm
Frequency (Hz) 8to<I3 >7-11
Variants Slow to fast | Absent or rare
Amplitude (pV) | <50 <50
Localization Posterior Central areas
areas
Conditions of Closed eyes | Either closed and open eyes
occurrence
Reactivity Opening of Movement, tactile stimulus,
the eyes mental movement planning

tory; they are closely correlated with fast saccadic eye move-
ments (saccadic movement means the eye movement in
space exploration, rapid and unconscious, followed by a fix-
ation pause). Lambda waves appear after a saccadic move-
ment with a latency of 70-80 ms. The disappearance of
lambda waves is obtained with closing the 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 (fixa-
tion off). Therefore, from a neurophysiological point of view,

lambda waves represent a sort of visual evoked responses
and they are the expression of oculomotor and visual
integration.

According to Billings [34] 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 sec-
ond type would be instead related to the visual impulses
coming through the slower optical fibers (X-type fibers),
with return to central vision during or slightly before the
locking phase of the secondary corrective saccadic
movement.

Recently, Alvarez et al. [35] 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) (Fig. 9.18). This study
showed that watching TV likely represents a powerful stimulus
for lambda waves appearance and confirms the physiological
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benign nature of this EEG pattern. Finally, the lambda waves
are of principal interest for the study of the visual system and
should not be misinterpreted as epileptiform abnormalities.

Intraindividual and Interindividual
Variability of the Normal Awake Adult
EEG

9.4

The EEG of a single subject may present variations both dur-
ing a specific recording session, as well as in separate record-
ings over time. This intraindividual variability is due to several
factors, endogenous (arousal or drowsiness, anxiety, mental
activity, blood sugar level, body temperature, etc.) or exoge-
nous (laboratory lighting level and temperature, noise, etc.).

However, the changes in background activity observed in
the same individual during a recording session depend
mainly on the modifications in the alert level. As a matter of
fact, if you can maintain in the same subject the same level
of alertness and the same environmental conditions, there is
a good correlation between seriated 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 pre-
menstrual phases substantially, it has been observed an
increase in alpha frequency and beta power; in postovula-
tory and menstrual phase, instead, the alpha rhythm
decreases in frequency, and the absolute power of theta
and alpha activity increases, while the beta power decreases
[11,12].

The interindividual EEG variations, usually in the alpha
rhythm, seem to be correlated with individual characteris-
tics (personality, intellectual level, gender, genetic factors,
etc.) [36].

As regard to the gender, some very old studies reported a
more symmetric distribution of alpha frequency and also a
higher beta amplitudes in females. However, other authors
have successively found that the alpha rhythm is better rep-
resented in males than in females [37] or that there is no
correlation between the EEG and sex of the subjects [38].
These discordant reports probably depend on dissimilar
- and not comparable - experimental methods in EEG
studies.
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9.5 Age Effect on the EEG of Wakefulness shows mostly a widespread, hypersynchronous, wide-

The characteristics of neonatal EEG are treated in detail in
Chap. 11.

In the first few years of life (1-3), the awake EEG is dom-
inated by diffuse slow delta-theta activity, with high ampli-
tude. 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 back-
ground activity - considered a precursor of the subsequent
alpha rhythm - has a frequency of about 4 Hz, is quite rhyth-
mic, and is partially reactive to the opening-closing of the
eyes. In the 2nd year of life, this activity reaches the fre-
quency of about 6-7 Hz and in the third year of age it is
around 7-8 Hz, with a more evident reactivity. From the 3rd
year of age, therefore, an immature alpha rhythm, with low
frequency and partial posterior localization, is already recog-
nizable. The mid-posterior background activity at this age is
of high amplitude and mixed with slower rhythms at 2-5 Hz.

From 3 to 5 years of age, the posterior rthythm is main-
tained at a frequency around 8 Hz, interrupted at intervals by
1.5-4 Hz sequences, and the tracing shows abundant theta
activity in anterior regions and/or diffuse, at 5-7 Hz. Hyper
Ventilation (HV, activation procedure that can be tested in
laboratory with a good cooperation already from 3 to 4 years)

voltage slow activity; a photic driving response, particularly
at low frequencies, is observed during the Intermittent Photic
Stimulation (IPS).

From 6 to 1215 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 rthythmic
and at subharmonic alpha frequency (slow alpha variant)
(Figs. 9.19 and 9.20).

From 12 to 15 years onward, EEG acquires progressively
all the characteristics of the adult, both in basal and during
activation tests, with final mature pattern at 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 when a
mature waking EEG pattern can be achieved [39-43].

From about 20 years, the physiological awake EEG main-
tains stable characteristics. From the age of 50 onward, 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 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 been confirmed by others [44-46].
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Fig. 9.19 Maturation of EEG. Examples of background activity with eyes closed in subjects of various age: 3 years old, 5 years old, 8 years old,

and 10 years old

A more recent review by Rossini et al. [47] 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 fre-
quency of 7.5-8 Hz in subjects over 80 years can be consid-
ered completely normal. Furthermore, in the elderly, the
posterior physiological rhythm is of lower amplitude and
tends to spread to the anterior regions (Figs. 9.21 and 9.22).
Frequently, the slow alpha variants are also observed in
the posterior regions.

In subjects over the age of 60, theta activity is fre-
quently observed in temporal regions, mainly in the
left side; this slow activity is considered physiological if it
does not exceed 10-15% of the total registration period.
HV increases slow activity and IPS less frequently induces
posterior photic driving responses. In conclusion, how-
ever, even during aging, the interindividual variability of
EEG must be taken into account; in fact, 90-year-olds or
even centenarians can still present an alpha rhythm at a
frequency of 9-10 Hz.

9.6 The Concept of Normality of EEG

First of all, it must be premised that the interpretation of an
EEG is always subjective and that it can be influenced by
multiple factors, mainly dependent on the experience of the
technologists and of the clinical neurophysiologists. If the
technician has not been able to recognize and eliminate from
the recording an artefactual activity that can be easily mis-
taken for pathological changes, this can obviously lead to
misinterpretations. It is also very important that the techni-
cian assesses the level of awareness of the patient during the
recording session: focal and/or diffuse slowings may depend
on variations in the subject’s state of arousal or attention,
which could also lead to incorrect interpretation of the trac-
ing. In a routine EEG laboratory, the tracings should always
be accompanied by an anamnestic data sheet containing
complete information on the patient, from the personal data
to the more specific clinical ones. Even if it is a laboratory
test, the EEG must be interpreted in light of the patient’s age,
their clinical history, the reasons for the request, any pharma-
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Fig. 9.20 Posterior slow waves of youth in a normal subject 12 years old

cological therapies, etc. Given that the tracing has been
acquired correctly by technicians and that it is accompanied
by all the necessary information, the interpretation of the
EEG recording as normal or abnormal depends on the clini-
cal neurophysiologist, who will prepare a report based on his
theoretical preparation and on his practical experience. The
theoretical knowledge of clinical EEG is obviously indis-
pensable and it would be preferable that those who dedicate
themselves to the reporting of EEG examinations are spe-
cialized in Clinical Neurophysiology or have attended at
least specific residential courses. The theoretical preparation,
however, has very little value if not accompanied by exten-
sive experience in EEG, which should be certified only after
a large number of tracings actually evaluated under
supervision. It is well known that routine EEGs are fre-
quently misinterpreted by neurologists without neurophysi-
ology fellowship training (as the majority of neurologists
interpreting EEG are). Misinterpretation of routine EEGs
leads to the misdiagnosis of epilepsy and the inappropriate
use of antiepileptic drugs, as well as to an inadequate diagno-
sis and treatment of non-epileptic seizures [32, 48]. Only
with appropriate practical experience will neurologists be
able to correctly differentiate a normal EEG recording from
an abnormal one, taking into account that there are unusual
and/or borderline patterns and that what can be considered
“normal” for an individual is not necessarily for another. In

general, however, for a correct interpretation of EEGs, it is
essential that there is a continuous exchange of information
between the technician and neurophysiologist and that the
technician participates directly, where possible, in the report-
ing phase. Equally important is that the neurophysiologist
does not get stuck in his position and that he is also able to
acquire an EEG independently. In the initial training periods,
all medical doctors interested in electroencephalography
should spend a period in a laboratory, in close contact with
the patient, the technician and the equipment. We must never
forget that a normal EEG in basal conditions could become
pathological during activation tests and that they must be
performed according to correct and universally accepted cri-
teria. However, activation tests can sometimes highlight
EEG modifications with respect to the baseline tracing
which, although they are completely physiological for that
subject or that situation, can be instead interpreted as abnor-
mal and, therefore, as pathological. Equally, it is sometimes
necessary to repeat the EEG recording because, in some
pathologies, seriated tracings have a higher probability of
highlighting pathological changes: so it is not universal that
a first EEG considered normal may not be followed by suc-
cessive registrations with clear abnormalities. When you are
not sure that a certain pattern is normal or pathological, it is
always advisable to repeat the EEG recording, with the per-
spective that the repetition of a diagnostic exam is always
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Fig.9.22 Poorly localized alpha activity with low amplitude and peak of frequency of 8.3 Hz in an 85-year-old subject

better than an incorrect report. It can also happen that the
neurophysiologist is so uncertain in the assessment of an
EEG that they request the opinion of a second expert; in this
case it is better that the second evaluation is carried out
blindly, without knowing the clinical data. Subsequently, the
two experts can cooperate together an electro-clinical corre-
lation and reach a shared EEG report.

However, the variability of interindividual assessment is
notable [49]. A recent study of Halford et al. [SO] has shown
that interrater agreement among academic neurophysiolo-
gists in epileptiform transients identification varies consider-
ably and that the American Board of Clinical Neurophysiology
certification is associated with improved performance.

To overcome the problem of interindividual evaluation
variability of EEG features, there is a need to find a comput-
erized tools to improve the quality of EEG assessment and
reporting in clinical practice and to improve education in
EEG [51].

Finally, there is the possibility of referring to specific
automated software for objective EEG evaluations (comput-
erized signal analysis, brain mapping, automatic detection of
epileptiform transients, etc.). How these methods are useful
in clinical practice to a better discern, compared to the visual
inspection, between normal and abnormal EEGs, is ques-
tionable. With these devices, it will be easier to characterize

and quantify some EEG parameters, but current abnormality
detection softwares have an insufficient sensitivity requiring,
however, a neurophysiologist to examine each EEG.
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