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Could the risk for periodontal disease be a predictor for atherosclerosis?
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Somatosensory evoked potentials and high—frequency oscillations after transcranial

static magnetic stimulation over the primary somatosensory cortex
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Could the risk for periodontal disease be a predictor for atherosclerosis?

Yuko Machida (Student ID No. 2384009 )
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[Objective] Periodontal disease (PD) is recognized as an independent risk factor for cardiovascular
disease (CVD). However, epidemiological evidence on the association between atherosclerosis, a central
process in the development of CVD, and PD has remained limited. One major reason is that assessing
PD status requires both clinical expertise and time. This study aimed to investigate the relationship
between self-assessable PD risks and brachial-ankle pulse wave velocity (ba-PWYV), a marker of arterial
stiffness and atherosclerosis.

[Methods] Patients aged 20 years or older who underwent ba-PWV measurement at the cardiology
outpatient department of Yokkaichi-Hazu Medical Center in 2025 were invited to participate the study.
Complete data from 131 participants were analyzed. The ba-PWV value and cardio-ankle vascular index
(CAVI ), another parameter of arterial stiffness, calculated from ba-PWV in this study, were used as
outcome variables. Two indicators were applied as indicators of PD: the screening result for severe PD by
Iwasaki. et. al.(2021), and Self-assessed number of remaining teeth. Covariates were traditional CVD risk
factors: smoking, DM, dyslipidemia, body mass index. Hypertension was not included because most
participants were prescribed antihypertensive agents. Beside of all participants with complete data (n =
131 ), subgroup analysis was conducted for Participants with 25 or more teeth ( n=56), and those aged
less 70 years (n = 71). Multiple linear regression analyses were performed in overall sample and each
subgroup. Finally, participants’ awareness of the association between PD and CVD was compared with
the one between PD and diabetes or between PD and aspiration pneumonia.

[Results] The demographic characteristics of participants are shown in Table 1. Male accounted for

70.2%, and the mean age was 70.6 (£11.5) years. The mean ba-PWV was 1769 (£385) m/sec. The ratio of



screened positive for severe PD was 21.4%, and the median number of remaining teeth was 25
(corresponding to three missing teeth). Adjusted multiple linear regression revealed that the screening
result was an independent factor for ba-PWV) only among participants with 25 or more remaining teeth

= = < i
(n=56, B=226, P<0.01) (Tabel 1). Furthermore, the regression Table 1.

analysis for ba-PWV by the number of remaining teeth showed General characteristics of participants

(n=131)
a significant inverse association between ba-PWV and the

Age (y) 706115
number of teeth; however, this association was observed Sex (men, %) 70.2
. o BMI 24.1+4.1
exclusively among participants younger than 70 years ( n=71, Diabetes (%) 336
Dyslipidimia (%) 58.0

_ - . .
[ =-153, P<0.01). When an interaction term between the Smoking (formericurrent) (%)  28.2/8.4

.. . Atherosclerosis marker
number of remaining teeth and sex was incorporated, the

Ba-PWV (m/sec) 1769 =385
regression model including all participants (n = 131) indicated P[_)'TEIatEd data )
Remaining tooth (median) 25
Screening positive (%) 21.4

that the number of remaining teeth stayed as an independent
Values are mean * standard deviation

. . . " medi Wil
factor associated with ba-PWYV, although the effect differed o tedtat of Hequieticy

between sexes ( Tables 1 and 2 ). From perspective of arterial
Table 2.

stiffness markers, replacing ba-PWV with CAVI improved the Results of adjusted multiple linear regression

regression models especially in 2 residual normality. Finally, for ba-PWV in each subgroup

. . o Sub- Variable No. B
the proportions of participants who were aware of the linking group 95%C.1.
. . . Teeth  Screening 71 206"
between PD and diabetes, CVD, and aspiration pneumonia =25, 18—395
were different significantly (p < 0.01): 0.41, 0.36, and 025, ~ /0>  Remaining 56 -15.3
Age teeth -30.0—-0.7
respectively.
Table 3.

[Conclusion] Self-performable PD screening and self-assessed

Results of adjusted multiple linear regression

number of remaining teeth were strongly associated with ba- | . . .
with interaction analysis for ba-PWYV in all

PWV among individuals at CVD risk. These indicators may participants (n =131).

Variable B

help motivate periodontal care to individuals with lifestyle-

Remaining teeth (log) +2+50
related disease who are often unaware of the link between PD  gqy (male) 636"
and CVA. Remaining teeth (log) X Sex (male) 237"
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m. #3

FAEL BMI, A 7 AZ A (MEIR, §l&, A7 V-0 ¥ (L) REZLEEREE L TH
LTGRO ORE, Bl b~V AT v 72 A bV ITENEEHEAEEERE
O AR LT (B :B=8.93, 95%CI 2.73-15.13, #Z ¥ : B=9.33, 95%CI 6.36-12.31),
EEHAROMY, L CEBEEEE L., ~V AT v ¥ A L XEB)EH DL AEAEMIZ
Bl bABETIEIRpoT, L EPFEF AV T, EEBH - EEBHHLO NG T~ R
ToT7 AL N—BHELTEMEZRIL, X TEIFEIHHH TO LFEDFHEFHICRE
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BETERPoTZZEE, ~NVAT v 7 XA LREEHE - EEEHT T NI BHEI
R E LT L, FREKOENE EFICEG LB R EBNHE TCH D Z & 2R
LD, FRIZ, KA CIHEBHA~O EREDRPHEFHICKRE Do T2 mlT, EHE DA
PRLHEALSMER ARG T2 WEERD Y. BITHETCRSND [KFICBT 5%
BAADLHEBHREOKRE S ) LLEAT D, SHIT, ~VAT v 72 A ML
EEY A =2 — - BN - RS - R/ REOME(LEMAGDE LT T
R—=R PP ATHY . ZOMBHIRFERITANT UV M L2OHFELHROL &F
HDYVATRT A7 b Ea—RET L, £ ~NVAT v T I A LFEBIE S KT
OEENEATLTWEZ LiE, TABRLDRPBRTIEBLEBERNTH T,

INHEBERDE, ~VAT v T H AL LD LD % WMIEBICKE Ly, 24#
NIRRT E 2N IRIES) (X, Khm BT TR ERERR E O LB
REaXADBEBERNATHLLEEZEZON D, 4%IF., AR ESHRT A o LMk L&
REORBHHKRIEB EFFMAEAL, OB - 2B EL & O BN &
D, AADHEBEFEE LR ATEEEZRIET 22 EBRDLN D,
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Y Gk COmE & SO (ShEASHR) 1%, EA B HHEET HE A Tdh B, JEf THFFECE T,
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EDIT, BRI L D ElE ORIEZ L FEICIR 2 D121E, ANBOTEIC B SN\ G EORR b 4
HChh D, TD 128 LT, BN HXERE OFAEE 04T L HEH U728 25l b3 2575 AL 351 s,
IR AL OIEFZRADIZHTZ0 | RIESHITHODBIECI T, SIEAND L 9 7ektgeEd 180° i
r‘E@%b-z% T LT EDS I BTV, S 512, B AT (2 X DRIE O LIV TE, ABOH
IRTFRAE I DHER U 7 BUE D3RR DI E 2 Sk TN B ik 5,
% TAMIE TR, SIEEEHRRITE D s 2 x50, AR ORIE A O EINHGRE, fimik
LR DHESHROFER A, Rt b 2 L %: THIRZZIOD K O 72BN X AR 2 D EhE O LA
Twﬁ T DEE NOBUSHORBRT 5 2 & ZIAE R Al ORIEIE S . ShEAQE ORIE 21 5 R
Ak L ONEIREZ L A BIEZEG I & ORSE 2 rbz‘) _ﬁ”‘é LERBAME LT

I. HARAEERR

RGBS EE AR T8 O =il 45 4 (Tttk 38 44, Bt 744, WA 84. 815, 2 %) & LTo, SEASHik
%, RIBHER DT A —E X THERIATOND 7 ARG 3 43) LEADEES (K 2 49) Th b, 7 VA REETIX
T VAR ATV, FADERES CIIGiEsit H OB O A B OBEZCE DY TH O Siia i E LT,
(5% 1] WEAEFUN I T D reiines OBIFIOVNT, BTG R 2 FHV - B Rl - 1 D s

BB, ShEASIRATA DG A ERHERE & . HrEsdiiz e L7 Bhi) b sk Rl L H81E5HnA S
L7 Eﬁnﬂﬁ&aﬁﬁf Y Face Scale, Visual Analogue Scale (VAS). Emotion and Arousal Checklist (FACL) MDE(X:
R0 AR LA i RUMHOIEH &2 Ve, S BT, YA & D milins O H ERIG 2172 <HEZ D728, T
WFFE T 4 DORIFRE G LV - BID U D736 07 36 R/ MR L) (DWW T 4 HREATZ /B L TRV,

SRR L HBIESHITCIT Affect Rating Scale (ARS) &V 7z, ARS 13, SWEASHiAHY LBl 5, 2L
I B0 - A2 /7 AR DA HOWT, 2 4Dk e BEREFIRFREE) |2 1 0 3l A I L 72,

e AT @%ﬁ{;luﬁﬁfﬁ@gﬁ%&aﬁﬁ@fﬁ ZOWTY /vy Y o ORFFAERRIGIE & FEkiE L=,
[(Bi5E2] BEOET AN A Z 2\, BeEhiE 2482 HBIEHRE 7 EOM

HIEIE, B 3. 5m OFJE LTS 34 L BT A AT b BEBLElk, 58 LTC 4~5 DL D8 a R

B L., JBUERER AL (CAC #1.. Ursensor verl. 6.0) 125 VK 30fps TELYIALGHT LT, £ LT, 1 AH72Y 1 &6t
%%L DIEH) 2 B IHEEOEARRD 30° )3 B GIHREDIER, AR 30° ) DT AH AT Z L IO %
FIEIEN - ERNZRTHWRITER, Attention ZHH L7, BUWRHERISEREIFI L, BRI SRl o]
BaFRT(0~100%), Attention |XET AN AT OHENIRI L, EOFRELIEMR ARV VTV e a2 T (0~100),

WEFFRIRITIE, BT A0 AT 1~3 B/ NZ & OFRHEE- Attention I[TOWT T U — M~ UAREE i L7,
(W52 3] IR AT ORI E & BEFORER IR EE & DOBIROMRES
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NENARB RS A e LT, & JEIERER AT OFEAEIFI T DB Bl & BEAFORIFE R & O
RS W T T 5 720, *H&%ﬁﬁz@%é@*ﬁﬁ%% uto
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DEAFEIFCIT 2 F O I T, BEFORIETHI R & ORI A B2 205880 i, JL ZOUNVT,
BRI IFRIGOT- DML I LA IR SN DRI DD, DT80, HEW - BERIRIED/ T A%
&L CTEE BT 2RAENClE, BEFORBIEHUIRE & ORI E 7o LHEER LT-, ZDZ b, EilfEaxt
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%ANELATE LTPush & Release Test &3 L1=fEMD/ 5 U R RIGOFFHEDIRET

PRt - R - fRALBOR & AT A EI
¥R K 5 2481010
K 4 BN
REHBE4 EE B Bz

I. [FC&HIC

B E Tl mE LI, s OSBRI S & 72> T D, RIS T AREREDI
VJHEEPRAEICERE T A EERERTH Y, T AHRHO A 1 = X LOf TR 2 8595 ECEETH S, B
REIGAZ T DG83 o AFHIHTAIZ Pull Test 2385703, SMELATETIINC 52 5 1O LR AR 135
ZEDREETH Y, FERANTGTZ LR DR DINELOFE AT L T D Z E MR SV D, JEATHIE
IR ~x 7051 CONEBREE DI b 2387y, AR ORRIE S & L1\ T A RSORHE R LTolds 3 o i
D73, ANEREOE B LA OFHH LI DU TS E S A B L 35720, BRBI CORRBE 2R E L
T REIHEECTH 2,

ty ) — DD 3T o AFHMFEE LT Push & Release Test (UL N PRT) 2365, ZOHRELETANS:
ELA G2 AT v TEWEERR L, N7V ARIGE T 5515 T 5, PRTICET 2T CIY, FETFRUICENE
T DANELIRE DEEED SO LS ST D Z &R0, BRGNS LT Pull Test & PRT IZX DANELTA LT
DHAT Yy THET U Misk L, GE)E L ORSE) HHEEIFHIREZ T L, PRT 2Mx{E] & OBSE) R < $i5E T~
DIFEFERENZ ERHESIVTND, 2DO—5C, FEIZ PRT 230 L7-FED /T L A UGS ORHS 2 X
Hl» (Center of Pressure : LAT COP) 7 E D& I7 U CRIAMN L 7=AgEl L4 7= B 720,

AWFED BHL, BRARESS CHEEE DT AN E R 2aHiiaE s U TR S D PRT 2H0 1T,
COP oYX D@5 Pull Test 1231F 2737 0 ARG & OFRHROE NG5 2 & Th D,

I. BIRAKREAR

PR, BEEEAF 224 (BME: 114, E114) & Lo, AWREZIE T2 8 OO FTHRAFAT v
TIISERBEZ L, TO/NT 2 AN TIRRT LTz, T X TOSRIHIIB Y THERE 1 IBRIR L72IRRE T, BAGLAL
VI AR A TN A & L, BIEIE 10em & Uiz, &7z, &5 FCOSBRMIRRI TR ETCHEE L, &
EOREE LU, PRT SR DAMELIREE & Ui, #REDMEE L 7-BROBtsE O IO D1 1%
fEf%= L L Hand-Held Dynamometer (ULF HHD) ZHWCHIE L=, 8 DB T AT v 7 RIFTHIT 537
ABUSZONT, COP, ffiEd), A7 v 7HE AT v 7 RANE LT, COPIIREIRIEZM, FEAT5mOBiE
& AT TBAMEHE (LA AT » 7R 12OV CHIE Lz, AEENCBE L i, BERAh O EEIBHARERE (T5l5HE)
TEIRD (ZOWCHIE Uiz, #8Rim 3y (ERs, By, KR OBRERs, SMI AR KD 7 R),
BB FlERS, &7 A OGFH12fiE Lic, AT v T HERT v T RIZETA I AT BHE LT,

(Sl 1 I ER AT » 7" (BUF - BHAT v )]

BRI AR A TS O T B A RFE L, AR O FIMERE DR OEEN-Z LA AXE LT, <

WZBIANAE T ~AT » T2 T L OIER LT,
[ 2 : PRT OFEhi)715]

BSRAZES AR L OO DAREEN D, BEE DR O (BRI ~HHD 24T, #dEi3oeaic
FODIND XU THERE IR ST, R 2 %S T 2 HEE UTE PRT OFIEEZSEI, [HEE
DOOLEDNEZ R -2 &), REEOFARDEIPIMUIZZ &) D 2 5 Uz, FEBEE LI & 2HE8 L
To1%, BEEIITFERAIHEL, B - INLANE 52T, TEBE 24 I 7135 TIC T o 7 M T 7
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[543 : Pull Test)

PERE VIR~ R 2R &, UL NSO T v 7 IS8 L, TEA R L2 B2 R &I (72,
ISRy MZINIBERER 2 Uiz, A7y MIEEZ#E 5 2 & CHBRENE T~ DINLE -2 1=, TEbAH
HHHA I TITERET T X MAToT, 1.0 kg OESEAFNOBRLAEL, 0.1 kg A THI ARSI, %5
NDAT TV L Dl NEEA TR L, ZOik LIZEHED 2 (FOAMEE 5272,

[77—2%43#7]

SofF 1 KOG 2 OANELBHAARAR IS 0O HHD (\ZERD FHI 725 — 4030 Lleo7cREbe L, S8 0
ANELBRAARE AU N A MR SR TGRSR 7 — & DRE A TN IR TR o TR & Lz, B Co% A
T TEWRZIOTRER & AR DBLED DI AP T CHOlRR U, B DR OSBRI L, FMEL
BgaRT 1 OIS 3 DR A A A TG A B2 IR L B LT, 7o, IR OT—4# 0155
iz, REHLODOEIBEREAE OV TH Hsdia T L=,

(s - rrtfigt]

PRT -2 381) D ANELSRE ORI 2 S Hld 5 7260, #RPIFRBIREL (Intraclass Correlation Coefficient : ICC(1.1))
ZRH U, EPL, BN S OFRIEHE W CIERIM 2 MER L, Mendoza OERAEMERIE 2320 L7-, ER
TEPEANITZ SV AT Greenhouse-Geisser A UNIERIE BN a1 T o1, £2, AEAELZZRD-
YA, FHME S LT Shaffer OMEE,To7-, T — XT3 Modified-R-Commander (4.4.0) 2 H L 7=,

m #3R

[Fl— A CORARIIEIZ L DA PEREEEE ICC(L.D) T LSRR, 0.85 & @\ EEWED s S,
1) COP 7—#{Z2\T

COP T —H# b AT » 7T 2R U755, Pull Test (699.9+274.1 msec), HFEAT ~ 7 (455.7+126.8 msec)
PRT (187.7+48.4 msec) DNAIZHERFAELL, B CHEHFAMEEZE GRS (B3 vs PRT p<0.001, PRT
vs Pull Test p<0.001, F%& vs Pull Test p<0.01), PRT STV TONEIE T ICAT v IDVELTZZ LAVREHN
7o E72, COP OUFHMH~DEFBEMEHHEE L ClY, S5A7 v 7BbAERI—EEEEl~ COP 235B# L7-1412
KEHH~ COP 2588 L7=Z L 3R &7z, Pull Test &N PRT S84 T~ COP BBl R S,
FTA OB DMER S, Z ORI~ COP BEDBES AT PRT S T < bz, FEEE LT
1%, HREAT v (47.3+11.7mm), PullTest (19.2+10.0mm), PRT (4.8+3.6mm) DIET/NEL, BRMUHT
Rt B (0<0.05) DHER ST, PRT SHRBW T~ COP BEIENA BT NSWZ EAVRENTZ,
AT » TRAZHOUNT

AT T RIZEFRAT v 7T 264.5£67.9mm, PRT C447.8+111.3 mm, Pull Test C 468.0£108.7 mm CTH V),
H¥AT 7L PRT KU Pull Test & CHEHFHIAEZ (p<0.001) 725857z, PRT &L Pull Test &
PRI IR A B IR Hivie T,

DANEIIEIF DU T

BAT TR TRANEE LT & L CTAHRAT » 7 & Pull Test 54 ClIgRICER CH Y, BX
AT 7 C 575+61.4 msec, Pull Test 5/ 110.1+138.1 msec Tdh o7, PRT St ClIcFHIMABRESR <
7.4+51.2 msec Th o7z, KA THEHFIFAEZE (p<0.05) 25880 5, PRT SR EIEAT 7L Pull Test
St L s U T BT T, BRAT v 7 & Pull Test MR IHGR EAIA B T80 BV~ T,

V. E% -5k

BIAT v T HE LS DH8I0 D 35D IEE Y, /3T L ARUGSORABI W TR L7455 PRT & Pull Test
IXEBLBINLEINZ AT v TENWEE T DRHITETH DD, SNELUTIER OBIEENT 2 OFRESATFOE D
TERE T DB N2 D Z L AVRENTZ, FRHZ COP T —4 0D, AT v 72 RIS TRIIZEHIE & b 5 il
JEMR~D COP BEhEAY PRT S CHEIZD LT =2 &5, PRT X FRIRGAEAHREIO R 2 M 1R L,
R BOSHIZEHIEID R T o ARG PNl C& 2 ETH D Z LB 2 b,

PLEDZ 75 PRT 1L, Pull Test & b U CRERZNAERR R A ML L 8T, RUGHIZESHREID N T o ARG &
L CORAT » 7EWEE L KB THE rTREZRR I & 70 2 rTREMED VR S U7,
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ELGEMHROE < ARIZEITHEEFOBRETDEREL
BICEY 5 E&RI 0L L DREE
—ARREENOERENR & L-1aEIE—

PR« ESE - FRALECR S AT LGEI
FOREE 5 2484001

K 4 FH ¥
EECE Y= C A L

I. LI
FonSECIIAEEER T8 SRR OMERIZ T, 328 - 33 - BEEDE Ao T-RFEOEE, BHEIOMR,

PR EERRE & U TESIT b Tnd. LoaL, B< ARCIIHE-omEhc L 2R, TR L1
F O BRI BN 220 097, AME - PRADIRELAELSTUV. LD, Ao RFOmIE
1%, RHRTEROBRIROM A 037 <, 1 HORAEISRROEIZ 8% KT FIREMER & 5.
R, B30I 2 AEREE ISR e, RNASEIE RSB B 3E 7 Ek R Sk Ty 5y
e DEMNITIE, BsA g L U7 BB iU S W ATREMD B 5. AFFFEDRIGC b 5 B AR IR B GmA X
—WHEFNEFE N —TERE 25, - BHEEIEDORZ-OIEHOME bM< Tl Y, Hilgd FFIZAN L 7-fd
FESBEROIFHN TG T D EHEE AR D DD,
FAEFIIRERBIUNCE EEDLT, HERNDD, SREaff I eV oTottafyeifz e, fIZBIT 5381
) QOL (subjective dietrelated quality of life : SDQOL) 1%, BFOHL IOFHR, Tiidis &2 afE itz
DIETHS. LL, Ltk < R E2xgUs, AFholaoaitil SDQOL ORSEA T L 7oAt
RGN TN,
AT, HAREHEAN R 2@ < HRERIBUS, o RAEOIREA R L, tFhoaof itk
OEFHOGHHE L SDQOL & OBFEAIGNIT 5 Z LA HE L

I. RAEERR

ARG IRWANIE Ch 5. HARRFIN CERMEZ 2 %2 LT [ERBEEREIIAS, 36 X UOHUEMN 85T
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1 #AL7=TEM (’77’72\“/‘«”—7‘5 CM., ¥—3—V % KP &75%)

V. & ¥

AHFFEOFER G| FREVEREE DRI FEY— E A FIAT 5RO, RN L FROBEROR K
VP U BHHSIVRNE EAEDNET L QD 2 ERALNE Aot 18R, RAOIH#E— BRSO E D
BIHOR L, 3HE EOREERREE UTRA BN Z E NS o728, ABIFECIE, B~ —Eafuz ke
OFF THLYIET#E—EARICELFTHHGE SN, ZOZ LT, BROR BB SdBEO I At S %
BT 21O T RN EERL TN,

WA Uiz TRM XD G, 77 <3P —ILBAOA—ENE L L5V, 47 LA EEME H
H1& LIS oiEE 21 T Qe bl Tlaze< | SHBROR—AZFHET 5, RADRUGERFO, BIRIEA KT 2
7R EORIEEBIR L CVe, VBT, BRI R S D O TIEARV S, SdRA S8
2072 SEEER R L QU= e &2 Hivd,

Flo, ZOX D BRSARAEFREE T 57 7~ XY —HESMHEIZIU TR, h— B AR OFEEEA7217 T <

BIROAR—HERHEE LD FROAEFERICED T TOT bt AZ R IR EZHITHZ EDEHTHD &
%z BB, — T, BENHESAREEOES L, HIE E, — AR ZAHEE U CRHE - s ssE Shuan
D0, —EAFHOFBO L Z R F LT HDOTII L, BEICE S F TORRG-CTEaEEZ D b D% 3% -

Hﬂﬁ@x}“%%}: U TR AR EHIE ECHRETT 25 30 5 &5 2 bivd,
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ZRABERBFICEFTDIRATLAI S 74 v I REZEDICATIREMS D RE
—HBHNEGRIUSMEHICEDCAERES O LE—
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FREE S 2481001
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fREH A4 R 1

I. TL®HIC

SRICEMERTIZ, AR =YW EO TRHE AT + —~ 0 AT A TEH S hv, B
HE A T EMICHEET 2 ZEFELE 2o T D, BMEAER DT KW EA 7 —ANH
WHR DA, BHREFKAFES Y o vm y 7 OB L0, Figm (Y ih) B X OKEm
(Z ) OFEBTIIEHBEN+o TRVWATEBENER I TWD, TORRE, BIKMICE
NI FEE &) S EREICFE M SN T W WRIEEMER S H, T2 TH IR FIELE L TR
TVF T T 74y P BREEZTRET LD AFETI=ZROEERZRKEOZ AT 2 L TR
FEAAEETDHDEVOREEZA L, —RCEBOE 2 #EEHER R e L TRk TE 55
MEzHT 5, LrL, ZREEMEMBITF CHONDEEBERICAT VAT T 74 v 7 REEL
BWHLEMEIRIZEAERESN TR, T4 7 —AORABEHERHIND R, KFIEN
WL EEEME LGS, EEHNREICICHTREINEZME T IERITIREVWEE XD,

I. B

RO HIIX, ZRCEEMITICB T 2BEE8IESOFH -2 RBAHEL LT, AT VAT
T4 I REENEOBREFEATETHI N EHN - BINOEEE»PORFTE 2L TH
Lo FT.AMET AV EHAWTEBEMAESMEICESE | §00 72 =R oo FEAE T 4 [F 715 2
I TX 202 MEEMICRE Ml L7z, &5, A2 Uy k (BLF, SQ BLO®AFY v k
27Ty b (BLF, SSQ) BEICEHA L, koA A 7 —MALoind, FRICHIFET B X
VKT E W o T- A ERHA AR EREBEIC ST 2 kIER X OEMEE M- EEE
WCHRSSHEHFEZFM L, 2o Z2BEL T, ZRIEBEEZAEMEE L TH S 3k il
HORELERRAZEEI L, FiozatifbFiEe LToRAEEZRFL .,

m. A&

(W98 1] AprET izt L X d (0/30/60/90° ), Y i (0/10/20/30/40° ), Z #f (5 DD
MlfEdh) OBEmMMAESRMELZHRE L, ZRTEEMITIEE CHRG LI EBIENO AT A T —MA L A
TVF T T T 4w BRI DAEE RN L7, XY & X Peason fH B fiE 4T & Bland-Altman
RN 2 . 7 WX AR FRAEIZFE D < Peason fHBMEANT 217 - 7=,

[#F7e 2] HEBME 254 (F#p:20.2+1. 7%, H K :1170.6+6.4cm, {AHE :65.2+8.2ke) %
KEIZ, SQ (n=50), SSQ (n=25) Z =RICEEMITIC L VA L7z, MABEIEND A A T
—fEATVE T T T 4y P EEETHEN LEEAEEZRD, SEE 10 3170 5 & KJE i
D 10 B OEHBEEREFEME Lz, Shapiro-Wilk fiE€ CIEH M2 M2 L. Peason/Spearman
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MESZ AWz, KR IEERRLRERKFEZFIEMEEE S OKR (25008) 251, +4o7k
A EZITWXERED > 2%

V. #8

[#F72 1] XdidBs LY fih Tl FERRNEOHBAEZ R L (X r=0.999, Y: r=0.999 p<
0.001), HHEMITHEL L TWiz, —F., ZETIEAERHBEBREIGE AT, FIEM OIS
fRIZHME TR o T,

[WF5E 2] SQEMEICK T 2R RKEMEOAEIX, X TA A 7 —44 72.95+210.83° /AT L
7 68.94+11.02° .Y Hili 7.06+=4.05° ,53.30+13.25° .Z#fl 2.82+5.85° ,108.60+5.56°
ZoRL7-, SSQ ®IETIX, X #hAS 62.261+10.49° 63.67+11.87° | Y #fiAs 5.85+2.77°
44.60+9.16° | Z#hAN 1.76+4.78° 103.53+5.50° T o 7=, X i TILW FEOEHMIT
HRL7—FH YEBEX R ZECIEAT VAT T 7 4 v IV BEENRESABEMEER L,
2B CITMEIMEL bAHENA R EVWEZ R Lo, EREORRE CIX XIS LR ZH#0 %<
TIERERRO SN2, Y # T SQ B{ElicB W CERERE LN o 7=, HEMT T
W, X B REE~R O IEOMHBEAERLEZOICH L (SQ: y =0.51, p <0.001, SSQ: p =
0.84,p<0.001), Y#HIZSQ (p=0.06,p=0.66), SSQ (y =0.28,p=0.18) & H ([ZFIBI AR
HDHNT ., ZHY SQ TIEAERMEEANGESNT (v =0.27,p=0.06), SSQ THWIEDIHE
N BTz (y =0.34, p<0.05),

V. X

XHHIZ M7 MAVOEERBIEH T, 782 =27 STA R EOREE LM Z T I1C<
WIEBITH D, 207D, RN TCEAAT—HA - AT VAT T 74 v 7 FEEELHICE
Eeo—HMERRbEmL, BHHETH D SQ B LV SSQ EEICB VTS FEEE DD iRV %t
JIEMBFBR ST, ZNOORKRIT. XMAAEREFEOEZZ TS VWETHLZ L 2K
ODTEMTFLIEDTH T,

— . YECIEEFHENFELPOEFIEOENRDOLNTEY | BEEICKHT 5 RKEED T
HFEIC Lo TR o T o, B CTIL, BIEEE O A EEN /NS WD &2z, -
B g 72 EEEOEBE AR T 52 LICL D HFMART MABRRLEICRYLT L, Wl FED
ST S SR E o fz, AR HEORAhoZ Eix, H—AEL L COMENERS
FHICHLNZ R KM LR EBSZ O,

ZWiCIX, ISR OB O RO RERAENRD v, BIRSME T Z OB M 23 81
Elrol-, B OB T ZEHEESHCMWE - HFRERESHEOBEROEEL ST 5 EM
REBTH Y FEANT MBI O TICET AHETIE, AT VAT T T 4y T
HENBFNIIREREMEAE LT VWEEZRES, ChAOOERMNER -/ LT, ZH
TEFEMOMISHEBRBLZEET, AEMELE L THI ZEORBESNLVAME o7,

AFRIZBNWCTAT VAT T 7 4 7 BERIBITAEME L TEEMNICHEMT 28546, FFi
RIAETH - K PHOBEMER AL ZLEL CRADZENELLS, AEREL L CoR A
FRENB o, LoLAaRs, RFPENRLE ZRT M EOBBRL, 76k fAEMET
FHE LIS WHM AL O R ZERA 2/ & L CRITX DA iEEEZ R LT,
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FOEEE S 2481002
K 4 AR EX
REBES B Bk MR

I. [FC&HIC

FEEMEEEYE (Developmental Coordination Disorder : DCD) 1. aEEIOEISR L U THOMERIC A A
S TKUETZE LRV WRESIEEEIE Cdo 2, DCD ORI 3w NN BN O g S OB - BN T o AREHOIR T
ELTHAE L L, ZAUDORPRIARAINCE 5 F TR A RITT L E ST, TRERE LR
TRA LB IR A OFHRER L WS TeHIREERITIN R, RIS RE e & OARNEIR AL iEI 2 B3
B2 ATREMED SN KU TN D, DOD OWSEEIR IR 32\ H DD, RAYERNZFV - CIIEINY N T A BES)
ZHUNZWS DMFET D, LINLZRD G, SATIIEDZ I3NT U ARBS ), IR, JRETERE L & fi 2K
IR LICiREC S EE D . RO ORI ZZEANGHUn L, RS & DCD CHEE « et LIcilkE 3720,
AT, BN EEE % Typically Developing (TD), DCD HpMED—>Cd DHLKIrbEEN DR EAMEN 707 %
probable DCD (pDCD) & LCEFR L, BT L REET), RIREGT, EEIZRED Hilts K OV BRI oo Beei: -3
LT HZEEHRE LT,

I. ARAEERR

RIGEETX 16-21 IRORFAER LOHR « AFROHWY > 1—27 Z 7 PE# 574 L Uiz, pDCD BEOHEITIL,
R NAD i EENA 2 S35 Adult Developmental Coordination Disorder Questionnaire HAGERR (ADC) I3
JONEEIHEEERMA T 5 Bruininks-Oseretsky Test of Motor Proficiency, Second Edition Gross Motor
Composite (BOT-2) #FV>, WilEANT- L7-#H% p-DCD BE, W AU HEERY LeWE% TD B &R Lz, TR
RE 1 Tl ®T o RFEHOEHI & LT Star Excursion Balance Test (SEBT) ZEpM L. 245 EHC 8 Had
B A FIBR CIERU L LT AT I o, WFERE 2 Tl RIEREE ORI E L TEART A L AZ A
T T4 TA Y NECT, BHIE, B, PR, SMARSOZEA R 8 s D N BRI AIE L=, IS 3
TIIEETEREDRHE E LT 7 > U v MEHED>S Clarke’ s angle (CA) . Chippaux-Smirak Index (CSI). Staheli
Index (SI). Arch Index (AI) DFEART8 fRFEAHHI LT,

WFFERRE 1 d6 JOWISTRE 2 ORGEHIRITIL, TSR, 2o - b U I UREE A PN EIA &
I DI SR D =JthlE BT ATV, FERDOTRNRI LOSZESEINZ W TR Lz, WFERE 3 T, 45
FRERICOWTHE L e 2 2R &3 DIRE SR O “SahtiE S o 21T, RS L OSSN DWW TR L7,
WIFFEARRE A 1 E, A 1~3 CREMZED TR BB AN A4, HUEERES) (BOT-2 Gross Motor Composite)
IERESLE U, BRI R b D258 54 AV CRT 24T o 7, B HIFTICIZ SPSS 3 L TUPR Commander
AL, AEAKMEITT %A & L,

m #% 2

ADC HAGERRIS KOVBOT-2 OB I SE | Bz 374 (IDFE23 44, pDODFE 14 40) ZfifbTcisel Ui,
BOT-2 Gross Motor Composite score (%, p-DCD FECHEIKEZ R LIZ (ID B : 56.04£7.20 i, p-DCD Af :
34.07%3.69 si, p<0.01), ADC #¥f5xld p-DCD #ECTHEISHEA R LI (TD #f : 20.69£13.02 &L pDCD H¥ :
70.07£12. 16 s, p<0.01),

SIRRFEO S TIE, pDCD BT & S CHEZAZO, Tl ClT ™ #EL Y A RIS (D B :
20.650. 63 7%, p-DCD #¥ : 18. 00 1. 71 5%, p<0.01), PR —/ RIS DT (ID#f @ 1. 56+0. 26, p-
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DCD &f : 1.85+0.25, p<0.01), FFRZ&RWT, MEHIAEZTO T LR LT,
TR | - ETTHEES & p= DD D2NZ 2 ZFETJDILIK

SEBT ZIEEIREECI, BEXBEER MO HAENEE ChH-72 (p<0.001), BMIZNROMEEIT TSR, Bz
HIANZ L DB T, 9T T IO #EAS pDOD BE L D A EICHEEZ R L. (p<0.05), FEBIOERESAIH]
(ZRDHEAZISWNT, D BE OIS OB CHEZAN D bz, —5 T, pDCD BEORGEAMBOAEZE
TRERITHY . ZOHFTHIMUDITRTOHm & L CHRRICKETH -7, Zofh, AAICBIT 2 330588
FOSHEAERIEERD v o Tz,

WHZREA 2 - R & p-DOD DEIEIIE DIL#E

JEEEGE R G, BEX BTN O HAEHNE B Ch 72 (0<0.001), BB OREE T T-FER, BT
IO K 2R Ol BHAERS KOV 23U T pDCD BENVE Bl S Z 7~ L7z (RHAE : p<<0. 001, PO : p<
0.01), —J5, B L OYMARS CIImiRE CHEAI TR Hiviah o7, BEIOBGRHANNT X 2 Iz O TE, ™
HECTAHEZETIO T LD HIVRW—T, pDCD B CIIRHIEORHED e b < . EDOWICPYERRFS JOME, SMERHRD
NE& 72 otz Zfh, ZEARITEIROATHERE LR, EVELY bAEBICEE TH -7 (p<0.001),

WHZREA 3 - ERFER & p-DOD DEFHREDILHE

JEERIZRETIE, CST B XU ST IR T XBEOAZAAEHIDED Hivlz (CSI @ p<<0. 05, SI :p<<0.001), Hiffid:
IHROBTEEAT S TSR, CST T D AR IOREEH CIE, BERICA B2 3580 b v -1z, BlloAAL
BT, pDCD BEDBA DA TH LY LAETHEICEME TH 7= (p<0.05), ST (2R DAABIORHR I,
CSI L [ARRICHEI A BZAITEO BT, BERIOAAHHE T HRBROFER & e o7z (p<0.01), ZOft, AT BIY
CA TlE, AREARINESZELERITO TN OO BTz,

WIFFRE 4 - TEFRGEL 15k O pDCD BEIZI5(T SN N 7 2 R I e OB IR ) S AR RE T I Z R F T 7 D7

BEEAD TR D= SEBT A HEFS K OV BT (RHAE - B 20288, HUGHESHE) 2 0EE Ak & L CREIIIC
BIARYT o4 2 3206 LU T-, T OOfET. p-DOD BECILRHALRS X OME R BIE) SHOQEBIRE ) 24 B S A ikt
TADFHITZ (p<0.05), D BECIEAEARENFRIIRAIET, HOKEERE ) 4 H— DS MR EIE Gl 2 2
LILTERD T,

V. &2 =

ARFGETIE, TD BERS KON p-DCD BEAXRIGUT, SEBT, RS, EiAE 2 i CaH il L=, ZOfE5R, p-DCD
"l SEBT BEERAEDS 27 K T L, FRIMADT AN TR BN N LW e, 72, RIEER CIERHIS JOW
MRS CRGERIED A2 WMER S, TR CILE i S ERER O A 2773 CST & ST CEAZEDRRD BT,

SEBT DAATNZIT DK TIE, S TS0 CHids AU TE 72 DCD 12361 D RO N e & —Ed D . C
0. T DOEWEERUO THERTX 1=, —F., AMAFIENZISIT DA/ ME T I, SCEAH & i A 2575 K70 h b
B UREL O ESMAEE) - (REFS DR EI SRR 2 ATREMED ST DL, A7 U —F CIaSRPRERA S g
FNZHIBRE A, AR & B CREENTERNC L D72 2 e LS~ DIRFEED B & 5, JEATIFSECIE, DD T
AR E AT HRHEDRE SIVTEY | B THLIF EREROM A Z 7~ CST BLUSTIZHWT, AZETHA
B ADHER S U, 2D OFER KD | pDCD Tl BRSO B B AR DI BRI MAE S 2 FIREMEDS
ARV G, BHAERS K OWNHRT OB RRE_EF T, SMALATA Y — TR R S5 7 — TR m D 2 RIEE L
AMAG TR COBIEEREHR P23 5- L7 rIREMEDYE 2 s,

FIERNRATORER, pDCD #FCIELRHAkES K OYED R R B S ERRE /) 2 A Bl S 2Rk A0
T LT, —05, D BECIIAE 2RI IRaT 3, HUSERRE ) 2 A8 TRV =B IEEERRE C L - GRS
HZEITTE ool

AHRFFETIE, pDCD OE ST o KPS EETERED—RR72FHE Tl e < | RHRCPIER DR B FH
FEOTAENEI T L ARES) L BRE L QWD ATREMA VR ST, ARITRERE A LR L, RIS E O
RN, & ZEMHIHIORIRBHROMIARC, BEEAREE H LTI L DUGED TR A MRIES D B3 2,
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HEREGZHMEEZRAW-EMAAH 7 —F5F@oD
RUEMEEEEICEHTIME

AT T~ AV EEK
s EE R B 2481004
K # & st
REHE A el R

I. FL®IC

REBICIENMIHEYT —F (MLA) RFFEL., HBRRSBHITOHEHNICHEEL TWDL, W
M7 —FORFIXRERE LSO, WEEETRHC TR CICEEZS X9 TaeE
DRBEINTWD, ZOH, MLA DK T A2 @EUICHFHMT 5 2 L IxEETFHICEETH S,
BUAEMLA OFFAIC X, W22, VX220 FENBEBKRBAZICTHYLONL TV S IZ
. X BEGERE L, HBELPOFORTZFMT 2 HiELH D, 2L OFANTiX.
MLA 2T 55 O EFEASMLA DR FIZHES BHMBREOE(ITHRZ N —FH., BOD
KTFHRXSCENICEEGT 28RN Z +RDICHLNCT S22 EEIRETCHD, TOZD, BO
ETFEARHENIIE VST BOT T4 Ay NEL, W7 EMLABEBHOMB AR X 5 Z &N
HIok D v REMEN & 2 B B Mg 2 Wik (US) 12 A LT,

US ZFFDLWIZEATHIZE CiX, US O e —T7 2k RBESTEHEL TWDI AR, BESR
ZEMAET LS US OMEN R L 2T, WIKAHIZBWTHRMAMES <. @I MLA
WZOWTHFHM 24T ) RN HKkD EEZ D,

AKFIEOBBIX, US OB Z2HWZREFE (US-S6 1E) @, MLA FFMIC T 5 A
WCHOWTHFTL2E &I, MLAMRTOZERIZR VG2 EHANIEDN & OBF#EMEIZ OV TH
MNTLH ZEEHEHBE LT,

I FHRAELEHER., BEICONT

US e —7 0O FuizKEIZHbED US-SCIEIZ->WT, HirifseEs 55 L Lz US-FP
E X BREGEH W XRIEEOERICE 224 Eoma (W% 1) . US # VWit E oK
TR ORE (WP 2) . US-SCG IEDEFEMEDOBRE (W% 3) 21T -7, £/, BmoOE{b e
MLA THEICALE 3 2 R EHNIEM A E & o B M2 AF %8 4 12 TR L 72,

P 1 I oW T, MEFILEFERA 30 4 (H 22 4, k8 4) & L. H2HaH
ExFG L L, US-SG {EICTHIE S Lo WITBR B & (MCH) . ftfkEm (NH) & (X
1) . US-FP {E® MCH, NH, XRIEICCHH &7z MCH, NH, HH- —F 25 A (CIMA) |
B EA A (CIA) I oW TBEMEZBRM Lz, RE LT, US ZHWEZHETIEE XR
ERICHE W T, MCHIZHEE ~{EWAHBEA & MHEN —E LR (r=0.501-0.453) | NH (X
FEE~TSWHERA LN (r=0.684-0.791) , FIZ. fEAM O MCH (2B W T, US-
SGiEE XRIEMTIZAEERMBERAZ N2> (0 =0.333, p=0.072) , £7-., US-
SG ¥ MCH, NH & XR ETHHB SN AELEOM T, CIMA ICOZHERALR (r=

2]



—0.399-—0.589) . CINICIZT—EB L7-HBEZREODONL o2, MCHREIZCL>TTF
f7ZTTRBIANGFRA~NT ZA4 A FBRE L2 EICED, US ZHWE T2 T MCH
D7 R~v—2Z L LTWELUNRTFTEF~ABH LEZZEREEL CWVWEEEZILND,

F—HREBER AR E RE

¥ 1 US — 8§ s . ) o s

WF9E 2 TiE, MCH O Z b0 BR TE-CEEROEAR-, X 1 OMBELIKT —FRHLET
—FREICHES T L. B0 B FE L RRBLKE OB & OB > T E B o2 v
TN 24T o 72, WHRIERE OB & OFE B HIEEZK 2 12T, US-SGC {EDO R EA MCH %
HZE%., NWRERE OB E OFEMBEN 2 S ENMICBIT 5 E{b&E A EH, US-S6 ik
OIFMEMMCHA AR L LTHILICERBOMZER L, FRE LT, AMRRKRE
DIEE OB B IIAERBIRREREZ RS o7z, Lo THOETFHERIT TR,
ETEAEBINENOT ST RESEL TWDHARER R IR, ZORTFTRXNOENIL,
NANBEDORGFT O =BT DR EN & 5,

WEIE 3 Tlx, MHEZa@ER7E284 (B4, kM 184) ofFRH & L, US-
SG #® MCH, NH {2\ T, MFENGEEMELS XL OREMGEEEEZ . RNMEBEREE (1cc)
ZHWTHM L7z, #FRE LT, MENGEMSE, MEAMGEMEL bIT, FEAMEA MCH, NH
& AL NH Tl % BE o fE#EME (0.565-0.698) | faf HAL MCH IZMERWEHEME (BREWNIE
FEMEIL 0,417, BRFERMGEMIX 0.376) T E o7z, US ZHWIZHIE FEOFIMEE X
DM ESEDHZHIT, US-FPIERETMEDOEEG ZH L @SB ERLZE AT 57
FOTLRBMLETHDAREERZ 2O,

FZE A XHFIE 1| ERIBRORIRFICTEM L=, MLA © FEICALE T 5 & NER O /R
SRR (AbH) | BLRELJEAS (FDB) | BRFELER; (FHB) OFE & US-SCIETHIE S
MCH, NHIZOW T OEEMELZ R L7, MR E LT, AbH TIXMCH & ORICHERMEN
AEAU, FDB, FHB IZ oW TIEAERMEBENRO b L o7, AbH O H & 13 ALK &
TEHTHEIN, HiORY 22— X0 EENAEIRE Z T 6 38 LT D arae ks
R I T,

M. XARDFLD

US 1E MLA FBEEOREIZHE W T, MEICLZ2EF O ETFEMLICmx ., WK E o BN
EWVWo T T4 A NELEIFRBEMICHRZ DN TREMEZ AT D, KBTI, US-SG
EERHWT MLA R TICEHEST2Z2EFOEMEZFFML 7, £ORE. US-SC 1L MLA KT D
BHRZRFT HIZOOFMY — D1 D& DHEDLAREENRENTZ, US & HWW T MLA
KTFTOEREZRHNT L&, BKMTITEXICHMLENAZRFT 2 ECOBMEZGED D HA
ERBETEIDIWEENADD EE XD,
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I. [XLHIC

IR BERHE EN TRV VERER AR L, TR CIIN TR AT (THA) OREf TECH 4 HIN L Tuna,
THA # D T & LC Trendelenburg B4 T° Duchenne B TIFA 4 T 573, BRI MR /1385E L C b T8
BA7 9 DIEBIDMFET D, T, FHEEMET 74 A2 MCHip - Spine syndrome OBEEID, (AENEER CTH 5
JERER (Transversus abdominis; TrA) OFSREANEMA TICRE 2 rlREMDMER T STV D,

TrA [ HILAGRAERD Force closure IZF5-U, iEEAL COMLEENECHEZAEIZ -3, UL, THA IR
TIHLRCME Y h—UREIZE Y | RN TO TrA FHHIREECH -7, — Wk NExF & L sfr T
TrA BEITHE S TWD H OO, THA SFHZEE TR ClH rTREZ R HIE A FHEL SAUTU R Y,

AWGETIE, T4V T —T NV E WA EETHEC LD TrA FHMEERRETT 5 & & HiZ, TrA FHliE L CERRT
HHIUTUWA ASLR (Active straight leg raising ; ASLR) test (2331 ) A BB E EORI FHABILA FREE LT,

I. HRAE
[F7EaHeE 1] ASLR 3iEZ IV V-ilH O 7 v —7 B E L BYE7 v — T BRI X DIEEEO L

TREAREOREEIEEHI 3T 2R A M 5720, BIEO7 m—7EEROG At HaE L, x5y
FRNFME 30 44 & L, FofHIIT 25 A 2 fibret e & UTc, e s Wi (SONIMAGE HS1) FV YT, A MAEETD TrA
BLOWIERNS (Internal oblique ; 10) Z4hsE Uiz, SRR XZZEMIEMT & 4 Tl 5 cmzé b ST 10 ORISR
T5 ASLR D 2 §eff & LTz, BTl TR & BEEEREZ AV tioe 2 3 [ O% i L, 1567 Eig)>
5 TrA & 10 OFFEDOFEAEZAEN & Uz, S, TrA & 10 ORIEMEZ I, F—Eic L o et
ZRPFEEREL (Intraclass Correlation Coefficients ; ICC) THE L7~
[BFFERiE 2] B A DA X% ASLR BROARTIE DML,

BER CHEISIVTUND ASIR test ORVFHRRHILA ARG 272012, Bl AOE DS TrA 38 LUV 0 OFEZSHIZ &
EFREARGT LT, REUIIERE 1 E[RRROIEFRAT ML Ui, BRI * e A RiER o~ v xy
NEFIF U, 2D Ry B A S 2 51T 180mitlg THES 2 BYED A/ RIS EEE 2 Lz,
JEIAI T2 ORNEAFEL LT, AL - JEAH Y D 2 54T ASIR ZFE i L, TrA & 10 OFFEE ERZ R
L7z, #atigTiE, Shapiro-Wilk ME CIEEMWEOA AR LIk, 505 t #E, F£721E Wilcoxon OFF 1t
EERTE A AV,
[FFFERE 3] 7 4 v N7 —7 BRI P e B

T AV ST =T T A B REE O S A ARRIE LT, RIS R RN 2444 & LT 1 /L h 7 —7 /L (SPR-7001,
TEHERASID) 2 400 F7203 90° (RSB WIEISCRF & FIEISCRFOD 4 SR 23%0E L7= (407 i 90° i,
40° FIHL, 90° FIED . ARSI MAERF (ninimum, iscale) ZER{E L. 45 NS 3 [BIDfFFEHEEO A E A
HL, RECHIIE L7AE (% body weights %BW) ZHIEEE L7c, HEHEITIX, AIEDEHEMZ 10C CTHgEL
Too FETo. 4 SO ISAGRIE BT T, FEEIL Shaffer ORHIEZ FVWVERIEDEH 5 t #uEZ A
77
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(W7 4] BIERDIs LOMRNE 2 V- = o b o —L & B a2 W 2 R s

T E R L R EH O A TrA 38 L ONI0 OFFEZ KIS R E BB A it LT, e B M s A BPE 30 44 & L
AN 25 L AR L Uiz, £To. T4V bT—7 L OMERMAEEE (40° +90° ). SR G - D |
BERL - H V) ZHEDETFIERE LT, SR CIIEE IR ARG L, Zeisa e L LT ks
B Uz, Seatigbmid, farEge: & a0 4 K & 32 SARE —SeicE BT a1 TV, FHEMUENT Shaffer
DORFIEZ AW HSD & 5 t EL -, WIS 1-4 ([2B) DFEHITEAR a~ o2 —2. 92 ZH L. A&
IKAE T T BRI & L=,

m #% g

[WF7EaRseE 1] ZEFIEAL & ASLR IRFLZ351T 5 TrA « 10 DR 2AETFAER & BIFEER CHER L7-AER, TrA OfE N
fEFEME 1CC(1, DIk, fETAEATO0.84-0. 88 & HEEEHET0.92-0.94 LA R~ L7=, 10 THIAEKL 0.96-0.98 &
0.98 THY . AEEEEDEN—E L CaEVEEETH T,

[RFZeR5uE 2] 2o B b U2 bR, TrA OISEZR LA LA EH ST 13. T%E 6.5% TH 1 |
JEEOBENAEIAREZ R LT, 10 THIAERR, H8dH Y & CHERBID D il

[WFFERREE 3] 40° [T 29. 9%BW, 90° [REICIE 48. 6%BW, 40° FREICIZ 47. 8%BW, 90° ATEICIL 89. 1%BW L 7%
ST, £, 407 FEIE 90° ORI EZITRO LT, WEDNFRSEDMRERE THDH Z ERH LI E o7,
R PYEHENE I0C (1, 1) I3RS T0.83-0.93 TH V| DS SRR Sz,

[FFEae 4] ESet L B DT AAERZS TrA + 10 & HITFBD BTz (p<0. 001, p<0. 001),, JEEZ FEEIK & §%
AT R A S L7, a7 LAE0BE, TrA T, 40° ifH - 90° ik v ¢ 90° FHCAaEICHE
(p<0.001),40° FHIE D 490" FrlHCAEIZEE (p<0. 05) ,40° MLV 40° GBI EAR Cdh o 7= (p<0. 05)
10 TH TrA SRR, 90° AT CTORTESAEL Y bAEIZEEE 720 (p<0.001), 90° ML D & 40° WEIT
BEIEAE (p<0. 01) ThHo7-, Eild 0 DA, TrA Tik, 90° Wik v ¢ 40° AR (p<0. 01)
40° FAIE D £ 90° W CHREICEAE TH 72 (p<0. 01, 10 TIE, 907 WAL 0 40° FRHCA BRI ZIKAE (p<0. 01) |
40° RTIE D % 90° MEICAHEIZEAE (p<0. 001) . 40° ALY 90° RAIICAEIZHEE (0<0. 05) Tého7z, frdgs
P2 EEEEA &5 EEO MR ARRE L7, TrA Tl Bl LAEL 0 6 407 [ - 90° oo Ea
B CTHEIZEE TH 5757 (p<0. 05, p<0. 01), 10 TiE, HHAZRLEMEL Y 407 - 90° RTHlo5EH Y
ZRM A EANTARAA (p<0. 05, p<0. 001) . 90° FHIDEESH » THEICHEAE (p<0. 05) L7272,

AHBFFETIE, THA IR AR EELEAC TrA - 10 OFERHl C X 2 HEA PR T 57201, 7 a—TFHERIC X515
FEPEORER, BT EORNSRRE, ERVEEIC L AMEREZET L, AE « SR X 2B Ea 0841
ST, WEERE 1 T, BfEe—7EEEOERIC LY, SREEEZ ST HIERFREOMIERIE TRy BB WIE
FEMEDMS AL, BN COBHANE LT RS D R S, AFFTRSE 2 Cld, ASLR RO EESE.S TrA + 10 O
2 L2 T S, Force closure 2MANEAMEDZEMISREARET 2 Z LAVREN T, AGRE 3 Tl 7+
IV N T =TV W AT EFEEDSATRECH D, 407 [AICHY 30%BW, 90° MilFs LU 407 IR 50%BW, 90°
FTHIGRI 90BN & 722 Z L DSHER S I, AFGEAIE 4 CAHDHAU TrA « 10 OIREZE T, el otk > MIBSREE~D
SURTET ORI E | BITHEIC L B Force closure * Form closure OFEFDEWTHICE 5, MR LD 907 J
JHIC TrA - 10 DIFEISRR & 72~ 7=DlE, Ty e & SilrEmd e b K& <, (IIEREEID Force closure %49 72
DITHIR LT LHEER S5, —F5, BAESAIE Force closure Zihb7-8. IS COMMEAREORLE 2k
%5452 L TI0 2K T &8, M ClE Form closure Z @b HPEFIC LY TrA - 10 OFEEN T e L AEtEd
HEBELT,

PLEXY | farsEmoshngs KOPTIEISCRAL TrA « 10 OIFBIA(RE L, Bl LIRS U g A (ietE
T T 2AERH B E e oTe, ZRHOHIIL, THA 752 R30I T 2 A SRE DR & M ARG HTA
HATHY, 74V N T =T &AM GO TR HEORAR AT THE TH S Z LAV I,
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(T O—BFERAWNA VR Ty TXy o OEMEREN
~FER - FMEEMICH T SHRRMELER~]

NANT T ~AT AV baHEE

¥ O #F 5 2481009
K % i
8 % B8 4% EEE R

I. [FL&IC

Ty =%y 7 TiE, B R KR - U EESR AL CE ZEAEETHDL, ZNETD
FATHFRIZ KD . A VAT v 7%y 7%, BEEECE 7 A o ME OEEREE I 2 EE O Wil
FHEENC L > CEITEND Z EDVRENTE 2, T, ZHHIFRIEE - FEFI & BRI TR 2 ARErE
R0, BAAER KON X v 7 ORIENR AR =Y EEICORND E5bTW5b, MilEEiA 4 O T
B2 DUEROFHEXE T, F v 7 MEFOFROFHFEZ 3T TERWEERH D, *
> ZEWEDIATIZIL, A DOFHORE 2T TR, EHEHGREDOL > IELEV L LTE#BEIND
M, IBIZENBEDZA IV T TEIRICHE G T 20280 NLETH D, 29 LR8It
LT, &2EEPofomiifE s il 5 FiEE LT U —Mirnd 5, v o — T
EHOWC, A VAT v F v 7 ICBTF AT 3 —< 0 A& 2 - EFEEM. & LT Cross—
motion swing exercise (CMS) A% CHEET 2 Z & T, EAZELEERN AIC X DB L 5O WM
EWVOBENLHENIT I EEARPEOERE LT,

I. FHEIZDONT

BFZE 1 FlE R - FERIE RRENCBT D4 VAT v 7% v ZE{ER O HTINED ik (5 &R RS AR R
TP EE B KGR ¢ 24041)

[FE] o I —RBRO & 5 4F) & OfEE B 14 8 L x kg & Uiz (e : 20.00.5 5%, HE :
170. 42, 5em, AEE 59. 0+2. 8kg., BEEAES 10. 8+0. 8 4F), MEHEMEIIHE KRB SITOA v AT v 7%
vy 7 LU, BIAFICRE LT y AT — VDR RIZHEY T 72D K O IR Lz, F— L&
TAE—= R ZHNTAR—VHEZFHIILZ, Xy Z78EOMSITOIH, N A= RA AT T
X v 7 EifE%L 300Hz THAG Lz, WY R ODF el o xBESi KRE TA% L AH, IxBiEdh
BAAAE D IXBEEIR KB E TEE 2/ & Lz, T—AMTH =R TbRs L, Rl &2 - FERIE %
NENTTRITT ORI T 2 ETEM LT, R—/LEENRKEDO L DOND BT 33 T2 a5 e L
Too FEAROHERYT (BAO) - BEREFEENLA (BS). BtV MO KER (GMX) - KERER; (RF) - NI
NLARNY T A (M), EWNEER (AL) © 8 fin bl &2 50 Uiz, 35YTOMIGENT — & % 1IER
LB L, T U—%% 2 IZEHE L CHY T Oo— 21T o7z, V=8 OPGEIZIX VAR,
I VA OFLPEDOFHIIZIL SP &2 Ve, SEEHFRYHTIZIL SPSS Statistics (version30, IBM
A AL, AEAUEILZ5%E Lz, Shapiro-Wilk &I & 2 EMVEOMERR% ., EHSMICHED
BEIRIEDOH D t BE. /EDRWIEA 1T Wilcoxon OFF ST MR E % AV TR — /L EE & B )
TREE R LT, [FER] v o —1ik, FlER - ERE 2RI T—H L TBY (SP=96%). FlE 2k
MH & RF, FEFIE RIZMH, RF, AL 2>BAER STz, FERIE E D AL O EAMIFREDN A BICE D>
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7z (P=0.011), ¥ F¥—21F, FERETOAZLLIL, AL, MBS TV, Zbix, Zn%
N 1O L 2 HOYIH, 5 2 FHOBIAE D DRI TEEH L T\ o, A —/Lil B,
F & 228 83.8+2. Tkm/h, FEFIE &2 73. 7+2. 4 km/h THIE RO HFBAEFEITH N ->7- (P=0.012),
[fEam] Rl s 2o, ERIEEND 1 SOV F Y=t Eniz, FlEREovFv—1 LI -
DYFT—11EF—HLTEY, AlEEOFU—2F, FMEEOVFU—1 ML TWEHOT
Holz, FlIEE - FREXREDA VAT v T ¥y 7 TlE, R—VHEICHERENL LI, ZOEIIH
DTG DB L D AREER H 5,

BF9E 2 : Cross—motion swing exercise 234 AT v 7% v JEIEF OB HTHIEICS 2 5 BIRFRYSE D
BET (B RBSLIRER P Sefm 2 B 2 KRE 5« 24041)

[FiE] H0NERSE, WIEHEB ., HEMS. T 55, SEHPRaImIEse 1 LRETH D, # 2
B LIERIE R FERE RDOA VAT v Xy 7 O —F =% MSHIOT —& & L TH,
CMS DT —& L L=, MABEIZY Yy h—D U +—I 77 v 7 TiThivsd OIS & L, CMS O
B CHEMETHIMARENTOA AT v T Xy 7 BT o7, [FER] FIZETIE, OMS FifR & bIZ
200V FU—nitisin, —HT 56D Th o7z (SP=98%, 97%), 72, ¥ F ¥ —1 @ REAO DEA
fHFICHEEZENA LI (P=0.025), I§8Z A I > 7 DR T 2EMN 572, FERIE 2Tl oS
BIZTFT V=D 1 DD 2 DIZE b LTz, OMSHfED Y F ¥ —1I1E—FH L T\ (SP=98%), ¥
—21%, OMS % TOR R LN, CUS HTD Y FV—1 P L TWD D TH 7= (SP=91%) FlE & -
HRNERDA AT v 7 v 7 T, OMS Bt TR— VR ICH B RENRD o 7=, [F#] cus
IZEDNMANE, R—EEIIED Lo b OO, Fl& R TIEEAMIT EIGFEIZ A 27, FEFIE R
TIET o —HITEEL 5 2 T,

9T 3+ A2 BRAT

[ HiE] #2833 ECTMITRISE Lz, R—LBERRHEO SO0 5 BT 3 3ITO MG D4
BaH Lz, ZhoD7—%%, H1M - FE2MHBIL, ZhEhEzH 25, F3ELFROS
ECIE#SE L, ZO%IFITOYEHZHB L, vV —0¥% 1 DIZEE L TNF 2470, 5 141
EE2HMNOHT T =% 1 DT O L7z, b, FH2E, EIEHToA VAT v IRy ra
KRR LI oo — it 2 TR, KRETIT O fifthr 2 TARMET) SRR 2, S ARMRT
X, FIE R - JERIE R, FIERITIIT D OMS Aiffe. FERIE RICIIT D CMS Hife D 3 D& Hlk L7z,
AT FHIIATIIAIIE L - 2 LA TH D, [FER] S BOIRE A VAT v T F vy 72BN T, 1
FHOD RES OB REDA RIS L, BB oI R ETRONTZV TV —1 R EFEL LI
27~ Uiz, AFRMT Tk, 2T & FERICIERI & BICB W TERE - TIROWMR A Gt cE s
EZoND, BEMTOERE RO FV—KIT1 ThoHmd, EENAREBIZTE 20N, vy
—H 2 THOTFERD MS FiED LTV —LIFREED MS HD L FV—Id, v F TV —akd
2 TG EN 9~ D A RBARREAT & RRAEIT THEREEL L CW M B - 7o, [faam] AL, >
T —ORERERIEEI A Z L ICAMICT 5 2 & T, BIERICEB T 2 O iiiEE A L0 FEIMICAER T &
LI7ETH D ATREMEN R S LT,
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KNTT =D A MR
OEE R B 2482001
K 4 Bl BEE
HEBES Kk E

I. [XC®IC

2015 -5 0 TF_XCOT-E LM TE OfER ) OFEBUZCTREECDBLT 21G8 2 YONBIIA L 720 | FEER
RED 1 212 TYIRLE D7\ Tl « HAEA~OLERR ) 2T Dz, BSOS U<, RO
TS ZISU N TR D A L B )LV ANZ DN Tl & F OFHRABR X DI 275 T B TR OB 72 E3& D
WENTEY, SR IEERAEE OR X Z2BHER & U CEEY 5 SIRnE 2 b E W) BURA B 5, JeA ThiF
FECIIPERT O DIREETIPER O DR EIEIETS DMERD 4 f5amW 2 EDI BN L 72> TRY | AR HRED A
BNV AT BAHTRD T SIE, REBIOMAE AR - HEA R iz . BRICEW M7= DICEETH 5,

WP, BEROD A L H VAV AR BIFEDT2 O DX — 8= b LT, ROFHENER ST\ 5, FaBRI
FEBLD A L H VAV AICBEET 2 ERTH Y | 78— M— L QBRI G D Z L I3PERT D DIl B35 K1
ThHDHIEIWRIIVTND, FHES AT LEEROBUSD D IR &) ) ZH S E b3 ) =341
DEPRESE BT DB THITH Y . ZORHOFTIGBHROFHEREIEE CTh D, Lo T, REOA L Z LA
Ze BAHARAT- DI R » b IR A BAH AR T O DIABIW BT 5, £ LT, MHEMIZIT, FiX
FATHPESCB RO AGD 2 LB D AR A O Z LIz, EA~DOWEERTZ L0, H ORI
L RIGBHRAERONCT D Z &7 EORBULEI ST 2 Z L 2T 5 L S5hhTna,

UL, FEBIMTRIAD HRER & OFA/ERIC L - CTBREIZ S L QW EEDN TV D DITHR L, sCHIFE
DRI /e o To E IR L 722 &35 < RORVERIZJEFN G E LT d 2 & THMEZFES
BHESONTEY, QBUTREBLE 0 LBIEEI OB SENDEANZSH D, FDT=, FEOR DR HBIE]
RS QL 72D DEE LT, 2 ORI TOERD 72 EOR) 1AM T CnD,

— T, ROBREBIMZONWTIE, ROEEOYR— L0 b, ROVHR— MIBIT2EOTRHOSTHRFED A
HNAAZE S TEETHD Z EIWVRIINTND, HHRIIIZENTHREBIO A 2V L A% BEHIRO LD
AT, ROHIFE - BIRICET 2HEROFEEOERRIEC, RAFGOHL L2 AROREL Y b, EHR L OBIR
PTN B DOWR— MIUMEEEK L 5D Z ENEETHDL EEZ LD, RO LY | MHRMOZEIRITHE
BEIDBSZ L CWND L EDITWAD Z &0 D, RO & OBIRITHE T H72DI2iE, FDFROAH
& LCORERAREL HILD Z EBNETH S LHERTE D,

INET, EOMEDLIDELE 2R DLW Z T-AE IR SN TR BT, CHIRENES RN RO A 2 v
VA RIET ROV T B BNT/e > TRy, ABFETIR, IERIIOZENROH & L CORRZR T2
HERAB ST 5, AWFFROBEFL, RO ORI A o 2 )V )V ASHRA~DREE 155 Z L Th b, A
T, ZEOWZ FERITHIEHRRIET 5 2 & CHRITBIROTHESITN G DR D FIREMED B 5 LB 2 D,

I. PRAEERR

1. WA

BRI AORFSE

2. MEEDER

FENROE L L CORREZR U748 : FTAVEFN T 278 b0H & LCOERARD, Bl LToE%
FRTZIT A, EOEEZZTL L S LT 228%, EDNTBINER L - RO SERRERE
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3. FHENE

RGE OREAREMR LY RSN (3D 3DBLE L TORREZR U8R 1oVl L7,

4. WS

A RNOER AR T ~NTHREE2I @ > T D, RIS BICIER 7ol a 7= &0 | Rim & bITIHEEROBYRNG
FOWEEA 2, SR 12 LAY 9 44,

5. T—HXEESE

FRFEBNIRET IR A X —"CMEOYNT, eI DIFFEE CEBEEG 2 L Ch HU, AFFERRSEZ I L C
WEIE LT, A V2 Ea—3EBIIEO/RLEICLY | RIS CEbE L QW D REm AR OfEE
IZBWCOEE 2oz, Fiz, WEBIENOAHEIF T, IC La—F—TikE LT

6. T2k

e = Ll ozaEgk i Rk L, TR TEROABLE L COREZE U8R 2555505 & bihs
SHEAAIN L, 2— MbLe, a— MEL7e2oE®AHRT U, FILIENEE £ LDV T7 7 T —08E LT,
S0\, BEMOH LY T T IV —5ED, BTV —L L,

7. ZEYME SRR O

T B AHTRORE RS L O RO T L T A — S RAZT 5 & & BIT. i — 2 O
DOUNTHISNIE ~HERAAFE L, EHEME & 24RO EDT,

8. fERECLRE

H AN R TR AR E R OGRS T L 7= URZEE 5 24076),,

m # £

MRS ZOUNT, 20 R3S T 44, 30 A3 2 44 7C, PN L 28.6 3.8 ik, IHRIEENT. 16 1~39 I ThH->
Too AV HE 22—V 54 57 29 D CTh o7, HHIRMIOZED OB E L TCORE 2K U7 AR IO TR
FILIERER, 190 Da— R, 39 W7 H7 Y —, 9207 IV =Sz, 9 20h7 TV —i%, [iHE+
OFED O HFAEGCREEEZ X2 T ND], IHEHORED) ZEHIIC 2 T<nD], [HERTOIIGORER 2K
Nz 2), UHREEOMBEOFEEFET ), IHRPOREORNES 2, AEEEC A RBERE HiEd],

(AR - HPE - BIICEET 20RO SH, e aicfthir 2], RRERT D). VRO A2 RO Z & %55
T). [PROZIEATEZ Rz CHEHZED, BEfkZrT] Tholo, MRMOIEIROBLE L TORES, Ik
D O3 W FATRRERE, R L W) HiskEE 2 PO X 5 IZZT LD TS0, HHREZEO, BIROFEE B
LB E AT 28 A B L TR CWD Z EDBHLMNE Tz, — 5T, 773 — ESH Nz fEx T
VERDD) 0, 7 3V — [JEAFHDOAZIRIED Z & AFET] 72 EleonWTE, REFOEVIZE D58 E LToE
fb& UOURLIIATHIIU IR S 7= 57, AFEORHE7 R Ch o7,

V. & ¥

FDMHRIAOEDOHTRATRIZ B 2 W, BRI HTF VIR 9 &3 5880, FEIT & > THHRMOHERZ— A
THZDbONLIIFTIET D DO BLSH LT L 7p o> TNz EHEER ST, £, HREEODN RO
fiER AR URR L AT 2 SEIC oW TCIE, ZEASMMHREL CTOBAER LI-Z & &30 Aot I3 HY LAk
OERE L, HREADEE L TTIED TS EFER LTIZZ L DACH L L TORE LU EHERI SN, &
BIZ, Ro3SKh & ZHMOBIREA KRENZ LoD, FE—R—JR L) =EHOBRHEAFLE 40, IRA S
oGt L i m ore SEEIZAR MBSO TG EZEMMEZ -2 & b, R E L COREZRIKR U AABRIC 723> TV
T EHER SN, ZRBD T ED, RO RODEZFENERETE 5742, MR DR - HiE - BIE
(2B 2 057 & 2815 L QO BRSO CORIR COSE 2R3 3dR0, IR HE—R—RIEo =&
TRIEDTE A BRI TR A I AT 3L, EORIIRA L A NAVAILFG LD B LEZ DD, FTe,
ARG 2 FIFROTNNFHIRMS 2 Z & 13, TIRoBlE L CORRECBT 2780 0IH 2T Fib, Bif7ak
IRBHROMERF - THRIZH G- LD D B2 HD,
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[ KRR EA ) DB 23T TSRO 7 e e AICBIT H05E

SN T FY A Mg (2—2)
FEE S 2482002
K4 W BT
FHHEL A Rk

I. BFEDES - B9

1990 AR, PREEDIREMEIERR | Z301T DRI T DOMINOMWEZ 2T, EREEMSIT B 3T 28 x5k
A RTA 2| ZVERRLIZ(CN, 1999), DOAENZITH ARSI FS I Rias 2 1Ek L T\ 5 (HASE#
e, 2006), (ARG OFRE OV, EASBEN L ORI EEBR L, ZOH CHOFE#N R %2%2T5 Y
2T IDENT EDHEE STV (Banga et al, 2023), DOAENZRWTEH, HEIFCTEREZSD 3 BILL EA3 N
AR L, Tha s T3l &5 LKL TS BA, 2005), R, HErRENRDE CElg -2 B8N (LLT, H
PECEREAT & 3 2) IFMROBERN & LS TEREDN O ORI DY A7 13K 25 Th D Z LE SIS (A H,
2003), FEHREEITI~OEENOLOREINT, ENIMERTDT, FEEHERICIS T 22225 EI I D5 e T
HDHEER D, FATHIZETIL, FREEMITEE DD ORNIOFIRAZIRVIKY | HOBESOREDHSR L L
TEWREZRH L TQOD Z ENHESN TS UINE, 2005; 494, 2006; EEF, 2007; H-b, HEEH, 20165 #&RS,
2018; M, (LiF, 2019; Zhang et al, 2021), £7=. [UEAUREIRENOOEEIZIL, BEDSORSIZREREIC
JEFD D ORI VR0 2 BB L LCND 2 ERHE SIS (2K, 2006), oL, FEHFEEETIEE DD
DRENEARVIRY | BERE EOEFOMZE N OB ZZ T3 b, EORBREZ EWDT, EOHPREHIHHL
L. FINBFONEED LWV I RERIZOWNTIZNE THL N E o TR T,

ABFFED BHHNL, KRR EE DO BT TRIRO 7 0 AZOWTHLNITHZ & Thd, Af
ROEFIL, BED ORI 1A R LT REEEEERTI~OIRILD 8 2 BART72B810 0 RO 2 F a9 57200
FEHRERERE L 72 0 | ZAUC K D AGHRHERRICIU T DB, FEEE AN DS ORI ORI Dl R L,
FET T OEON HCERTE 5 2 Ll g,

. A5
1. W7V A o BRI BB Z 77 > R« 4V —7 71— Modified Grounded Theory
Approach, LAFM-GTA &9°%)
2. MEBoEsE
1) 7] FIxEEs (HAE#ER . 2006) OERICANY | [E#EMDSBEETIS T T2, S IRIET), Htf
W) (BHEDRES, W, 72 a7 AnTGAAL b ZOMNHRLE) | LT3,
2) B BOMROP CRUT L O HEFE T4 E CERBASNZH DD H b DI LT, B OME & D
HEMAFRIC K- C BRSNDNE, < AENMDEBORLNEEFRT D,
3) #EER  BEND DRI LWV IIREOHEEEAIRY IKY | AR CAE U8R ->7-2 &, ARL
TWDLFDIRIEDZ Y, ZOHPREFED & 62 FRML LT= 2 END PG5 2 L LEFRT D,
4) TR SRR NEE ) DES AT T ORI AVERICBIR LT DB D2 bR SR DS
kP EZ 6D < 2 2 LOMEF TOFERE ORI & EFeT Do
3. T—HUUESTE  M-GTA OJFEEMIEILL ., RS LmBAAC L > T — X OWEE T 72, AT, B
FIND ORI % 1L LR L= 38 e LT,
4. T —BOMI7E  M-GTA OO FIRICHEILL 7=, HirEaF % [BED D ORI ZRER LTS RE &R |
T —~% SRR ENDEE N RN EZT RO T v R | LEGE LT, T—2 D& ->T
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SISO 20 T 2V —[RIOMEDBERIEDLE LTIl 2 BRmr R & T L 7o, bf
FEDRIHFR I NTHBHOIRIE O 2 Blim A £ & UGtk U, BRIWETIEI TGS L CODITFEE, M-GTA
TOWFEIRDOHDWFAEN D WFEHNZA— =Y 3 V2T T,

5. fBRARCRE
ABITEL, FARTNIIMER e B RS OHA « AR CHEI L7, CRGEE S : 25002)

II. A&

L ISEOEL « 2 Jitigkd D OWSE I OEGE 15T, 9 ADA U X B a—Fif a2 Ehi L, *EE1L, Bit6
K. TNE3LLTHY, FRIT 201824, 3018244, 40134, 50182 4 ThoT-, FHilfifil L CORBRE
Bl 5~354F (P18, 1), ISR CORBMEREIT 2~34 4F (F16.6) Tholz, A a—Ei% 39
~63 4y (VA 50. 0 FEHERFE 11.0) ThoTo, IARENHHETOA X Ea—Th-o7l=, HHHEFEE T8 4
DIINTHE TREC, FT=7 S DL 72 <. T 2V —BOMEDOBHRENE S5 Z LDV lpnTn 2
LAEMERL., SOIZ 1 AOME - irainz., R zfEs L,

2. FEMREHETNBE DR EZT T EERO T O R WHESE S [BRENS DR ERER U FERE
R, T —~ % DRSNS EE D DRI ST TR o7 oA L LT, 4AOEESR, TOHT
Y — 1 OaTHT Y =S, FEHEEEIEE D DR 1% 5 FT-RERO 7 o' A%, #5))
RBRIEH#DD (. PIRIAREERZBINC X D LBt 250 Zfns LT B #E IR X
S TR BIEEZHMRE UCHIET 2 Z L I0EET2) ZL2C, € RO coRBFNIICE
Mo, & & D NHIBHRDOMRHEERET DT-OIER) §5, 20k, 0. FRHREOIT5HZ L2k > THER
FEWS L, BE L ONFBHROFRARAD), LT, B ARIBHRHERR & 2o A i L 7= 32800
PRRY EATD, ZOFERRHUL, F. BRI A BT — L - SO HASAA T, e
PYRHIORET %) ZEICEoTIBRSIL TV, BT, G, BB IRBRDSFHOER DT D, FEE
~DiEE) LT, ZO7 B AL, KRNI COFREIRO TR e AR AT 57N
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[Objectivel

The human primary motor cortex (M1) and primary somatosensory cortex (S1)
are known to mutually inhibit each other via transcallosal pathways, a phenomenon
termed interhemispheric inhibition (IHI). After stroke, reduced activity in the lesioned
hemisphere weakens inhibitory influences to the non-lesioned hemisphere. In addition,
frequent use of the non-paretic limb in daily life enhances cortical activity in the non-
lesioned hemisphere, strengthening the interhemispheric inhibitory influences on the
lesioned hemisphere. Consequently, IHI becomes imbalanced.

Recently, transcranial static magnetic stimulation (tSMS) in which a small
neodymium magnet is placed on the scalp to reduce cortical excitability, has been
reported to attenuate excessive inhibitory influences from one M1 to the contralateral
M1. Specifically, previous studies demonstrated that tSMS applied over the M1
attenuates IHI between the bilateral M1 in healthy adults and patients with stroke.
However, the effects of tSMS on the S1 and IHI within the S1 remain poorly understood.

Somatosensory evoked potentials (SEPs) are evoked responses elicited by
peripheral nerve electrical stimulation, reflecting neural transmission from the
periphery through the dorsal column pathway and thalamus to the contralateral
primary somatosensory cortex. It has been reported that tSMS applied over the S1
attenuates the N20 component of SEP, which is considered to reflect activity in area
3b. However, this effect was not observed in subsequent study, indicating the need for
further investigation. On the other hand, high-frequency oscillations around 600 Hz
(somatosensory HFOs) are known to be superimposed on N20 and can be divided into
early (eHFOs) and late components (IHFOs) based on their timing relative to the N20
peak. EHFOs are thought to reflect action potentials of thalamocortical fibers
projecting from the thalamus to area 3b, whereas IHFOs are considered to reflect the
activity of GABAergic interneurons projecting to pyramidal neurons in areas 3b.
Therefore, evaluating HFOs may help clarify the mechanisms by which tSMS
modulates somatosensory processing.

Paired SEPs (pSEPs) provide an approach to assess IHI between the bilateral

S1. In this method, a conditioning stimulus is delivered to one peripheral nerve prior
to a test stimulus to the contralateral peripheral nerve at a specific interstimulus
interval (ISI). Activation of the S1 induced by the conditioning stimulus is thought to
suppress contralateral S1 activity through transcallosal pathways. Previous studies
have reported that the N20 component and IHFOs recorded from the target S1 are
significantly suppressed with an interstimulus interval of 5-10 ms.
In the present study, we investigated the effects of tSMS over the S1 on the SEP N20
component as well as eHFOs and IHFOs (Experiment 1). Furthermore, we examined
whether tSMS modulates IHI between the bilateral S1 by examining changes in these
components (Experiment 2). Through these investigations, we sought to obtain
foundational data to support future clinical application of S1-targeted tSMS in patients
with stroke.

41



[Methods]
[ Experiment 1] Effects of tSMS over S1 on SEPs and HFOs

Participants sat comfortably in a chair with armrests. tSMS or sham
stimulation was applied over the left S1 for 20 min in randomized, counterbalanced
sessions conducted on separate days. SEPs were recorded before (Pre), immediately
after (Post), and 20 min after stimulation (Post-20). SEPs were elicited by electrical
stimulation of the right median nerve at the wrist and recorded over the left S1. HFOs
were extracted by applying a high-frequency band-pass filter to the SEP waveform.
N20, eHFO, and IHFO amplitudes were compared across time points.

[ Experiment 2] Effects of tSMS on S1-S1 interhemispheric inhibition

Participants sat comfortably in a chair with armrests. tSMS or sham
stimulation was applied over the right S1 for 20 min in randomized, counterbalanced
sessions conducted on separate days. Interhemispheric inhibition from the right to the
left S1 was assessed using pSEPs, in which a conditioning stimulus was delivered to
the left median nerve and a test stimulus to the right median nerve. The ISI was set
to 10 ms and was individually adjusted for each participant. Two conditions were tested
in randomized order at Pre, Post, and Post-20: simultaneous stimulation of right and
left median nerve stimulation (ISI = 0 ms) and paired stimulation (ISI = 10 ms). For
N20, eHFOs, and 1HFOs, the amplitude ratio (10 ms / 0 ms) was calculated, with
smaller ratios indicating stronger inhibition. These ratios were compared across

[Results]
[ Experiment 1]

tSMS over the S1 decreased eHFO amplitude, whereas IHFO, N20, and P25
amplitudes were unchanged. These findings indicates a preferential attenuation of
thalamocortical drive to area 3b, with minimal impact on intracortical processing
within area 3b or on local GABAergic interneuron activity. Collectively, our results
provide new mechanistic insight into how tSMS modulates somatosensory cortical
function.

[ Experiment 2]

tSMS attenuated interhemispheric inhibition (IHI) within the S1. In particular,
tSMS reduced conditioning stimulus-evoked suppression of IHFOs in the target S1
induced by the contralateral S1, whereas eHFOs and early SEP components were not
affected. This dissociation suggests that tSMS preferentially influences transcallosal
inhibitory interactions linked to intracortical GABAergic circuitry rather than
thalamocortical afferent drive. Taken together, these results underscore the utility of
tSMS for potentially modulating sensory interhemispheric interactions.

[Discussion and Conclusion]

The present study examined the effects of tSMS applied over the S1 on
somatosensory processing within the S1 and on interhemispheric inhibition from the
stimulated to the non-stimulated S1. We found that tSMS suppressed thalamocortical
activity and weakened interhemispheric inhibition. These results provide new insight
into how tSMS influences somatosensory cortical function.

After stroke, IHI between the bilateral S1 can become imbalanced, leading to
impaired performance and delayed functional recovery. Our findings suggest that tSMS
may have potential utility in stroke rehabilitation by reducing excessive inhibitory
influences on the lesioned hemisphere. Notably, compared with conventional non-
invasive brain stimulation techniques, tSMS is low-cost and easy to administer,
making it feasible for use during rehabilitation sessions or in home-based settings.
Although further studies are required, the present findings provide important
groundwork for future clinical trials and translational applications.

In conclusion, this study highlights the capability of tSMS to influence
thalamocortical processing and interhemispheric interactions within the S1,
supporting its potential as a neuromodulation tool. Future studies should examine the
effects of repeated tSMS sessions and evaluate its therapeutic efficacy in clinical
populations, particularly stroke patients.
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