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A: Homogeneous Torso Model
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X6 ATINEF*FEOMHEICEZED M8 AILREFZ2EVHHEICEYZENKFEHR
7K ¥ image surface image surface

A—A—A— ' 1 intercostal space O--0O--0--: Il intercostal space
O—0O—0O—: 1I intercostal space A—aA—A— I intercostal space
@®—0—@— : Il intercostal space O—0O—0—: N intercostal space
X—X—X— . N intercostal space ®—0—@— : V intercostal space
A--A--A-- V intercostal space X—X—X—: VI intercostal space
@®---@---@--- : VI intercostal space A--A--A-- VI intercostal space

®---@®---@- : VI intercostal space

7 ALRETZENEHREICEHOKFE M9 AINETFZHEVIMAICECLROKTEE

image surface image surface
O--0---0O--: 1 intercostal space O---0O---0O--- . Il intercostal space
A—A—A— ]I intercostal space A—A—A— N intercostal space
O—0O—0O— . 1l intercostal space O—0O—O—: V intercostal space
@®—-@—@— . IV intercostal space @®—@®—@— : VI intercostal space
X—X—Xx— . V intercostal space X—X—Xx— VI intercostal space
A—A—A— VI intercostal space A--A--A-- VI intercostal space
@®---@®---@®--- VI intercostal space ®---®---®--- . X intercostal space
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i image surface
O---O---O-- : II intercostal space
A—A—a—: 1 intercostal space
O—0—0O—: IV intercostal space
®—@—®— . V intercostal space
X —X—X— . VI intercostal space
A--A--A- . VI intercostal space

@®--@--@-- . VI intercostal space

T image surface
O--O---O-- . I’ intercostal space
A—A—A— 1 intercostal space
O—0O—0O—: II intercostal space
©—0—@— : I intercostal space
X —X—X— . IV intercostal space
A-—A-—-A--. V intercostal space
®--0--@-- : VI intercostal space
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X11 A;EZZ@?%%IVMF&H:E»W:B#@E%K X13 ALREF#EVIHEICEWLBOERKE
M image surface image surface
O---0O---0O--- I 1ntercosta1 space O---0O---0O--- . Il intercostal space
A—A—A— : 1I 3ntercostal space A—A—A— . N intercostal space
O0—0—0— : m ?ntercostal space O—0O—0O— . V intercostal space
o—0—-0— : 4 {ntercostal space @®—@—@®— . VI intercostal space
X—X—X— : \'4 fntercostal space X—X—X— . VI intercostal space
A--A--A-- : VI mtercosta] space A--A--A-- . VI intercostal space
@--@-—-@--- . VI intercostal space ®--0--@-- . I intercostal space
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1) AILBEF#A, B C,DOLHEICE N
B K EE ) image surface (X6,7,8,9 ),
R UOERIKE image surface ([X10,11,12,13)
(i LAY
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FETFOFETILXNLL N FEREI LNV
~)U (BN, VIBIEL <, RUEN, VIRRE
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DHLIZATIREFEVINBICEFET 2KBR
KeZ ), AIREFHFEFICHEIT2IcoNn
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R, EVIFIE BN E L > T2, ALTRF %
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BiH~, BVIMEICHFET 581, £REICR
RE®FICRUELE., EA~NORNVELIZAL
MEFHEVIHEL_NMICHEERAEL >
B, IBEACEIRRD -T2,
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H14 AIRBFOFET 5E S THOKFE
image surface
O—O—0O— : Il intercostal space
A—A—A— . N intercostal space
X—X—X— . V intercostal space
@®---®---@®--- : VI intercostal space

2) Y-Precordial techniciz V>3 Y $EiE~7 |
NOEE R FROFETRNH, (F1, H15)

KiCHIE LD " AENFHE~ST P ADYE
B, RUZABHNAZIFR2ICTLL,
ZFLTCZINFHEE~N7 P LOERKETHHEE %
H15i25R L 7.

YFHEXR7 o, METF ATRE
FLRA—NEIZECEHAL, FVHHNES
ICBIEL 254 L THET 5 &, MfgnEiz/h
&K, DnEMHIcTRAL L 2D, TDERLY
ENBRNETHH T2,

KICHIEE o — SHENFHE~N 7 + W ERK
HCOMEE (6 ) &, MEFRE VIV~ UCEE
LIz YFE~S7 F LBV ) % BT 5 &,
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£1 XY ZHEEBRENOYHERI FLOEHTNDKE R, KU elevation (V°)
A ! AIXEEF=II intercostal space
B : ALR#¥=N intercostal space
C : ALR#EF=V intercostal space
D : ALR#EF=VI intercostal space
A B, CDNEEMHICT, MEBEZ ALREFLRE—VRLCEWLIFAL, BV
FV~RICEEL 72354 & THEIL T 5,

X Y z YHB~I b
i x y z x y z X y z elevation  (V°)
M= 0 1020 0 220 8380 20 220 180 0 6.8°
A Mi.c.s. — - + + +
M= 0 1050 0 40 9760 0 140 50 0 6.3°
Vi.cs, - - + + -
= 0 1200 0 205 8480 10 240 460 0 8.8°
B v~ - - + + +
M= 0 1250 0 100 9200 0 210 300 0 8.0°
Vo~ - - + + +
C M= 0 1260 0 210 8600 0 260 680 10 95°
V- - — + + + —
M= 0 1300 0 205 8920 0 280 830 10 9.7°
D VI~ - - + + + -
M= 0 1060 0 330 8020 10 250 585 10 85°
Vo — - + + + + -
£2 Y, ZHAKBEEL BOHWE O " AMOFE~T F LOKE S,
A | ALREF=II intercostal space
B : ALX#F=N intercostal space
C : ALX&F=V intercostal space
D : ALXHE&F=VI intercostal space
2~T7FTCHERFESIIF2 TRLZAZERL TS,
Lead | 0 3| 2—-4|(3-4|3-5(4-5]4—-6|5-6[5-7)6—-7
vlz|yiz|yiz|y|lz|y|lz|ylz|yl|lz|yl|lz]|ylz=z
A) ° Mi.cs 9580 | 3480 [14500] 1500 | 8950 | 5400 | 9620 | 7200 | 1300 | 6950 | 400 |10000| 980 | 5280
+ = +| =]+ +]|+|+]|+]|+]|+]|+]| ]|+
B) ‘' Ni.cs 11900| 3600 |14300( 3000 | 7500 | 3350 | 9200 | 8000 | 1800 | 9580 | 1000 |10700 1000 | 4600
+ =+ =+ +]1+|+|+]+]|+]+]|=]4+
C) : Vics. 7950 | 9400 [10000{10500 9850 | 3000 |14500] 1100 | 9200 | 6380 | 9780 | 8450 | 1400 | 5850
+ | =] +]|—=|+|=]|+|—-j+|+]+]|+]|+]|+
D) : Vli.cs. 2000 | 8300 | 2700 |10000 | 6020 | 7580 |11000{10500{12700{ 3000 {15100| 2000 | 6750 | 2800
+| =] +|=]+|—=|+|=-]|+|—=|+]|-]1+]+

2L3NEEEFFERALLEILO=20L%Y, %), YRERIILEDBENERZINF
YFHEXRT PN ENAENEIZIZT LILEHA 3.8, 8.8°r%N, 3L 5nNFESANFHICA
Th-7z, IRBFHFEL TR L ERL T,

ALRBEFHFENMEICH 2354, YHEX  ATREFHFEVHRICH215E, YHE~
ZENEV=8.0,3 L5NFESLHERALALE JZMVEV=9.5426DFEELHEHL -84
6 =118, 3LANHEEEEALLM =168 06=4.3°, 45 NFEHELHAL 28 6=169
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V. V. V. [v. [v. Jv. Jv. [v. Jv. |wv.
Y 2-3 2-4| 3-4 | 3-5 4-5| 4-6 | 5- 5-T| 6-7
&Iﬂi.c.s r,
_7 V'=5.5" mij 4!7 ‘é{: * = T“ =
A _&—-Vi.c.s |
JV=83| gz |g¢=5.9 |F=18.5|r=13.2(r=100.6'| p=92.5" | #=70.5°
M=Ni.c.s V V }\’ | l
e TR R
B M=Vic.s
4W=&” g =16.8" | #=11.8" | #=152.2"| §'=139.0"| 5/ =100.6'| &'=95.3" | &'=77.7
_&Vi.c,s ] ' =t<
C V=95 /ﬂ / A
g=19.8" | g=t6.4"| #=16.9° | F=0.3 | F=145.3"| ¢=133.2"| gr=103.5
__IM=Vlics I I/ V v
v=9.7 v
D ] A4
_M=Vi.c.s
=8.5* o=76.5" | #=14.9"{ #=51.5' | ¢=13.7" | #=13.3" | ¢=7.5" | #=157.5

X15 Y%!.-!r'\7 ot (Vo), Gl LN " SMNZFR~ 7 P VNOEXRKE THAE
 ALRIEF=II intercostal space (Il i.c.s.)
: AIXEF=N intercostal space (IV i.cs.)
P AL F =1V intercostal space (V i.c.s.)
: ALRBEF=VI intercostal space (VI i.cs.)
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i), YRUENZ MV EDRENERFNE
Nn5.2°, 7.4 LERWICHEELTWED, RLE
WAL LL6NFESEZFEHL 2BET
Hotz,

AIRBEFHEVIIRIC b 235480 YRE~
ZMNIEV=8.5TH", 5 T7TNFESLE
HALAEO=15¢%), YHRERI I LER
LRATICIES B o7z, fE->TH5 L TOHRAICA
IRBFAFEL TBILERL T3,
5L6NFEELANTEBAETL, §=13.3
), YHRENZIPLENHENEEZLTH
4.8 Th-1z,

UEEN YHFES FADMS E, RilgEE -
N_EBDFEN 7 P IVOERKETHAE L I
BYaL, YHREX7 MV ERLFETIEL %
LN, AIRBEFL~ L) ETICSESC
BN _HrFEs L LBATH-2, Ly
LAIRBEFHEN, V, VIHEICH 2543

(6)

ATRBFLvNLEN—BMEFDEE AN
BFLRLVEDESNZEL NV 2 2FET P
LYFENT P EEEBFITICEP T2,

3) Frank i FE#HEIC DT
AILRE®+%2, S, NV, V, VIEEOHEE
FRLPOEEROIC, FRERENEL 2154
BB -BNFEXT P LDKE R, HUA,
RUMMANFHE L ERRES, RIIIRLE,
Mg (LE, C, A, M) 28 VRL ~LicE
EL, ATWETF 2Fntotn< BE#h¢FnX,
Y, ZFHE~ 7 F LOKE SOFHHEEFR6ICRLIC,
NIRRT E VIR H 2580 X, Y, Z #HE~
TINORESRZERERE LT, ZN5HDMEE
ZRl 2B L TABE, ATLRBFHEIM
BV ~ICH B85, X SFE~ 7 iz —22.4%,
ZFHEN T P N2 —36.6% E FRLRH D H 12 .
AL REEFH 5N B, SEVIIREIC & 5 85, FkED
Bk L TAhBE, XFM~T U —84% (5
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Dipole Chest
Dipole < level

level 50 100 50 50 100
X

m v H-1
z
X

N v N-N
z
X

vV v V-V
z
X

M v &
- M-V

X16. MER¥EF % E VML ~LIcEZEL, X17 WEHETE2 ATIREFLXALER—D
AIREFZ250, V, vV, IMED BRIcEE, A\IRBRF*EHEOR
BRI RERL e L TLER HFEALLRLEZROLE LT OEEFE
ERHA D5 SIS B8 L R M~ EBANIS S BB L RN FE~ 7
7 b VDKE I DFHE F k& & nFEHE

%3 AMKBKEEATCATRETFZE0, NV, V, VIBEOBREZFELH.0E % B,
LBFERBRANISSICHHL, WHETFZ2EVHELV_LVCBEEL 28, RUAL
HNBEFLER—VRVCBENRHNFEN7 F LDKE L, FRADFLERFERFS

Dipde Chest electrode Strength Strength Azimuth (H°) | Bevation (V°)
level jeve || Mean | S. D [Mean%[S.0.% | Mean | S. D |Mean | s. D
X | 7570| 6825 78 | 70 |- 87°] 108 | 826°| 396

m - V Y | 9520| 3395| 98 | 35 60°| 098
z | 7800|16754| 80 | 172 | 898°| 184 |1118°| 836

X | 0140| 4242] 94 | 43 |-99°| 121 | 912°| 217

o0 - I Yy | 8180| 3135 84 | 32 68°| 172
z | 11310 8159 116 | 84 | 905°! 187 | 999°| s25

X | 8940| 7559] 92 | 77 |- 96°] 118 | 866°| 346

N -V Y | o480| 2704 97 | 28 73°| 179
z | 10850 | 16659| 111 | 171 | 909°| 223 | 1074°| 649

X | 9340| 5232| 96 | 54 |- 97°| 123 | 902°| 254

N - N Y | 8770| 2165 90 | 22 79°| 207
Z {11910] 8800 122 | 90 | 914°| 206 |1013°| 515

X |9760%| 3556] 100 | 36 |- 93°| 137 | 912°| 223

vV - v Yy | 9260| 2538 95 | 26 g2°| 234
z |12310] 8726| 126 | 89 | 918°| 213 | 999°| 475

X | 9390 4975 96 | 51 |- 79°| 134 | 966°| 341

Vi - vV Y | 8610| 1974 88 | 20 77°| 275
z |10820|14237] 111 | 146 | 911°] 236 | 926°| 553

X | 9880| 5236] 101 | 54 |- 91°| 119 | 906°| 241

Vi - VI Y | 9530| 2405| 98 | 25 84°| 280
z |12520| 7901| 128 | 82 | 908°| 296 | 998°| 507

9760u.=1002% (1000u.=0.001v)
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WEIRR), —3.8% (FEVIENR), ZA&E -~ 7 + v 13
—11.7%(EVI), —12.1% (EVIRR) & Mk
BEbIZ/ N TH -7z,

F 72 NTHHEF % BRIV~ L 72
BFEI P NDKEEDM, XY Z13,1:1.26:
1.03( S IANART), 1:1.05:1.21( IV AN, 1:0.95:
1.26( % V i), 1:0.92: 1.16 (B VIBHR) £ e 1),
e ) DEED A L LT,

Rofh T % ATVERF & F—BEL ~Uc B &,
NTRERF % SRR RO PLEZRGE L
CHRR L 72158088 L 723580 XY, ZHE~ 7 |
NDKE BDEERENNTL 72, ATSERF 8
VIV~ BFENX Y ZHEE~ 7 F Lo
KREX B HokB L LT, 205D BT 2
&, AT FHEN M, EVIFEL~ich 3
B, XHE~ 7 U —4.3%(ENVIIR), +1.2%
(BEVIRNRS), ZHE~ 7 P L2 —3.2% (BN RIR),

Dipole
level Azimuth(H®) Elevation(V°)
—90° +180°
m
v
v
+90° Z
VI

X18 MERMEF%#FEVEIELV ~NVICBEEL,
AIRBF#EM, NV, V, VD
A U a2 b & U LB
BBANISEICHEB L LBENFHFE~ 7
F LD FHEDFHE

Z2 @&

+1.7% (EVIFIFE) L LB IRF I/ TH 72, A
TITREFHEBNpEL -~ H b8, XFHE~N7
FiE—6.4%, ZFHE~ T }LIE —8.1% ERRK
KB 2R L7ohs, BEERET575 VR L ~UCE
EINLBEOEGCHET 5 &, 135/ ThH- 12,
$ 72 NIRRT % &B0RE L ~vicBhA | 72850
FHE~T P NDKREENMN, XY ZIE,1:0.89 :
1.23 (SIMALRE), 1:0.94:1.27 (NI,
1:0.95:1.26 (VAR 1 :0.97:1.27(8
VIBORS) & 7D, ZRHRR CoZEshd BV TH - 12,
KRICHERET % ATIEF L R—V VB
12 L EVHIL -~ EWBA0X Y, 25
EN7 P AOKE R B HET 5 E(H16,17), HIER
BWF ATRETF L FE— L~V EW 2R 2 i
L LT EVHREV~NVICHE L -RE0RRE RS
&, ATREFHEMMEL ~ s b B RS ZEE
N7 FNDRSHERTH N, XFE~T L LD

Dipole Chest
level electrode

level Azimuth@") Elevation(V*)

—90° +180°

m—1m +180°

+90° Z 0°

N-—N +180°
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Effect of electrode (I, E, C, A, M) level on the vectorcardiogram
with the Frank lead system
Part 1. Experimental studies with homogeneous torso
Toyotake IKENAGA
The First Department of Internal Medicine, Okayama University Medical School,
Okayama
(Director : Prof. H. Nagashima)

Although it has been considered that the transverse level of chest electrodes (I, E, C, A,
M) is important to the accuracy of the dipole component derived from the lead system of
vectorcardiography, there are few papers available which deal with this problem.

Using a Japanese male torso model with a homogeneous volume conductor, the following
two points were investigated : 1) indication of the correct level of artificial dipole with a three
step technic and a Y-Precordial technic, 2) effects of shift in the level of the dipole and of
chest electrodes from the fifth to the third, fourth or sixth intercostal space on the lead vector,

The following results were obtained:

1) The three step and Y-Precordial technics indicated the correct level of artificial dipole.

2) The magnitude of lead vector Z and the elevation of lead vector X and Z were changed
markedly by moving chest electrodes upward or downward from the artificial dipole level.

A concomitant shift of the chest electrodes with the dipole, however, caused trivial changes
in the components of the lead vector, regardless of the level moved upward or downward from
the fifth intercostal space

The results indicate that in the homogeneous torso model, chest electrodes should be
present at the same level as the dipole, which can be detected by the three step and Y-Pre-
cordial technics.



