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Fundamental Properties and Biological Stimulation Effects of

Electromagnetic Waves

Osamu FUJIWARA

Department of Electrical and Computer Engineering, Faculty of Engineering, Nagoya Institute of
Technology

Abstract: With the rapid developement and the increase of electronic devices utlizing electro-
magnetic waves, public concerns regarding potential health hazards due to the absorption of electro-
magnetic energy have been growing. In this article, the fundamental properties of electromagnetic
waves are reviewed from the standpoint of their resultant biological stimulation effects. The thermal
effects due to RF (radio-frequency) electromagnetic fields and their basic idea for safety standards
are described in conjunction with SARs (specific absorption rate) being used as bioeffect evaluation
measures. Also the clinical applications for using the biological stimulation effects of electromag-

netic waves are briefly reviewed.

key words: electromagnetic waves, biological stimulation effects, thermal effect, specific ab-

sorption rate, clinical application.
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REEY N5 L. EHTHRHRIYFTED L
WEENTVDE, L2LaYS, ERORRKTIIEE
FEREROSEIT L 72RED SRR ERT 5
TR, HRNLIEREOHET L ERE
NTwa, RICEHEERED T 2 E8EMIC
Lo TH#EEBLZ LEOBBERBEIAEL S Z L L HE

1) RiFdLmEE) ~EY 57— a VR

(T 852-8061 EIFTiHA S T H4-61)

Jiro Nakano, PT, Mitsuhiro Tsujihata, MD: Department of
Rehabilitation, Nagasaki-KITA Hospital

BRI RFERBAMEARF LR EER
Minoru Okita, PT: Department of Physical Therapy,
School of Allied Medical Science, Nagasaki University
R RFERBAM AR L EEREER
Toshiro Yoshimura, MD: Department of Occupational
Therapy, School of Allied Medical Science, Nagasaki
University

(% H

2)

3)

199846 A 15H /¥ H 1998412 H5H)

ENTBO) BEIZH-> TLEBAMELED
MR ECHEEPLEL LS, LEL, EORE
DOEBBEMEIC L > CRAMORERMEE %7 <
PIEHL P ENTV LR VORBIKRTH S, 22T
AWFFETIE. =7 ADEEMHICHEE S BEHZEHR
A L TR L 2 AMBOSERMIHHES 17\,
BHRHICB LT EETHBREFENICRET L0
THET 5,

X 0 KH

1. A&

1) EB1.

ARERIZ, ERENEEHOBMEDBVATLER
BYTABRBIIBIETEELRET L0
1T o770 FEEREIY 212 1038 %5 0D C5TBL/10ScN < 7
A RExXFHV, #1052 408¢D1) xR, 2) 4K
ED50%DESEF RBERICOT. BRI ES &
fif L7z#E (LT, ESO®E). 3) RED 100% DEE
BERICOV, HRMEIGEEE 2 amr L8 (LUT,
E100 %) 2R D 530iF 720 F7-, ES0%E, E100 BEiE
BEM LN ORMIZEEHET L L, SHTTHEL
KITEHICER S 72,

2) FEBR2.

REERIT, BERAMERGOBERBE I T %R
HIEES OBMEDOREYRET L0147 72,
FEEREIM 21X, 8 A% C57BL/10ScN Hi< 7 X 25 L
R, ENOH %SO 1) A, 2) BERE
2 BEFEM LB (LUF, HS#). 3) HS 4, 238
. BEHABTOR (LT, HS-NE#), 4) HST%, 2
W, RED S0% DESEY BEICOT, FREIHE
EEj BT U728 (LUF. HS-ES0#) ., 5) HS#, 2

[£3



BEFIYEE A OB T 2 ERIEIREB DR EDLE

AR, ARED100% DESEE BT DU 5 RMENGE
EE) % BT L2 B (LUF . HS-E1008) 23R D 4317 72,
¥ 72, HS-E50 B, HS-E100 13 E 8 & 7 DAL O B
BEFEFEEL L, SETTCHEEKITEBIZERS
w7

%R, SRIOERIIRFERFIED 5B ERE
IV T2 729,

2. HERMIEEE O KL

FEER1 72 5 ICEER2 THW SR EIGEES)
Exner 57 O FFEIZHED X, 80" ITHEF L -&MIC~
AR MRS LILICL D To 7, 1A%
D DEREERIZ 1055 H T, S EES 0, 28 HE kG
LCTAT o720 T 72, S OFERMEIEES) X, ERH
B LTML ==V PRV TE D 2 L0
BEEINTBY™®, v AORHICOITAEEIZLY
BHIEHEMEIEZOND LW FIENDH 5,

3. GEFBEMEEIC X AR
EBRRTHIE, 7 A2 — T VB L. RbHH
e At Lz, HdREEZETHALL
AVRYY VR THIEL, 77V F AR5y PEH
WTZDRED10  mEDOHBII R 2ER L7z, £
LT AT MNFVY V- T etz i L, S6FH
PRI THREE L 72,

4. EENT

FEER1IZBWTE, 15H 720 2504, <1000 4
DOFRMEEREZEHIL, S 5122 D 1000 KD #RAE
W2t B HULERRHE 72 © ON I fiber splitting D E| & & &
W L7 EB21CB W T, EfMEOmREEREE
L. MR T 5 UL ERRE R S ORI fi-
ber splitting DEIGEZEHH L7z LB, FLEMRAE L
IAARMEDEIE L 2B OFAE LT RT O
T, fiber splitting & (3 FHMAMED TR H Z & T,
AR FHBHED T EIDHEITLODOHE D DDA LR
B E L,

WMaH B 123 — TR E S BT (LLT. ANOVA)
Ly 2HER V. ANOVA IZTHEELZRD %
AL EHEEE LT Scheffe D =% @A L, 28
BOEDKREEIT-> 72, 72, TRTOMETFEL
DEEKEIZ BRI E LT,

* b
1. EE1 (&1, 2)
1) EH

1 ER1—FOUFRMEZOLE—

groups n REHH (um) E I Af (um)
KHEERE 1000 4134114 393479
ESO& 1000 40.6+12.3 40.6+89 2

a5 AHHRBEE DA EE(p<0.01). b ; ESOFE & DF EE(p<0.01)

®2 EBR1—REFHMROLE—

muscle groups n LEHE (%)  fiber splitting (%)

ERHf  ESORE 1000 9 (0.9%) 5 (0.5%)
EI00& 1000 9 (0.9%) 3 (0.3%)
STEBEE 1000 7 (0.7%) 7 (0.7%)
ESAf  ESO® 1000 8 (0.8%) 6 (0.6%)
E100 1000 5 (0.5%) 4 (0.4%)

xFEREE . ESORE O A R IX 2 & 413+
114 £z m, 406 £123 , mTHY, ZO2HBICH
BEERFROONL o720 —H. E100 8Ok
MEE 2134412128 , mTH V) | xTHBEE L 5 UNITESO
HLOVAEBRICKRE» o7, FUEHRHMER O U fiber
splitting D IHBHE L 3B ICAEEIRO LML
ol

2) B3I A

xt HREE O (3393 £79 vy m TH B
DIZx} L, ESO#E E1008 O BRI e
406+89 ,m, 408+t80,mTHH, MEL b
BELOVEBICKEPo72, L2 L, ES0HfEL E100
HICIAEZIRD O o7z, HOEMRELR S
UM\ fiber splitting D H BUSHFE (X3 RE ] 1O A B2 33ED
SN oiz,

2. EB2 (%3, 4)

1) R

RO HHAEERIE381 115 4, mTH S
DAL, HS B 34.8 + 102  m & XFEREE DK 91
%IZHEIN L, BEENRED LNz, LA L, HOE#R
HEDEIE % fiber splitting DE|S 13X HBEE L HSHETO
BHEEI R o720 RIZ, HS-NEH#, HS-ES0# ., HS-
E100E OB MEERIE Z N EN37.1£104 4 m,
389+ 117 #xm, 387120 mTHhH, 3FELD
HSEE X WEEICKEDP o7, 72, HS-NEBEIZ R
HS-E50 &, HS-E100 B O FHHEZIIFEICK
& Do 7275, HS-E50#E & HS-E100 DM ICIXAEE
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®3 ER2—TFHHRHEERDOLHR—

groups n EEHEH (um) n o EI A (um)
HSE 3790  348+102 4 3391 29.7+9.1 #
HS-NE 3619  37.1 104 4P 3109 354 97 b
HS-E50%# 3382 389+11.7 ™d 3047 37.0+8.8 ab.c
HS-E1008% 3393 38.7+12.0 4 3717 35549.3 ab.d

a; XHHRBEE DH EE(P<0.01). b ; HSBEE DA EZE(p<0.01)
¢ HS-NEBE & DA 2 (p<0.01). ¢ ; HS-ESOBE & DA B Z(p<0.01)

x4 ER2—REFOFFROLEH—

muscle groups n OERRME (%)  fiber splitting (%)
2849 20 (0.7%) 12 (0.4%)
HSEf 3790 26 (0.7%) 12 (0.3%)
E Bt 15 HS-NE 3619 26 (0.7%) 14 (0.4%)
HS-ESO8f 3382 30 (0.9%) 11 (0.3%)
HS-E1008f 3393 43 (1.3%) ** 32 (0.9%) **
SHHRRE 2230 11 (0.5%) 11 (0.5%)
HS#E 3391 23 (0.7%) 23 (0.7%)
3109 23 (0.8%) 21 (0.7%)
HS-E508f 3047 33 (1.1%) 20 (0.7%)

MEBEE DHEEHA ; H (p<0.05)

WERBD L NR D072, & 512, HS-E100EE D F A
#E7Z2 & NI fiber splitting D& G133 FERE & W L CTH
BllE o1,

2) BT XA

it BREE O F X A E 213 39.0 £ 82 » m TH 5
DIZxF L, HSHEIL29.7 £9.1 oo m L XFEREEDH 76%
RN L BEEDERD SNz, L L, Bk
E 4 < fiber splitting DE & 13X HREE L HSBHECTHEE
FERD SN o7z, RIZ, HS-NE B, HS-E50 &,
HS-E100 5 D FH FiiE EAE X £ N EN354£9.7 4
m. 37.0£ 88 xm. 355+93 xmTHY, 3BED
HSHE X W EEICKED -7z, $72, HS-ES0EE DRy
FHRHETE 212 HS-NE B, HS-E100# X ) FEICK X
Mo 72H5, HS-NE B & HS-E100 Bl I3 A E =T 4
Moo 51T, HS-E100 BED L HHEIS 72 5
Wiz fiber splitting DE S 13X IREE & LB L TH RIS
Zno Tz,

% £

PER LY, BERAMHEHBOERET IV E LTI
HiE . BEYTEE: . space flight 72 5 NI HS 12
B REVPHVON, BHAMHEROREEA =X A
WZOWTHREEINTWSS +19, ZOH T, HS i,

11

BER T ERE DL 7203 Tl < BARHH ARUE, R
WEBEAMOEIPSR T, b NoEMEDIRK
REICHM L2 EBRETFT IV TH L EHEENTWAET,
T 72, HSEOMIM & L TidkE 4 BRREDD 525, K
ETIIARS® OMELBEIC L T2AM L RE

L7 ZDFEFR. MREOFHHHMEERICERE
R IEH91% ., & T ARH1E%76% (2HE/N L. T
EDICEAMGEROBENTD LN, FiZk T X
IZBWTEHTH 720 KFESHW 12X 5 LEEHME
FhEMEOSE AL, MR X D BREDO S L
WEHRELTBY, FICEGBMEICL > THE I
TWVDHE T AGHDORED, EiGwEL E L3 5 EHH
MEOBEMOBENE L Do 72DTE ) EE
AbNb, T2, FHkSW IE, 7 AD R MHEIIZHS
OB E 20, T Ak &0 RBEE R
B ERE L, BORBIIER IO WIkEL 2 5
A, BHMEFIZEICL D MBBMICHESh, 5
BEDEDVPHREEINL LHELTWVE, L2
T, ZOZEDBL T ABIHERBORENZE L >
REREEZER OGNS, —h., WEENFTRIZOWT
. R, T A5 e b O ERERHER fiber
splittingDE| & 13HS #E L X RBETHEEE IR o 72,
ZL TV KHSY S HS &7 o727 7 ADFHEHITIE
AT ROEE IR ON e h o7z b HE L T
B, TNEAEDOHRE—FHL T,

RIZ, HS-NEFE DX At EAR 1, Bl ©
FAFHEDICHSHE L D AREITKE | PR
fiber splitting DEN G IIM B L FEE T Lo 720 L
2o T, SNEFEHES - VHTOY I ADFEER
TENC X Z2HARRBIRLZEZ ONDH, EHE<TT A
20 B E THRESHEINT AL EbTH Y 20,
BRI R R D EINTVWBE L EZ LN,
T2, BAREBEIZB W THMBMEDOBEIE R 2T
Loz vz &9, —F. HS-ESO Tl EHLH
fi. b7 AL b ICEDOFERMEERITHSEE L 5
CIZHS-NEFE L D EEICKE D o7z, T2, Ful%
WA R fiber splitting D E A AT BB L FEE I Do
72o fER L O FERMIGHEEENZ 1 H1BIOERKETD
BEElEALNLESNRTEBY), YR b
TA—HIIBVTHHMERRE S5 THDR D
DTHo72?, $72, IS (TABFFE L IZIZFE L
HETOHERMINNHEE % 5 v b OBEHMERGIC
TolzfER, 7 AHOBRKENDORIENBES L
EHMELTWS, LA T, MERESMICIE,
RED50% DESEZ BEBIZ O TEM L 725 R ML
MEEE)E, BAREOEE X SEEAMERS O
REMIAEICH L CHRNAER L, BffEs LTHHEY
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TholtEZ N5, TNITH L.HS-EI00EDE
BB DX R M EARIT HS-NERE & bt L Tk &
Wb DD HS-ESORE L ITEBEE T L o7, EHIZ,
I ABHOFEHRAMEERITHS-NEF L A EE TR

(. HS-ESOBEL WV AEI/I S o7z, T2 HOHK
#AMER fiber splitting DEI A AT HREE L HREEIS
Motz EEBR1OKERETIE, KED100% DEHEL R
O THER L - SR MG ESNL. 1EF 2R
HMEWCXT L CRfdEIE R % D725 L, HERER 2
LLRALEELEBIIZE LW EEID LN,
LA L7255, HS-E100 B TIEMfH & b IO
MEIBEILTBY ., THIIERICHE - 72 A A5
MU7zZE%2RELTVWAEY, L7235 T, 100%D
EHEE BIICO CER L 725 RENGEEE) 2B
HEMEH T LTI, HEREERND A L ANK
. EHANEDOHFAHMAZ B TWD T3k
WL HERI S B 5, F 7= fiber splitting D E] & D HEIN
b, EEEWTEMEKSA ML ALLRD, DS
BELLZOTE RN EEZLNS Y,

Doz &b, BERMZEMR L EEM R
THHAEHEI/NSIVEEZEZHN, L) GEE % EE)
B 24T o 7212 EHBAMER KRR O NS LIZRS T,
FL OV AR R fiber splittingD IR % Bh K3 4 W REMEAS
HLEHREING, L2L%D2EL, SRIOFERDOA
H 5 L BE AR OB AT 120 B EF AL %
BRETAILIEITET., SRIEBAMEDHRE T M
WL, BETZ MR B2LENDH 5,
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Effects of Isometric Exercise on Disuse Muscle Atrophy in Mice

Jiro NAKANOY, Minoru OKITA?, Toshiro YOSHIMURA?Y,
Mitsuhiro TSUJTHATAY,

1) Department of Rehabilitation, Nagasaki-KITA Hospital
2) Department of Physical Therapy, School of Allied Medical Science, Nagasaki University

3) Department of Occupational Therapy, School of Allied Medical Science, Nagasaki University
Abstract: There are some reports on the effect of prevention by exercise for atrophic muscle fiber

in the normal mice. However, it is still unclear how much_exercise would be beneficial for the atro-
phic muscle fibers. We therefore studied the effect of two types of isometric exercise on atrophic
muscles after hindlimb suspension (HS). Twenty five male C57BL/10ScN mice (aged with 8 weeks)
were used and divided randomly into five groups: control, the HS only (HS), non-exercise for 2 weeks
after the HS (HS-NE), isometric exercise with a load equal to 50% of body weight after the HS (HS-
ES50), and isometric exercise with a load equal to the body weight after the HS (HS-E100). The HS
was carried out for 2 weeks. The isometric exercise was done with stationary support on a grid at 80
with weights attached to the tail for 10 min/ day, 5 days/ week for 2 weeks. We obtained extensor
digitorum longus (EDL) and soleus (SOL) muscles and stained these sections with hematoxylin-
eosin. Quantitative assessment of the muscles including the diameter of muscle fibers, the rate of the
internal nuclei fibers and splitting fibers. The fiber diameter of the EDL and SOL in the HS group was
significantly small compared with control. The fiber diameter of both muscles in the HS-NE, the HS-
ES50 and the HS-E100 groups showed significantly hypertrophic compared with the HS group. How-
ever, there were no difference between the HS-E50 and the HS-E100 groups. The rate of the internal
nuclei fibers and splitting fibers in the HS-E100 group increased compared to other groups. We found
that strenuous exercise always would not bring muscle fiber hypertrophy, and it is possible that strenu-
ous exercise would promote internal nuclei fibers and fiber splitting.

key words: atrophic muscle, isometric exercise, strength of exercise

14



HEERFEORFN IR $£2%525 (1998) 15-22

B %
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NE;
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ANEOEEFZ L, A THRLVEET IS OE
LSRN =Rt IRV € oY ol SN s TSt
BB BRI AP THREREORE L KR LD
HFAEAIERD A v DT =225 ICON T, AE
7o XGHEBANEMEIL L. B HE ) SRR E
BRISICAER SN GHIN 2 ERUS & FEEEE)
HBETEAL T B, MAEENI A 1 £ T2 5 7
FINEFEL, BEOBHI Y PO — VS RE L %
%—75, VSROEENI 5 A0 E RN A FIAH 28
BOOREFFREMES ) VWbW 5 pinch~ &
ITLTWwWL,, £L T, FEICITHAESICET S
B, EERENDFEE L, —F . TIRCEENCE T A 8%
FAIS|FHES EHEREIFELIBELTV, Zh
LEBOBY 2 HAY LMK R E S EE ) S M
R EEI~ DL L I E & L CRINHIENIC X -

1) ALRERKRZREER F I EFREER

(T 060-8556 ALWETH HHX R 3 476 17 T H)
Naoki Kozuka, PT, Yoshitaka Horimoto, PT, Chizuko
Tsuyjimura, PT, Satoru Kojima, PT: Department of Physi
cal Therapy, School of Health Sciences, Sapporo Medical
University

LR R EER 8 —

Toshio Takahashi, PT: Sapporo Municipal Reha—
bilitation Center for Disabled Children

e R R AR

Kanae Takabatake, PT: Iwamizawa Orthopaedic
and Internal Medicine Hospital

(ZAHE 199749 H 28 /%#H 1998410 1 H)

2)

3)
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HE A

5

FE Y SR T T

TH7b 3N, ZORNEZDOH, BE,ID - TR
ELEAL TV o COFEBEICBNT, RO
RODLThLTI, H5VIEEBNICESHTHET
B Tl % PR LB Soft Neurological Sign'"- 19
v,

Soft Neurological Sign D#E4x (%, Bender® 2%/hE 455
FIREIRE LIICH V- DOB RN TH S, &
B DT %> & Soft Neurological SignZ #Fli L £ ) &£ 35
I3 1960412 A D B E 1D o Prechtl 2 13/0 8
B SN DM, T, B LomicHERT 5
phasic 7 £ &fj(choreiform movement) D4 % 545 L
72 Garfield? (3—EDEBR L & MR LG22
motor impersistence test DEFE X B S 2 L7z, 72,
X Z B 7% E(clumsy), FEAICHIRT 258 R EA K
J&(associated movement ; FEfEEE)), It EEREE
(dyssynergia) % Z B IZHLIE L & 9 & A7z, Touwen
519 IR F MR E 2 AL L, AR %
FEAL L TRl L. FIIC X A2 IEH BE O EHHE
LM L7, AFRTIEEH A 2L VwmE
BEICE-TWS (K1),

Soft Neurological Sign® ¥ |2 (3 H IZF# DEE A
VETH BN, TOREIZBIT 5 ZLERHOIEFHED
HO TR EEBRELIEE LIZ v, F 72 associ-
ated movement{Z DOV T b Z D HIRETHE LI NS —
YINEL A ST,

ARl OWFZFE HBYIE, Touwen & Prechtl D F#FX 22 AR
BEHROBRITICHEE L ZREHBIZOWT, 4~95%
DIEF R DFEBRE & HATREO BRI X V) 5Hifl
L. DD associated movement D/¥% — B LU
associated movement & AATOREE A RFTTH 2 & T
H5bo



MRRF R MBIERE BT BT OE BRI

#£1 Touwen and Prechtl™® DRER

u—y

. UfElcBiTARE
A FOE#BER
B ZTiuBBHB L UEN(CRAELES)
C fEa8
D {EScikmalER
E &t Bk
F Wi R RaEER)
G FARR#C I

2. HITICEHATSBE
A EfR LT
B DEHxHE
C B
D ke sI
E FEBU

3. REGEENCRT HRE
A BfR
B iBfREE)
C {7

4. HEBICEATASBE

x % & K

1. AR

&AL, ALIRTT N OLFER VR 9 Bl & /N FRARF 4R
R10BIDFH 1961 TH 5, M B L OMHERNIZ, 4
~ 6B (BIR6H, KIB3H., 8~ 9k (BB
761, R 3B) THholzo xFRIBIL, HAEREDRI
B L OB & )RR T2 EHRRIC
b SEEZ RO R >72,

i

2. AN L SB8IL

i1, Touwen & Prechtl D ffXFHIBRAF 2 HE -
72 ZOHRT, BEOBYEAHM & 5 L 7oA TR,
EHAIT, 2FEAES BRI THY  KITEREB L
ORBIZOWTIRFFICHEL T iy, DFhEkE
A X 12D W T associated movement % 5551k 10
THIELIZKY, FOMBMEE 2 EREOIT7,

2-1. E#HEAT

0 5DEMEML RS, ZOETIRFIIRS, Z
D, — /D RERZ B R ORI IZHE M T 5 L F
E72\,

2:2. DFHkHE

DERT2HOEMRERELAE, ZOT IR
R%o
B=v:d

0 i~ associated movement {72\,

15~k EFRIOTPICESHFRONL,

16

2~ R EFROMBIEHTH L0, /21

FHRTEoTLHAMEIE S,
3R~ LI i ZSR L 720 B H 2 E)
L7295,
2-3. FEAREX
ET20HR0EKREHLSE, ZOTIHRFIIRE
5o
B=x:d

0 #.~ associated movement i 72\,

1 R~BEICNEE 2R, FREE 2 8MET 5,

2R~MEEZE L <JEf (60° £T). FRE%
BHEY 5,

3R~ EDMI B A 60" DLEJRII L7220
BRI O, B HOEEZED

3. BEMR B L OHEE

AR ( SALIRE R R AR R R B B B AT =
AL, BEOBZAE I ESREMAT Y AT A
(MP JAPANHH8Y) % ffH U720 F 72, BMERATIRAT
[ L 7-#%257 13, SONY 8mm Video Movie, SONY
8mm Video Deck. NEC RGB Multi Display. NEC
PC98-VM & PC98-RX, NEC 2M RAM-Disk, NEC
Super Impose Board |12 & > TR ENE/N— K7 =
7 — L BLESHTH Y 7 b7 = 7 —System VIDAS Ver.
2 #fEA L RITEHEST L=y b2 V7,

4. WFEIHEH
4-1. HBATREOELEE

BERRBIT, 25 & EREOBOELEE %,
ENENDOBRITOLREWLERT —DODO|ELE X,
HLBHEME S BEE & EOBRRMIRR 2 5L 72,
INHITWTN G FIRDOEERSHNT AT AT K
. HEIWMICEHREINELDTH D, EOEHEES
BEMRIZSIT RO AR OFHEL . L)
R RIISTROELBEHOHMBELE LTS
EHIcERE L,

BLOBHEA G BEIES X OCELEHEITE O 51T
FEERDOEIZDOVWTIE, BV BELDOBZW_TEES
BT (two-way ANOVA) % BV CTHERTALER %
L7zo $7-ELENHEAHRERD 4 ~ 6 5%t L 8 ~
IBIEDEIIOWVTUE, t MEIC X Y FEHLE L 72,

4-2. ¥ associated movement D fEAT

SWAEE CIFHE2? S5 OVIREEFIC L i85 E
fE L. O VIREYE 2 “ ROuEHEEFET L= > b
WX BERORKRE2LDAT 4 v ZIZ5E LT
X METFIVE L TULE L2,
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1. SITROELEHZH S BEE (K1)

1-1. HTEENOZE (F2)

4 ~ 6 EEOZNEFNOFIEIL, EMHREITT.0L
1.7cm, 2 F kA E105+4.1cm, EAX138+69m
2L, BHEBITHICEEZLRDL (¢ =0.01),
F72. 8~ 9EBOFNZNOFHMEIX, EHRBIT
50t13cm, 2FEAEE63+19cm, EA X114+
73mTHY., 4~ 6RBELAKGEEELRLL
(a=0.01),

1-2. ‘@I (K2)

R, ERBIT, DF B ETIE 4 ~67KFEL 8
~9BMBIIBVWTHEEEEZRD (p<0.05), HEi
XICELTIE, AEEXRBO LI o7,

1-3. BELBEHHE (K2, £3)

EHAELT, 2FhBE, BRI LEDIIONL ~
6 BEEEIL 196.1 + 26.3, 252.2 & 38.1, 368.4 + 49.5,
8 ~ 9 B3 153.6 £20.9, 204.2 +24.4, 281.7 £ 36.3
CAEBEIZEMLZ (a =001), ERHERICBITLE
EEIRD Lo,

2. associated movement HEFHE DB FEO U F

2-1. DFHkE

4 ~ 6 %HE (N=9) Tld 9 #liZassociated movement
AEHE SN, 8~ 9%t (N=10) TII5FIIEES
NP2 ZDEBUITHR L DIZ 1 AL NIV TH o 7260l
FHoFhEELEAOTHRSIHOEEIRONE
o7z,

2-2. HEAE

WEEL S A HESE LR AEASHEICET RS,
£ B2 3 H LX)V Dassociated movement A3 IR L 72,

(cm)
20
15
10
5
o]
E&RHT DFEEHE dhE
* ta=001  **:p<0.05
M1 ZELBEAHFBBEBOSTERER, Fin

Bl D=
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3. LB associated movement /¥ % — >

3-1. BEAREITE O associated movement

4 ~ 6 FEE T, associated movement s - fil 1258 <
I LIEXNFRRY /NS — v 2 L B 7H], 8 ~9EHRET
1. associated movement 2SR L T 722\, IS
BEICNFR Sy —  THIRT 5 6 BIDSHFAE L 720

F-RAEN IC B9 % associated movement (X, F D
BEDS4 ~ 6 BEETABEE I N, D562
VT A B > Dassociated movementHSHER L 7225, %
BNy — U TH—ME o7 —FH. 8~9&
HECTE26licoAHBEIRD LN,

MBI IICB VTR, 4~ 6 A CIEImENIHE%EE
Ji B @ associated movement % 5 B IZ52% , EEEEE
? associated movement % 5 FIZFRD 72 F ALK L,
8 ~ O WXL CIL A EEEE R #i D associated movement
% 6 BIZED, D 4 i associated movement % 72
DM 7T,

WHE & BRI BT & D BH BT DF hlassociated
movement HIREPAL, FEREEAEM L 72,

3-2. D F FeHk XEED associated movement

4 ~ 6 RRETIE, EMHRAIT & ERRICH AN C
319 % associated movement % 6 FIIZFED 7z, F 7zxd
BN — b 3BICERD -, 8 ~ 9EETIE. A
)12 8B 39 5 associated movement & 4 FIFE At
® 6 BlliZassociated movement S IR L TV 22\ Tl
BNCEEEE I L 72 R8s — » TH o 72,

FEFICHE BT 5 associated movement (£, 4 ~ 6
BECTIIERBITLAROERTH S, 8 ~9%
¥ T associated movement 2% 5 FIIZFERD H AL, T
HEOWBLEML 720

FBIE BV TIX, 4 ~ 6 i T EEEEE il
% 6 BICERD ., Rl EERA s EmL 72, 8~9
% #E Cldassociated movement % 9 B 125, W, F
B CEREED O FEE DR L 72,

BIF2FEHRARELBEFOTRASHOEIT, WHE

®2 BELUBHEMFBBHEOFHIKES

4~BHRIR (N=9) 8~9®IEN=10)

BREIT 7.0£1.7 5.0+1.3
¥ *% *
S £10.5+4.1 6.3+1.97
% | *¥ L
s £ 13.8+6.9 11.4+73"
*:@=0.01 **p<0.05
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2 ELBEAHR

R 68N SN2 ELBRIBT, ERST, 2EHHKE, BRSOIRCALBHREIKRE %5,

®3 ELBHEABROFHIIKES

4 ~6IBN=9) 8 ~9IEN=10)
BT . 196.1£26.3 153.6+£209 .
SE X © 25224381 20424244 |
. "
fi% & " 368.4+49.5 28174363

*:a=0.01

& B IO T % % DA associated movement H
HERAL - FREEASEIN L 720

3-3. P X EFO associated movement

4 ~ 6 FRHETI, MM 1258 < associated movement ¥
HI L T2 RM /88 — U 3 epflicBig s i/,
8~ IBMBMETHRKEL /XY — % 8BIZED 7,
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FRAFIICHIR T 5 associated movement (X, 4 ~ 6
AL 8 ~ 9EBEOMAE L b 8 FICTHH DT IEATH
BL7z.

J BEE 12 i3] 9 5 associated movement (2, 4 ~ 6
RAECIZ AN L, hEEL O BHE 2 NE

e 6 BICRRD 7z, 8 ~ 9 kAEId 8 B Ty I B

L. BHMEEIEEIBRE L VIR -7, OE
BB 2 IR $ 4 associated movement (2D W TIE, 4
~6EAETOHICEHOMIE, /-8~ 9mMBETIE
2 BNZERR DB OA B L 72,

BN E ERAEREEOZRIT, BAERED
HHMEE & B 12 associated movement IR ERL, FEE
HEEIL 720

3-4. associated movement O BL{E fRAT

BEHRAIT, DA E, ERXIIBIT AR

associated movement & FEXIFRAY 72 associated movement
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SR INY —

FER BRI Y — >
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3 RFT4 v I ETFaTICLN) NS h/-FE¥ EE (associated movement)/¥&Z — >

I BAER & FBAER % B0 2 associated movement ASHIEL L T 5

4 associated movement
5k B D FEA 2B L 72 associated movement
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oz (3. 4),

% £t
1. Soft Neurological Sign & 4~ [0] DL - 724584
5 33 B 5 VR D r L ARt i B2 A A% (minimal brain
dysfunction, LT MBD & B§9) &IN5 EMBREDS
HHH, TOMBD & X, HEEIXIZEALEFETH D
BISH \WAHWVALRREDOFHCITEIORENH ) |
L2 b AR RE O 1) (deviation) %9 b D%
W) W, oK) /NBI IR, b
%\ CT R MRIFFOHEZW 21775 > ThlT L A
EITRIIEON VW, 2T, 2D L) BRI
L T DR, FSZEAE % 2812 L TR S /b
BT &5 WVITFEEMEFZWICL Y. FAK
R DM 72 B b 5\ ITFEBIEDAAE % BEb



R BB IEAREE 1 BT B BT DO EBEAT

TEELIRPHE SN S, Soft Neurological Sign D
W ERICOWT, FRBOBKRZHELT LD
—FHL2VEFERCTIELIELIEMEE 2%, 20
RS & OR—FIZDWT, JIIEY X, BHDSE
CIFEHM S 5 VIO HEICL T LORHE TR
WEMH DL E L TWh, 72, Benedetto” &, CLET
&M 72 NESS (Neurological Examination for Subtle
Signs) M LaBb 2 EMi L2, 2 $EKED
associated movement!Z2O\W T, 7 A F —F 7 A MHD
[EHHME & B4k X O associated movement D#EERF 4] D
FEEIEL, ELOMESEL LTS, ZOK
HD—212 /NBHHDEFEEZ + 5 EE I e,
BEOHEZITRoTEREZLNS,

BAE T TIC, IEF B OFEAIE & Soft Neurological
Sign & OREEM:Z METT 2T O N T E 7295,
ZoHc, NG &, EHSITRORMEEE, 3
~ 8 CHNE IR D WAE DS A SNz L LT
Wb, AR IZX T, ERAITIES ~ TR T3
ERERMLTOEF LIS, 2F k5 E1E3
L ETalfE & 2 0 . Z DB Dassociated movement i
eI EE VIR, 7~ 8 THET 5, /A E
X 3L ETHREE 2D, 2 DFED associated move-
mentiZ O FHAXLVECEITHRY 9~10RKEX T
BBEINLZENHDEHMELTWE, HIIY 12
L, @5~ 6T, ERETIINT ¥ ADH
N7z, AEEESHFARON/) LTHERFLEEE
2%, D F%hE& X3 3 KL LT EETH L associated
movement S 5N THEE L IFE 2 LV, QK X
X 3MBELDUTREL & B8, HATRICHBIET &
F20FERAVAD, EEED) L7 § 5 associated
movement BSEREE X NS, ZOHFED . 3HELEHRTT
IR S, BELEISEZhwELTnE, @8
3 Tk, 2 F 4k & T4 A Dassociated movement?)®
BRSNCTORFLIIEAT, EAZITIII~10/K
tH $ T associated movement DSEREE SN 5 L #iE L T
Wb, AL DER LD, DNEOHTROE
EJFE & associated movement D JNEGIZRE D (L TH
D, FzhorxERfb L, iR ERELRE L, &
B ETHIC R E 52 A ENERTH A LEZ.
AEOFFEIZE - 72,

2. WFFEFERIZOWVT

2-1. ELEIHEORR

BN, BEOSTICHRTERASRTIE, X
BRREATRIRICL S ARICHRSZ ) fG~D
BEWDRT LETOEGENEL kb, DThAH
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LA XS OICHERMAVNS (Y B
EIEESTO L) 2WEHELELNT, BTOHS
BEDEL 55, SRID#ERI, BHREREZHL DD,
BHLOBHEAIG BB, 4 ~ 9B CTEMASIT, 0%
Sk &, EAZONEICHEEE 252 L 2RKR LTz,

KA 5 D IZ LAUTIEF BRATICOWTIE, 6
BCIEF /8% — 127 DO BHAR NRA DO — A7 & 1
2BV B BRECHOEEHE T, ELAOMT
BENMEAT3.5+09cm & 2> TW5 10, Zhi4ED
HEMEERDE, 4 ~6RET, BEHRSMMTIIER
BITOR 2HEDOEETH ) DA Z I 3. -
HERHABOREL R o7z 8~ 9EIETIE, E
BHRTTHIABORETH Y, DFHEETH 18
R, HEARE TR3IMEORMEL o7 2E 0 K
HICBWTLROEIETHAEDOEHFTICRD L
EZoNb, 4~ 6FHIITIZFALETHESES L
L7225 0b b3, 8~ 93 As 7200
EILLHGEPEVWE VR S, BIFRBENNEDIET
., 4~ 6mBEL 8~ 9RHOBICOR, FEEE
RO ol

IS XD, EHEERT, 0FHEEIT4L~9ET
BHRENDOOH L0, BAZIZIRII Lo THRE
B L THhHEEZOLNS,

2-2. associated movement DFFE

b} associated movement (&, FEAAY 12T BAETAVEL.
FEEETR . FRESECEBER S TWz2s, Fk
ELBEIN, FIZE AE Y, FITHENIZL S
BEWEBLZUTO#E)THD, 4~ 6T,
ERRAATH S A X 12201F TH I associated move-
ment S L, ZNA5EHA S, WHNISREE 2
TENY =V RRLT, 8~ 9EETIE, EHRFAT
THH L T ) o 72 associated movement 75, 2 %
FeA &S CHENCEEICHI L., BRI OBICHAN
FULAHBT AN — v RR LIz, T2, WEEE D
R AT IS TR A THRE | Zassociated movement
WEHIZ R o720 HAD 12X T8 ~ 9L, asso-
ciated movement 25{H 2 LIA® 5 KT % 2%, TH
DOFEH T, FHRICTEILEESERL, HEHT
FE®E~hEEORE 106 IFIZHIRLTB
D, HELTLERSVEELS, BFLINE0WED
® associated movement HMERE SN B & LT A
D RLfES ¥ —3 L7z, Touwen & Prechtl D FEALIZ X
ML, FEEEHEE % associated movement & LT\ 5
A5, FERSIZNF B E B O associated movement % 7R S
WERE DS { . RO mBALICEER 25 L 72,

PR E T, 4~ 6L 8~ IBmBEDOMARIZ as-
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sociated movement 2% B |2 Hi3H L. Touwen & Prechtl
DEBALIC X NIT 3 m L&D TEB 7% associated
movement % /R L7z, T2MAEEEL b I2, ERHBIT, D
F AR TR 0% D) FBH(Zassociated movement Y
WL, 4 ~6ZHETIISFL»MHEOTFHEEHTE &
%0, FEEIcOWTIRREEDEE o2, Db
& 1. associated movement (ZEARAITOB, 8 ~ 9%
WHEMEMTHSH05, DFHARETIEE~9IETDH
associated movement DSt T AL V2 B, 2D 2DOD
BAITTIE, 4 ~6 ML 8 ~ 9EBED associated
movement (B R ENH L LEZ ONDL, —HEE
Z|2BIF % associated movement (X, 4 ~ 99X TKE
BEALD e EZ b b, 72, Touwen & Prechtl
DO FHKE O RBALIZ, SRR & —FE
T, FHMEEEOBE I OWTIREEICEET ALE
WhbEEZ b,

2-3. HATHES K L associated movement

AR EAD/NRTIE, high-guard X medium-guard &
MIEN % IR % £ 5 7278 OV EREB ASFAET 5>
0, Z OEBOERIT, FHEMER O BAREET LE L
KRB0, T3 NV ARBEET L DIC%
L U7 BB % B3 C KD e % #lisk LH#EE N %
EO T 72072 eEZON5Y, LML, Th5IE
BEIDIAT & ) A IESHEES) 0 & B EE) 12
BATT 5o T, WEM L. ERICHAESHE
5o B 3, O ITEEMLTH, #EHHk
DRI T D ERBICHEAMLTLE) LHELT
W5, IEFEIBICEIZE SN 5 associated movement (3 &
MWL T B LEZONE, MR IESEEES) %
SEBHI LI, BEILL TTW/z associated
movement DFHFEILZFHEFHE L T 5 LW SN 5, as-
sociated movement % B 1Y, mMICFHE§ 4 2 & 1E, /h
BOMEROBALZHETHFERL L TEZUTHS
EEZ b, '

5%, BEBREBEOERB LRI L, F-40D
BWERE D ERBER TN ZEIZE), ThbD
AATE PUEEHA & associated movement D SR % X
DHLPIZL TS ZEDRLETHLEEZ D,
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The study of gait analysis in the test for soft neurological sign

Naoki Kozuka', Toshio Takahashi?, Kanae Takabatake®, Yoshitaka Horimoto",

Chizuko Tsujimura and Satoru Kojima"

1) Department of Physical Therapy, School of Health Scienses, Sapporo Medical University
2) Sapporo Municipal Rehabilitation Center for Disabled Children
3) Iwamizawa Orthopaedic and Internal Medicine Hospital

Abstract: We studied the deviation of the center of pressure during walking (gait along a straight
line, gait along a straight line on tiptoes, and gait along a straight line on heels). Methods scored by
Touwen's tests and motion analyzed by stick picture were used for evaluating the associated move-
ment of the upper limbs during gait. Observations were made in 19 normal children aged 4 to 9 years,
and the results were as follows:

(1) In increasing order, deviation of the center of pressure was gait along a straight line, gait on
tiptoes, and gait on heels. In gait along a straight line, the deviation observed among 4-6 year-old
subjects was greater than that observed among those aged 8-9 years. In gait on tiptoes, similar results
were obtained.

(2) In gait on tiptoes, the associated movements scored by Touwen's tests showed that movements
disappeared with aging.

(3) The associated movement analyzed by stick picture showed that most motions were composed
of shoulder abduction, elbow flexion, and wrist extension. In increasing order, the quantity of the
associated movement was gait along a straight line, gait on tiptoes, and gait on heels. In gait along a
straight line, the associated movements disappeared with aging. In gait on tiptoes, similar results were
found.

It is necessary to study normal children aged 10 years and over, to elucidate the relationship be-
tween motor development and associated movement.

key words: gait analysis, soft neurological sign, associated movement,center of pressure
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