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HE ) 7 1 BIESRBE RN N400 DFE & TR EITBIT 5 FE
—FEWR A T Y — — R TR X B IR —

ARCEEY: fRE EE

AR BT

BARWE I T

BE 6~30mOBERLL 10~ 4RO ENTAEEIEE SHIH L CERBEEMN N40O OFEE S Y

71 AR ERET L 2.

10 Bk 0T E 0TI TEEM N40o DL LR SR TR s sz,

10 L LTl E

FYF 4 EREEES ) F AL DEBINIIEFR LY — U ER LA 056, MMEREFEDREICHERN 2 B

WLBRAFEL T B 2 L A5) dshb iz,

FATEEETIIHERROL I —PHEMHLSL, N0 BRPTERART

Holo. —F, HEEES )T 4TI N0 W, BRFE SICIEFIL L. SREEEN N400 12X ), EBRALERE
BoOREE S ) 7 4 FIEMEPIREEZIMEL O 2 L ER 2.
RIHUE FRWEEN, N400, FEUFEAEIERE, ERLHE, g

@ U & I

HEMEEMN N400 138E, €= — B EIOEENICE
RENLLEZEIT AT, SCROERERE I LT
#9400 msec BRI T HREOMBE LR L+ STV, BEO
PR ERALIE I 5 HLMEEM L LT 1980 FIHO T
WE? SN TUME, HERFAEL ERABHMREE SR
ICHENTELY, —F, ARIGERTE R N400 28I, B
EDHDLVIIREFHENICIRRT S [FBEERE] PETH
D, THETHFME (dyslexia) FIDMEHA L 99,

PeE SR/ NEH NAQOFERE & L C, MR FF T
TETRRT A V) [E®RD 7 T ——FCHiakE] 23
FLAY. REEIBENEELRD, FREEHRD LEH
THNIETHEITHRETH Y, RFEEEGFOES ) 7 1 JIERL
BOBSOLITREL Bbh b, FZCRFFECIEET, LiiH
HErACTHEELREES) 7 ¢ B ERER R L v
9 3 &0 NAO IEIICBIT A EERELHL LT, ()
— RIS O FUCHE P L T — BOREN BT OV T b
HCHE L. R, MEREEFUROERRA EERE
EGICRIER L 72 NA0O R E BN A 5, BB ERL
BOBEICHBES ) T4 1L 5 £BECERDSALONL D

VESLEER - AR v 5 — MR ER R RT A EE E
P HEER RSN IRE
FERES T 187-8553  ANEHI/NIEERT 4-1-1
B AEH - FE - v 7 — MR RSB A A R A
(FREEE)

E-mail : inagaki@ncnp-k.go.jp
(ZfHE 0 2005, 12, 22, FHEH 2006, 2. 14)

& I oW THRE 24T o 72,
1 M&-FH&E

1. ¥ ®

TS I MERNEETRD RV 6~ 30 D 38 4T, /AE
Mg (BIRSE) THYH, 6 ~98D 186 (F¥+ 18D, L
TR, 73211/ L 10~ 4B 104 (116 £ 135 @
28 (LLTHEAR, SEBELTL) 0o, A2 ~305%
D10F (266 £ 278, B IIRELT- 7.

FEFNINERE A EDOPE2EEETTOIH (1221358, B
WR7H) Thol. £PILEHOBES SETORBICERGS
Mol NERAER, PELEETOBEFEETHL LY
FHRZE Ly REFRELESZ L. REEORAESHMES
RLZ16 (F1; ER2) I EBEATORRE-LFEDH
AT EAETE hh ol FEEDIH (FEH 6 ~ 8) IT3EEE
DTINT 7y NUFEOHR,;ZEICOEES AN, EF2 %
BT HRSERREEEOEREGEEOEFICERLRET IR
old, (o] % () 2 Thl tZEaHE) 2 OREEFIC
BmORARLNI, FLT, EFEOFAEEET—2~—3FEMT
ORETH Y, EFSEETEFFPIERIEELVIE Y
F o T,

WISC-II {2 & % 35 FIQ id 87.8 (FEHERZE 14.1) THo
(VIQ = 86.9 + 18.2, PIQ = 89.8 = 10.8). 72, 5#I® K-ABC
DOBBEBAIZ0~ 111 EFRL, JETDOHEALTOEBEIL
BB ST 7. Raven Colored Progressive Matrices (RCPM)
BEFITHITS N, Wb ERHRMNTH o7, SLTA (S
HEEMRE) OB, SMYOEBIEFREL L, [EFofs] 2
[EEXRY | OBEFEr-7. BFOBRY LT, EF6ILE
T O(HE, SRE, ¥H5, %)) oFSIY & [HM, i, B
5%, #I] L TEND S VIZBENEY 2R L. ER 2
i3 Frostig HBAIESEEMAETRE (PQ) 2768 LHERIEREDKT
HHY, Rey BHMEOEEMERH & HLTEROTHIES TH -
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432 & FE $H38% HEe6w
F1 FTEEEGSOHFEOCHEREDT LD
i WISC-TI K-ABC (F#518 1) SLTA (%) RCPM

No. (1%) [ FIQ VIQ PIQ | Z kA XOMEFE YHRE | ETHT ReEwT ETER O EAEETW OBEW | #Ba

1 (m) 10 85 81 94 60 68 74 AR 28
2w | e e o | s s s6 | o o0 o o o | 2z
T3 n| e w9 | wmE | T 60 0o 00 | 3
a2 | 13 o e | 03 04 1| o g0 80 00 40 | 36
Csm) 12| s s s | S % 6 | - w0 g0 0 i 00 80 | 30
6 13| o s s | 65 90 o4 | w0 80 0 00 40 | 34
i B s e | o e 127 | 10 100 100 1 0o w0 | 3
g m 4| 8 72 s | 6 BB | 80 100 100 | 0o 80 | 36
SLTA (FHERFERE) Es5 2w L 10 MEZDEE% 100%E Lz

RCPM (Raven Colored Progressive Matrices) ($3 v v FOREBEFRLA (36 AFH4)

Fo. FEBIL & 5 ESEENMORMITTTEETH » 727, EBHEEXEL
HIRE (VPTA) OBMRIEOBEICEY A LN, 481 (F
B4, 5, 7, 8 &, Rey ® AVLT (Auditory Verbal Learning
Test) DEFEHEDOHLGHNERFTH o7, MBELHERETL -
EDBLOVHRTH N7 RELREFTHENART, hef
AFBBEEOFRANELL TE Loz ULy, FEEsi
TEREECBHNLL.

B, WHREFNEFET, KHORBERBICRE RO
ol BECHZoTEADLVITHEEICFONELHY
L, RA»SORE, BLU, METEHEES,LOOREL B
7z,

2. F &

PRI HERIIURICL 2By F I — — BRI RS 24T o
oo Thbh, WMEE (75140 81) LLTEYHLVIE
FEY O 2 H T I —BOVTIeE S0%DERTIRL, 0
By —4 vk (S2) ELTEMERIRRLT, BfrH 7Ty —i
By 40 B2 sz, ZOB, A—BeHEE I EFEo
BIET, —EHERCRENSFoBRB T - LEIEE KD
7.

FlsRRE, OBEES 71504 (AE—7—25L0EFR
R), OBREES V71 & (£ —HE LOFHRELFR
), OHIEEEY) 74 &M (FFEXFELRBIRR) O
TIIHELD, ©, QDT IFEEHBIL-TT V5 A
WCHRE L7, SRR ERE oREE T -, Wity ¥
AMAT—T (18-702 system, FHET At v 7%k) THIEL, #
MEFITAVFOCRTEZ Y~ EAE—H =556 Im OREC
BB SN TFICE o R TR T o 72

B L7 baXyy 7 (BHEE) 2ERL, E10-20
WD CHE R 1987 (Fpl, Fp2, F3, F4, F7, F8, C3, C4, P3,
P4, O1, 02, T3, T4, T5, T6, Fz, Cz, Pz) 2056, 7T ¥ LIRIKET
Alliance Works (VIASYS Healthcare #1) % F\WCEEsE (7))
OB 250 Hz) L7 B, BEEBUEBHEZRERL LT

BEOA Y E—F 2 AE5~10KQ & L.

EEMEEMERNGE o4 Y7 Y 2 7 INSIGHT
(Persyst Development Corp., USA) 2 &> T7F ¥ A PEHE I,
EPLYZER I-A (Fv &4 T4 5 v Z3) 12X ) ngmsE L 7.
—HCHIBT, A—EH T &4 30 BHERL, BT2&x1T—, &

FIEBIUCBEBADREOT—F 7727 bz @kED
ISV FIAT 4 MF—1E005 Hz 205 50 Hz ISR E L, X
ik s2 P T —EERT 100 ms 5% 1,100 ms TTE L7, #
UL S2 AR 100 ms DPHEBALE L7z, 2B, HABEHED
FEPI1 L2 ER Y - LOPRGEFELEHRTEY, HEESY
T4 ORI SR L7z, D O 6 PHITRTR Lo R R B
60 T R CHEFHEIEETH o 72,

INFTORAB L6~ 9 FEE/NIBO N0 FTR™ 55,
=y b BEERR 300 ms 25 650 ms 2BV THIEER A 5
DT TR Y — 2 28T iK% N400 & HIEF L7z, N400 2
BCBUEM BB S (LPC) & L7, 7, EEANR2
B, AR LECBZNERORIETHER 2R L, BELE
BWOHBMAFEE ATAMAP-TI (¥v A abFv 04 &
EP Map View Analysis #4777 5 L (NoruPro Light Systems)
T, WLz, SEORECRABE Y ) 7« L OFRER
EALRHEREGN ORI S 2T 572012, RO
N4OO TR A AT DV TR L7, BehdMetigry 7 b
Stat View verd.5 (Abacus Concepts, CA, USA) % fi\:7z. Mann-
Whitney @ U test, ANOVA % B\ C p {EA%0.05 LT 054,
EED Y LML

I #

®

1. N400 D3EMNZEAL

D EEESYF 1+ (F1a, d)

HHEDSTE 18 BlORINE R T, Bigtko N40o /<
=R, A—FCHEEE O N400 THAIXFY (EREE)
511 (46.9) ms 2@ o7 (—HCHETER L 466.7 (44) ms, ©
FThd Fz i), N400IRIEIX— 10 ~— 15 oV T, B L
LB, BETEERIC T TR A LTz, LPCidE—2
BEASB X Z 900 ms Thorz (F1a, LHEEHD.

—%, EEBE T S2HAHR 120~ 40 ms LTHR ZHD
Pk lofi &, etk Neoo R Dz, P OA—E0H
TS N400 E — 2 (ERIT 302.4 (30.0) ms & 4364 (38.8) ms
(—ZCHIWT | 2942 (443) & 4786 (23.7)) THo7z. HE
EAZBU A T EOBRY E - 7 RGO R— S B 1 —
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67 ~—82 uVdh, —FCHEEL VIRENEP>7Z. 2O
§ 5 \TRTSE AR TS R A BRI 7 T N400 IR & AR L
TWz3s, BHIESHTIETIEE O N40o ¥ ZRIBSET 5
LR, LPCASHIL D ZFOBTES T 748 ~ 784 ms Il
¥ (AN

T NACO /3% — IE B ABEDBIZEES ~ FLE T S A
B HEE SN, R—EH B0 N400 FH ¥ — 7 B
FNFN 292 ms, 416 ms TH o7z, 2B, BRABFTDH S2
% 105 ~ 115 ms WIRFIOBRETER RO, SEOEADRE
HHE N0 E— 7 BPETO|ME " &0 b E TRV L T
Wz,

2) HEESIF4 (Hib, e

FEABOBIMERTZIZEE TS Y 7 11248 5 N400 T &
WELY, TBEOBRMTES TR L. ZoITBERERIE
BTEEE D & LB T TH » 72, A—B W0 ¥ — 7 %
B (PR EEREE) 3 C2 B8 CENEN 3684 £314ms &
4916 £397ms Thorz, “IEBOY— 7 ERIIHEEE S
F 4 OEMEM N ¥ — 7 LAELREE 2,07 (p=01).
LPC 380 HEETESRICERD S, 650 ~ 720ms DE—7
HEEECTHo (KM 1b, L& RED.

FERTEBREOHEAXAHEL 2D, OB TIREE
PR E B L7 A—HCHERO ¥ — 7 BRI T 320 ms T
B oz, BHIESD O BEICH T TOEEN R EROBER
MAEABEL D BTR Ab NI, LPC i Pz ERICHIEE T, 600
~ 650 ms IZERDH SN,

B AT SR BB EREA TR L, N4 IS/ v F

BLTw7. B, BISEEO N400 1L EA B VERE TR S
h, POASHEE, 7L TCRESICHT TEOY — 7 EEIE
PBIE LT\ /n. LPC IR B X % 500 ms 1232072,

3) HEEETFY 74 (B, )

EBESINE BT S2 % 110 ms IR D OBHK 2RO
7275, BWEES YT 41055 NAO I &R L 72Xy — >
%5 L7, Fz, F3, F4 12 NAQO DSHHBECH D, ¥— 713450
~ 460 ms o7z, Fz BN THOE — 7 IZHME S 7 1B
N4OO ¥ — 2 £ D b EEIEMH L Tz (p<005). LPCIX
BETHEEMIZB L #2800 ms DE— 7 THH LN (| 1,
A ED).

~7J5, EEBECIEIEEEY) 7 1 BROWEIE L2y —
YRR, BBEM TR TS Y - s SR & L2, Pl
ERTIZHIEE D NAOO DR b AL, O — 7 T 320 ~
330 ms T o 72, NA0O WFFTHEIBATHIELR & ¥V HiL o T,
B, EROBERMIHEEES ) 71 BREFEKT, LPC
AR ER A & BETEERIZ 213 C 550 ~ 600 ms D K — 7 BIFTH
L,

BAEETE, TRERE ERR R O & BB OB
B EALRLTHho7, Thbbh, BEOBERLE D
h, ¥— 73 320 ~ 340 ms ICREIE T &2, RIBIEE

433

WG 1~2pV EBEBMEM TR L. LPC B ERM
Fl k0 SIS MENZ L, HEEHEMIC Y — 7 & 500 ms
BH LT

2. HAEEEERD N400

IMEMEATRETH > LB ERRHEEIERER =8 @
N400 JEIEClE, TEEEE 471 7 ¢ BRI 23R B L 6
BoTEt sy — %R0 (2, 2b). “HHOY -2
(463 +36.2ms) & Fz S CBIEL Tz (EHH] 430 = 16.9
ms, p=0041) bDOD, FNLHD 18 T TIHEFEIROE
M LBEE o

—77, WEMEICL SN0 (n=16) EHEIEFELIR
%Y, BEER G TSR (20, BEIZA) TRLAL.
Y — 7R3 7 N ZNEY (SD) 45326 (27.6) ms & 4587
(269) ms TH Y, THEHOY — 7 BEIZIZREN LD OE
TRRBIEERTD (p=1001~004). /2, EEHOKEE
(& 2a, £E1) & HATLPC A % SR <, HEIEE
DEEENFER LTV (P2 EHRIBEREFEE6L 1V, B&
EEXBEEH—-49 4V, p=003).

A & i ) o> R B (7 B B N400 I TR A RTEEER T
T (Y — 7 {326 + 45.8 ms & 426.5 £ 60.1 ms),
LR THIEY: (416 £ 446ms) O/8F — 2 THY, BEHRHO
EE S 74 BT E My -V ERL, 20OY—2
BETEEHOBEEE ) F 4 1ML BIEELLTH o7,

3. EBUSTH

EABEOTEERRNC X D N400 13 827 450 ~ 550 ms £ T
AL ER D & A BTEEED, EHTEECEME OBV ATLIICE
BN, BRERBTIE 340 ~ 420 ms [ZATEEER RS R AT 5A
WS AE S, REEE R R LT 400 ~
500 ms W2 CTEAOMERBL R BEGA S -2, £
B o BT RSB (B 20) 1F, 300 ms THLEG
BB, 430 ms THEARES (F3, F4) BN 2RESAZ
b7z, 600 ms LIBAFETHATEENIC LPC OB 2 s /2.
— PR C IR TH 5 b DD 320 ~ 340 ms IZFEHTHE
WIZBEY — 7 05h - 72, HEERRHECOFEMIAHE
AR DTSR , BERSOPLIEIAHE TS - 72,
LPC % SETHA GRS A2 300, BRGSO Y — 713 550 ~
700 ms TH o 72, MADEEM A ITRERH CIIBERME
A do 7275, FEERETEPOIICEEESES B SN
7-.

BiadapEEy (X2d) OFEERENFO N400 LIRS X
# 280 ms & 450 ms [ZHULE D S ER ORI ICEBEED
WS ERREDL. —F, BERETEBRERSPREET
450 ~ 460 ms [CBEEOBRUSHHE N H HDATH o7, LPCD
WM A 0 L ASBETERR IS & {, BIFICE T 5 &) 2T
B4R L7, BEE RS N0 HEMSAIEE &£ 300
ms DEEIZ PRzl d gL LY — 2281 oh, BHiEs
ol
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4. RIGERE TS ~%
ELBFIHEES ) F AP DO TEEBRLHRALD b
HECIOHEEASEE LTz, HEHCl, — st
NTUAR—FHIBTEE O SUTEHRIEDS 3 Bt L D LR
o (FEEERL). £, REERBRHMOBICL &)
FOCHFEAER L T, —F, 10 M EOEEREMAL
EZRILEER L7 BREE S ) 7 4 A— BB Gk
B3 &4 902.5 + 261.3 ms, 799 % 168 ms) 7%, L& HIHH
BOBEITICHRIZb > L DEM L. BElmaT S
ETREREMAIC L 2 SEMERHI R NS, #iC
oL HIBIET S (1181.0 £569.5ms) &) EE AR L7z
T —REBEEFLVRTIBRENNTD » & dEvEH
bY, BE, HEERBHEOEICT S —E K 2o
(BEZEAZL). ERBEIBRABLIZIEZALLLS —22RL
o, BAHEEIRERIHELS ~2HIL->THEH, HAKL
DEICHEE (ANOVA, p<005) idh o7,

I * £

1. BEEAEBBOT AU F 1 IBEICOWT

HABEE N0 1 FICHEBOERH W GERHE) o
PROBEE)C > THIT BB TH . BEIMBEOF
TS, FH%2 CBREANST GERLEIER) 2.0H
HEICBYARHEOHERE GERLEBE) 1556,
HEFOROBEWEROER, Heb vor [ERmImpsni |
TRETHELOLENTWAY, NI BT BHF3EI1EE 0w d
DD, F—ORBEEE—-ATHEES ) 71 JHHEL-D
DREOFEENEEZBRE LRI ETIIEAEARS
NTwiv, SEHRA L7 TEY 57 3 ——3eH g |
BHROFRERET R AR ENTEY, FEHIIBITS
BEOBERBROSEC O W IR TEA L EbN 5,

SED - & DBEMTH o BIT, FMEEFYF 4128 -
T NAOO WA B o T B Th o 72, FRICHERIME, 6
~ 9RRIBICT A HITK & % NA0O B BTEEER 20 & SHIE S
TRCHERIZSH L TE Y, BAD N0 BB L 134 <
o Tz I0I LI/ ERSEE TIRBHNE L Sk
WHEOBILA SR OFEMPLER I L2 REL, 0
IARANVF=DPRENIE LB S 72, ICROERMEIEE
AR HEE ORI RE L AR LABICL, AR (5
~ 11 3&) CTRBEAL B THEERMIC N4 2o b T B
oo ERIE/ S Y — L REDIB T OTEETE N400 DD U
EDEEZOND. T 10 BLL L OEEM N400 R ABED
TS - EEUL, E— 2 BEOESTVEND D
BEEICL DEWRAIIT 10 BB EICHRAT b0 LR S
7z,

HEM N4OO IFEM L & D IT T8 A o Bs A~ & s
ZALL 2. TH/NRY 229 ~ 10 B/NE ™ DHEME N400 13
B -7 2RO BE SR, KERFEIRCERDIS.
ZFLT, ZHEHOBEY - s AR EENY — 7y L Edo

M sE #38% H6%

TwbD%, b L{EB>TWLDR, L) MrERs K
BMLAZLDEEZLRATWE Y, 4, £LBOTIBED
Y— 7 8 (F3H 491 ms) EPEERROBIEME Y — 7 B
(P51t ms) LERELTHo72. T &id, E£4F60C
BULHEBEOERY 7 OB, #LTBAL WS ER
MEBIZBIRITE S ) 7 1 FCHMARENTE A L GEF
THIEERBELTCHE, LaL, BEEEY Y5 ¢ FEIC
HEEZRRTH L, N400 ¥ — 7 BIHIE ZIEHEL L SN
(Fz &5 ; 450ms, p<0.05). T/, F—#LKIEERD FRE
BRFL o LD BVEVIFERTH o1, LT, £
BCURMER\EHLTEL oMb &, HiEOEHRLEE
BFEREINLZELHERENS.

0D EOERBLERABROEET ) 7 1 N400 i Cz
HTHZIZFUEEERL, - 27ERL3IZRECH- 7.
Thibh, HEEF)F4BVTOEEEY Y 74 LF#
210 LA CRRME SR T 5 Z L8 s i, &
5IC, 10 EOB AR E RN S E MR
ITA N4OO WTE/ 89 — UHRIER L & e o TH Y, HHRLE
B BMEBEMEID PP L ERERTOH o7, BRI
DGEIUSHRSS o E DEHL Tzl L FFICBIT
HEEERGEMAHMEARIEL TV S, LPCIZDOWTHH
HIRROBI0OBUEEOEY -7 3HETH Y, SHEABO
BLEAEAT ) A5 X 72, Robinson &, Napolitano & D% 9w
I2EBE, 4mETOALRIT—FIC, BB LT FEHE
THEWEES) T ANOEEPERTHY, EWHLLbiC
BACHET Y F 1B ERY, RATEESIIEEESY
DFAEMERBLELTWES, 23, BEEOGEDDS
EMHICE B IO EORNS L L E X D LR
A

2. EEMRABEEEONW EFIIONT

FEMICELIRAFEIRERT L LT, OSETHEED
FEOENRRE, OXUFORORENBHLXFETOME
HRIZOWVTORZEWRMEEL CEHOBRANFETRERTY
e SEREAZETETEEN 1 LICKHIEL, SN
BTINT 7Ny MLWNRTEE, TO%EIBESHTHLEE
ZoNB, LhL, BERCEETIEFTIRANETA,
WAL EHEDH Y, WFEEFBOWEFTAT 7y b LY
CLABMIC o TWwAED VL, Thbh, £FEO8H
DEJITHFREDBENDPA) LT TETCELTATEBE
EMWHEFOEFTCOFFL I LR, hERUBIRESTD
B, WEEFETILETIEIONS, FLT, HADE
EXSHNTEROLEITRBE 2 ) 24 <, N400 BEAHE
THEIELHRRTFEINS,

ZNFE T, dyslexia ™ N400 BF I FHEECHEE Y
TAWNE > TE L LSOO, EHBHEED D VI3 IRIEE
EV o R T ABERITRENT VB9 Bonte 61275
1IV7 GO ERLEORELEHL CV 594, 40
DREERRAE EBEIR BT 5 HEEME N0 IZREEE L FH
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BICZTIERERLE, RRPOATY — 2 BENEE (P<
0.05) WEBELZLb OO, SEMSHFEL S SHEEET &Y
T AL D N IO DL REN 2V D EEZ LN
=7, BEEY) 74 TIHREEH L BT S L TIEE O N40o
BHOREREBESTD S/, N400, LPC DEER 5 b
BERONY — LGB Y, TN ARG CLHEESY
T4 TORENHP -7z,

L Lads, HRIBERRREIC X - € N400 (ZBEBL L,
V7 EROEBAAONGE L. EFOHER L TR,
XEBRIUIELEEL TERISE OO [SHELEER] &
M EEIR EFERERE U0 EENERLEER] AN
THEIL TETTELEZONTWA Y, ©F hLRAOFEA
FAEERE, MROHERE L, 16 EF2) 2BvCH
HARANBROFHLBELRRATEL P 72b 00, LT
HPEDRER BIRAEERIZR AL D OBERENS Y,
BEERLESPEBENEN L 2o Twb b0 L Bbh. #
LT, ZomES) 74 %o THME LML 728541018,
BEFEIETHAONS L) RERLEOMREMEIE LTy
AT EbEZ LN

SEOHEFUI LRIz, 186 N7 N0 58055
MABEIBEOTNTCWEDHTIREL LTV AT, EroEs
BHORELEENIIRMT 230 TRV EbELI LN,
L Lahs, SAEIEEFI L THEES )74 %1
KRLLBEEOMBICL T, BADORIRE, So103E
BREBIOMER, FLTEFORINEIC ORI LI LR
HFEINTBN®, 57 15 NAOO BENHAZEEED
BRBEO—ML KT 5 WM IEZ bR L. 4%iE, M
FEOHERERT R & BREEEMN & OIS, SFEEE
DEFATED TV LERH L EBDbNA,
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Developmental Changes of N400 Event Related Potential of a Semantic Category Decision
Task and Modality Specific Findings in Patients with Developmental Dyslexia

Shingo Oana, MD, Masumi Inagaki, MD, Seiko Suzuki, MD, Reiko Horimoto MD and Makiko Kaga, MD
Depariment of Developmental Disorders, National Institute of Mental Health,
National Center of Neurology and Psychiatry (NCNP), Kodaira, Tokyo (SO, MI, SS, RH, MK)
Department of Pediatrics, School of Medicine, Tokyo Medical University, Tokyo (SO)

We investigated modality-specific changes in N40O event related potential using a semantic category decision task in 38 control subjects
and 8 patients with developmental dyslexia. In control children under 10 years old, auditory N400O showed a negative deflection over the
fronto-centro-parietal areas with substantial amplitude. Control children over 10 years old showed a similar pattern of N400 waves in a visual
and an auditory-visual modality, suggesting that the visual modality becomes dominant in the late teens. Dyslexic children showed more
errors on a visual than auditory modality task with poorer N400 waves for visual stimuli. However, peak latencies of N400 in an auditory-
visual modality were almost the same for auditory stimuli in control children. Differences in the N40O pattern in children might reflect the

fragility and reversibility of the semantic processes through stimulus modalities.
No To Hattatsu 2006, 38 :431-8
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Chapter 34

Multimodal evoked potentials in patients with pediatric
leukodystrophy

Masumi Inagaki®*, Yoshimi Kaga®, Makiko Kaga? and Kenji Nihei®

"National Institute of Mental Health, National Center of Neurology and Psychiatry (NCNP),
1-7-3 Kohnodai, Ichikawa, Chiba 272-0827 (Japan)
®National Center for Child Health and Development, 2-10-1 Okura, Tokyo 157-8535 (Japan)

1. Introduction

Leukodystrophies comprise a group of inherited white
matter degenerating disorders characterized by
demyelination and/or dysmyelination in the central
and/or peripheral nervous systems. In almost all early
onset disease phenotypes, symptom progression is
fairly rapid and death usually occurs within a few
years. Recent studies have revealed their etiologies
through genetics and metabology, and the pathophys-
iological findings through pathology, radiology, and
neurophysiology. In short, X-linked adrenoleukodys-
trophy has two distinct neurological phenotypes:
adrenomyeloneuropathy (AMN), a non-inflammatory
axonopathy found mostly in adults, and an intensely
inflammatory cerebral myelinopathy found mostly in
children. A great number of mutations in the defective
gene (ATP-binding cassette, subfamily D, member 1;
ABCD1) has been identified (Kemp et al., 2001;

*Correspondence to: Masumi Inagaki, M.D., Division of
Diagnostic Research, Department of Developmental
Disorders, National Institute of Mental Health, National
Center of Neurology and Psychiatry (NCNP), 1-7-3
Kohnodai, Ichikawa 272-0827, Japan.

Tel: +81-47-375-4742, ext. 1321; Fax: +81-47-371-2900;
E-mail: inagaki@ncnp-k.go.jp

Moser et al., 2004), but there is no obvious correlation
between the phenotypes of adrenoleukodystrophy
(ALD) patients and their genotypes (Takano et al.,
1999). In the 1980s, some families with Pelizacus—
Merzbacher disease (PMD) were reported as having a
point mutation of the proteolipid protein (PLP) gene,
which results in PLP deficiency. Metachromatic
leukodystrophy (MLD) is caused by arylsulfatase A
(ASA) deficiency in early life, and the ASA gene was
found to be localized to the chromosome 22q13 area.
Krabbe disease (globoid cell leukodystrophy (GLD))
is a progressive disorder of the central and peripheral
nervous system transmitted through autosomal-recessive
inheritance and caused by deficient activity of
B-galactocyl ceramidase, the gene localized to the
chromosome 14q31 area. However, in most of these
diseases, the mechanisms and serial physiological
changes during development of the pathological
lesion, especially in the same patients, have not yet
been established.

During recent years, several non-invasive proce-
dures for the evaluation of different afferent pathways
from the peripheral nerves to the cerebral cortex, such
as somatosensory evoked potentials (SEPs), auditory
brainstem responses (ABRs), and visual evoked
responses (VEPs), have been widely applied for the
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detection of clinical or subclinical lesions in diseases
of the nervous system. De Meirleir et al. (1988)
reported that multimodal evoked potentials (EPs) are
useful for establishing the diagnosis of degeneration in
the central nervous system in leukodystrophy. However,
specific serial EP profiles of different leukodystro-
phies at each stage have not yet been established.
Although clinical and neuroradiological examinations
are obviously significant, the diagnosis and determi-
nation of the stage are important to both exclude other
treatable diseases, and assess the prognosis of each
patient. In addition, recent studies have shown effective
intervention by means of bone marrow transplantation
(BMT) or hemopoietic stem cell transplantation (HSCT)
in ALD, MLD, and GLD, and gene therapy with
several mutant mice (Krivit et al., 1999; Maria et al.,
2003; Peters et al., 2003). Serial EP findings will be
helpful to evaluate the effect of transplantation or
future gene therapy. In this study, we present the char-
acteristic electrophysiological findings and their serial
progress in patients with 5 different leukodystrophies.

2. Methods
2.1. Patients

"Twenty-four children, diagnosed with leukodystrophy,
were selected for a serial study of multimodal EPs.
They comprised 8 patients with ALD, 5 with PMD, 4
with Alexander’s disease (ALX), 4 with MLD, and 3
with GLD. Their clinical profiles are listed in Table 1.

The average onset age was 8.6 years old (range,
6-11 years old). The chief complaints at onset were
visual abnormality in 5 and gait disturbance in 2. One
boy showed behavioral abnormalities such as attention-
deficit disorder. The previous and developmental histo-
ries before onset were both normal. Three patients had
a family history; a sister of patient no. 1 was a carrier,
and the mother and grandmother of patient no. 4 had
AMN. The elder brother of patient no. 7 also had ALD
symptoms and their mother was determined to be an
ALD carrier. The diagnosis of ALD was confirmed by
a lack of response to ACTH, the presence of very long
chain fatty acids (VLCFA) (C26) in urine and fibro-
blasts, and abnormal findings of white matter on cranial

CT and/or MRI. Demyelination in the occipital subcor-
tical area occurred in 7 patients, whereas patient no. 8
was a non-typical type ALD case whose central
nervous system (CNS) lesion started from the frontal
subcortical white matter. No treatment was effective (3
underwent glyceryltrioleate oil (GTO) dietary therapy,
3 underwent VLCFA elimination therapy, and 2 received
v-globulin). All showed progressive deterioration such
as a bedridden state in 1, the need for mechanical
ventilation in 2, and death in one for whom the cause
was respiratory disturbance at 16 years of age.

Four patients with the connatal form had typical
clinical features consisting of nystagmus and delayed
development appearing in the first few months of life,
while one patient with the classical form (no. 5)
showed psychomotor retardation at the age of around
one year. The results of a cranial MRI study on 2
patients (no. 3 and no. 4) suggested dysmyelination in
the white matter of both the cerebrum and cerebellum
at 4 and 7 months of age, respectively. The diagnosis
of PMD was established from the clinical findings and
the results of a typical neuroradiological study. One
patient (no. 4) had a mutation of the PLP gene, identi-
cal to the jimpy™“ mouse mutation (Yamamoto et al.,
1998). Two patients were bedridden during the obser-
vation periods and one patient (no. 4) died suddenly
at 8 months of age, an autopsy study (Komaki et al.,
1999) revealing diffuse scant myelination in the cere-
bral white matter but preserved peripheral nerve
myelin.

In ALX patients, the head circumference increased
and motor developmental delay was observed during
early childhood. Cranial CT or MRI demonstrated a
low density area or high signal intensity lesions on T2-
weighted imaging in the cerebral white matter.
Disease progression was slower in 3 patients (no. 1,
no. 3, and no. 4), however, patient no. 2 died of convul-
sion and pneumonia at 10 years of age. No autopsy
was performed.

The MLD patients consisted of 3 males and one
female. The mean age at onset was one year in 2
with the infantile type, 4 years in one with the late
infantile type, and 6 years in one with the juvenile
type. Developmental milestones were almost normal
before onset. The chief complaints at onset were
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developmental deterioration in 2 patients, seizure in 2,
and gait disturbance in one. Patient no. 1 had a dead
sister with MLD. The diagnosis of MLD was
confirmed by the absence of ASA activity in lympho-
cytes or fibroblasts, and delayed motor nerve conduc-
tion velocity (NCV) of the peripheral nerves. CT
showed a low density area in the white matter and
diffuse atrophy in the cortex. Patient no. 4 underwent
amniotic tissue transplantation and granulocyte trans-
fusion, but they had little effect. All patients finally
became bedridden.

The 3 GLD patients were noticed to have develop-
mental deterioration from three months to 11 months
of age. Their previous history was normal before
onset. Patient no. 1 had a dead brother with GLD. All
patients exhibited increased CSF protein, decreased
NCV of the peripheral nerves, diffuse low density
areas on cranial CT, and [ -galactocerebrosidase defi-
ciency in fibroblasts or lymphocytes. Two patients
(no. 1 and no. 3) were treated with dietary dimethyl
sulfoxide and the irritability in 1 patient was slightly
decreased. The deterioration was rapid and two
patients needed mechanical ventilation.

2.2. Procedures

EPs were recorded on silver—silver chloride disk elec-
trodes and amplified. They were summated with
MEB-7202, MEM-4104, and MEB-4208 (Nihon
Kohden Co., Ltd., Japan), and obtained during sleep
stage I or II, during natural sleep or sleep induced by
the oral administration of trichlor ethylphosphate.
Individual runs were repeated more than twice to
establish the reproducibility of record potentials. The
electrode impedance was maintained lower than 5 kQ.

Auditory brainstem response (ABR): The method
for obtaining ABR was reported previously (Kaga
et al., 1982). The latency of waves I, III, and V, the I-V
interval, and the V/I amplitude ratio were measured to
evaluate the brainstem auditory pathways.

Flash visual evoked potential (f-VEP): The methods
used to record the f-VEP were reported elsewhere
(Yamanouchi et al., 1993); The latency of the major
positive peak (wave IV; P100) and its amplitude were
measured.

255

Somatosensory evoked potential (SEP )/short latency

VSEP (SSEP): Parameter settings have been described

in a previous article (Ozawa et al., 1998). The laten-
cies of the negative peak at Erb’s point (N9), the nega-
tive peak of the response record over the cervical
spine (N13), the negative peak of the scalp SEP (N20),
and the N13-N20 interval were measured. SEPs were
obtained in response to stimulation of the contralateral
median nerve at the wrist. SEPs were recorded so that
relative negativity at the recording electrodes resulted
in an upgoing waveform. The latencies of the first
negative peak (N20) were measured.

Multimodal EP findings were evaluated from
5 months to 10 years after onset in ALD patients,
1 month to 3 years in PMD patients, 2 months to
15 years in ALX patients, 3 months to 10 years in MLD
patients, and 2 months to 14 years in GLD patients
(Table 1). Different investigators evaluated them blindly.
Informed consent was obtained from all parents or
guardians before electrophysiological examinations.

3. Results
3.1. ALD

Serial changes of the ABR waveform in patient no. 5
are illustrated in Fig. 1A. At one year from onset, the
latencies and amplitudes of waves I, III, and V were
normal, however, the I-V interpeak latencies became
increasingly prolonged and the amplitudes of all waves
decreased gradually. At 2-3 years from onset, most
ALD patients exhibited an abnormal ABR with
prolonged I-V interpeak latencies (Fig. 2) and a
decreased V/I amplitudes ratio (0.87 & 0.76). At 24
years from onset, the later components of ABR became
prolonged and disappeared in three patients (no. 2, no. 3,
and no. 4); however, the latencies of waves I and II were
within the normal limits for a relatively long time.

In the early stages, prolonged IV latencies of {-VEP
were observed within one year from onset in 3
patients (no. 1, no. 5, and no. 7). There was fluctuation
of the wave IV latency in patient no. 5 for several years
(Fig. 3A). In the advanced stage (after 3 years from
onset), wave IV of f-VEP disappeared in no. 2, no. 4,
and no. 5. On the other hand, although SEP and SSEP

— 186 —



256

90dBSPL

1im '
(8m) ,

'
'
1
v
1
t
'

9y5m
(1y4m)

Oy10m A :
(1y9m) ' \ \ 1y10m / v §:;$g§=<::::=fjjf’c=:
' \ (1y7m) ' 5y I 130dBSPL
) (4y9m)

11y2m \

. 3yTm
(3Y1m) (3y4m)
Age __} 0.15 uv

(Periods Imsec

from onset)

I 130dBSPL
™ ] : lyllm
(1m) ) (3m)
T ;
(4m) )\/f.\\y/—\,v, Sy4nm
' (3y8m)

I 0.15 W D
msec 1 \

I
Sz AN TS
1ly2m A AR
(11m) M e
: L 90dBSPL

C
90dBSPL

0.15 uwv

Imsec

75dBSPL

11m{(8m) 111 v?

III v?

Fig. 1. Serial ABR waveforms in leukodystrophy. In ALD patient no. 5, the latencies and amplitudes of all waves were normal
at 1 year from onset, however, the I-V interpeak latencies gradually became prolonged and the amplitudes of all waves were
small, and finally, at 3 years and 1 month from onset, wave V was absent (A). It was most characteristic in ABR that only wave I
was recorded, a few weeks after onset in PMD patient no. 3 (B). The wave I latency in that patient was prolonged in the
advanced stage (at 3 years and 4 months from onset). Prolonged I-V interpeak latency and an absent wave III were already
observed in MLD patient no. 2 at 3 months from onset (C), and all waves became absent at 3—4 years from onset. Wave V disap-
peared at 8 months from onset and a distorted waveform pattern with a severely delayed wave I (peak latency of 2.4-2.6 ms)
was observed at the age of 5 years in GL.D patient no. 1 (D).

were only evaluated in 2 patients, all the peripheral
responses were found to be normal (N9 = 9.81 +
0.56 ms, N13 =11.81 +0.79 ms). However, one patient
(no. 4) showed an almost total absence of cortical
responses at 5 years and 8 months from onset (Fig. 4A),
and another (no. 7) showed delayed latency of N20
(27.4 ms) at 7 months from onset. Table 2 is a
summary of the serial EP findings in ALD with each
modality.

3.2. PMD
The ABR findings in PMD were most characteristic a

few weeks after onset. Only the wave I pattern, two
peaks of waves I and II, or the broad wave I pattern

were observed in all 5 patients. In patient no. 3, the
latency of wave I was decreased in the early stage and
wave II was evident in the late infantile period. Wave I
latency was prolonged in the advanced stage (at 3.3 years
from onset) (Fig. 1B). A delayed wave IV of f-VEP
was observed a month after onset, and these latencies
gradually prolonged and the amplitudes decreased
(Fig. 3B). In the advanced stage, patient no. 3 showed
absent waves in f-VEP. The peripheral components
of SSEP were within normal limits, however, cortical
components such as wave N20 had already disappeared
one month after onset (Fig. 4B). The late components
of ABR and cortical components of SEP/SSEP were
absent at onset and were observed earlier than f-VEP
abnormalities (Table 2).
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3.3. ALX

Patients no. 1 and no. 4 with ALX showed normal ABR
even in the advanced stage. There was slight prolonga-
tion of I-V latency in patient no. 3 at 2 months from
onset (I-V interpeak latency = 5.05 ms (i.e. + 2.9 SD)).
In patient no. 2, later components of ABR were not
observed following hypoxic episodes. Almost normal
f-VEP findings were observed during the observation
periods in 3 out of 4 patients. The peripheral compo-
nents of SSEP were within normal limits, however, the
cortical N20 latency was already prolonged at 2 months
from onset (N20 = 20.95 ms; i.e. + 8.8 SD) (see Fig. 4C
and Table 2).

3.4. MLD
All patients had abnormal ABR findings. In 2 patients

with the late infantile type, prolonged I-V interpeak
latency and the absence of wave III were already

observed at 3 months from onset, and wave V disap-
peared at 1-2 years from onset (Fig. 1C). In the
advanced stage, all ABR waves were absent (Table 2).
One patient with the late infantile type or juvenile type
(no. 3), whose onset was delayed until 4 years of age,
showed abnormal ABR with increased I-V latencies
and decreased V/I amplitude ratio at 3 years from onset.
On the other hand, a patient with the definite juvenile
type had all ABR waves bilaterally at 17 years old.
Three patients (no. 1, no. 2, no. 3) had abnormal f-VEP
with prolonged latency of wave IV at 1.5 years from
onset, the amplitude of which decreased gradually
thereafter (Fig. 3C). Two patients (no. 2 and no. 4)
examined had delayed N9 and N13 latencies (ms) of
SSEP (N9 = 15.6 £ 3.3, N13 = 22.53 £ 1.9) with
prolonged N20 latencies (N20 = 29.33 £ 5.3).
However, even in the advanced stage, these waves were
present (Fig. 4D). Peripheral and central somatosensory
components were also abnormally delayed in both the
late infantile and juvenile types of MLD.
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Fig. 3. Serial f-VEP findings in leukodystrophy. The wave IV (P100) latency of f-VEP was already prolonged at 10 months

from onset in one ALD patient (no. 5), and wave IV could not be recorded at three years from onset (A). Prolonged f-VEP was

recorded 1 month after onset, and wave IV decreased and finally disappeared at 3 years from onset in a PMD patient (B). In

MLD patients, a prolonged wave IV was observed in the early stage. These findings became worse and there was no response
at 4 and 10-12 years from onset in patient no. 2 (C).

3.5. GLD

In patient no. 1, prolonged I-V latency of ABR was
observed at 2 months from onset, and the wave V
amplitude was decreased at 8 months from onset
(Fig. 1D). In all patients with GLD, the later compo-
nents of ABR, such as waves III and V, disappeared
after 1-3 years from onset. However, wave I of ABR
was preserved in all patients for a relatively long
time (4-13 years of age). These waveforms were
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disorganized and broad with severely prolonged peak
latencies (2-2.8 ms). After 1 year and 7 months from
onset, a prolonged IV wave of {-VEP was observed,
which disappeared after 5 years (Table 2). Peripheral
components (N9 and N13) of SSEP could not be
elicited at 1.3 years in patient no. 3, at 4.8 years in
patient no. 2, or 12.5 years from onset in patient no. 1.
There was a defective cortical N20 component in all
patients. In GLD patients, almost all ABR, f-VEP, and
SEP/SSEP findings were abnormal in the initial stage,
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Fig. 4. Somatosensory evoked potentials (SEPs) in leukodystrophy. One patient (ALD no. 4) had normal peripheral nerve find-

ings (N9 and N13), but the cortical wave (N20) was absent at 5 years and 8 months from onset (A). In PMD (no. 3), peripheral

components (N9 and N13) were also positive; however, the cortical component (N20) was almost completely absent at one

month after onset (B). On the other hand, the cortical component (N20) was evident but prolonged in ALX patient no. 3 at

2 months from onset (C). Both peripheral and cortical components (negativity of 33 ms peak latency) of SSEP were prolonged
at 10 years and 10 months from onset in MLD patient no. 4 (D).

these changes being observed earlier than in MLD
patients.

4. Discussion

In this study, multimodal EPs were serially evaluated in
each patient in five different leukodystrophy groups.
Most ALD patients initially exhibited visual and
somatosensory evoked potential abnormalities, followed
by prolonged I-V interpeak latencies of ABR. It has
been suggested that degeneration of the brainstem in

ALD occurs in the rostral to caudal direction based on
the results of a comparative study on brainstem EPs and
histology (Kaga et al., 1980). Other investigators also
claimed that ABR in ALD is normal or subnormal in
the early stage and I-V interpeak latencies increased in
the advanced disease (Ochs et al., 1979; Markand et al.,
1982; Tobimatsu et al., 1985). Our finding of ABR dete-
rioration in each ALD case, i.e. delayed and decreased
waves Il and V in the advanced stage, coincides with
serial observations in a typical patient as well as other
studies (Kaga et al., 1980; De Meirleir et al., 1988),
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although conduction of the auditory nerve seemed to
be preserved even in the final stage in our patients.

All 5 PMD patients exhibited a loss of later ABR
waves, consistent with the previous studies (Ochs et al.,
1979; Markand et al., 1982; Nezu, 1995). In addition,
there were slight waveform and latency changes of ABR
wave I in patient no. 3 for 3 years from onset. The
outer hair cell function in the cochlea of PMD patients
was found to be normal in an otoacoustic emission study
(Kon et al., 2000). The preservation of peripheral nerve
myelin was confirmed histologically in another patient
(no. 4) of 8 months of age (Komaki et al., 1999). The
fluctuation of ABR wave I in the infantile period might
therefore reflect the coexistence of myelinating and
demyelinating processes at the type 1 cochlear nerve
level in this disorder. With flash VEP, a severely
prolonged wave IV or P100 was recorded in the early
stage and gradually disappeared thereafter in one patient,
confirming previous reports suggesting VEP deterio-
ration in PMD (Markand et al., 1982; De Meirleir
et al., 1988; Hayashi et al., 1990). Moreover, the
absence of cortical SEP and delayed VEP in the same
patient suggests that central conduction in connatal
type PMD varies with each modality despite diffuse
dysmyelination, whereas EPs in PMD have been reported
as relatively stable over the pediatric age range (Taylor,
1993).

Although there have been few reports on EPs find-
ings in ALX, 3 patients aged 6, 12, and 13 years,
respectively, had normal f-VEP with absent cortical
responses of SSEP (De Meirleir et al., 1988; Ichiyama
et al., 1993). In an infantile case of Arend et al. (1991),
VEP was of normal latency but reduced amplitude.
The present 3 patients also showed almost normal
VEP findings. ALX patients could therefore have
normal ABR and VEP findings even in the advanced
stage. On the other hand, the N20 component of SSEP
was observed in the youngest patient (no. 3), although
the latency was delayed. Therefore, neuron myelina-
tion from the thalamus to the sensory cortex might be
preserved in the early stage and damaged thereafter in
this type of leukodystrophy.

Several investigators have described marked abnor-
malities of EPs in MLD and GLD patients (Brown
et al., 1981; Markand et al., 1982; Darras et al., 1986;
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De Meirleir et al.,, 1988; Yamanouchi et al., 1993).
However, there have been few reports on repeat
recordings of multimodal EPs in the same patients.
Takakura et al. (1985) described the deterioration of
EPs over 2 months in a 2 years 3 months-old girl with
the late infantile form of MLD, which consisted of
decreased f-VEP, a severely prolonged I-V interval of
ABR, and delayed peak latencies of SSEP. Zafeiriou
et al. (1999) also noticed that ABR wave V disappeared
more than 1.5 years after onset and VEP could not be
recorded at 2 years from onset in one patient with
the same type of MLD. In our patients with the late
infantile form of MLD, the auditory and then visual
evoked response seemed to disappear 2-4 years from
the onset. Autopsy studies on the late infantile form
of MLD (Takashima et al., 1981) revealed that myelin
sheath loss was apparent in the entire central nervous
system including the brainstem and cranial nerves.
D’Hooge et al. (1999) described a parallel relationship
between the decline of the ABR waveform and the
decrease of spiral ganglion cells in ASA-deficient
mice. ABR change in the late infantile form of MLD,
in which all waves finally vanish, might therefore
be produced through both cochlear and brainstem
pathology. On the other hand, ABR wave I in our GLD
patients was present even in the advanced stage. Other
investigators also noted that ABR wave I could be
recorded during the infantile period in Krabbe
disease (Darras et al., 1986; De Meirleir et al., 1988;
Zafeiriou et al., 1997). Kurokawa et al. (1987) reported
ABR changes in a girl with the late infantile form
of Krabbe disease from the normal configuration to
prolonged interpeak latencies in one month. It is sug-
gested that the rapid deterioration of EPs, especially
of ABR, in GLD is caused by disease progression
in a rostro-caudal direction in the central nervous
system; however, the VIII cranial nerve and cochlear
function would be preserved. In conclusion, the
order of combined EP changes in pediatric leukodys-
trophy might differ with the disease type and reflect
underlying pathological alterations. These electro-
physiological findings might be useful in determin-
ing the effectiveness of the intervention such as
BMT or gene therapy for individual patients at each
disease stage.
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