BRI 1 BT 2 BEIRAS SR 1< BI 3 % gt
=2 VAR B - S T

B 5]

BERR N 3 DR D O &> Ch 5 HEIRG EED (sleep spindle : LT spindle) 1, BigAi~
PO BEERECC BT 5 11~15Hz, # 104V 5N O BB TREO. 58 LI dig
B DORIES, R LR < 2 b TR0 KBRS BB L ShTE LAY, |E
R e Cli— TR BT 5 302t 1, 500~3, 000 fH LI EIC 3 X OB AT — 2 B L e B 1o 8
i, BARHRETbRTI R ol FE2 V. — 2 0N TFBCFHETES X5
it b, {8« spindle o MBSHEE R FER, EEOBBHHEIThhs LoD, X
5 TOHBAZ - VIRHLNZEND Lo TE D™D,

Laeb=fr7rav. - 2%2FRLICHBEREHEBEZFR L0 TY, SEZ %
FIWCHREMER o spindle A RLL, Hic, BRACEHHELERL, * o fl
BICK T B L Lo spindle #ROEH #4RE Lz, HRIBICHT 5 RIEE LT,
K-complex DF R MIAOEDH 7N HI/FH I T\ 5200, K-complex 13 BEER G D
VEDELELLR, BROETYEL D L CANKELEL LRLZDID ¥ 2 A
BRISHIBICIZ L DS RIERR DR 57 &9, LESMC b BRECHETH b, £ 0D
—ific spindle Z4£5 % 4 ZHHBT B L LIS TW 5, =0 spindle ik
D& LB BB Tbh T o lehot, %2 CHERIIE 2.5 B % TOMEIR
RS AR L L, FoBCHET 5 spindle o MBLR, FUL, e LR, Hl
BocHHn LC I % spindle oM R B LTe,

5 & :

0~ 24RO BT RELE/RFBE 6 B BBREL L, E4® THREI0HOE
BASSIEIR AL & 1T - Foo WRFIXEIR2C, WESSYIC =T 2V F 4 ¥ 5= v 7 Shick
BEREDY — L FA— ARBBE LIy v Ay FEBCTEREERY & o, &1
WEHE2RIFERBIATHIEIEDICDDEREFEE L, SEDHWRENBITBRN Lic,
BWITERER L L, HAREFERKE LTHFNHORT LT %,

4 ROKBRETIL, PBE O ARK, MPFiE ki K-complex % %\ ~i% spindle o
Hi B2 TR O, 500Hz &1, 000Hz © 2 BEDOEHE A 7 v £ MR L, HREie=
FHIZEE. PHONO STIMULATOR 3G13 » H\u T, BB DE A5 cm I RE Lo A &
==X b, FWEEE2.5dB(A), Ffi 50ms THRR Lic, FIBRHEMEL30~408 Ty v

* RREAE
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Fullie, ¥, H3ROEERTIERRELF CHETHRO ~ — 7 D2k FsE L,
CHEEBCIERBIIRR SR TR WARIRE L, KREOFBICK T 5Kk e Dbk
Bz Az,

FANTBIAE R A\, ERMRLEEEME L, Fz, Cz, Oz X b MEEMH LR
B (RFEHR0.38), MREMICE7oEm2 bR I & 5 K PHARIED (R
158, o+ v A HHER (BERO.038), ME LBV EE & AR oKl
A HLER (HEHO.0058) %, SHHWBHAY /77227 4 142-8 2 TL5
cm/sec THUELE LTz,

spindle DRBHIL T « DIFFRL LIz BB L L, Cz 0RgrBIRS & Uiz, KD
HIEFEARNNC1L. 2~16.0Hz, 54V LI Lo Fh 4 oLl E#f LCHBT 50 L L,
T DEEL, BEW L5 spindle Bl & O—FHE I F589.9% Db DO TH B,

MERR B¥F13 Rechtschaffen & Kales (1968)20 iz & % 52 2 FE\ 308 & &1 IR L
- 72, %D 5% spindle BMEHNC BT 2 BRI 2 OB Y SEOMFHE L Lz,

# ES

spindle DHBHFCIZBEAZENED BRI, Dl O TE—BOFH T3, 2ff/min T
D, ZUVHERETIZI0E/ min Kigotz, EL—RORERYLB L, FOBBECE
WTHIRIERAKEOEBBER L7 b, FoEHEfig L wRmT X5 kR hot, fig.l
T —HORER % 60~907 A CHE T % REM ERA XY v & L-EREARS Ly
0, HEERBOMEREE 2 kit 5 1 5%/ b o spindle OB ARLEL D TH

St.2

Imin O=—GC Baseline

4A—A Experiment

10 -
3 }'
= 8 -
c
[
0 6 4 s I
2
) e 4
&
2

T 1 T K} T

1 2 3 4 5 Total

Sleep Cycle
fig.1 Spindle density of each sleep cycle in St.2 sleep.

N EEE 1 7%72 9 O spindle DHEEFZRT, il REMBEE S T21 5
e UERAHZRL, HOEWRITIZ—RD 10%7 ) OFGHBRBET U,
MFBEALTRYERE, BFREOERBITONL» o128 3HBDEEROHEET
Y, HEATRIEY, SHERRET-IE4HBOERHEOHER TS 3,
HEBII RS 2 DR CHERMHEBIC L > THRIEINTZETH %,



FHRBIRRRICHIT 2 BRLGEIICEI T 21REF 5

B, TORIIBE, F1AMNFY TS 87/ min 47, BFHE3e2hT
B2 B BRN DD, 12721, 5.5(f/min & gy H B O D I kERE L, 5
Rl CELTIREEL Ko ledie, F£5RMOEHENEL K- TWwb, X ZT, 8

1RO BBBE R WS, ThUBIBERREOHEFE L RTHEEL VS 2 &8
TE X5,

HIER L ERRCHB LIchA, Ebbo&eks R UHRER RO LR, &
B OZEENL e, —&® O FiyT, FERILT. 48/ min (sd=2.401), FRE Ti
7.58{8/min (sd=2.523) LWMEHFCBREREZRDLRIEM T,

RIT, FRHERRERCHIT S spindle 2703 % ewie, BEIREM 2 TRRIhH

St.2
O0—O0 Baseline
50 I N=6
a—a After Stim.
=
~ 40 + N=5
. %ok
30 +

20

after Stim

10 |

Spindle Appearance Rate

T T T i i

1 2 3 4 5 Total
Sleep Cycle *% P<0,01

fig.2 Spindle appearance rate after tone stimulus in St.2 sleep.

XD #EEI HERIE % 2.5 DURICHBE UZER 24T E L, REETRE22E8E L
1ZRIBED spindle DEBE ZRT, AEE TIXRIERAOM D b IiciiE LItk
RERAU MEEMRBETEEINIZY — 7 % pseudo-stimulus & 1, TDT—7D
2.5WLINICHHER LTz spindle OHIAE %2 K1z, B fig.1 2EIU L EEF
HE2RT, NFEOHMLTRT T — & 13 L% O psuedo-stimulus {2 & % spindle
ODHERTHH, NHDEZATRTF— 2 BEREOFRE K HIET 2 spindle
DHERITIL B,

table 1. Spindle appearance rate after stimulus (pseudo-stimulus) in St.2

sub. psuedo-stim. stimulus x2 df P
1 30.9% 41.8% 10.772 1 <0.005 ok
2 31.7% 43.9% 13.709 1 <0.001 Hok
3 13.1% 18.1% 3.689 1 <0.1 T
4 24.0% 40.0% 21.883 1 <0.001 *%
5 33.9% 36.9% 0.757 1 >0.3
6 20.4% 24.1% 1.453 1 >0.2

5P < 0.01
T P<0.10
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FlgOBEB A R E b, FlIEE2. 5L sindle 2\ S hie@Ee 0T & Lz, #
Wtk spindle DB EZRD e, FEER TREBRCIZFREIIRR IR TWIRWA, £
B o F B & B U30~40% o fEifm Ciidgik Fic <~ — 7 ¥t psuedo-stimulus % F\»,
~— 7 2. 5B N B R B U7 spindle o B A Ko7, = iul, spindle ps
HECERT 5B Th Do, WENEL bR &b BT BB X > THE
LicX 5 R2DWREELZE L LND DT, EREFRDFT -2 THLL UDLDOHERYRD
THRE, ERETEOKELYBEC LR 22 HiadT50DTH5, o

fig. 2 (XA REIR A & L1 6 B OPRE OFIWE D spindle DHEKRDOFHE/R LD
DTH5, #1ERAPCLLEGCHEEERNRD bR DA, HIER CIIFEH2~28% DH
BREH L, ERETIRFEE20~37% &, LOERBINCI TS EEER X » EERK CH
Bk o spindle DIHENE  Teo T 5, —BRORRIHICK 32 MBERE T3 &,
EDEEERE T & EEE THIEE O spindle OHBRNEL t-TE D, ~ROBEES%
WEBREOREMEE L THIEDOD D t-test 175 &, HAMCIEERHER B (t=
4.302,df=5,P<0.01), 72721, ThZhOHRE CRIBE L 400EFi# & 5% A <
BT ENTELDT, HHRED LCHMED spindle O KA FLUER & FRRR CHEL
Lt o s, ERECHERIIELS KTV B LD0HBE L » CIFHBEELIT
RobhT (table 1), EEaGMLEMREORFIEAOBEKREL 22=17.637, df=5, P
<0.005 L HEZENRED LR, EAZENERHINL%,

L7z spindle O ZEE TIx, spindle ZER T 5 —20 & DD A & e
BRI A ST LTk b, Ehofie, BHE Ihic @4 o spindle o 5 & FfikE %2 R

St.2 O0—0 Baseline
13.54 N=6 a—=n Not After Stim.
A—-A After Stim.
": r
E N=5
- 13.0 4
c \‘//—5\/ *
et A
o \/\%
>
® 12.5- ]
L
12.0 -
1 2 3 4 5 Total
Sleep Cycle * P<0.02

fig.3 Mean frequency of detecteds spindles focr each condition.

WENL, SIERBEEBICX > THES N1z fH4x D spindle BHEDOFIE %R
T, Wi fig.l tABKEERANE —KD N~ 2 VE2RT, QL TRTF—4%
1%, HERICHB UI24 spindle DEEFER TH 5, ZATRTF — XITEHI#
R 21T - 12EBRED spindle OSEHFEFICL S, T0 5 bE=ZATRIHEI,
EBRED 5 LRIEHE 2.5 WLURICHER L2 spindle DFFEETH b, A=ZAIZZH
PN OEBRICHRE Sz spindle O FHEH 2R,



ERBRRRICHBLY 2 BIRGER BT 2RE 7

sec St.2 0—0O BASELINE
&~ EXPERIMENT

A—A AFTER STIM.
0.8

{
1l

0.5 4

Duration

1 2 3 4 5 Total
Sleep Cycle
fig.4 Mean duration of detected spindles for each condition.
HEEhHSHESR AR IR BT X - THITE S N2 {8 & O spindle D EFFE O FEE 2R
TLMNIL Fig. 3LFERRTH 5, FEEFLEL, —KD b— 2 Vv OFIGEHERE 2 &
BREEBBRETTNTOICRKD T2, EREDT — 2 13RI D spindle & Zh L5
@ spindle TXNTNICFEHRER 2RKD 12,
HTENTRETHD, fig.3, fig. 4 XA WBREO R, Ry fig. 1 & AR
R L FH LT RHOR@BE RIS DTH D,
fig. 3 KR I B PHEWH T, HEER, FEREKELLE LAY S LB CEERER
THO0, —KEBLTUIE—TEDEERLTD, LKL, EOEREBCETHER
w o spindle @ P FEER O spindle X DHEWCEE Y RL, EHBKE D spindle ©
e TH B TR MBS % spindle D FEEIE L e bR ER Lic, EREICH

table 2. Mean frequency of spindles after/not-after stimulus in St.2

Baseline Experimental Night

sub. Night NA A t df P

1 Ave. 12.59 | 12.70 12.79 2.371 2139 <0.02 *
SD 0.48 | 0.50 0.59

2 Ave. 12,42 | 12.58  12.83  6.456 2547 <0.00L  *x
SD  0.48 | 0.50 0.54

3 Ave. 12.76 | 12.76 12.90 1.910 787 <0.06 T
SD 058 | 0.57 0.62

4 Ave. 12.99 | 13.20 13.42 4.384 1480 <0.001
SO 0.54 | 0.59 0.58

5 Ave. 11.99 | 12.07 12.08  0.216 2270  >0.80
SD  0.47 | 0.50 0.47

6 Ave. 12.82 |  12.78  12.88  1.918 1360 <0.06 T
sD  0.52 | 0.53 0.55

NA : not after stimulus **pP<0.01

A : after stimulus *P<0.05

+ P<0.10
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table 3. Mean duration of spindles after/not-after stimulus in St.2

Baseline Experimental Night
sub. Night NA A t df P
1 Ave. 0.778 0.761 0.789 0.907 2139 >0.36
SD 0.413 0.390 0.355
2 Ave. 0.762 0.761 0.672 2.779 2547 <0.01 Fok
SD 0.417 0.425 0.287
3 Ave. 0.572 0.562 0.541 0.646 787 >0.51
SD 0.268 0.262 0.216
4 Ave. (.666 0.662 0.596 2.305 1480 <0.03 *
SD 0.347 0.347 0.237
5 Ave. 0.778 0.781 0.804 0.570 2270 >0.56
SD 0.447 0.455 0.430
6 Ave. 0.581 0.590 0.575 0.534 1360 >(.59
SD 0.276 0.273 0.275
NA : not after stimulus #*P<0.01
A : after stimulus *P<<0.05

B L7 spindle % FHHIEHE2. 5HUNCHE Lich 0 &L 2h st spindle iwirl), &8
B & L t-test I X AP REROEDERERIT > Ic & & A—FIE R VTR LE
BEHDLVIABRERNED LR (table 2), BEEN B LRILH - wHBRE T,

table 1 X iiE, FREK K spindle DHBERIEELEL DRI o LERETH S
T Ebhhb,

—7, EEEHIIAMC X5 RMAREIED BT (table 3), Hli##E D spindle &
Zhsbo spindle #KFIF 5Dz RSl -7, XL fig.d KR53 X5,
HEIR OB X DRI T 5 Em 2, EER, EREOLGEHbLTIEDLR
o

z =

SEl SR, MEARBIIC A IC IR T 2 ERGEN L WEh 5 12~14Hz 137 0 &
BaE oRBEHIcER L, THELRTR LAERCETOHBENEL KB xR Td
DTHol, HR, spindle &AMRIE E ORI h T, T X% FRIADRWE
TEREND D DL TH AW, LY, 14347 @ spindle Hx Ric HBEwix, #l
BURTR OB - 1o HEBER L OB IR D O TV, L L, FIEERY 2.5 % CE
ELSE, EBRCHBDD - 1 FRE THEE O spindle DHBEENLL bR
T2o THIZ—XRNEBRIIGEIE 27V b 00, AIRfIE L ESE LT spindle 23 B3
BAREHAR LT 5%, Lavd, FIBECHEB T spindle DREEIzLh UMD LD
HRTCEGCEABERERTC LD, RHBBRCEEOMBIEFENREINS, /2L, spin-
dle BEIZBE LW &b, BB X » T spindle HEOEBREENETLSEED
ZEHTEDBTHA D,

HEREMBCBESOh 2ERKIEE LT, K-complex 23F <7 b 41 T\ 53, FEERD
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W Clt, HERORISE D, FERiHEc X VBRI, P RY 7
5 7H EO— B0 L OBEARD LN S Eig EpHIWInTID, —he THER
5, BAWIAERIED—ELE L b T\h, K-complex o HBBICHIBIRR & 175
L OEBREATETES LT AMELHBY, 1k Lo hboPE T K-complex D
BRI ECEE L b0 Th b, spindle DR BLAHHHE TS EEALAITLE
1Ty 7\, Rechtschaffen & Kales (1968)2% iz x » BERRM I o€ e X, K-
complex |3 13- & » & RHT b BEMSHET, T SRICBHERD 2520 SBE< » —
v, HEr0. 58 B hiE e S gy, 12~14Hz P K-complex D—IT L EN T
Bl pBHL, GERTWERGWIELHD] EEFEIN, TITH spindle 20
BIxH B EOONT LA BESRME LT Tt

Ehrhart et al. (1981)1 12, %V 735 7 28 LORMECIER L, *OBEINCHFRED
K-complex DHILENE % 2 L x#E Lz, ThrDED K-complex 121, spindle
BT & A FOHT B Sinnte, & OHE, K-complex dREEH/MCIL EBERIGH
FeM#E2E 2 Sh, spindle ik BHROET R MR T A ERAE 2 bhvic, 7EL T
HEEOHSOMIEEEY 2l b D TH Y, HED DI spindle HHE LT W78\ D
s, spindle ASHBL LD 572 2 & B ERICE - OOV T 27 53X TE
v, L, SEOFRERCHECHE LT spindle 2T 5 AEMA R SR 1o & & b
5, BICEEIRREECH T spindle BIKOMIE ) A AR EhPT VWO EEZL DU E
iz, K-complex o#%: s & F#gc spindle DI Z D D23 SBOBEEICRIG L
<50, EROETCHEBICES LTS REEIARBINDEES D,

S L CEEIRLMEY RADUBEEHE LTL, *20- 30 EY U— b ROKEET
CHET 3 spindle 1T X BH%E D, BENBEHRIN T30, Fi2 a FoHE A
NERXADEFALLELLRTED, b Mk ThIRFEMcRKEBEEED @D
wiEd Bk 529, Zofiio spindle FHOMIE Y X4 & LT, BERER) L
5 L XY < EEITEL O BN Sensory Motor Rhythm (SMR) 2 HR$
3oLz aR i ERTHEINTE I, ZoRRETE L T b BROBERE
2HRTWB®, =0 SMR 04T %15 LRE® spindle DHIALHEMT S = &b
b, FHCEIET 2 HEA 2 = 2% HTHC LAFRERT B, Sterman 51T
DY RAPEOWNECEET S LICERL, OERORAERKOMEY 7 4 — F Ny
7IETHZ LT, e DT AN IRIEDRBEADILRA R R T 5™,

—F, BEOTRETIL spindle & TANADRFHOBMELIEH L bOND D, <=
SV VRBELCREDRERY FRSE5 L, WROTLMIC XS EE b spindle
2, LEWRTA»AREBOEBCRIT TS W50, i, HKK K O 5
5 R RI A U843, spindle IR U7 7 030, BEA HFbh, RET
Jodn Ao SR DEEN LB LT WL A0, v | oK T, MERPRIERE 2 Bobh
B#1iL spindle DAEH L L RDLIB Z &b, WMEOHBEICELRT IRFOFEL
TRTLEL B L, B URKEEREE LB LOREME ThoTh, SMR D
W R L R ERSOMEARE IS Lk X 5, Feeney 5 (1988)% 13, EREMY
K Lichl Tikis\n s, & 5 LicEhs spindle B OEH OB IC L %D TR
W EE X T, SEOEBREEE L &MFEH spindle BAERCKB I TR Y, BERDOE
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s 7% spindle BB D AEKOBIECRIELE L 2 5 2 TEERERVESZ LAVRE S
5.

i, b P OEMEEY VRS THIKE KB Lo spindle K IR R B i flo

WEOR D BED, BURMSMCHTEEDOES (REKE) L#ECS spindle DHBT 2
b hB X owrin b, spindle BEET AR Y XAk, BN O E X EREMLT
X XEFAGHKECHET S ENMEMIR TV B, EEMETIIES X b, SlE
B B3 % spindle (3 14Hz Lo AR A Fb, ATIEMEALO spindle (3 12Hz
OO EERTHD Z EAEHINT V523, HEBOIEBL X 2 REEREEC X5
BRTIREO X 5 e RdleVRES 552, spindle FHMOWHLELTFHEE L T
ZRIBHT, BEOREROC—272RDDZENEHETHD LRI IL S, Ll
LED XS CHEHBBCEETS L, A—BUrbiEgIhd20Th- THREROR
7% spindle AHE LTk h, —RICHIBT 5 spindle 1KiX, ThEZhOLHERIETT
Rig B BB b0 b OAURLE LT\ B AT 23 RIE Shb, 4% spindle 104 T
i3, HoBEE LTR DR &0k, AEROEVICERL, SBROTEC X BHEK
LD En b SHENCRAT B LERSBIES D,

5, FEERERCEI LTI 4 O SR TR R T T o oo BIMHIC BT B b
DY, 5T\ spindle 3, BEREEIAETIC O R CHERENIEE S 2 B85 b
Niz, il 1951 ) OHBRIC VL THAET, 1AM TR BIHES BT
BERET L. — BB e 5 ICfE W R IEIEIR © BB 94 L, REM [ERR I3
3%, spindle 2B % EEEELHBR L - BRI, #Eucx it % phasic 7o
Bw BB L5 & 0k, GUEERES REMEEE, (KE) X4 L\ IEREED
BT AR E L bR 5, B, HERBMIC X5 BIER2D, spindle oHE
B B IHEE CEREAFEHRT AR LALND X 5 1 ko T B,

1, SEOERCHBICK LCEE spindle DHIEN EF Lisd o o #iBE Tk
BRI S EEREEARD BRI ote, ChIE, ZORBEONBICKT S spindle
DHBMIEN Bn - ffe EF 2 DB, spindle DHTHED LD LBEAEOAE VW HE
THBA, &5 UBAERNERARE X0 X5 CBRLTL 2203, SHROBEHEDL
THRETILENDBES 5,
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Summary

Sleep spindles during sleep stage 2 were measured using the automatic spindle
analyzer to examine the effect of the tone stimulus on the appearance of spindle
waves. All-night polygraphic sleep recordings were made on six norml human
male subjects for four consecutive nights. The fourth night was used as the
experimental night, and tone stimuli (62.5 dB(A),50 msec, 500/1, 000Hz) were
presented over the night at 30~40 sec ISI. The third night was used as the
baseline night, and the tone stimulus was not presented, but only the stimulus
marks were recorded on the chart and used as the pseudo-stimulus.

There were no significant differences in spindle rate per minute among the
baseline night and the experimental night. However, the spindle appearance  rate
within 2.5 sec after the tone stimulus was significantly elevated in the experi-
mental night compared to the baseline night. And the frequency of spindle waves
detedted after the tone stimulus was faster than the other spindles. There were
no significant differences in the spindle duration.

The relation between the spindle and the K-complex, and the possible function
of the spindle appearance in the sleep process were discussed. And some kinds of
spindles and/or spindle-wave-like activities were compared and the importance of
measuring the frequency of spindle waves was discussed for the study of the

sleep spindle activity.



