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When the Commiltes on Methods of Clinical Examina-
tion in Electroencephalogruphy (Jasper 1938) recommended
the len-lwenty system of clectrode placement, its report
included results of a study by Penfield er al. (1958) relating
electrode pusitions Lo the underlying adult bruin. Subsc-
quently, Hellsirom of «f. (1963) cstimated the anatomic
correlutes of a modified ten-fwenty system in the infant
brain by using the relationships of euch to certain features of
skull roentpenograms.

To delineute these correlates more directly, we studied
the relationships of the standard ten—twenty system to the
infant cerebral cortex. Few kyhortorics use the complete
Len-lwenty  system to record the electroencephalogrom
[EEG) of infants {Kohler and Blume, unpuhlis.hcd data).
in the absence of an internationally accepted system of
glectrode placement for infants, however, modilicitions
and abbreviations of the ten-twenty system are {requently
ased. We therefore chose this system for study. We are
unaware of any other similar anatomic investigation.

METHOD AND MATERIAL

Iitialy, & pilot study on four cadavers was conducted
with the following objectives: (1) to perfect our techniques
of measurement with the scalp reflected ; (2) to discover the
most salistactory marker technigque: (3) to decide whether
the brain wouid be better photographed fresh or aller
formilin fixation; and (4) w determine which photographic
angles most accurately ilfustrated marker positions. This
pilot study revealed the following: (1) The most satisluctory
markers Were pins with short shafts and beaded colored
heads (long pins were casily dislodged and india ink tended
1o run}; (2) formalia fization made for betier photographic
interpretation; and {3) the lateral view was the most infor-
mative photographic ungle. With this in mind, we studied
seven cadavers at the time of autopsy.

The clinical findings had given no hint of ¢central nervous
sysien diseuse oF mallormation. No gross skull deformities
wete present. Except for one 2-year-old chitd, all patients
pad been less than 4 months of age at the time of death. The
peain ol the 2-year-old weighed 1,165 g; the weights of the
others ranged from 375 w 375 2.

We reflected the scalp to prevent disligurement, and
placed the cadaver in the sitting position. The skull wus
carefully measured as for the ten—twenty system of electrode
placement, according to the methods sugpested by Imier-
national Federalion of Societics for Flectroencephalography
and Clinical Neurophysiology {1961} and by Sunnit (1963},
We veritied equality of interelectrode distances and inter-
hemispheric synunetry. We then drilled B-mm holes in the
skull at the marked positions. With a scalpel, small incisions
were made in the underlying dura. We confirmed that the
position of the brain relative Lo the skull did not alter by
changing the position of the head. Pins 1-3.5 eny long with
colorad heads were inserted into the brain at these positions
and the brain was removed carefully, in an alttempt o avoid
dislodging the pins. The brain was then placed in formalin
for 10 days. After (his, the fixed brain was observed and
photographed (Fig. 1); though in some cases, the brain was
photographed while fresh. No gross structural abnormalitics
were present in any brain but, during removal of the brains,
some of the pins in one hemisphere of cach of three brains
did become dislodged, and brain lissue wus damaged.

Beeause of the datnage by the pins to three brains, the
following results apply to six right and five lelt hemispheres
of the seven cadavers, The results are summarized in Tabie 1.

Frontepolar electrode (Fp 1, 2). In every instance this
position overluy the superier frontal gyrus, about 1.5-2 ¢m
superior and lateral w its rostral it

Frontal electrode (F 3, 4). This position corresponded to
the middle froutal gyrus in the nine hemispheres in which
the gyral pattern was clearly divided into three frontal gyri.
In the remaining two hemispheres with relatively random
{rontal gyral patterns, the electrode position corresponded
to the same region.

in eight of the nine hemispheres with well-defined
inferior frontal gyral patterns, the elecirode position overlay
that part of the middle [rontal gyrus in apposition with the
pars triangularis of the inferior frontal gyrus. In one instance
the middie frontal gyrus position corresponded 1o the june-
tion of the pars trizngularis and the pars opercularis of the
inferior Lrontal gyrus, ln the remaining two hemispheres
wilh ili-defined patterns of the inferior frontal gyri, the
electrode position rested on the middle fromtal gyrus,




Fig. 1. Positions of needles in Tormalin-fixed infant brain indicated by plastic heads of needles. A: View of left side. 8: Yiew
of right side. Light-colored heads identify centrid suteus,

. o A et i Ly~ i




- aiabls

e T

TEN=-TWENTY ELCCTRODE SYSTEM IN INFANTS

I
TABLE 1

305

thesis of findings reiating electrade positions o anatomic correlates.

Electrode position Anatomic correlale

Frontopelar (Fp 1, 2)*
Frontal (F 3, 4)*

Superior frontut gyrus near rostral limit

Middle frontal gyrus, part corresponding 10 purs triangularis of inferior frontal gyrus,

nearet inferior frontal sulcus than superior frontal sulcus

Central (C 3, 4)

superior [rontal sulcus
Parictal (P 3, 4)*
Cecipital (O 1, 2)*
Inferior frontal (F 7, 8)*
Midtemporal (T 3, 4)*

Posterior temporal {T 3, 6)*

Pustcentral gyrus, posterior to middie fromal gyrus, nearer o inferior frontal sulcus than

Enferior parietal lobule, junction of supramarginal and angular gyri
Occipital lobe, 16 mm superior and 14.5 mm lateral 1o occipital pole
One-half centimeter inferiot to inferior frontal gyrus, pars triangularis
Middle temporal gyrus, inferior to posteentral gyrus

Interior temporal gyrus at level of occipital notch

* The norm al this position.

1 The average at this position, as norm equaled less than one-hall ol total.

three-fourths of the distance from the rostral end of the
pemisphere to the precentral suleus.

In six of nine instances the electrode position rested
pearer the inferior frontal sulcus than the superior (Tontal
suleus. 10 three hemispheres, the points were equidistant
from these sulei. This aspect could not be determined in two
IsLINCeS.

Cenrad clectrode {C 3, 4). The central clectrode position

serlay the central suleus {of Rotundo) in feur hemispheres
of four different brans, the posteentral gyrus in Four hemi-
sphieres of fuur brains, and the posteentral sulcus in three
hemispheres of 1wo brains. With respect 1o ils vertical
orcntation, this position corresponded to the posterior limit
of the middle Trontud gyrus in all nine instances in which
{his couid be determined. In five hemispheres it wus nearer
the inderior frontal sulcus than the superior frontal sulcus, and
in four hemispheres the position lay equidistant from these
sulti. In two hemispheres with random frontal gyral patterns,
e respective positions lay two-thirds and three-guarters
of 1he distance along the postcentral gyrus from the longi-
tudinal fissure to the kateral sulcus (of Sylvius).

Thus, the posilion of the central electrode appears 1o
carrespond approximately to the representation of lips,
face, or thumb sensation or inovement {Penfichd and Jusper
1954). :

Puarietad electrode (P 3, 4). The gyral pattern of the
parictal lobe varied from brain to brain and even between
pemispheres of the same brain.

In all eleven hemispheres the elecirode position corre-
sponded 10 the inferior parictal lobule. In five hemispheres
ol four brains in which individuad gyri coukl be designated,
the pusition corresponded to the angular gyrus m onc hemi-
sphere and To its junction with the supramarginul gyrus in
four. In the six hemispheres with more random gyral
palleras, the position corresponded to that normally occu-
picd hy the posterior part af the supramarginal gyrus in two

hemispheres, the anterior part of the angular gyrus in one,
and o their junction in three.

In summary, the parietal clectrode position corre-
sponded generally to an area occupied by the junction of the
supramarginal and angular gyri of the inferior parictal
lobule.

Occipital electrode (O 1, 2). In cvery instance, the
occipital electrode overlay the occipital tohe, superior and
lateral to the occipital pole. The medion vertical distance
froim the pole was 14 mm, the averige being 16 mm frunge,
10 25 mm). The median horizontal distance from the pole
was 15 mm, the average being 14.5 mm {range, %-21 mn}.

Inferior fromal electrode (F7, 8). The wierior frontal
electrode position lay inferior 1o the inlerior frontad gyrus
in nine of (he eleven hemispheres—within 0.5 cm of the
frontal lobe in cight instances and within 1.0 em of it in the
ninth. In seven of the nine hemispheres the inlerior frontal
gyral pattern was distinet. In two instances the electrode
position lay inferior to the pars triangularis. in three in-
stances il was inferior (o its junction with the pars opercularis,
in one instance it was inferior to its junction with the pars
orbitalis and. in the remaining hemisphere, the posilion
rested inferior to the pars opercularis,

1n bath hemispheres of one brain the electrade position
overlay the inferior front! gyrus itself, that is, the purs
trinngulanis.

In every instance the part of the temporil lobe nearest
this electrode placement was the junction of its anterior,
superior, and lateral surfaces. The position wus adjacent to
this junction in onc instance, 1 em distant in four, 1.5-2.0
om distant in another four, and 2.5 cm distant in buth
hemispheres of one brain.

Midtemparal electrode (T 3, 4. In cvery hemisphere this
glectrode  position overlay the temporal lobe, directly
below the inferior limit of the posicentral gyrus. This
corresponded to a posilion one-third to one-hall of the
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distance along the middle temporat gyrus from the abbrevi-
ated temporal tip to the level of the oceipital nateh. The
midlemporal ¢lectrode was situaled in relationship 1o the
middle temporal gyrus in five hemispheres, the middle
temporal suleus in three, and the inferior temporal gyrus in
two hemispheres of one brain. The bueger the brain and its
temporal lobe, the more inferiorly pliced wis this electrode
in relationship to the temporal tobe. In one hemisphere the
plicement overlay the superior temporal gyrus. This tem-
poral lobe wias smaller and somewhat more vertically
orientated than the others.

Pasterior temporal electrode (T 5, 6). This placement
overlay the inferior temporal pyrus in seven hemispheres - at
the Jevel of the occipital notch in six hemispheres and 1.5
em anterior 1o the notch in one. In three instances placement
carresponded to the middle temporal gyrus: at the level of
the oceipital notch in two and 1.0 cm anterior to it in one.
In one hemisphere the clectrode position was in relationship
to the anterior inferior portion of the lateral occipitad pyrus.

With respect to the brain of the 2-year-old. the findings
were similar 10 those of the other six brains. The findings
were as lollows: Fp 2, rostrul part of the superior frontal
gyrus; F 4, middie frontal gyrus, three-fourths of the dis-
tiance from the rostral end of the hemisphere to the precen-
tral sulcus; C 4, posteentral gyrus, two-thirds of the dis-
tance frem the longitudinal fissure to the literal sulcus:
P4, supramarginal gyrus, © 2, 16 mm vertically and 9 mm
harizontally from the occipital pole: F 8, adjacent 1o the
inferior border of the pars trisngularis of the inferior
frontal gyrus, 1.75 cm from the temporal lobe: T 4, middle
temporal sulcus; T 6, inferior temporal pyrus at the level
of the oceipital notch.

DISCUSSION

Hellstrim o af. (1963), assuming a fixed relationship
between craninl bones and underdying pyri. found virtually
constant ¢lectrode-gyral correlations for every electrode
position e¢xcept their central placement. In comparison, our
results show a discrete but definite variability between
brains and between hemispheres of the same brain for most
of the electrade positions, We believe that the Litter situation
is most often obtained in practice, despite meticulous
measurement of electrode placements. Given the variability
of skull configuralions and that of lobular and gyral patterns,
this linding cannot be unexpected.

The anatemic studies both of Penfield e «l. {1958) and
Hellstrdm er al. {1963) place the central electrode over the
precentral gyrus or the central sulcus, whereas in our investi-
galion its average locution is over the posteentral gyrus.
There is & phausible explanation for the findings in each of
these studies, First, the size of the parictal lobe relative to
the frontad lobe is greater ininfants than in adults. Therefore,
the posteentral gyrus occupics a more anterior position
along the sagittal axis of the skull and brain. Sccond, the
C 3, 4 position of the standard 1en-twenly system is more
lateral than is the C 5, 6 position of Hellstrom et al. (1963).
As the central sulcus courses anteriorly in passing laterally
and inferiorly from the longitudinal fissure to the lateral
sulons (of Sylvius), the more lateral placement will be
relatively posterior 1o the central fissure,

W. T, BLUME ¢! al.

Our central electrade appeurs 10 overlic the sensori-
maolor arey representing the lips fiuce, or thamb (Penfield
and Fasper 1954), This finding dilfers slight'y from that of
Penfield er al. (1958) in adults that the clectrede corre
sponded to the arcs serving the hand.

That the inferior frontal clectrode position should
actually lie inferior 1o the frontal lobe in nine of eleven
hemusphicres was initially an unexpected finding. Inspection
of an infant’s brain, however (Fig. 1), reveuls that the mid-
point of an imaginary line connecting Fp |, 2 and T 3. 4 will
usuaily lie inferior to or at the inferior limit of the frontal
lobe. In contrast, the dingrameol Penficld er of. {1956)
indicates that the inferior frontal clectrode overlies the
inderior frontal gyrus. Indeed. in the study of Penficld of af.
(1958), all the temporal line electrodes lie sUperior to ours
rehative to the brain,

The incomplete opercularization of (he temporal lobe
in infunts probubly coniributes to the serfiice distance
(1.0-2.5 omy) that separated it from the inferior frontal
electrode in most of the cadavers we studicd.

The situation of the inferior froma! clectrode relutive
1o the frontal and temporal lobes allows it relatively litle
cercbral surface from which to record potentials, This must
limit its clinical usefuiness in inlants.

SUMMARY

The relationships of the standard ten-twenty electrode
placement system to the infant cerebral cortex were studied
in seven cadavers at the time of autopsy. In contrawdistingtion
to previous studies, the average location of our central
electrode (C 3, 4) was over the posteentral gyrus. In addition,
our cntire teraporal ling of electrodes (F 7. 8; T 3,4: T 5. 6)
wits more inferiorly placed than1hat of a previous study. The
inferior frontad electrode actually lay inferior (o the frontl
lobe in most instances, Despite meticulous measurement of
clectrode positions, a discrete but definile variability of
anatomic correlution between brains and between hemi-
spheres of the same brain was found for most clectrode
positions.

RESUME

CORRELATIONS ANATOMIQUES DE LA POSITION
DES ELECTRODES PLACEES SUIVANT LE SYSTEME
10-20 CHEZ LES ENFANTS

Les relations entre la position des électrodes placies
suivant le systéme standard 10-20 et le cortex cérébral de
I'enfant ont é1¢ étudiées sur 7 cadavres au moment de
Pautopsic. En contradiction avec des études antéricurcs.
notre électrode centrale (C 3. 4) se situait cn moyenne
av-dessus du gyrus post-centril. En outre, notre ligne totale
d'¢lectrodes temporales (B 7, ;T 3, 4; T 5, 6) se situail
plus bas quc cele de I'étude précédente. Lélectrode frontale
mféricure s situait réellement au-dessous du lobe frontal
duns bien des cas. Malgré des mesures méticulenses des
positions d*lectrodes, une variabilité discréte mais nette
des corrélations anzitomiques entre les cerveaux et entre les
hémisphéres du méme cerveau a 618 observée pour Ia plupart
des positions d"&lectrodes,
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