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mended for a first examination. A large number of
channels does mot permit signifieant reduction of
this time.

18. All changes in recording parameters and the
state of the patient, as well as stimulations applied,
should be indicated on the record clearly and in under-
standable symbels (e.g. at each change of gain the
resulting sensitivity should be recorded in pV/mm.).

19. The econvention that a negative change of
potential at grid I results in an upward pen deflec-

- 5;‘.”]-0(1(\\' .
- Gilver nad electrodes held by a cap are quick-
‘_"' apply i easiest to ndjust. Electrodes fixed
w30 fodiou ¢ Jess easily displaced and are prob-
w:h 0 be pp_\:‘crred for restless patients, children
anf u:he age of 3 years, and examinations of long
@i s, For fixation of the stick-on electrodes col-
<O onsidered superior to bentonite. Electrodes
:)3‘:1 be reguiarly checked for noise.

r ones. Thi

, 18 mon';h'u ¢ Eecording tien may be extended by s;}eak_ing _of .t.l:e !ead to this
d training # “ 4, The 10-20 electrode system (see Appendix) grid as ‘‘Black’’ and indicating it in diagrams by
12 Or MOre qu - a solid line. Couversely, the lead to grid II, positivity

s P:Yfer’fed‘ Nineteen-21 electrodes should be used

a laborato 2 P st oxn imation in all patients over the age of which causes an upward deflection, 13 spoken of
sn of an indep --:"5 eara; such a number allows satisfactory separa- A8 ¢¢White'? and drawn as a broken liae.
ierpretative’ ¥ o of rhythms while not unduly reducing their am- g 4.piyation
ns. The p "omdf The risk of missing a local spike is com- . A Y .
g 20. Each routine examination should jnelude eye

never be allg
ird of recordi
tion, including i
ays ba pravided

inadequal;'g;‘ﬁ

ed by a
@ examination;
e cases; d
sential for plas
1sed and the e
:ties% to the elin -
1l observations Yade

y reported to g

P-.iiued to be minimal. Additional electrodes may be
;“led for provise lgealization.

15. Both ieuipolar’’ and fiunipolar’? reeording
sate advantages and should be used in a routine
 samination. Bipolar recording should always include
rontages wWith linked serial pairs in straight antero-
aslefior and transverse lines, preferably with large
s well as with small inter-electrode distances. The

opening and closing and a period of hyperventilation
of at least 3 minutes. Photic stimulation is a useful
method which ean easily be employed routinely. Elee-
tronic stroboscopes are without dunger to the retina,
which is not true of some other sources.

91. Sleep, either apontaneous or induced, is of
value, particularly in convulsive disorders in ehildren.
“agers of misinterpretation jnherent in the use of 22, Convulsant drugs (Metrazol, Megimide, ete.)
~icrence electrodes should be constantly kept in mind. are used particularly for localization in cases of

16, On the record, traces from the Right side epilepsy.
4ould take order preferemcé over those from the Evidently this is not an exclusive list. Several
.2t and a transverse sequence should Tead trom methods of activation may be used advantageously in
zzmt to Left. In antero-posterior recordings the combination. It is to be noted that considerable
wjaence: Right, Right, Right, Right-Left, Lett, Left, disagreement still exists as to the specific values of
o1t is preferred to alternation. the various activating procedures. In general the

1= A minimem period of 20 minutes is recom- safest and simplest shouid be used first.
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At the TFirst International Comgress in London
3 1947 it was recommended that an attempt be made
w standardize the placement of electrodes on the head
it EEG examinations to faecilitate comparison of
=onls taken in different laboratories and to make
4 possible to have more satisfactory communication
# results in the literature. Dr. Jasper was appointed
“ study this sroblem and report recommendations to
¢ Seeond Ini..national Congress in Paris in 1949.

. Srstems of eleetrode placements then in eurrent
e were studied, particularly from The National
E::Elt‘alr Queen Square, the system used by Dr. F.
o~ s and his collengues in Boston and Chicago, the
g em developed by Dras. Schwab and Abbott at the
"mchusett General Hoapital in Boston, and the
"™ew then in current use at the Montreal Neuro-
;:‘:31 Institute. It was found that only minor dif-
_____bt:'les existed between these several systems of elec-
o |1:'1:1(:ement, though the designations used {num-
__‘ﬂ;fetters, ete.) were entirely different. It was felt,
;____m:f’_"e. that it should be possible to design a com-
'\nu::e system, making use of the advantages of the
eat 8 svatewys then im use, so that common agree-
32t coull i repehed.and an international standard

T T mulated,

Certain principles were laid down a8 follows:

1. Positions of electrodes should be detérmined by
measurement from standard landmarks on the skull.
Measurements should be proportional to gkull size and
shape, insofar as possible.

2. Adequate ecoverage of all parts of the head
should be provided with standard designated positions
even though all would not be used in a given examina-
tien.

3. Designations of positions should be in terms of
brain areas (Frontal, Parietal, ete.) rather than only
in numbers so that communication would become more
meaningful to the non-specialist.

4. Anatomical studies should be earried out to de- -

termine the cortieal areas moat likely to be found
beneath each of the standard electrode positions in
the average subject.

Method of Measurement.

The anterior-posterior measurements are based
upon the distance between the nasion and the inion
over the vertex in the mid-line. Five points are then
marked along this line, designated Frontal pole (Fp),
Frontal (F), Central (C), Parictal (P), and Ocei-
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pital (0). The tirst point (Fp) is 10 per cent of the ~
nagion-inion distance above the nasion; the second
point (F) is 20 per cent of this distance back from
the point Fp, and so on in 20 per cent steps back for
the Central, Parietal, and Occipital mid-line points
(hence the name 10-20 system). These divisions are

Fig. 1

Lateral view of skull to show methods or"nie'-n'sure-ﬁ:ent from N

naston to iolon at the mid-lipe. Fp is frontal pole positien,
F is the frontal line of electrodes, C is the central line of
elecjrodes, P is the parietal line of electrodes and O is the
oceipital lne. Percentages Indicated represent proporticns of
the measured distance from the pasion to the imlon. Note that
the central line Is 30¢; of this distance. The frontal pole and

ocelpital electrodes are 10¢%- from ihe ‘nasion and inion Te- -

spectively, Twice lbis distance, or 2085, separates the other
line of electrodes.

illustrated in figure 1. It will be noted that this
places the Central line of electrodes just one half the
distance between nasion and iniom.

Flg. 2
Frontal vlew of the skuill showing the methed of measurement
for the central line of elecirodes as described In the text

For example, if the nasion-inion distance is 30 cm.
for a given patient, the Fp line will be 3 cm. above the
nasion, the F line 6 c¢m, back of the Fp line (or

9 ¢m, from the masion), the G Line 6 em. back of the .

F line {or 15 em. from the nosion). There will also

be 6 em. beétween the Cand P lines, and 6 cin. be ﬁ.ovideg

P and Q. The occipital points are then 3 em, ::: : T.hj:. inelndi
the imiom, _ e ' ﬁ" and Paric

Lateral measurements are based upon the Cexin, 5 aldeodes. Blectr
coronal plane, The distance is first measureq fp, game_for all ]
left to right preauricular points (felt as depressiy, of, electrode
at the root of the zygoma just anterior to the trg ‘with the e

These points were selected because they seemed eqy, s the aurieulk
to determine with accurncy than the external audigypy “!1 eloctrodes ©
meati. Be sure the tape is passing through the yy - geinal atandar
determined Central point at the vertex when mgj; JEration studie
this measurement. Ten per cent of this distanee ,
then taken for the temporal point up from the o rad
auricular point on either side. The Centrul points : sations of B
then marked 20 per cent of the distanc. above y, i Praditional an:
temporal points, as shown in figure 2. Sy designate electr
Then A-P line of electrodes over the tempon of the brain, with
lobe, frontal to occipital, is determined by measuriy wiich is, strictly 1
the distance between the Fp mid line point (as ¢ : It repre.

termined above), through the T position of the Centn, - ; P ﬁllt!'&l Bulcut
line, and back to the mid occipital point. The j 'y jmstimes calied t
electrode position is then marked 10 per eent of tho \ﬁh; prder to

distance from the mid-line in front, and the occipma a' over le

electrode position 10 per cent of the distance from 1w
mid-line in back, The inferior Frental and postense
temporal positions then fall 20 per cent of the ds
tance from the Fp and O electrodes respectivels alug
this line, as shown in figure 3.

- fght hemisphere,
“sd 01 become sl
" If% hemisphere.

e 07— abew for intermedi
' 4/97‘,.\ 7/- N\ for special O_F mlo::iieza

Fig. 3 g
1
Superlor lew with cross section of skull through ‘]If¢d s>
line of electrodes lliustrating the 10/20 systed app
direction &5 described in the text,

- L
The remaining mid-Frontal (F3 eud Fi) snd >

i wre them P27
Parietal (P3 and P4) clectrodes are the e

along the Frontal and Parietal eorond’ .- .» R lons (suct
spectively, equidistant between the B“dh?“.';" . Hmnf{.;:::t‘

temporal line of clectrodes on sithier side, 7 °
in figure 4,
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tiong, imoHiUd 1 h
uo ind Parietal regions, and the two auricular and Po but this led to some confusion since Po, for

etrodes. Elcetrode s_epamtions are spproximately example, might be interpreted as parieto-oceipital.
et me for all pairs in the A-P direction. Coronal Consequently the wmidline positions have been changed
l B ot electrodes are also approximately equally to ¥z, Cz, and Pz (z for zero 1y. The complete system

4, with the exception of the shorter distance be- of placements with designations is shown in figure 4,

This Pro‘.':,']es a total of 21 standard electrode Electrodes at the mid-line in Frontal, Central and h?
i ding midline electrodes in Frontal, FParietal regions were originally designated Fo, Co ‘.l[
-

& RTATRE WL

o the guricular and mid-temporal points. Addi- 5, and 6. LERY 31"
ssal electrodes may be placed between any of thesa In sddition to the positions described above pha- § 13
-peipal standard positions for especially refined ryngeal electrodes are designated Pgl or Pg2 for the §f &
-’:unmtion studies (with numbers provided for thess left nnd right side respectively. Additional eleetrode it
gecial positions a8 well, as indicated below). positions over the posterior fossae are also shown, de- g lfi
. " signated Cbl and Cb2 {Cerebellar) for the left and ks 05
Pesignations of Eiectrode Positions. right sides respectively. £y )i
Traditional anatomical terms have been employed , . - 149
« designate electrode positiona over the various lobes Anatomical Studies. E‘.’-
over . o the braini, with the e_xceptmn of the Central region Aftt?r these electrode positions were agreed upon, Ll
ined by «hich is, StTITLY speaking, partly frontal and partly anatomical studies were carried out with the heip of Y ‘.!'
P jetal. It represents the cortex in the vieinity of Dr. Penfield, Dr, McRae and Dr. Cavepess to de- ; ¥ ;
1 Central Sulcus, both pre and post-central. It is termine the cortical areas over which each position £ E
waetimes called the sensori-motor ared. would lie in the average brain. Two methods were L g
In order to differentinte between homologous employed: (1) metal elips placed along the Central ¥ "'-E
;tions over left and right bemispheres it was and Sylvian fissures at operation were then used to : i
s distanced wcided to use even pumbers as subseripts for the identify these fissures in X-ray-studies of the skall it i
»ntal and Pog ~gbt hemisphere, and odd pumbers for the left after the EEG electrodes had been applied, and (2) T 1
;¢ cent of wmisphere. Fp2, F4, F8, C4, P4, T4, T6, and 02 eleetrode positions were carefully marked in the head g1t
+ respectivelyiay ecome standard positions on the lateral aspect of the of eadavers, drill holes placed through the akull and o 5
: =ght hemisphere, while Fpl, F3, F7, C3, P3, T3, T5 the coriex marked with India ink in each position <o R§enig
£z ad 01 become standard lateral positions over the before removing the brain for examination, Brains i 38
2ft hemispbere. These numbers were selected to with gross lesions oT local atrophy were excluded. ]
Jow for intermediate positions (e.g. F2, Cg, C6, ete.) Although some variability was found, and is to be 3
sor special loculization studies. expected, the position of the two principle fissures
p31 ’/_ pgz - ..
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Fig. 4 _ e e e L
T“]lel lat.:al view of left and right hemlepheres ahowing all standard alecirode positions, pmittlng {ntermediata
positions isuch as C5 and C8) which are used only for special studles with more closely spaced electrodes.
. lese drawlngs were made from 8 serles of X-ray projections with true lateral views. The locatlon of
d:“(‘")ﬂl flasures was determined by silver clips placed ab_operation and by other anatomical studies
m:nrlhe«l in the text. The location of pharyngeal electrodea (Pg 1 and Pg 2} was also obtalned from X-ray
dies with these olectrodes lo place. - - e
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Fig. ¢ B
& single plane projeciion ot the head, showing all standard positions and the location of the Ttakwnbic ““\‘: ; A .
© Sylvlan fissures. The ouler circle was drawn at the level of the nasion and inlon, The fnner ciTE
represents the temporal line of electrodes. Thiz dlagram provides a useful staump for ihe ind!
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. o system was adopted for trial at the
Ths ;;“t;r:%;en‘mj Assembly of the Internatiounal

2 e in Paris, 1949, Sinee then it has been
Fears 0P everal laboratories and has been con-
"'“dhj'rlr satisfactory. It was not intended that
“ahould prevent trials of other electrode

m 3 - - - .
2 T ssibiy with the view of its revision at

paceme 0l po

THE TEN TWENTY ELECTRODE SYSTEM 375

a subsequent International Congress. 1t should help
to make more comparable the results obtained in
various laboratories. It should certainly facilitate the
communication between laboratories, in the literature,

“and with referring physicians who become familiar

with the localization of EEG abnormalities in terms
of thesé standard iandmarks,

Tt should be pointed out that this is not “ithe
Montreal system’’ or ‘‘the Jasper system’’ as it has
sometimes been erroneously ealled. A different method
of measurement was used in the Montreal Laboratories
prior to 1949 when it was changed to conform to the
International Standard recommendation.

Respectfully submitted,

HerreErT H. Jaspeg, M.D.
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