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WS~ FE BT RIS I R B 7,
BB G 2 %

Woom—m U

W w2V

Mo e |y

2E

NEEE~ DR (UT, CPS) #0 AATHREEIA NS (U, BS) OZ(LIZH- 2 5 BB A ME L
Too WHRB B R LERANTM 104 & Lz, BSI&, ATHEIBICHEDZ % H T L, A Emc &
HFHEZEH L2, BAMREEIOFMIE, OEX RR B2 W COMEBIRNT 217 - 72, fERBIEIX
ME %l L7ze CPSIE, T12 205 L2 22t @ 35 cm #4112 50 mmHg CTHUE % Bda L, 10 736 L 72,
CPS # 10 4T 313 Hz ® BS O FEH L5 L7z CPS# 54 ® BS, LF/HF, DBP ®»%{k»% CPS # 10
50 BS O ERISHEL T/ (CMIN = 1214, p = 0.750, GFI = 0941, RMSEA < 0.001)s 25D
Fh AL, CPS AN AR M O RIS ARG B 2 1585 L, B oIREhEE) 2 55 2 L ZRBLTwb,
F—T7—F BIEELEE), FRErMSRE, AR, A AR RS, PR

iU &I

PHEEEDO O L DO TH AL, VN T—T 3y
WNREEDSEIE, BHROBEELEE T SLOA
DHZ BB LR ECTH 2 Vo AR
BH TS 12 ABOT Y M A ACHEL Y, R
HCIRIHEICET 2 QOL MK Ty 22 P wwmz, 8
PEALIC & 0 15 IR O 2 2 U B 2 L s X h
Twa Y, T, EEAREBER BP0 BEERL
THOBEESEL FHT 5720, BEEE) % #EP
IS5 8N DLV, k)i, BEHEE) %
LI AR H AT 5 2 i, MRS X B
R A IHE R FHiT % ) A CEEARRETH 5.
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* Factors Associated with the Effects of Continuous Pressure

Stimulus to the Lower Back in the Autonomic Nerve Activity and
Bowel Sounds
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of Physical Therapy, School of Health Sciences at Fukuoka,
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THF SN BEERET A Fo4 > QoY i,
Sy, EERIEOWE, VN F—Ya v, 5
< =T ORI HE SN TS, TYFEIZON
T, BEEETFHICHTLRPIEIZET VA LNV A,
TMMETHEZE ST ALV BTH L5, EWIRE
WX ZEIVERT, B T A IR S 0 H RS T
AR hEOMEND D, 2, EHEEOWE,
NEYTF—=a v, vy —Tik, TEFALNR
LVCO [RE]IHEF-oTVE, TDHL, Kpw#
SEGER O R L CHEE AR I~ v =13 Y,
WPRIC L DR AHIN A BT 5 2 b, MR EE
MLCHIETE RV EAHETH S, X 5 IBYER
RatPMEREREICN LT, BEARBEIIVONRT
W 2 AR SR O A R ARG ST v B s, 3
B U CEARBT N A A O Y A U B 2
27 ORISR S PR & L TR S R
TWAaVIEY PRTFENT VL, 2070, L
PRNDRIL % FA T, A I SR ) % 15 7 % B
ST EIE, WHOUE LB E TR, IR
HOBIEBER) A W E S 5B kD EE X D,
T B & SALS 2 AR O B VEE & LT,
B 4~ 0 P IR BE A 8 SRR O R A A L C Pl
R THE Stk RRRIEE A KA E LS5
TRV L HAR S D5 d0 5 ¥ 0 B2 12, TS HEE T24 L~
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Chest piece
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1 ik

condenser microphone

Sound Recorder

TDOWE

G E S OWE R, WL L LR O I F 2 A PE= 22 FREL, Y FLa—¥—T1%

Al L7z

IV D Bz g~ O e 9 E H] # (Continuous pressing
stimulus ; LLF, CPS) 25 HAMRRIGE) & 7§ o 21t
EHBLECERMELTWDS O Ko R
Biix, T5-T9 K PIIEAIES X O T10-T12 0/
R B TV AR % 40 L 72 1My RBCRIAG S, L1L3 o
B/ NP AR 6 T L 72 T M TR 2 I DA S A
cwz Y 207w, T5L3 ORAEFERIZNT 2 CPS
12, K% TR 2 SRR B A 5 3 S
B % Wi T X 2 WD D o BRIO AL, TS
LA BEMEDOSEI L ANV L) BEIANGAT L TW5 2
ramehTws W2 2ok, Agcid, K
DI LA T CPS AW AR BBAL & LT, TI2 25
L2 fiZke O/ MA R R & RSO0 & L7z,

W3 e B % R A2 SR 2 ik LB RS
X 2 eSS (Bowel Sound ; LLF, BS) &%, 94
5N H 5, BSIE, ¥4 775 24% (100 ~ 500 Hz)
FrAPE—REMALTES D Ltk BN
BT — R Y — 2 BEBOFIESH S hTw
%W F7e, E E R B T B R AR o
A L CHM O B AR R R 0GB 2 585 5 = & A
5. EHMRE O ML O ER RR IR % V720302
BN (Heart Rate Variability : LF, HRV) % #JH
TE %o HRRIZETIE, ML R B 0 I I i
X HRV OB ') 555 58 00 B 4 BE o0 5 g AR
YHRV OBRE®E L2002 9, 2070,
BSBXU'HRV # WA Z & T, CPSIC X % J5iEd)E
B & HASIRE O JUEIZoWT, B4 I8EC I 528
FRBIHORBIIRT LN TEDLLE L Do

AWFgeo HivE, BEshiEsh 2 #5642 W% itk
Wal T 2 720, WHELEEBYEE RIS T12 26 L2 Wiz
& OSMUERIC 3 LT CPS 247\, H A IS E)
23 BS DEALIZE 2 2 HBIIOWTHE L7,

&R - Fik

1. N%

R, REAEFERABE104 (216 = 055) &L
7o RBEIE, HEL71 £ 010m, AT 649 = 107 kg,
BMI 221 + 26 kg/m® TH o 720 BAMIE#EL LT, @
LEROBEREEZ /M SN2 5D 0, @Ot
PRI EOMAERERH A DL Lz, 2B, K
Whoelx, MR OMBZEBXOKRE KBRFE !
15-1fh-28) #3724, ®LHIILEE HWTHIZEHR I,
NEZBH L, FHCHEZS/BICHEE L2, JEh
OFEFFHEE LT, WERTHOMEEZR 7 )V 3 — )L OIEEL
AW, FoRERERS L, WEMHIE, AT A
OB, WU VEE), B AR, Mdk 2 RERRETE C
WCEFHZFEIEDL IR L,

2. ik

FT R S O A A oW IR R R L, Bz
25° Rl L 7o

1) WG S ol

BS oillsEid, WzmaM ™My r=xr ™Mz5u2
A—F<AY =25y 0 BMAR) ML,
BS#EHT5F = A FE— 2L, LERIEEGHSIX
T BN D D70, @RI RE R 54
775 58 (100 ~500 Hz) ™ 2 L, %% 0l
& LR IS — Y VT — T TREE L
(1) BSOitskiE, WEHOF = A PE— R LEH
5F 2—71235mm 2 ¥ F ¥ ¥~ 4 7 HSMCO6BK
(ELECOM #:#) #fAL, avFrH~<A 7% ,8—
YV F 3y ¥a—% LIFEBOOK WU2/B3 (&t itk HL)
WCHEREL TS S FELEY 7 by 27y Y FLa—
% — (Microsoft #:#) T 1 /RS L2 (X 1).

2) LIHEOWE

L% (DT, HR) O#lsEid, x €Y —.0 45 LRRO3
(GMS #L#8) ZfEH L7z, BMIL, 3 FaFEkCHHE



HEFS IR~ O FFE MR B B &, A ARG B 5 2 5 3

X 2-1 CPS ®Jik:
JEJJ R v —i, 56 12 MM 2 & 5 2 MEHERRZSEE O /M 35 em (28R L7z, BRI O ML) 1%
50 mmHg IZF%E L 72,

!
20/
30,
40,
-50-
M_

Amplitude

v

Time (sec)

2-2  JUEENTE OF)
IRENE X ) A 03D K, IBIREREE)R O ¥ — 7 FRIETE DR T & 72

TR, A5 56 T & MRESRE b oS R B, il
FFHICT =22, 7Y 7M1 kHz
TRRMERZMEL, HR #5H L7
3) DIAEEFAT

HRV X, /A4 X &kpit LAERH 7 — & Oppric@ L
TWLYTUF A ALY S AT 2 Mem-cale/
Tarawa (GMS #:#) "7 % #§ L 720 7B R-R H R
DB ESENTIE, MEM-Calc #: % I\ C 2 BRI THOAT
L, Total Power (LT, TP), &) ¥k &4 Low
Frequency ; LL'F, LF) 0.04 ~ 015 Hz B X "% 89 %%
4738 (High Frequency : LLF, HF) 0.15 ~ 040 Hz @
87—, LF % HF TK: L7z (LF/HF) B XU RR
I BE D Z B2 % (Coefficient of Variance of R-R inter-
vals ; LUF, CVRR) #8H L7, HRV 2B 5 HEA
RIEBI ORI, TP AAHAEMREOESE), LF 85250
Jig 2 A 0 & ORI S A AR O B, HF B s oSk ik
e COBREZE AR 1G8), LE/HF 2338 A RE I B)
LRI BEAMRIEE DN A, CVRR 2S#kEMEE (0
i ) 2 AR IEB & BT 5,
4) IME O E

£ (Blood Pressure ; ULF, BP) Ol lx, /Nl
RS HIE = % LIFEMATE N OPV1510 (HA&GEH:
) ML, DEEIME (Systolic BP ; SBP) B X U°

WEEMIME (Diastolic BP ; LLF, DBP) #itékL 77,
5) R Tk

CPS iZ, fiH KT - AV IFIFNESR T VT4 7
MEA (molten ##) % i L, T12-L2 FHEM 2R D
35 cm ZEMICE & v — %34 L72. CPSIE, RIE
XD KBRS EEEZTLENY 2k
50 mmHg & L, HE/t % —oEMIzRE, hdeizmh
8, RANCBRIBZ & ML L 72,
6) FEERTFIH

FEERIL, TRISHED 5 12BE D TIT o 720 IR E I,
HWMEHBE L2235 2 MO ) — ADOHITEbE TR,
WS & AT, R % 4545 12 B CAT 9 £ 9 RR L7z,
ZLT, WNBEHEH 120 THET S L ZELT
2 OEE B L7z MERERIE, SREILE %
FFLIFHD ) XL MR L TWAH I EZMER LR HE
B L7z WETFNEIE, 10 5 O%H#%I12 BS B X U BP
ZWEL, 1047 CPS ZBl#t L72o CPS T %%
#5573 LUV 10 4712 BS B X OV BP #ill5E L7,
7) T— 5 L

TRTOT— ¥ IE P HE £ fLdERE TR L 72, HR,
HRV @ TP, LF, HF, LF/HF B X ' CVRR i, %#
105D ) LEFHFPKTIT5FTO5 5% CPS i,
CPS #2520 5 7% CPS#% 5 4, CPS#5 455
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Sound Level (dB)

50000Hz  70000Hz 1000.00Mz

100.00Mz '4000HE 200 00Mz 300.00Hz

B8 Jhlsmh s o J P B AT
WGBS O, T — ) ZAIC L BB EENT T
AT L7tk ¥ — 2 BB OB ERR o E e HIR L7

103 FTH 540 % CPS £ 10 43 & L7z,

I T L 72 BS OF¢ & LT, AZEIKREL,
BS DR EBWIC AR D R TV E RIS Tw
W, 2070, BSOERIFHIET 5720, FkT —
) =% #: (Fast Fourire Transfer ; ULF, FFT) 12X
B RBEIN A S hTws W, RBIC BT 5 BS
DN, FEEE WA Y 7 b audacity2.1.3 (audacity
team) 2 L, FET (2 X 2 BT 2175 72 (X 3),
FFT i, &% Ao BS OR¥% 7% 100 Hz 705 530 Hz
L shTwa I Ehs W FERAEE 100 Hz BB
fili% 500 Hz & L, ZB#: Hamming 2T 1 55 Mo 57—
5 % L7 Dy 5 _C OGO W BT R T
Y — 7 (B 2 RO 7RG s TomE 2 L, A
WA & O P REE E L7z,

8) wEHfEAT

FERT A9 70T 1% SPSS statistics 25.0 (IBM f#84) %
HL7z. IEBMEOMEZRI, Shapiro Wilk BiE 2 Hw»
THM L7ze #IER & CPS £ 5403 X O CPS # 10 4
DILBIZ DWW, —ICRLE BRI E 5 #AT (ANOVA)
TIANT L, A E2%E% R0 7234 & Fisher’s PLSD 12 &
% post-hoc test 17> 720 F72, EBGMHL TN
ZEHUTDOWTIX, Friedman e THEAELZ RO LG
12, Bonferroni #: 12 & % post-hoc test # 47 > 72, CPS
PG & R TIREOE DI, NIEDH 5 t RE%x
Tolee AREARIEIZS%E LI

BS OZEALICHE % 5 2 7] I22oW T, BiEEEH)
DA FIIT D L IIGRET IV EET 5. IBIGE)
EEY L, RBANREIEENIC X 0 B, B AR B I X
DESML, EATHEN, MEATR NS, TATHEM, S IKEE,
PR 1 em O S CERMERB S ¢ Y, Tor:
D, ISAEK X BRHE T VAERIZB VT, CPS #
10 5@ BS (BS10) BT AN T2 ENT LI L% H
& LT, BSI0 DZ bE EEZE L Lz E Nl &

To 720 MAVAZEHE, CPSHE 1048 L U545 D HR,
TP, LF, HF, LF/HF 8 XU CVRR ©oZ LA, B
IEE)EE) DS 2 H E N RIS A 2 &6 CPS 1%
54D BS (BS5) # A5 v 774 XFETHALL, T2,
HAHRE DN E 2 L 2GR Eh B o 221k, CPS #
5 BS5 F TOHHEMBINE OB E L TnE S
EVTFHEND, 2D7-8, BSS OZALIIHTT 5 BE R
Tos5HiTid, CPS#5%4® HR, TP, LF, HF, LF/
HF BX O CVRROZEA L AT v 774 APFTHAL
720 BEMUGEHHI T, CPSIZ L A RISDOMANZEZEE
L. CPSHIMEE &R THEOE I ZALE 2 RIMALE L
720 TS OEEIGHTHINS N7 TR
ETFTIWVEER L7z,

REHE TNV ORLMEE, HEFESET) 70955
X AfENT (IBM L%, SPSS Amos Graphics) 2 THE L
720 EFNORYEZFET 2 WA EHEE, CMIN (2
fi), CMIN/DF, Good of Fitness Index (BL'F, GFI),
Comparative Fit Index (BAF, CFI), Root Mean Square
Error of Approxiation (LLF, RMSEA), Akaike Infor-
mation Criterion (AIC) %Mv:7zo FIBHED g FEHE &
LT, CMIN i, ETWVAEET 5 &) JniiREiz o
Wi %720, MalAICHET% < CMIN/DF A7k &
WU A AT WE TV, GFTIZ 0900 Ll ET 1135
WEZELWETI, CFIE1ICEWVWEEIVWET LV E X
N5, 72, RMSEA £ 008 LLF ThILITEV#E A%
THDHH, 01 UL ETIERIRNTRETE RV E VS
W HEHEATR ST b,

b R

1. #iED
CPS OHEIE, FIEBAIER 50 mmHg 2> S4ERK T
FF12 338 + 21 mmHg F IR F L7 (p < 0.001),

2. BaikEE (R D

BSd, ¥— 27 BIE 2072 7o E %2 CPS Hi
ECPSHESB LU0 THEKL 2o £ DRA,
313 Hz ® BSIZBW T F(218) = 3860 & FHEEZ D (p
= 0.040) #MIEHT -76.7 £ 4.9 dB 2*5 CPS # 10 45 -65.7
+29dB (p=0049) THEIZ LA L7,

3. BB 0% (3% 2)

MM X, DBP TF@218) =379% £ AE X% (p
= 0.042), M JE /i 650 = 37 mmHg 2* 5 CPS # 5 4
69.0 + 35 mmHg (p = 0.041) THEIZLH L7z L
¥, FR18) = 7772 L AR #D (p = 0004), #f
JE i 71.3 = 28 bpm 2 & 5 47 1% 674 = 28 bpm (p =
0002), 104r# 675 = 27 bpm (p = 0.022) & £ &2
KT L7,



JEH TR O FEGEM LA AW G 5, H AT BN 5 2 5523

F1 CPS#54545B LU0 5 0bikE) S O K

CPS i CPS # 543 CPS # 10 4 p-value
BS
120 Hz (dB) -729 + 07 -725 + 06 734 + 08 0.752
188 Hz (dB) -69.1 + 24 -684 + 1.9 -684 + 26 0.963
240 Hz (dB) 760 + 2.8 726 + 29 734 + 32 0624
289 Hz (dB) 762 + 48 -68.1 + 32 -67.0 + 29 0.092
313 Hz (dB) ~76.7 + 49 -67.8 + 39 -65.7 + 2.9* 0.040
369 Hz (dB) -75.1 + 27 -709 + 20 -69.3 + 25 0.109
419 Hz (dB) -840 + 36 -80.3 + 3.1 769 + 26 0.164
S + AR, — SO IE BRI E 5T,
post-hoc test; Fisher’s PLSD, * ; p < 0.05
BS; Bowel Sound
&2 CPS#54BX0104® BP, HR 3 X 0 HRV D1t
CPS Hi CPS £ 5 47 CPS # 10 4~ p-value
BP
SBP(mmHg) 1164 = 53 1207 * 50 1183 = 37 0107
DBP(mmHg) 650 = 37 69.0 = 35* 687 + 3.2 0.042
HR(bpm) 713 + 28 674 + 2.8% 675 + 2.7* 0.004
HRV
TP(x10°msec?) * 175 + 052 306 + 0.89** 274 + 078%* 0.008
LF(x10°msec?) * 075 + 0.23 171 = 050** 171 + 053** 0.002
HF (x10°msec?) * 1.00 = 034 1.35 = 045 1.03 + 027 0.061
LF/HF* 1.3+ 03 20 £ 05 22 + 04 0121
CVRR(%) 52 + 07 6.6 + 0.9%* 66 + 0.8** 0.001

DHIZEEENT O 9 B Friedman MU THEA T RO 72

SEXME £ FRAERGE, —JCRCE SO E T, post-hoc test; Fisher’s PLSD
#Friedman test, post-hoc test; Bonferroni

* p<0.05, **: p<0.01

SBP; Systolic Blood Pressure, DBP; Diastolic Blood Pressure

HR; Heart Rate, TP; Total Power, LF; Low Frequency, HF; High Frequency

W 713 DBP5 (B = 0824, p = 0004) & LF/HF5 (B
b DX TP (p = 0008), LF (p = 0002) TdH - 72 = -0545, p = 0025) AR X NG A R® = 0688

Bonferroni #:12 X % post-hoc test 12 & % Ib# Clx, TP
1% CPS # 1.75 + 052 (x 10° msec®) #*5 CPS # 54>
(TP5) 12306 = 089 (x 10° msec®) (p = 0022), CPS
%104 (TP10) 274 = 078 (x 10° msec®) (p = 0.022)
THEIZ LS L, LF X CPSHI 075 = 023 (x 10° msec?)
25 CPS#£ 54 (LF5) 171 = 050 (x 10° msec?) (p =
0011), CPS# 104> (LF10) 171 + 053 (x 10° msec?)
(p = 0005 THZEIZEH LA, CVRRIZ, ANOVA T
F(218) = 10697 & H &% % (p = 0001), CPS #i 52
= 07%7 5 545166 = 09% (p < 0001), 104 66
+08% (p<0001) &AL

4. BS FH-ORFEFT IV OMEE (M 4)
BS10 O BI# K 11k, BS5 2NEINE N (B = 0841, p
= 0002), #MEFEHARE = 0670 Tdh > 720 BS5 OB

ThHotze T, HFEKEBOLEILBEIIRD SN E
Dotze WMHEFT M, 22 BOEICB W T IS A5 5
#E sz (CMIN = 1.214, p = 0750, CMIN/DF = 0405) .
Z oA ORI, GFI = 0941, CFI = 1.000,
RMSEA < 0001, AIC = 15214 & 1B1EE 7V w4
WEHIEAEZM 2L, TRTONSABEITA B %
BTz,

z =

AHFZETIE, TR RBARERD S 2 T12-L2 Mo 22
DRI CPS # H\WC, MIEZBDIET], BS B L U HA
MG BIOZAL 2 B L7e ZOREE, EE -~ CPS
BoZibi:, OMEROEIORT, @Mk 313 He
THCPS#%104r® BS L5, @ CPS# 54 ® HRIKF,
DBP b5, TP, LF, CVRR @ L5 & CPS # 10 4@ HR
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LF/HF5 DBP35

\XQ%“ 0.64+*
0.54%*
BS5 e——‘i’

0.77**

0.63**

BS10

4 RIETN DI RN
LF/HF5 : CPS # 5 43r® LF/HF, DBP5 : CPS # 5 45 DBP
BS5 : CPS # 5 47 BS, BS10 : CPS # 10 47® BS
1 p <001
KT TNV OB AELWmZLTEBY, $TXTON
ARBOAERMEEEZ R L, HEEORVET IV E R o7

&TF, TP, LF, CVRR® L HTH o720 F72, CPSH
1043 BS ESIZxF 9 452202, CPST# 5 4@ BS H31H
BMICE2 L, LF/HF5 & DBP5 (& BS5 24 L TR
L,

T12-L2 oz /e i3t 3 % CPS # @ BS 1, Rk
B33 Hz IZBWTCPS#% 100 CTHZEIZ LS L72. BS
B B AT I, R A OISR A BT B
TULE L, FEWEBIRAT L7z & & 58 b 5 2 Bl 5
3B H, Thob sty W, KR THER
FA 2RO/ 313 Hz WL TH o720 T2, B
TS WS X 2 I EEB)EE) & BS % [ L7
e Cid, IS cEN, A O K % 575 BS O
BEHOBS L HHE LTV LA s shTws 19,
ZO7b, KFFE TG L7 BS &, W5 i
BT H 2 FATREBS A B3R & S RIS 0 3T B C Iy I B
W% LTV 2 LT 2,

CPS DIEH I, 10 BRI T Lo B8 OIE ) A%
b BT L LT, HMORES X 0% T RMEROZE
IEAET BB, CPSIT & BIEN L 201, MG
75 (LT, FA) RIESZEZE (T, SA) 12X
SHREND & b OFWHER % LR B2 2 ok
OPERE B & M L 22WF%e T, M IS O AL
TWBHA, FA L SADRKL, OFREMMELL
7L SA DR TRADFET 2 2 L AWME ShTWw
%0, F7:. SA OMREEN, BRWB X ORI
B K L IR EE O HRIE T b RENE 2 o o h 2V,
W OBERIKIET B 2 EBHE SR TWS 2
DA = 2 — T > ORI TRSER I 1 U TR
2270 SA DFRKIELNEGHI, KEO
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Factors Associated with the Effects of Continuous Pressure Stimulus to
the Lower Back in the Autonomic Nerve Activity and Bowel Sounds

Shinichiro Oka,'* Rei Shingo,2 Nozomi Hamachi,' Takuro Ikeda,® Tsubasa Mitsutake®

! Department of Physical Therapy, School of Health Sciences at Fukuoka, International University of Health and
Welfare

2 Department of Rehabilitation, Takagi Hospital

3 Department of Physical Therapy, Fukuoka International University of Health and Welfare

We investigated the autonomic nerve activity affecting changes in bowel sounds (BS) after continuous pressure
stimulation (CPS) of the lumbar region. The subjects were ten healthy young adult men. Recordings of BS were
acquired from each subject using a stethoscope positioned on the left lower abdomen before and 5, 10 minutes
after CPS. CPS was applied to 3.5 cm lateral from the Thl2 to L2 spinous processes at 50 mmHg for 10 minutes.
We then calculated the BS pressure level. Heart rate variability was also assessed using RR interval of
electrocardiogram. Circulatory dynamics were measured based on blood pressure (BP). We revealed that BS power
of 313 Hz increased 10 minutes after CPS was applied (BS10). The BS of 313 Hz was increased after 10 minutes in
CPS. The changes in BS at 10 min after CPS directly and indirectly affected the changes in BS, LF/HF, and DBP
at 5 min after CPS (CMIN = 1.214, p = 0.750, GFI = 0.941, RMSEA < 0.001). These results suggest that CPS induces
intestinal peristalsis which would be effected to increased cardiac parasympathetic nerve activity and peripheral
artery circulation.

Key words: Intestinal peristalsis, Continuous pressure stimulus, Autonomic nerve, Somato-autonomic reflex, Constipation

* Department of Physical Therapy, School of Health Sciences at Fukuoka, International University of Health and Welfare
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TR I ZATI B, RO A4 AREHITH T 5 E
WA S N WX 91, A TOMEET IV &2 RIC
DFOFMTH A X & LD ZAT 5 720

WAVER L 720 SEWRIR & &M E 7 VIS BUT 5 Bl
5 THM E TORMORMZ ML, &R E 71k
T PROLEE Kb, S OREE ZHFAEF L
KRLHIET, £TOMAEFVOHA X ERLL
P20 ZOW PR E H 4 ZEBALEOKHFE 7L
ZXHRIC, FTEEMICB O 2 FoBHD RN E
Bb &) ICEMFETFVOLSEE WL L2,

5. et ALEL

MIEET VT, NEYWOETHHRO 3 RITERE (X,
Y, Z2) OFNENEEHELTEZ, T LTE
M 24T o B SN2 K ERSHEIEH 721 ek
RO Z RS ERE 2D, MAT, FRSHHIC
DEHBENLEANY MV EFERSER2S, X, Y,
ZEERSFHETE S, TNICE )BTRS BITHAE
D EBFEORBIEIRANERL T E 2720, FFERHTO
KT EER 2 BILIFIREE 2 %,

ARIFFETIE, #EFY 7 b7 = 7 Human Body Statis-
tica (HBS, MEZESAMEAIZEN, HA) ZMHHL, W
4 R PHEFTEHL L ETOMFEE T VBT 5 4TE
MO 3WICIEREIZH L, FRG A2 EM L 720 KFK
S BT B ERGAE RO -3SD 225 + 3SD £ TORM
ERAE TS, FERSORTHEERZ L 72,

b ES

I B E, P 028 mm (BE#E{F 7 : = 003 mm)
THholzo FMGHITOMRELLITIRT . #20 £
GETHIM SN (R LE 846%), 1 RS
55 EMA TREFGHRIIN50% & holze TNH
DERGNI BT B EWS D -3SD 25 + 3SD DK
R RZ TN 4 5 53 8 IZ/RT .

81 B, HPEREOE P ERIREIC BT 5%
BAKREL 2213, BHERRINICET 2 HHiHRE

®1 BUTHAATMEOE H T 7V 4,458 THAEE
B § B BT OfR (32 7V n=59)

PC BAA AR (%) BMEGE (%)
1 2,116.2 158 158
2 15114 11.3 271
3 1,196.2 89 36.1
4 965.1 72 433
5 8172 6.1 494
6 659.6 49 54.3
7 600.7 45 58.8
8 497.0 37 62.5
9 4276 3.2 65.7
10 401.6 30 68.7
11 3224 24 711
12 2740 20 732
13 2371 1.8 75.0
14 2264 1.7 76.7
15 2114 1.6 782
16 202.0 1.5 79.8
17 181.6 14 81.1
18 166.9 1.2 824
19 1545 1.2 835
20 1422 1.1 84.6
Total 13,374 84.6

PC: ZHgr. ATHR D 3 RKITHEFEIIK 5 2 E W55 5087 0
R, 20 OFRIT A S N7z GRRRT 55 84.6%) .

HZSROTH~NDEEHBIRE L B3 Th o7z (K4)o
82 B, HP BB IR IE L, i
EEISHS 2 T EOMMEAKRE K R Th o7z (M
50 &3 EWIE, JHHERIKHNC BT 5 JH ORI
R, B EEOEAIVNS KRB0 Th o7z (K6)s 46
4 FHITE, TREAHMINZER D IO TR BB OlED
REL2BHATHo72 (HT)o H5 T, TH T
ORI TORMEICE T 20 Th o7z (1X8),

z =

RIfgeiE, BACHARA DI H & AR O EHT I H
ETFNEICH L7 AIOWNFETdH 5, Biwasaka 5 13H
DRI IRZ M T F AL L, “F39 70 B 5
1 mm Td o7z & Wi L7z ¥ AFge o P11 1
13028 mm TH O, LWL KL THaIHED
EWHFEE T VMPMERTE L E X 5,

— Rz, EYOREE R o 72 ST Tl etk oY
4 RN X BEEEL END, Casier S5 L72JE H
BEAREIRON) =2 3 V2BV ThH, 51 FHTIC
P4 XOWS (F5372%) pHhSCws 10, K
ZeClE, MRARIBIRONY T—3 3 VEREHT 572012,
ETORPEOH A X2 IEHLL, &fRot 4 X2k 3
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TERE & B L TR AR VRIR S N 7zo
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P2, T SR %0 T LI 7 2 00 B Y % 5%
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Morphological Variation of Modern Japanese Scapula Described
using 3D Homologous Modeling Method

Ryo Tokita,"* Naoki Sato,? Toyohisa Tanijiri,> Hajime Toda*

! Graduate School of Health Sciences, Sapporo Medical University

2 Department of Rehabilitation, Sapporo Kiyota Orthopedic Hospital

3 Medic Engineering Inc.

1 Second Division of Physical Therapy, School of Health Sciences, Sapporo Medical University

We analyzed morphological variations of the Japanese scapula using 3-dimensional (3D) homologous modeling based
on surface data recorded using a 3D scanner. Principal component (PC) analysis was applied to polygon mesh
datasets of homologous vertices (X, Y, and Z points), which detected 20 components with a cumulative proportion
at 84%. The first five components can describe approximately 50% of scapula variations in the samples used. The
interpretation of these components are summarized as follows: PC1, anterior inclination of the glenoid fossa and
coracoid process increased as the curvature of the scapular body increased; PC2, area of the infraspinatus fossa
relative to the supraspinatus fossa increased as the vertical length of the scapular body increased; PC3, width of
the supraspinatus fossa decreased with the forward tilt of the acromion; PC4, width of the supraspinatus fossa
increased as the acromion overhung outward; and PC5, forward tilt from the scapular spine to the acromion. This
study extracted several variations of the scapula, demonstrating the importance of comprehensively analyzing the
overall shape of the scapula. We hope to elucidate the relationship between the overall scapular shape and shoulder
disease using 3D homologous modeling.

Key words: Scapular morphological variation, 3D homologous modelling, Surface shape

* Graduate School of Health Sciences, Sapporo Medical University
South 1, West 17, Chuo-ku, Sapporo-shi, Hokkaido 060-8556, Japan
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[H] FEHFEERIIBNT, RIS B A DA IV b L ZAOEALHEEASRIC BT 5 BIET5
BB LOBEFWIEIRIT TR ERR L7z, [HE] BAEMB X OA%RN C57BL/6 2 L L LT,
MBI ) RUSEREE, HITEZIC X AT ETo 2. T, THEEGE 75 L AMICEB T 25 ER
HNT-TH A TGF-B, MM FHI T 285 T Scx @ mRNA FH L~V 2R L 720 MRS RO AT
Tl Alcian Blue, HE %, Picrosirius Red $eft 2 CIEEREZBIL L2 ER] fTE38EICLY, W
I E HEIC X D E U B MERIC X A X A=AV A b L ZAORRIZHEY, ESU S 5 K1 058l
& BRI A SR 720 [REER] RAGHRR OIS, A=A VA P L AOEALDHE L T 51
REPEDSRIE S Mz ARBFZEIC BT B aA0E, /NBIISEE R B O BRI BT 2 B ES ANDIS

HIWTREVEAS T S B0

¥—T7—K TXFLAK, AHZHNVANLRA, FE B
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M RIIHEOEEMRE LTHFA L TEIL 2 & T,
PAFIEEY 2 [ HEIC T 5 & & D ITHED L EILIZHFS LT
W5 HTH AR LR AR E R L TBY, M
DA TR 2B ZE L T 2B L, 22084k
Wb AT 2 5 2 R0 BEFEICB W TIE,
e i BRI\ AR BB 12 583§ % Scleraxis (BLF, Scx)
DRIV ITRES N D EWEHRET OB ESR, 2
NORTORBEASZAIVA ML ZAOMEAER & h
TWb, — IR DD IEEIZFHE - /L - WD
WAL ESNTEY, XML 0 535 3 A0
LTitbnsas, Mg 5L LIk LT < BRETlE
HEBPODAIZH VAN ADPEEREHZ 5721
TWwb, TNICEELT, HEKICEYS 3% Pax3 O#
BFEAEIC L Y it 2 A S ¥ 2~v T A TIE, F b

* The Change of Mechanical Stress in the Embryo and Postnatal

Developmental Phase Related to the Achilles Tendon Maturity
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JFADFFEIIME SN DD, BIEFEZEIRETL LD
WEDH 5 Y, BRENC 212, ARICIEEIC B VT
R L 72 B LIRS & 5 2 L0 s, sMLoBRE
T DR OB #E & B L7k A ML X, $74b
LEBEEICE A A D= ANV A ML AP O K ELC
M55 5 WEEEAS TR S hTws Y,

PDbko Xz, MoFsA - FEEMRIZBWTIE, Mk
R LCHIGRZ A L7z A=A VA P L ADERFENR
5 Z L THIBEASA ML RIZIDE L, WSS ASHEH
ENHIETHELLTEA LTV EENTWS, £
DT, TANA S A G TN TIPSR O 5
FEREIREEISE NI A F 3 v 7 R BRBELB L O
BEHERNOZMPRE L, LALEDNS, IRETOH
in vivo BFZEI2 BV Tid Pax3PY5P4 KO = 212 X B
KIBET IV 2>, the muscular dysgenesis mutant (mdg)
2 X 2 G E 7V 2, dtubocurarine ¥, Deca-
methonium bromide (DMB: ¥4 X b= 2) 2L 5
HIRMHBET LY B, BHIEROH T + —h A
L7MgEnETH o720 THITH L, F4 L in vivo 12
B THBEIZMb 5 I01%, BHIHEOATIE R L, MHER
AT E OFMIZ X D ZBIICA U S BEEGES) & v A
ZRBEZEL, 2l - g WL A=A VA LR
%, GEERENRCRRRE D O BRI § 2 Bl O H S E
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ThHhbHLEZTND, MEOHINMEZHELZBET
b, FEEIEIARENC LD, BT X B U~ O
W S 2B 2 R BEESENIAE U Ao S AU Tk
%, HECK)MEEET &R SNhE 2 & Tl
BWERICRSEMEAELSEL A=A IVA ML ADH
WENEZ LR, HREGHENDAD=ZHA VAL
22BN LR EVWYUNRE Y, o2k, IhFET
AHZHANVARLADOBYETIVE LT TE 2/
Wi EE TV TR OIS Fa v h VB ko
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DAHZAIVA DML R X DHEREENTH LM
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EZZT0h, DEXD, BISZIIBIFSAA=HIVA b
LADOHEEZRZ 59 2T, Wl & v ) WINERIZM
A, BEICXYEL AL 5 HEES) X W) S S
HEZEL, BOKEBFREANDOEELHL NPT LLE
B b

Lk 2k, BEAA & BRI 2 T ORI
B2 RAMBBHEAS, F&iE - AL T CBRRIZB
LI OREEREN T OB, MECb2 2 h =
ANWR M LVADEALL ORGP L5352 LT, B
FEMRIIB LN TRBEOBRETHERTEL0OTIER
W E AR L2 RIIFETIE, OB S X =
ANVANL A%, FHGE WS BN S OER E, i
WMIRBTC M HEAL &\ o 22 AR D S O BN OH A
HLTw2 LoRiiIcio%, ZREnh s
ERIZL TS ERHZCTlze XD, RifEOH
X, 7 ZADIEEEERRICBWTTERICMbD 2 X 7
ZANA ML ADOEAL L T AERIZ BT 5 R BN
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ILOEZRET 5 ETh b,
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1. FEEREhY

AWFFeE, PR Ri OB EBGIER X OKH %%
VF, FENEWERTRS R R LERL 72 ORRBERS
2019-10) 0 W 513 C57BL/6 ¥ A 72L& L, Mk
BLOSTEMENERIE, K4 (Embryo @ BT,
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1, 3.5 7.9 4H#OEILZ AL LEL Y FTHKG6
PEA S OY > 7V 2RI 12 B, 166 It 132 k%
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pOnePluSTM (Thermo Fisher Scientific, Applied Bio-
systemsTM StepOnePluSTM Real-Time PCR System)
EHOWCEBMNZERL72e ¥—7 v MEETIE,
JEE o> 3 3 B 5 [ 1 C & % Transforming Growth Fac-
tor-f (LLF, TGF-B) (MmO01178820_m1), MEHIMEIZ5E
T HHE T Scx (Mm01205675_m1) & L, PIFEME
a Y b u—)ViZid glyceraldehyde3-phosphate dehydro-
genase (GAPDH) (Mm99999915_gl) % JH\ 7z, i
SNz CtfEld, BB Ct#Il L o TH, MBI LIZELT
TH S NI 2R B L7z TEMES ~
FE— VIR & 5 =7y MEET O Ctilio# (ACY)
KD, BT 6% 54 LKL ¥ bO ACt D7 (AACt)
EHML, BETFRIOBLICOWTELIT A1 45 &
9 2-AMCITFRAL, % K72,

5. WEIFRYENT
a7y 5 3 v 5% Python (version 30) % HWT,

A hE

7.00
6.00
5.00

4.00

Weight(g)

3.00
2.00
1.00

0.00
PO P1 P2 P3 P4 P5 P6 P7 P8 P9 PI0 P11 P12 P13 P14

B THEY RERR

FRIIH %

1 REHER S SOV BE ) BUST A bsA
VHED KBE P2 AL HBIL, PTIZTTRTOR T AHHK
DuRE L 7 ) EEL 2 R L7z, (n=6/ & 4 LKA~ 1)

Real time PCR 7 5% & 7z AACt DO FEMHFANT 2 17 -
720 HHRT-ON, BHENICBI 2 8HEEL 5 1 2 KA
VT RIS 5729012 one-way ANOVA BiE D,
Tukey M & % % HILBWEZ 1T - 720 A REAKIEZ
0.05 ki & L7z,

b R

1. frEhigt

PO~ P14 $ TOMIZBWTHREIZHH L2 (K 1A),
WA %O PO ~ PR CTIURL 2 843 OKC 0
BOARTH 725, P2URRIBE Y KISHBIZL DY,
JEEAGL 2 LD Z & T CKC TOEF~EZ(LL 720 2D
BAR AL HE DSOS MBI AL, PTI2TER
TOXTANERY 2 G L7 (K1B). —J, P2~
P7 T THEEAC 2 5 b Do, HifTE T T o B i H)
BROENT, EIIoF FBEBTELVHETIR LR,
P8 LLFE7 & AT RN B & B 72 (X1 2A), P8 Tiddk
WD AR THATE MDD L ) BEETH - 7247
(X 2B), H#oHMmE &I HrkoEs 25) &
0, BEES AR REBEER 2 2o (K20), P14
TREB X CROZE LMo @ A% (3.5 1241t
LD EH LA (K2E),

2. HMREI BT
Alcian Blue, HE 31128\ T, HEFE#E & & 125
DOEEHPEL LY, ke OS5 HASEE IR > T
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E (-6 P8 P9 P10 P11 P12 P13 P14
0 3 3 1 0 0 0 0
1R 3 3 4 4 1 0 0
2R 0 0 1 2 5 4 3
& Uy = 3R 0 0 0 0 1 2 3
i 1) MR i< &

A7RA—)L
. 100%

80%

60%
2) HFREEEES DBV A —L

p 0%

o

20%

0%

| CESSSSCSNm——
3) Bunso—i/ H17

Vertical (Value) Axis Major Gridlines

m3
u2

1
1
u0
P8 P9

P10 P11 P12 P13 P14

B2 RATHERERTAA R
P8 LD 7 AD%AT7% 0. By& L, 1. JESMMEMBGERNIC X 2 7 0 —)b, 2. WFPENEGES) T dH 2 527

O—Jb, 3. Rwra—v/ BAT0 4 BREETREE ST

P8 TIIIE MM DM THAT AR D 2 & ) BRBYET

bofzht (B), Higo®me & $12 3 A2l 2 EE2MmL7 (B). (n=6/ %4 28 A~ )

3 Alcian Blue, HE Stain
E15 Tl IEFKE (E) 2% < oMk & LTHiE 2R L Tz /il & 312 ECM @
BIAHER S N7z, P14 20 TR Rl 5 N Ly & B o R b2 Bigg S vz,

720 E15 TIXMARE AT S 12 SRAL IS HIREBe L A3 5 &
N7=7%, T OW Tl Eosin THfm S s Msk~< b
) v 7 X (Extracellular matrix : PL'F, ECM) (Z#1%%
ENLh otz EITIC7% 5 EMIEEEEANINL, KL
& SR BRI DO BL R SRR 72 o 720 BaA Tl ERLRR

MRAEFCH L R IE  C MM 2 MBI BE SR IR T H - 7275, PO
VIR MG T Mz oMb s &, Bl a2 &5
L 72. P14 TiZ ECM @ E#ili 5 [fij~o ECM ¥tk 5
MRAEALASHEA, BEOWMDDHER S N7z MRk, B
FECHR AN B4R 12 X D HRRIE R CTd - 7225, P3
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4 Picrosirius Red Stain
El7 CIdRET T I —7 U ORERIIREETH o 7245, E21 256 3 T — 7 Vi O 5B
Blgish, ZoBHKREEE & DICTHHANM L7z, WHEB RO KNI 2 R

W27 5 LR ATER DS & 72 1) HLRR O BHEBC A DS TR
LTw/ (X3)s

R ICHAMEE T T PSR a0 B%ETIE, E21 LT
T =7 VEROETVER SN (K4, E21 55
RoN7za g =57 VDS, PLIIZZDOERA X DI
L2, ZoOHHETERDEEICHETE 28I
DOEREEDEIN L 720 T Alcian, HE Ffa TR S 7z
ECM & FBEDOKER L 2 1), BeBSIY 70 S A% 22 10 5 3k
ERTAERE o720

3. SIS

E1I5 ICBL T, MRS RILFAD =80, HiMED 5 #E DS H
HTH DRI R D HIZBRI L 720 S2hED & DRI E
MEBED E21, PO M TIEMEAHKICHBIT 5 Scx, TGF-B
OREBEICEN R EILON R o7 (K5). 24 REH
%k o Pl O TGF-B B X U Sex I, A
(E21), WAH (P0) & ik L 10 K5 o B hnfe i % 32
Wiz ZDOHP3, P5THRIEEIIKTL, P7TTIEPO &
WL 58 f5 % T LA, P9, Pl4 Tideheh
# 33 1%, %65 L Lo BB RO E RO 72,

JEHL T > TGF-B 783id PO & ik L P1 Tid#y 8 512
FCThH, ZORITILBIHIMEZRL 7,

Z =

BN, SAGEEN AR TRIRNGR, JEE, STHT
HARTEE VS 72 ATEDOANZANA ML RIZE S ENT
Wa Y, RIRETIE, SEEEBICB B B T 0
A%, PHENE MAEBROBREOEY, EBOMRE
N X BB, AT & bkaeIn S X 2 BYERE
oKL v, BEHEICE > TRE Rl e 2 5 4%
BT 74Xy M2, UEICMbDZ A=A VA ML
ADER L) B L LIFHEZ Bif L 72, Mk
LT, OB &I MAEZRICENREED S S
N, WEAMLTo OKC 0By & gk L, AR5 C TGFb,
Scx mRNA B ED FADBR SN2 ZOHBVHIED
FUBHERR L L H 12 CKC TOES & 72 ), P8 LI THAT
BOBEDFER XN, Scx mRNA @ 5 &Mk
X ECM O#MmA R o7z, ek, TEIZIELEIC X
DR SN2 HEIC K B90)) & BB RE D FZ IR i
KEDIBICESEBEELEELAD=ANVA LA
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P14

5 qPCR#&3
D Sex 1& P1 TN, & 512 P9, Pl4 THREAMFAIA R
EFFOWMMAE SNz FERIC TGF-B b P1IKERIZTH 8
o EANRRONT. PATN—IIEEEEET (p<005).

B, MISENEEE G 2 B R IR L7,

et O M BGEBY X, BB TR, RS R
THBETCOZMGHIE, REHAL - d R X
LHRTCOEBTHL Y. 20k, FENTRELT
W7 DR, R R BN 2R R R R A S IR S Do A
BRI BT HAEB B S TRE & 18002 %
OKC ToEBI A BIE S h, BEZ(LIC X 0 kB o1
KARE B0 VB USA BT 2 &, B % M
LW ix CKC ##) & 72 - 7o CKC Tix, OKC TH 5
B MR RS X 2 BEEB O 72 & F, SR B
ML 7B E RIS & B A 2 BHEEB) A4 U 5. OKC
25 CKC ~OBATIE, HBIMEHES 2R 2 i E3H0
AWK E EWRT B, VB ) FUSIBLRE (P2 ~
P7) TR CHhE XHTHI L TETH, M
HEB %3] ST ORI RIITR ST, B
TX %W, CKC CHEEBARE 2V igs, HEICE
AP L C B % Bh 3 720 o BUE ) GG ASAS

15 %IRETH 5. O, HEOHEREOEND D,
HEICI DAL MEENNRBEHESIC L A=
A PMLVAREETIZZ L, XDFRSPVHFETH LH~0
A ML RE L THAMSNG, ¥ P2~P 7B
WTIE, VHE ) RISESEZD THROB Z W ohzwn
REPBEINTVE 72D, OKC 5 CKC ~DEH)
B2 bic Ly, PIEEEICLE L S D HiFEE T
STHRLE, HECEX VAU AHEEDN:BEEERICX S
IR A RANOMIEZ b L 2RI Ib Y, AR
HOE O~ OMIEZ b L 2R E 25 2 & HUR
EN7ze 2O, P8 LUMTORITHRESIZ, HEI
T AREEE THMAEIRR L2 L2RIEL, PTE
TLIIRZYPIE T CHEEE L2 SR 3 F TITH
IR IEI R L, #PEAREIIEIRE» S Wil 5 5 2 &
T, BRI RERMHIRA ML ABAEL S (H6),
AWFFEIZ BT 5 mRNA 531, E21 ~ P1 T Scx &
#1110 £%, TGF-B 3% 8 fE o @ In %2 B 7z, F 724
% ® Scx FEHEIT PO & LR L £ ZF P7 TH 58 15,
P9 TH# 3365 (AEAED D), P14 TIIH 665 (FE~E
HY) bOWINERD . FEEMBICBIT S Scx 2k
A O BT BRI A & FEBIAERR S A, EHLER O B
L 'Y, ECM 4B IS 2. SHEBRGO 5 4 3
Y7 CHAOELE R E WY g ET 5 &
PO & v o 72 BEMIIFE IS 2 b /S N B 2 A8
Wi s hTws P, TGF-B i in vivo, in vitro W4 12
BT Scx FEBENVHL PR ->TEY, YT AD
e TIid TGF-B ¥ 7 F MR D I & ) BERLEE O K%
i E 5 Y, In vivo THI% HET 2 & Scx DFH
PETF LY, In vitro 2B WT B A F L 20
LX) Sx BRHEOBA PR SR Tw2 W, TGR/
SMAD2/3 ¥ 7 F V%S Sex BTG53 5 2 & Tht
2R L, FHICE B A DA VA N L ZAD T
HTE LCHET2 Y buvofimns, Blkcs
WT TGF-B, Scx EX A=A VA ML RIZISE LFH
® upregulate 2 X % & SN Twb, Scx, TGF-B8 &
b 12 mRNA OB %2 B o7z E21 ~ P11, MG
P OAEBOEIITEREICZE(LL, OKC TOMIGE)IC X
DEANDAHZHIVA L ZAMBEINL 7N TH L, H
WICE DA U ZHEE TN 72 B HETREB) I X 2 W oMk 2sE
HINDP3~P7IE, HiEOY A4 LARA » MEEL
Sex AMEMEDOMEAI AR L TWbo Sex O LAMBR SN/
P9, P14 I3ATHRERIM EL TWAERTH Y, HKITT
RONZ2ENHT 2 MHIEEOFHIC & 2 HA~D 2 7 =
HNVA L ZADOHENAPI, 14 TO Scx DM EZFHEF L
REEZOND, TOZEDNS, FIRLI-gREEIZAL
ERHMBIL, mRNA BHOLEHIRE -2 &1, I
EVINMERO AR ST, T TRECHEL Vo 72
AR D5 OBROME DS, MRFIE2E RIZ LIk
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6 AH=AHIANLADEALL HFSE L O
BREEZEAL, SEBALDHIGH & I X A BEER) 24 U X, HADA DAV A ML ADHER L T L.

EZbNb, TNLDAHZH VAL AIZL ) FHES
ND5FAYFHORORERE LT, HERAIIRITICE
WTHERE & H 12 ECM OB O & v o 70k
HRE L TORADELEN TV (K3, 4),

AFEIZ N E TG OFEORERE SIS TSR
TEHRRICTEA DA NVA DL ADERFKIZ,
W&o AN & 2 A RO R 2 2L
X VBT B2RBENOEHDPUETHL I L 2R L
720 BEHIIZBWT TGF-BBSA A=A NVA L ADT
WHRT-& L THRET 2HENDH S~ T, P7 ORERTEK
AP RA ML AR MA 2L 25, Sex 255 HHIZ L
HA$2—-FHTTGF-BIx1 HHIWZHA L, ZokiEnL
Binol:Z ERWMESATVWS P, Zoz e, B
BIZBVT TGRA A A K =AU R b L A~DJE% 510
SR OMERE 1T CHIRT 25— 4T, BED L IR
LA HNVA L AIZ L - TiE TGF-8 DAL o#
B DWEYEDY Scx % upregulate L7 W BEMEARIZ S NS,
INH DML, BEARKHGEFE BT, BHIHEIC X
HEANOMRA LA EMEL EOINIINT L B S
HEANDAHZANVA T VADPHEIZEEEZRIZL TS
CEERBELTWD, 5%, SHICAHBZHNVAPMLA
LI ETVICE BB DTV 2 LT, HHI
fiii & A O NN DAL AT 5B 2 T & A
2§52 EeNTE, NEH OO EMRESR, BA
TOMAEF B R G 4GB AR T ORISR ADR
WERDTF—5ERRTEDLLEEZT VD,

BRIV L D DORADD 5. FTHENTOR
PHEREO 7T — F SR T TRV TH b A5
BT BRSNS O BIEE S Nz E ) 0 & B RN CTilg &
TVAHEBEEGRAND A=A VA N A% TT
B2 U7 Ml & MRIRB IO WL, e b &
G & U728 Tl d i 2 ¢, B A bLc
x5 2 WDGREMAR OB 2R BT S A TV b o ARIFSE
DHRZE X VIED B 720I21F, FO X9 7 S RNERES)
DT — AR HVERE E R DA EOBRIEIC LY, BHE
WX DAL B0 & 2 BEER O ZR & N S O
PUHOERZ X LIEET 22 Lakd o5 b, T2,
595 B O LA 0 Rl )5 171 D B R VS P VO IR L2 L Y
GMEANLADINDEZ EIC G705 HBIIERLT
WS DD B o ARBFZE T S N7z B AR L AT
LCw g, A EfRE P L) aikEtils,
KRG EN O/NBEENORIBEO R 5T, HEE
BOINEY T =Y a YA ANDOIBH RSN D, L
P LR OEBOREEHO T — 7 ERGETETED
T, AW BAERE NS T 5720108 5% B0
AEDSLFETH B o

AT IR A 2 & A R OB O T A 5% %2 i
RBERE D) L & BT, MR - T A R
T 7> & FEREI IS BIEE L 72 I OWFETH %o SR
)& BAEER A X 0 ISR L, KB O FRR A A
ZALERHT 52 LT, EFEEICB W TRERED &
J3H D B AR A DA EANF 5§ 5 & & AYHT B
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The Change of Mechanical Stress in the Embryo and Postnatal
Developmental Phase Related to the Achilles Tendon Maturity

Yuna Usami,'* Hayase F unakoshi,! Takanori Kokubun!
! Graduate School of Saitama Prefectural University, Graduate Course of Health and Social Services

Purpose: We hypothesized that the relationship between mechanical stress during development and embryonic and
neonatal tendon formation in the mouse model might be applied to prevent disease and treat tendon regeneration
in humans. In this study, we focused on movement, particularly exercise. This study aimed to explore changes in
mechanical stress and reactions of muscle-tendon complexes.

Methods: We used Wild-type C57BL/6 mice. Motor Tests: the neurobehavioral development of the mouse pups
was tested to evaluate their general motor function, including surface righting and ambulation. gPCR: The muscle
and tendon responses were examined to determine the expression of genes associated with growth factor at nine-
time points. Histology: For histological evaluation, the limbs were sectioned focus on the Achilles Tendon at 12 um
thickness, and stained with Alcian blue, Hematoxylin and eosin, and Picrosirius red to visualize collagen.

Results: We showed that movement is critical for the development of molecular mechanisms at different stages
of growth. We captured four phases of changes in the mechanical force of the limbs. We suggest that tendon
response to mechanical stimulation is fundamentally altered by biochemical signals. Collectively, these results show
that the neonatal tendon development process goes through a continuous change in mechanical force followed by
the expression of growth factor markers.

Conclusion: The results of this study demonstrated the importance of mechanical stress in TGF-S and Scx
expression for tendon development. These findings may provide a therapeutic target for a disorder in children and
tendon-related diseases.

Key words: Achilles Tendon, Mechanical force, Development, Tendon Maturity

* Graduate School of Saitama Prefectural University, Graduate Course of Health and Social Services
820 Sannomiya, Koshigaya-Shi, Saitama 343-8540, Japan
E-mail: kokubun-takanori@spu.ac.jp
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[ARY] AWZED HAYIE, PRI LREETEZ2 IR 5 720 1ML EB T INGEIT 5 7 4 3 v 7 % REBEW
Sl (Transcranial magnetic stimulation : A'F, TMS) ZHWTHET 22 TH b, [FEE] @
WAL £, E=7HIC0 LT REEA 2 LT 238 To 72, 8P, ©—7%225 0ms, 30 ms,
50 ms, 70 ms D ¥ 4 I ¥ 7 THiEEEEF N TMS 2475 L, =M & KR ZE 2 S i E K &2 flék L 72
(8] ZAHOBISEIRGO ¥ 4 3 2 7% 551 100 ms DR RHIZ TMS 254 L BB B~ 5 S 28554,
TMS D7 WilAT & ik U CRBE B OIS BIBIGE D & 4 I ¥ VA EIGRIE L7z, [#am] ViiTo b
ezt I B W T, MR ANEEIT 5 ¥ 4 3 U ZIX AR ORIEEIBIAE 2 5 F 100 ms O 12

H5H LRI NI,

F—U—F TR, SEATREE T,

AR i

ML E BB, REEHEMAORE, — B TR RE L,

iU &I

T 43R (Anticipatory Postural Adjustments :
DIF, APA) 3, JESHIC L - CHlSEI S ahals
THLT, 74— F7%7— FIEEHEG 2158 X
ELLEBHWTHY V. BRI X 5 THIf S R
Twz Y, APA X EBIEIC X 2 4MEL OB % /NS
L. B$BoREMICETT LY, Lal, Rigddy,
Ne—F vy v, srmEmi®, mikE” o
YSBIG\C B1 B GBI OMITRW kK, & I ILL
R OB T 2 5 4 3 ¥ 7 OREDE L, Pl
BEEZDO APAIEEINTWL I EFRESATY
Zo B, B CIRBSREN T B B IR o5 i

* Effects of Virtual Lesion to the Supplementary Motor Area on

Anticipatory Postural Adjustments

1) GRS BB ) N e 7 — 3 3 AR
(T 259-1193 A% 1 SRS ETH MR 143)
Daisuke Kubo, PT, MSc: Department of Rehabilitation Services,
Tokai University Hospital (143 Shimokasuya, Isehara-shi, 259-1193,
Kanagawa, Japan)

2) AT B AR AR R KA B
Musashi Takagi, PT, MSc: Kanagawa University of Human Services
Graduate School

3) A AABGERTIFRAE ) N T2 a YUY 7= a3 Y
Musashi Takagi, PT, MSc: Department of Rehabilitation, IMS
Yokohama Higashi Totsuka General Rehabilitation Hospital

4) MENERRAEAERFE ) N E) 7= 3 VSR
Tomotaka Suzuki, PT, PhD, Kenichi Sugawara, PT, PhD: Depart-
ment of Rehabilitation, Kanagawa University of Human Services

# E-mail: d.bokukubo@tokai.ac.jp
(ZfFH 2021429 H 30 H./Z#H 202244 H 25 H)
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KB LZMEHORTEHEAEHIEORETH S
Barthel Index DIEF AT 22 L2 6 Y, APA R
EIIRBOREZMNEL, HEAFEHEORELZT| X
IT—HTHLWRENDH S, O &b, HEA
HEEOFESZ HIET U ANAEY F—2 a3 YiZBWnT
APA LI EE L LERHEREOEREZATSL LEE R
bbb, £oT, APA ORI A RAZE 3 % 3
L, PRAREEZEOYNE Y F—3 3 Y RITHIH AT
BREEMY 2B & OBEDR TRV ENSDEELRIETH
beEZ D,

v N AHEEE AT & &, LALEB AL TOIREDN
HERTVD, BEHEEFRICL 72 Lo &Y
TUE, EBYER ORI BB 4G O 1 [T 1 — YO B I o L
PABERT AT ERHEEIN TS, THIEIABEE 2
HWTHDH APAICBWTHRELTH Y, LRI O
B9 %4 40 ms A —YGEB O BB KT S S
& DS TH R AU (Transcranial Magnetic Stimula-
tion : BLF, TMS) % HW72iFIC L o TG ST
w2z Y, —FT, wWEEEY (Supplementary Motor
Area : LL'F, SMA) i) d L2 B W Famf 1
AE, SRAITRGEEIC B A APA OFEITICES T 5
ZEBERSR TS Y LaL, APA o%fTHIC
BT 5 SMA OIFET 5 R ERICOWTHIA L 7223
B3 v HBEES) T S )T TR P 2
[ & Fpidle T A O i B SR % ik L 722 JeATREge 1 i,
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Time line

1 oty s1 7
DEL : =, BF : KR, EMG : iR, TMS : BESEEARE, SMA : i)
A BB FIE, B TMS ORI, C: TMS®D ¥4 3 v 7

APA % BI83 5 BB O E B 72163 % #9 50 ms
Hi1Z SMA (2313 2 B #IRO BRI US A BE S5 =
EhD, DY A I VTHN APA OETIZEEG LTV
WREMATRIBES ATV S, LA L, S OWFH EIFRE
FF I CO B OEBRETH Y 'V LB
DULEE L KRBT O B I BT b FRET
HHPEIFRNTH D, T/, WTAETEREE AT To
2 1A T APA ORISR 7 B T el b 48
fisncsy W, EEBEORERIRT 5720100

T DTG OB VT, APA 2E5F 57
OIZWLHEZR SMA OIEFHITH5 4 IV ZIEHL 2k 5
TWwWi\Ww, SMADIEEITL 54 IV IRl ELRN
X, BBEEGOMEHO Y 4 3 L rRm S ouEE H
BT UNEYF—3 30 7ur s a0BENCEHBT A
BetEH Y, BELREEEZ D,

WEDWERT 2543078, &AEHEOUER K
WY oEE —BYEREREDE L IRIEN 2 BI% & TMS <5
XL, WETLHEMASNLIESHL, Th
&, 5 BB S B RIS B 0 TMS %54
52 L CHET 2 EBAHES N HG E LCHATE
29, Arrge Y Tix, EEER O IEEIAE U2
BRTICHIED TMS 2SEBFF 5. 2o &, FUSKRE
PEEET 5 ARG STV, & O— BN
I APA IZBWTCHIEHITEH54 IV P2 ET L0
2, BHTHLTRENLD S,

DX, REFZEOHEIX R TO RIS s
TMS # T, —#tEEp% s sk
APA ODFEATIIHh D% SMA DIEFT L4 IV 7%
L, ZORENREREARET 2 ETh oo

J

1

MR EFHE

1. N%

FRORR R R R BT AL BRI i - D BEAE 25 72 W 20 7 DA
FofEEmRA 1l 4 (BS54, FHER ERiEREE]
232 [25] ARSI L 720 RWFRIEEANL Y U F
HEIWCEDE, MEE S R AL R e i P e A 2

KOIKA. URiEFE 5« RKHE 7142) 213729 2 THE
MiL7z0 RHAITIE, FEENFIZOWTTHICNE %L
L, BBl 2ERLZ) 2T, FEHIITHESE

%720

2. TEBIE

SRR IR 5 T EFICh <, ROSH Xt
IS LTC, FE AWM BB R R ©% LT 5 ]k
AR AR L7 (M 1-A) . PHEE LB EICIZE —
T8 (EWEE500 Hz, F#filER 50 ms) &M L 72,
FEH ST ORMERE, YATFTAREY 7y x
7 (National Instruments #1:%, Labview2010) 2T 1.0
~508TT V¥ IIESE, THEEISLKROTES
OWFEFEIE 1008 & Lz FHETESFIE W5
FZHCHC 25 2 & ZFHIBNICHER L 72,

BHIGIA IR 2 AT L, B % BRI 12858
TR CTRT HUMLEE Lize 20L& LR
W, B WERTEREE & M CBREEICERE L, HAIE 3 m i
W2 ZHEEM Lo BEIZER T 2 X 9 ITHRBENRRL
7oo MRBFPHEEICHR S, SHEISHIG LT, FRL
A B 2w KA E T R, TR AR 3
PREFT 2 A 4T o 720 WS TMS 2145 Lsva v
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bo— v 15 MEHI L 72%, BOSE2*5 0 ms, 30 ms,
50 ms, 70 ms %2 TMS #5258 % 4 15 W, &
#1160 M OFH % 4T - 72,

3. MEME TMS

APA % FHli§ 2 7= 2R MG EREH A2 1TV, 3%
BT - W E KA E Neuropack (HAYGEMTE, ME
B-2306) ZfliH L7, BHULT 4 AR—F T IVEM (i
AALRC i T3 B, N A Fa— K SDC-V) A L7,
SHRHOR R ~E A W) AT B, RS LT
T I =i I TERLBL 21T - 720 X % e
92 Wi RO & 47 9 A = AR (Deltoid Ante-
rior : DL'F, DEL) & APA #2352 KRS (Bi-
ceps Femoris : LLF, BF) & L, &M% GEA~ Y A
720 72, 7 — REBITG S DR Y AT 72,
BHBEMBEIINY FNA T4 VI TTIANE ) YT L
(5Hz ~ 2000 Hz), > 7V ¥ 7 JE#k% 4,000 Hz T,
TMS Jili#s & UG # & 12 A/D Z#i 217\, Power
Lab ¥ A5 2 (AD Instruments #L#) 2@ LT, 2
MAEREE ANt AP

APA OFIBIHFITH S SMA IZx L THEEZ 5 2 5
729, TMS (Magstim 1%, Magstim 200) % 7z,
TMSICIZ ¥ T va—raf VEEH L7 S5EidK
WIEZ AL, SR & BT 8 S8 E AH O AT
MAMSHORE (Cz2) #FMEL, FHll$ 5 BF &K
KA OB PEERIZ5 cm X 5 cm O TIROHEIZ < A F
YT =TT L ze ST Y ¢, FHIY
% BF & Gl o SMA 25 APA OFEFTICE G L Tw3
ZEPHRESINTVDEDTH S, T 5 SMA (i
B BN OB INLIHMN2LR 3 ecm Al FTH
2519 KEFSETIZA M BF 0B 558 0
KOFBREINDLMEBIS 3ecm i TOMEE L (X
1B)o F72, TMSIZ X o THAET HMERIETT NS
BT TN D L), 2200 T4 VOHLAIER
KARTENCALE T B X9 ICHCE Lz 28, [H—EBhr &4l
W5 E2EFITT L7720, HIB T A VONE %Kik
P2~ —F > 7 L7zo SMA Z 3 % B Rl iam Bz
W&, CEBRE T OFRIE 2 72 GRS (R %]
475 [45]1%)o EBEME T D% E TNHZ, BF OEH)FH
BEMAIKOFHESNLEMICBIT 2 EEEHE (50%
DR T 50 uV YL E BB FE R BT S 5 M)
D, FTDh 1% T ORBHEEE 2 WK L, 100% D
HCHEBEREMSIBHE L2 WIREICERE L2, &8,
Z DRI R AL OIRETIT - 720 Z ORITLRE
WCRRE LBl E LT, SMA ~O BN AT S
BAHB T 20055 2 L6 7, SMA % TMS T
WL 2B, WK EEE B ANRAT A L
TIERE 72 G By B AGIE I & 58 T & R W BB S 5 &

29

mﬁ

EZI2T2OTHoTze FD%, ik LZEEDS 0 ms,
30ms, 50ms, 70ms D ¥ £ I >~ 712 SMA % TMS
THIM L 72 (K 1-C)o TMS A5G- EN72% 4 3 Vv 7,
Power Lab ¥ A7 A% il L, FERMIE L M,
Aidk L7z,

4. JENT IR &R RT AL

PRk L 22 I3 T WAL 2 4T 5 720 &
DG E BB B (Electromyography onset @ LT,
EMG onset) %K 572012, F 93k L 2 2 AL
R il TP T d 5 £ BUGF i 500 ms O X [ -8
fifi & fEH#E{R = (Standard deviation : BLF, SD) %K®
72o T OEHFREG BRI LTI fE + 3SD #8272
#4327 %EMGonset 8 LTEHLL. F— %1
DEL ® EMG onset & TMS 28 5- 8724 4 3 v 7
5 2R L7z LM APA & L CTOMIGEIA
Bl s N AW E, DEL @ EMG onset * 5 -100 ms
DOWEH (time window) THHZ 25 ?, Z oW
T2 SMA 2% APA 2 9479 5 720G % W igE 28
Hw & # 2z, DEL ® EMG onset 2 5 fij 100 ms @ [X 4]
HIZ TMS O RIFE A5 & 723847 % APA-window &
L. Zh &) b LUET ORI IS TMS ORIEAH5- S h
723 AT % APAout & L CH¥L7ze D%, DEL®
EMG onset (2% % BF @ EMG onset D % K> 5
72%, DEL ® EMG onset % & BF ® EMG onset O [
MEZRITHICEBL, Sh24APA L LTERL.
B SN2 ED AAPA 3¥H L, HHHOMRFME
& L7

¥ 72, Mo ERI (Integrated Electromyography
Ratio : LL'F, iEMG ratio) % i\ "C 454 O i i B 0 i
EoOFEE% 2> ba—), APA-out, APA-window T
L, #E L7z, iEMG ratio 1, #%#5® EMG onset
614 50 ms O XM O EXA %, LiIREE DK
ERREME (S 205 -500 ms DX ) T L 72
EL, RAITHICHEBL 2. Bl L 72 % & 170 IEMG
ratio DI 2 KM E LT L7,

MEMRAT Y 7 MI2id, R studio MM L7z AZE
ER LM ZATO 720, MIBRAET VI X 2 KAEH
5E D —JCILE ST FAT 2 4R L7z BUSE A5 TMS 23
L3Ny 4 3 v 7RoaH T, EERE, AAPA,
DEL ® EMG onset, 4512 8 1) %5 iEMG ratio & L,
BRRR A PRENEE), BERR UkiE] 2 TMS 23
Hanfs 43y [aryibua—, USEDS 0ms,
30ms, 50ms, 70ms] & L 72 ¥ 72, DEL ® EMG
onset *H TMS MMt 5- &7z % 4 3 ¥ ZHIO5H T,
tim%Z% %, DEL ® EMG onset, AAPA, £filBi1)
% IEMG ratio & L, ZEREZHEBEENESD), FEEx)
B DK#E] # TMS 53Nz s 437 3y tu—
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R1 GEGIICBT 2 FRROKR
DF 1 DF 2 F fif P fi
BUBEN D TMS 25874 4 3 ¥ 7ROk
AAPA [ms] 4 40 6.59 <0.01
DEL EMG onset [ms] 4 40 13.35 <001
DEL iEMG ratio 4 40 446 0.01
BF iEMG ratio 4 40 1.84 0.14
2> Fa—)b, APA-out, APA-window T Mg
AAPA [ms] 2 17.1 9.87 <0.01
DEL EMG onset [ms] 2 165 27.16 <001
DEL iEMG ratio 2 175 2.74 0.09
BF iEMG ratio 2 17.0 1.28 0.30

AAPA =55 O 55 15 B PG R & KBRS oo W i B B 4G R I 0 7%, DEL EMG onset @ =l ®
WG EY PGS, DEL iEMG ratio : =AM O ER L, BF iEMG ratio © KRB OFE 5575 &

Bte, DF : HEE.

K2 JUSEND TMS MM 53Ny 4 3 ¥ ZHNT BT B R RO R

g K FRAERE H g T 18 P &
AAPA [ms]
iy -23.26 5.87 23.60 -3.96 <0.01
0 ms 4.25 5.70 40.00 0.75 0.46
30 ms 12.06 5.70 40.00 212 0.04
50 ms 2346 5.70 40.00 412 <001
70 ms 21.64 5.70 40.00 3.80 <001
DEL EMG onset [ms]
Y 11272 8.38 1259 12.69 <001
0 ms -2859 4.67 40.00 -6.13 <001
30 ms -26.76 4.67 40.00 -5.73 <001
50 ms -2393 4.67 40.00 -5.13 <001
70 ms -12.17 4.67 40.00 -261 0.01
DEL iEMG ratio
Iy 294 045 26.35 6.61 <001
0 ms 1.03 0.46 40.00 2.25 0.03
30 ms -0.37 0.46 40.00 -0.80 043
50 ms -0.69 0.46 40.00 -151 0.14
70 ms -050 0.46 40.00 -1.10 0.28

AAPA = A1 O 5B B GG R & R BH o0 55 B B AR R ] oD 7%,
B O F G B B aaHE R, DEL iEMG ratio © =M ORI EK. YA E, TMS 215 3h T

WRWEAT (v he—) ZEKRT 5.

)V, APA-window, APA-out] & L7:o Wihd, #il
A KX 5% & L7z

b R

AAPA O34l [SD] 1Z, 2~ b o —)LA¥-233[235]
KB & 2 5 0ms, 30ms, 50 ms, 70 ms ®JIE1Z
-19.0 [16.9] ms, -11.2 [19.3] ms, 0.20 [19.3] ms, -1.62
[175]ms TH o720 72, APA-out & APA-window |2
B 5 AAPA O F¥ L, ZhZh -308 [185] ms,
=375 [115]ms TH » 720 % dB, AL BF ®» EMG
onset 7¥ DEL ® EMG onset £ ¥ 367 LTWwWAb Z & %

ms,

AT o RKLIZHGBINOEMROMRERT, £z,

DEL EMG onset : =£§

OB 2 FRCHEREZROEBIIBI
EENBEOFRE L 2ITRT, AAPA X, 2 bu—
Vo (WH) &L T30ms, 50ms, 70 ms THE %
2RO, TMSONEGENBEF 4 IV ZFBRUSHE»S
¥ L 7 B I2HEvy, DEL @ EMG onset 2%} 3 % BF @
EMG onset 2347 L 7% { R 2 @258 - 7= (K 2,
2-A)s b BF @ EMG onset 28G4T L 2 5 o 72 DI,
BB A5 50 ms #2102 TMS 25 5- SN 72347 CTH - 726

30 B BRI KRR B A S Ridk L 72 BR
® EMG onset DX EB 2R $, T2, 3> ba—,
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2 BUSEDD TMS MMflh-shiz4 4 3 v 7 HoRR
A 1 AAPA, B: DEL ® EMG onset, C : DEL iEMG ratio, D : BF iEMG ratio
fEIE B IRAE DB il & FEHEFRE F R . AAPA ICBWT, 229 713 DEL ® EMG onset (0 ms) (2%4 % BF ® EMG
onset # /R, B DOfiiix, BF ® EMG onset #* DEL ® EMG onset & ) 4647 LCTwW5A 2 & 2 &+ 5. DEL ® EMG
onset IZBWT, 0 ST ZRT. TAZVAZ (%)X, 2> bu— L ERKLTHER%E (P <005) 2352 & &R

APA-window, APA-out (23 %5 #Hr o L&) R T

B ROHBICBIT 2EEMROBR LRI
RTo AAPAIZa > Fu—v (Yh) & APA-out Tl
HEGERROLDN o724, 2~ ba—)b e APA-win-
dow DNCHBE R 2RO (23, M4-A). T4bb,
DEL @ EMG onset 2V % £ 2 ¥ 712 TMS %% SMA
~Mi5. &N 5 &, BF ® EMG onset (JIRHES 2 f5 5 &
% o720 %72, DEL O Wik ) @ # & % 7’8k 3 DEL ®
iIEMG ratio 35 CTHBE L EZ2 RO o7 (F1,
M 4-C)o TN, F5MHCERYIC X 2 AL FAR
THho72Z %KY, F72, BF ®IEMG ratio IZB W
TOGMBMICEE R E2RBO L7 (F1, H4D),
i, BEMET APA & LT o BF O/ GBI R R
BETHo72Z L &BRT,

% £

ABRGEAE AL, LSRG DO AT %= G A E U %
DEL @ EMG onset 2* & Hi 100 ms O X 8] (APA-window)
I TMS 5.8z &, a3 v ba— )V e RTBF ®
EMG onset 2SBIET 5 AR & % o720 §74bH, DEL
@ EMG onset 7* 51 100 ms ORHE#7 1, APA © 71
75 N EFEATT B 72012 SMA 2SRRGB 5 B
T HREMEDURIE Sz ZOfIZE LT IZHBR 5,

FATIZE B T, M R R RSB 7 W A
E b EBER @ EMG onset OB Ei 1 TMS % HATEER
H B VITEE A5 5 L, EMG onset 2SEMET 5
TENHBE SN TWE, UL, TMS 235 S 7288

MACA L2 REEEOGE 2 TMS 25BE T 572012
EMG onset 2SBIET 5 L Z 2 LN TWwWhb, —F, Akl
BRI e BN 5 LI OGS & B O GBI
e ¥ A4 327 &Rk E IR &2 LT L 725817
M7l cix, EELOWTN LFRECBLT, K
A OHIEE O ZEA L34 U %% 50 ms Bl SMA 128
T 5 BAarIROBFE OSSR NS Z &AWL AT E
NTWwb, Aifgena > v a—)LiZBiF % BF ® EMG
onset O F# i1, DEL ® EMG onset @ i 23.3 ms T
HHZ 5D, SMA DOIGET % K4 13 APA-win-
dow NCTH 2T HEMEASE 2 S, JeiTiF%e ¥ % #6501
T AR E ol 2O EDNS, VIO FEE
FEVEIZ BT 5 SMA OifE ¥ % K& DEL @ EMG
onset 2* 51l 100 ms ORFHINIZH % L& 2 Hi7z,
72, ABgeTida Y ba—)L e APAout, APA-win-
dow @ [ T E BN R LB HT OFIGBOKE 312
WAt e A B 2 IO L2572 TMSIZ X % EMG
onset DELEIX, WHIGBID /Sy — L B2 EALEIEEH T &4
<, ISKHOARZZEALSESL I ERHPEHEINRTY
%Y Zhig, ABIZETHI T2 EMG onset D2
EEALSELTFETHLI LN, RIFFEICBWTHH
WEIORESITREE LG 2 hhol- bR I NI, F
72, BF ® EMG onset (&, L2 E32NEEICE 5
TEAT 225, AR CRMENEHEGHTH 2
DEL O#iiiBi oK & SICHMEtEMICHEBEEZDS kDo
2o UL, AREERTHES LM O EMG onset @
FERA, RT7 =< Y ADEALICHE) b O TIE R L
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SMA (2} 5- & L7z TMS 28 SMA DG E # #HEL L 72 2
ETHUERTH D LRI N,

RIFFEORFIE, REPLOMEIRETE VRN
HTH 5, KGO EMG onset &, RHEHLONM

BICE 5T 2 2 EpEsRTwa 2 Y, EMG
LRAMLTERIT 2 2 LB TE d o220, FHILE
Do 7ze fEo T, AWFZEIZBIT 5 BF ® EMG onset @
TR, RIEARODOMEAZEL LS L2k 2R TH

ZDRAHTH 5,

AR AR R U R BRI CE T B RIS
@ EMG onset D JRIERFHIGEIASREG T 5 2 & 23 &S
NTBH Y, APAKCEHLEZYNEYF—Ya v F
OIS S Tw5 2, ABFsEosEiE, APA
R T 2 R BB O T 5 ) N
V5= a v FEOBRICBWT, WE MR AEREY
ANZALTHLWREMENEZ OND,

arra—JL

0.2mV L

10ms

E 1

&

AWFFETIx, VALIZBIT S APA Z#HIfI$ 572012
SMA PiEBTH5 4 IV 72 ET LI EHMIC
TMS %\ 7285 % 17 - 720 BE O B4T R R i Eh A3k
L % DEL ® EMG onset 2* 5 i 100 ms @ [X 12 TMS
P58 b L, BF @ EMG onset (ZBEL 720 D
ZE,D, VATOERRZEERED APAIZBNT
SMA OIGEIT 2 % 4 3 ¥ 7 EEEG OB B GED S
Hii 100 ms ORERMNIAEAES 5 Z & o3 e E 7z,

APA-window

& R

RIEIZBWTHRTRE COLIE A,

BEE ARG AR KR L T2 W/ R E ORI
3 BB R AR ISRk S L KR T O S B 048 EHH L T E T,
B

FERRRENIBOE T 2R L, B0 KANE TMS 25 8 h/z %
43IV 7 %RT. BRI OEBRGEO Y 4 3~
7, FEREEABHOHIEEIRGED S 4 I ¥ 7 %R, 4 APA
3, ZAHOBIGEIFBO Y 4 3 7 &R HEB O/
GO Y 4 I v 7 OE%RT. APA-out I3 DEL ® EMG
onset 2* 5 #i 100 ms & Y b WS TMS 25 5- 72347 T
» 1, APA-window (X DEL ® EMG onset #* & §i 100 ms @
HPANIC TMS 25fH5- 872347 CTH 5.

X #&
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%3 DEL @ EMG onset 7*5 TMS 2 5- S N72& 5 4 I ¥ 7128 B FEER RO R

gl FRAERE H HE T f# P fili

AAPA [ms]

Ul -23.26 5.50 18.60 -4.23 <001

APA-out -547 6.40 1748 -0.85 0.40

APA-window 1951 544 16.48 358 <001
DEL EMG onset [ms]

) 11272 6.79 14.59 16.60 < 0.01

APA-out 16.54 6.22 16.70 2.66 0.017

APA-window -26.84 5.25 16.14 =511 <0.01

AAPA ¢ = A0 0 55 15 By B A I ) & KRR BT o 5 15 By B 4 kg W) 0 72, DEL EMG onset @ =
M OMHIGEBIPMERER. YR, TMS M5 SN TwAhWwilfT (¥ tu—)v) %#EK$ 5. DEL
EMG onset i&, Kt %5 DEL @ EMG onset £ T bR % 77 3. APA-out i TMS %% DEL
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onset 7* 51ij 100 ms OHPANIZH 5- S -3 AT 52 R 7.
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A1 4APA, B:DEL ® EMG onset, C: DEL iEMG ratio, D : BF iEMG ratio. flil&445HE O il & ki se
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FSE2RT. TAZUAZ (%) 1, 2> ba— L ERBELTHELR®E (P<005) 235 L ERT.
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Effects of Virtual Lesion to the Supplementary Motor Area on
Anticipatory Postural Adjustments

Daisuke Kubo,l* Musashi Takagi,z' 3 Tomotaka Suzuki,4 Kenichi Sug.'clwalra4

! Department of Rehabilitation Services, Tokai University Hospital

2 Kanagawa University of Human Services Graduate School

3 Department of Rehabilitation, IMS Yokohama Higashi Totsuka General Rehabilitation Hospital
4 Department of Rehabilitation, Kanagawa University of Human Services

Purpose: The purpose of this study was to use transcranial magnetic stimulation (TMS) to estimate the time period
during which the supplementary motor area is active to generate anticipatory postural adjustments (APA).
Methods: Electromyograms (EMG) were recorded from the deltoid and biceps femoris muscles of eleven healthy
subjects, and a reaction time task was performed by raising the right upper limb in a standing position. During the
task, TMS was applied to the supplementary motor area at 0 ms, 30 ms, 50 ms, and 70 ms after the reaction sound.
The trials were classified into two groups: trials in which TMS was administered in the 100-ms time period before
the onset of deltoid muscle activity (APA-window) and trials with a earlier interval (APA-out). The EMG activities
of the deltoid and biceps femoris muscles were also integrated to compare the muscle activities.

Results: TMS administered in the APA-window period significantly delayed the onset time of muscle activity of the
biceps femoris compared to control.

Conclusion: In a standing arm raising task, the time at which the supplementary motor cortex is active to generate
APAs was estimated to be within 100 ms before the onset of deltoid muscle activity.

Key words: Anticipatory Postural Adjustments, Anticipatory Postural Control, Supplementary Motor Area, Transcranial
Magnetic Stimulation, Virtual Lesion

* Department of Rehabilitation Services, Tokai University Hospital
143 Shimokasuya, Isehara-shi, 259-1193, Kanagawa, Japan
E-mail: d.bokukubo@tokai.ac.jp
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FEEMWEAEA B LA (BUF, SDS) I3l e £k 3 525, EORBREII LRI TH 5, K%K T
1%, SDS FHFS M OB HASHE O %2 3 72 SDS FFS MK € 7 V1%, Sprague-Dawley T v bIZxf
L, D KE7% Long-Evans 7 v b ZHEB X OHBWICHEMIETER L, Av<) 7T XA M2 H
W, EFNVT Y N OKRMETEI Z RN, 72, AV ) VICX ARAREBEORE = 2 —0 v ORE
PEEEILT 5700, MGt~ —7 —Td 5 c-Fos B Mg L3 ~ L5 Rk A TOHA & 5% #H
~N7zo SDSEFNTIE, FU<Y 7 A MOHETHIZB W CTRGMETE2HZIOTEL, BEZHEIC
WERBATBIZBT S c-Fos BIEHBELHEIML72c Sho0kRL D, SDSFERUEEMET VS v b
T AR T 2 FHEAERE = 2 — 0 > QRS AL, TP EETEOTCEIC 21 Db 5

LER b,

F—J—F HEMAEA NV A, ANV AERMER, BEigAFEE, sv<) Y7 A b, cFos

i U &I

—fIZ, BEA MLV RAIREZELWHL, WAOM
HEENT 5, Tk A ML AFEREMEER (Stress-in-
duced analgesia : SIA) &) Vo —J5, iaE, BRI
DOFFRIIA DL ADEA L IE - BET 5 2 L5 S
nNTBY, Thit AL AFEHEMIER (stress-induced
pain : LT, SIP) & X52%, SIP% 2 b L 245 &
G & 7 DARMERGIRIE T, RIERLHIRIRE O X 9 RiFE
DIRENBHL N TR, ZOZWMITHEH RN F~<—
71— R PGB ZEHE BRI v, B, Zok)
EEEGEEOE AT [FHEEZREEE (nociplastic
pain) | & LT, Z0JmERAEEmI A3 o
WHREHWE L2 BB SN w5, ZNET

* Hyperexcitability of Superficial Dorsal Horn Neurons in the Spinal
Cord of a Rat Social Defeat Stress-induced Pain Model
ik EFAR AL S BB e PR AL~ P ST
Sota Inoue, Hiroki Ota, PT, DSc, Toru Taguchi, PT, DSc: Institute
for Human Movement and Medical Sciences (IHMMS), Niigata
University of Health and Welfare
HEEREAERE ) NE ) 7= 3 3 v Rk R
(T 950-3198  Hrifs W HTB i ALIX & FLAT 1398)
Hiroki Ota, PT, DSc, Toru Taguchi, PT, DSc: Department of
Physical Therapy, Faculty of Rehabilitation, Niigata University of
Health and Welfare (1398 Shimami-cho, Kita-ku, Niigata 950-3198,
Japan)
# E-mail: tagu@nuhw.ac.jp
(ZfFH 202243 H 25 H /%8 H 20224-5H 26 H)
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1, KK OKEDE) 2 B LAY @A b L
25 HUELESGAINLRY, o Fa LR,
warmA LAY, BFaMA LR Y 2l S
KR - R A b L A OFERARIC L D, 8
Az Lo, RS HAER O X 5 % SIP IC
BB 75 BRI AR & S5 2 JERERITSE € 7 L 2SS S
Wb,

AR, FEROZA L AEFVISMA, #E#IE A b
L Z (social defeat stress: BLF, SDS) %% SIP ffggi
AHGEFVE LTHESRTWS Y, SDS1E, W
RERTOV DR E, MR TBOTTAED, v
DERNWENSZITFHLA L ATH Y, ALRWHI DR E
DRBEE, MEIRRE, EEMRIER S & OB 2 R
FERERT 272 TRL, BHEROARELED S L
HENTwE WY Z2omMaERRAEE VL OO,
AL ABE T CORMMBE L & %2752, SDS
A EURA %A ML ADYEE AR EZ O AT
BERREL, H¥EEZRLOETZUNEYF—T g
VEBOWHTIC o TV E EHEWESND, TNETIC
o W W72 B EICB T H, SDS A HhE
Wb X OBIREBEL T T4 =7, W) oA, A
RPEFEH (R b L AYERSY) 74 &, SIP MFIHML 72
FRERTZ EdbhoTwa WD, £+ SDS ®F
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ANV A BRI EOB K

1 FERATr Y a— VB I OHERHKILA P LA (SDS) E7 NV OIER
A EBEAr YV a—). SDSEMEHME4H (0 HH) 2 Sprague-Dawley (SD) $ » b & Long-Evans (LE) v b %
10 7 B ARR IS S, LEF v MISD Iy MBS/ (HERE). 2% 10HM, SDJ v MIxrLTH
BANLVA%ZE 2, SDSEFNVEER L. BT, 5y FoLGREZHRL-0, BHAEZIE L (VD).
B B#EA MLV AAMOMS. EEIER, SHEROLIIHREEALT 7 VMR THE) > 727 — PN THlFE 2 HEH L
7z T[RRI, B —YHNTLE 7y AREO T T 10 HHATE L, EEREEZ 5 2 2wk z T BEEE Lz, R
BEX SDSEED T v MIxtL, 10 HHICHLSY Y5 A b & EHMith, Wik - BEziTo7.

VAT, FMI a2 ) 7O X 284 0
PIEME A N A A v DR - A BT B O JT
ChhbaHEsRTwE B, LarLass, h
F T, SDS ETNVOREZHERILIEII DL HHM
Za—0 ryOEERELIIH S TRV, F 2 TR
Tl, SDSEAMETFTNVT v b2 M, KAL) vF 2

2 X 2T EN B (ATEYSEER), B X OV A%
X V)%"’E‘Jﬁfﬁﬁa ZHBT A c-Fos Bk o s Rlfk L5
Befts X 0, SDS 5N O B HERERE O M 2 3 A 72
B, cFos ¥ N7 B3R BIETO1IOTH 5
cfos nHa— FEN, ZOFBEITHARBOMS &
AT bR Tw Y, F72, cFos ¥ v
X7 BT AR & ) iR iR R OB EZF =2 —1
VOBNIZEBT 5720, WADRIE (somatotopy)
REEE LT H720OMEY - —L LTHHAS N
<z,

MR EFHE

1. SEEREY

¥ Sprague-Dawley (LLF, SD) 5 » b % 12 JL,
B X, MM Long-Evans (LLF, LE) I v b%& 2LH
Wi $RTOT v MIEE 22~ 24T, 12H &
OWHEEY A 7V (B 0 7 ~ 19 Bf) 1ZR%E L7z 5BE Cfil
B L7z EBMMY, =9 RIEEBICEBRS S, 3
RTOERFMTERER L2 0K Y Yy, #iE
REARAL RSB EBR T B S O KRE GRATES © 29019)
2T 72

2. SDS &7V OfEHL

SDS €71 T v b OfFBIZSEATIZE O 1L B
B L UCHEYESD v FEHWA (X b L AR
WGH 7, KT 244 ~291 @) —TJF, WEEEL
THEELE 5 v b2 H W7z (A ML ZATFHMGH

~ 23 M, A 1523 ~604g). SD T v b & AfHEHE
(CTR #, 6V8) EAk&smofikdb A + L A B4 HE (SDS
6 L) 1243720 TRTHOSD Ty FBLULET v b
A ML ABEMBBORH T, fFr— 21T
fiH L7z,

ANV ABMBEYH, #LVIREE oo 7R o
r—=YEMEL, y—YWNICSD 7 v & AR, LS
72 (5~1045H)o wIZ, TDSD S v FD AT —
VWIZLE 9 v b & AN, 10 5o HkpBEml (i
k) WM E%T (K1A). 208, SDI v b+
LEZ v ba&EWLET 70 VIRTHY) - 72fE r— I
BL, BEHENR MR VD, F—r—YHNTHEWY
DUCHBEIC A Z AIRET 10 HAEE L7z CRBEA b
LA, K1B). oM, & RKELHERET L7207 v b
OEEXFHMEL, A ML AAMHHRTOMRE DB
RIS, e, CTREEO SD J v MIZIZ LE
F v M OBEBEMPEBEA ML A% 523, SDS #
Dy N ERBE EWRT 2 ) NVROAL ) D76
Hr—YT10 HM#HE L7

3. "NV YTYTFAL

SDS &fifEF N5 v MBI %M TE 0%k
R B 720, WMAOKEBENFETHHINS IV »
FANEEMLZP, FAL305HASSD Ty M %
F v voN— (#t:2lem, BE:2lem, & 125 cm)
AN, BRECEL S 720 30 7 — VDR & 3
LU P&, 5% FV< Vg G0ul) 24
JEIEER I FICH 15 ~ 20051 T G- L 720 5%, 5 v
FEERPIZT A M F Y Y N=IZRL, 2BOETE A
AT CHIEBEATE 2 I L7z, AV~ ) YR GER &
Ko % (licking), Witr (biting), % E$ % (lifting)
e PORBEEATE E /L, TD 55T L ORFRERH
P14 60 4 F TRiEE - B L7



FEMPALA P L AETVT v TR ERBAIN § 2 FRBAKE = 2 — 0 OB 5 37

4. HIEMHRALY:

KH~NORAFBIC L WV ERINDZWES 7T VOH
BENPEGAS, SDSETFN T v M THRETZ2 2 W50
2T 5720, RU<) YK DRANMBEICEMEA T
B9 5 c-Fos 7 ¥ 737 DGR b Fth # 175 726

AWFgeTiE, F<) U7 A EERL-FEEE T
W, V=) GRS 2ERE (0F D, Avwy v
FAMET 25 L), <Y bV ES =T Y
7 . (80 mg/kg) EIEMENEG-L, T v MCIEMEE
AT 720 001 M U ¥ RGP AYEK (phosphate-buff-
ered saline : LM, PBS) BX U 10% RN~ Viliz
LEIDES L, it - FEZITo 72 BREZI) 1L,
SEISECO Y e, BRIELZ: (AC, —B). M
MY TR 10%B L N20% A 7 10— A TR
B, OCT a vy ¥ FIZTUML, 514 —7719 —
¥ (-80C) THIHAEL 720

IV Y EHG LREROF LY b—2 P oM
M BHL3~L5ERE 2 94+ X% v b (CM3050S,
Leica) # M\, 40 um JEIZHYI L7z 1K1 BEif D
720, 2HOY R & et - BT L7z Beta TIRIZSEATHT
gelcHE L7z 2. WU & PBS TREHHE, WAEME~L
T F T —YORFEB L OEFRWGEOTTO v F
7% ENi L, c-Fos 23 4 1 kPLK (1:5000, sc-52,
Santa Cruz) (ZGE¥7 (4C, 3HM)., Zok, ¥
F F At 2 kPLK (BA-1000, Vector Laboratories) B
JOTET Y - F VA RICIHR UL S, &{%IZ
ST VERINLEYTI /XYYy (DABN) %
My, cFos # X7 WAL L7z YR EZ AT A4 N
T AW D AT, Bk - EftE, oN—H T A% T
HALK

5. c-Fos Bkt o554 B & OB o it

L3 ~LoJEREICB VT, 1R BEfHH 20 283D (2
xSt x 6 T x 28 =451 728 U R % @
L7z0 UIH & useWimes (CX23, 41 v /8A) ITH
2L, 1O/ IZBI S c-Fos Bt o R 1E % fE i
ILL72F8F v — Mi27a» + L7z, Molander & D45
B2 e, wERAE -8, I-VE, V-VIg,
XJ&ED 4 FHI5Z 5500 ), c-Fos Bptifiliafs 7~ >~ L7z,
H v OB, BB LTT T4 ¥ Raehld, Bt
SNDAT4 FACTREEF 7212 SDSBHEOVFTHIBT 2
DEHEPTERVIHICLTERL 72,

6. sfEEtALEL

T F LT £ R TR, A b L AAMAIRO
R 22 R E AL R ORER LB IE, S JeBLiE 5
Mk, Sidak D% EIKAFEREL 720 AV =Y VT A
MCBUT 2 KR BEATE ORI IE, WHIED vt

80 -

-O-CTR
60 { & SDS

401 BEIERE

|

20 -

HWEDZALE (4a9)

07 RIIEZ MR
'20 } Ir T T T T T T IAI T \I
-10 2 4 6 8 10
ANV =Tl =y A =

K2 ZbLAEMPEFEOAREZL

AHEEE (CTR BE) B X OHAWHIL 2 - L 2 faf#E (SDS
) B2y VOREZRHMICHEL, €02 tE
ZAgTRYT (KA NLVAAMBMGG, 2F 0, EHEREL
B % Bt e LCTwa). CTR BECTIREH M 22 KB 2 /R
T L, SDS BEOMKREIZEFLRIC L ) —\BMIcET
L, 20, CTREX VK IHER L T2, #p < 001,
CTR # vs. SDS B, K ZjcFliE 45 8 #r. *p < 0.05,
CTR #: vs. SDS #, Sidak »% EIL#X.

Mg Z vz, Btk A 1-18, O-VE, V-VIE®
c-Fos Br MR B, SAE Z el o o %, Sidak
DL EILB A Fi L7z XD c-Fos Bl ud ko
D g E VTR L7z,

b R

1. A b LR H b okEZAL

SDS f4t Bl4s 2% H o BCRBIH (10 40 H) 2B w
T, LESY 25 SD 7 v bAOLER KL 2~ 61
ThHolteo ANVAAMICE DT v b OLEHIREZ R
T 570, EBEUMTORELZBRFHICNELZE S
5, CTR¥®D T v b CIBEHWREERMZRT DI
tL, SDSEDT v b OREIIHBERBERIKT L,
Z0H%, AMLAAWE#TT510HHETCTRA
IR SHER L (X2)s BAEICRELE 5 AT Ok
B2 ML ZAMBHBEDO HE [F(l(), 100 = 4267, p <
0.001] B X O [F(l. 10 =7084, p = 0.0238] O EFHE,
3512, HExBHOMHEAEM [Fao, 100 = 3144, p =
00016] ICHEAZARED, T2, AL ABANHG
#IOHHE 10 HHIZBWT CTR B2 SDS # 0 1k
FEL R DA EIE D > 72 (*p < 005, Sidak D%
EILEE, X2),

2. RN VT A MBS MEATH)

X SAIZAN~<Y 7 A MIB LEFRME TR OR
WAL ERT, CTRETIEALVYY Y FAMTALR
LM FOR, 2F ), HIMH (0~54) BLOK
TAH (10 ~ 60 53) %5 % % 2 A1k o> #4955 BE AT Bh 25 A
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A
300 -
v
= 200
I
=
i
I 100 -
& -O- CTR
- SDS
0 T T T T T T T T T T T 1
0 10 20 30 40 50 60
154 OISR (min)

B E 140 EILE]
(0—5 min) (1060 min)
300 P30092 54500, _**
@ ;
8 2007 T 2,000 4
i
)
% 100 4 1,000 -
X
R .
- O
&P & P

K3 HRN=) Y7 A MBI BN ETE)
A SR BEATE) ORI, RV =) VIS AR S, W, 2R3 2B AR ITE L R, 55T
DA EHER & P 515 60 2 BIE0Ek L7z, BBE6IET D, B ALY YT A MOETH (0~540H) BLXOBIM (10
~ 60 7)) (2B BHEIERELTEY. 8 T AIC B A B EATENE CTR IR SDS HECRWHEAISSA SN (p =
0092, FHHD W t BE). 4 THICBIT BKmBEITENE CTR BHICH R SDS BECTHBICEE L7z (**p < 001, xiE

DR\t IRE).

SNize —7, SDSEETIE CTR B MBRICHERT 2D
DO, ZFOREHIIBE M R &Rk ro7z. F72,
CTR #% T HOZEIFHEATE)NE 60 511328
B 200, SDSHEOEREEEITE)IE 60 5% b Rk
LTz, SHToOEmMETEI 2z Rk L7225,
8 THIC BT 2950w B EATE) X CTR BRI SDS #E T
FEWEI2SH SN (p = 0092, *IGD %\t #RE,
3B)o T/, HOMICBIT 2EFMEITENE CTR #I2
WARSDSHTHEICE,P o7 (¥ <001, SBDLRW
t#E, X 3B)o

3. FRBRAIZBIT B c-Fos Bl o 454

4A, BIZSDSH#HD T v b L4 BRI A % o L
TR 2B E E 2 R, Rv <) HGA
() offaREORIN S NN AT T c-Fos BaPE
FaOB R 3TN HR SNz, T2, BGMOBAERE (I
“-VEBLUV-VIJE) \ZBWTd c-Fos Byl A5 <
BIEL Tz —0, A=) Y85 EGHI (F) Tl
maak (1-VIR) 128V T c-Fos BaPE g o B3 7
HHIEA DN LD o 72,

WIZ, CTREB L USDS oMK X, &FF12
o (6 VEx 280 DY 55 c-Fos B kila o 554 %
EhRAEbE, TORBNY — oL kGE L2
(M 4C)o CTREEDFL <Y Y E5MIZBT % c-Fos
MO FEBIE L3 ~ Lo BERIC B T, Ml b~
WIoHIZEh ol SDSHTHRMKOFER Y — 2 %
RL720%, OB CTR B REZE TH - 720

£ 2T, cFosktEfilufz > L2k 25,

SDS# DA NV~=) Y5 MD 1-1T kg Tid, c-Fos bk
AR CTR #EICHRE RIS o7z (*p < 005, X
HJCRLE 5 HR AT %, Sidak O % E LK % i) o —
J, A=) RGO T-TIRIZBT 2 BICHRE
AR N A B U A=) IV X (| S B RN & ox 1)
WFRIZBWTY, M-VEB X OV-VIFIZBIT 55
o7z (K4D). XEITB W T FERICRER 221
AN o7 (M4D),

z =

1. SDSEFNT v F kLA

AWFZETIE, SDS BMBIBOBHIZEF LT v b0
REAMET L, SDS BEDREIE A b L A & 30 i
CTR BEICH AN F FHER L 720 — RIS SIP RARAMER
FHEET IV T v b TR O SL R BT % 4
L% SDS %5 v MCEM LI Th, AR
L AROREZEIMESATHL PP, oz
X0, KB THW/ZSDSIZX Y, KiTHf%ED SIP £
FWEREDA ML AAMHET v MIlbo7z %25
Nz,

2. KW=V T AMIBITSHSDSETIVT v b OKIFE
B HLA T8 > Tt
—MEiZ, RV T A MBI AR EATE,
RNV UG EBE~55HETOE ML 10 ~ 60 57
BECOENM»SL %2 2MEERL, HEIMEETMH
D WIN IR B AT AT — RIS 23 % A AE S
B HIMITALSY VIZL2BEZEROLFEHR
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10CTR

#HEA R SR R

SR R

4 FFHEERAIZBT S c-Fos BytEMile o 54

A :SDSHD T v b L4 MRS % fiow

L7 2 St AR 0. B A BV TR

V=) VES M OBIRFIS AR L 2D 0. REAHETHRW Fy M3BRAREONMICE
£ THAT 5 c-Fos Btz 774, C: L3 ~ L5 BERERMIZ31F 5 c-Fos B ElE o 5
i, HAREEHEOILDT Y F 252K TODATA F, 2 EFH 2ROV 2 ER
GbeTIER L7, CTR#E® L3 ~ L5 itk A (1-VIF) 188w T, su=y &5
@ c-Fos Mk, SO R TEIZHA L TWb. SDS #4545 b [T 2 77,
CTR BT T-T B 2 B AL WL 9 1CA 2 5. D L3~ L5 JERiRMmICE
1} % c-Fos B, T-TEIZHBWT, SDS BEOBEMIEEIE CTR BEICHNEEICS
W (*p < 005, KAEICEE ST, Sidak O% H K % E ).

B DRAT L, ZOREZELSOEEIZIZ,
TRPAL F % % L OiEHAL 2 %2 TRPAL JEARIEI0 115
IR S AV T AT AR E S LT v
20, —F R YrFRAFOETIHIZRLTY ¥
12 & BHRROBIER ENTHE D S0, T 72 PARIERSEITE
WEpeELonTwDE 2, EBE RLV<Y V5%
DEESE L MG 22— YOS, K<)
VT A MOETHB X O D HOKEREBEEITE) & FHP L

FREReE R SV KB TIE, AT VTR
MZBIF % SDS OB EATENX, CTR HFICHENR
HIMTRERENICHY, HIMTIAFRICEELT
Wiz ZDX)BRANTY VT A MIBU AR EETT
ok, #mElkikA b LAY m@dmEa b LY
ZEMLASIPETF VR, AK7 I v oMiENTH S
LRV Y Y R LSRR T L5 v b 2 T
FREICHG SN TWDE, kXY, SDSEFNVS v b
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TRV Y BHICL 2REZHEHZOEEDTLET S
Mz Y, Zhcke < MR OB RAE, PR IED
TV BEF A URR, RSB L e R
b5,

3. HHiRMFEBIZB T B c-Fos Btk o

AW TiE, CTRED T v bAdFL <) Y #512
X, &5Mo L3~ L5 EfitkmERE (1-15E) o
Je 2> & NN A4 F T c-Fos B P M AY B 1 56 LB
L, ZO%B/% — > (somatotopy) ZFEITHIZEDH
B X —HLTw P, SDSEFVT v b TLH
WD c-Fos BB OB Y — O B3R ENT=05, ZD
FEBEE CTR BEICHARA IS L Tz, %, 5
Wi v b OFHKRATIE c-Fos ¥ Y37 XL AL
FHLTBLT, TORIUIRVARIGE) 2 01 5 FH 5
WicryEkeshs W0, chsomiE, CTR #o
F=) YR GHITEE S L7z c-Fos B kil s <
YL feEMEARBIC L ERIN-DOTH
D, SDSEETIREILANLSY YICXBFARMIZ LY,
FHigARB o2 -0 X DM CHEE L L 2 EK
LTWhb, ZOXI) %KLY U5 A MIBITLHEME
AERE =2 —0 BB KT, BT RIE T TV
Sy b ThRABICHESRTWE D, 2ok A S
ZALNIAWHTH LD, —a—uarEWYAELIsar
VT A LISEN Y 7R V0TI X B A e AR €
M E N5, Sawicki 51, SDS EFIL <7 AIBWT,
1) BH#imAI a7 7HREH L 7T =7 2 2
5L, 2) BEHBA TIEHIRRIFHEROEEITIAS
Ny oo, Interleukin (IL)-18, Tumor necrosis factor
(TNF)-ac, Chemokine C-C motif ligand (CCL) 2, Toll-
like receptor (TLR) 4 72 & O 4%9iE B (5 7O mRNA 2%
REWAKTLHIE, 3) 3707 7O % A
BICBHET 5 &, Eh 5 59E B EIA T O mRNA 83
BPMETL, 7074 =2 72059559 5 2 &2 LTw
W, F7 BURERT 2 MRREEERE S LT
(&, FRIREEICE D KR S DR A AT RIS I ¥
0 s 7 REFECHELL, I 2 e ) TSR
MENBLRIEWEY 7 FVaTF (A AL R TENA
RE) PHEAZ LT VOB ERRT S TR
FATBHEIET 22 L b hroTwus ™, 8512,
WEBRHKIKICEIDBEANLVAEFTVS v T,
cFos BHEZDT v F L VATHF VX I LEF FD
BHICE DI sE, Eevul TV aNy MR
G (SEMEEERE) 12 2 7 a 7)) 7 o AL S
SN, ERMETBAME LY, M, 3sus
7 OIEHALIIEN c-Fos S8 A MBI L, FwBESTEY
FRIGLIZEREENTVWSE, 2OLHIZ, —a—a v
TOc-Fos WL I 70 7)) 7 OFEMALITH NI B R

=2 L, SIP DRIEC Db b EEZBNL, R
THREKIS, TOX) REMEMCBITSLIZurYT
&= a—u v OMEIEIEH AT SDS R ME R €7
VOTREEE b olzb D EZ 5D,

&

E 1S

HEABIEA PV AEFT VT v T, AR R
TOEMBARE = 2 —u v OREEIHRL, TR
L VIR EATEN AT T AW HEEA D b0 IFZERRIE
A NV AEFRMIER OB WO —ii &2 EiET 50T
HY, INEY)TF—Ta VEBICBIT SR ML RFETEN
PIRDOFIE TR, ZTOMPEHET 70— F O ICE
BT B MATH B EE L 5N 5,

Fl &% 8 R
BRSNS R 2 o

B AWFFEIL JSPS BHFEE (JP19HO03987), =LA ER
F& N D AR FER 58 (AMED-CREST, JP20gm
0810010h0605), & PR AL R~ (2019 4 EERFFE 32 0)
4 A, ROIB30) (2 2Bhi%E 2 CHEML 72,
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Hyperexcitability of Superficial Dorsal Horn Neurons in the Spinal
Cord of a Rat Social Defeat Stress-induced Pain Model

Sota Inoue,' Hiroki Ota," % Toru Taguchil' 2

! Institute for Human Movement and Medical Sciences (IHMMS), Niigata University of Health and Welfare
2 Department of Physical Therapy, Faculty of Rehabilitation, Niigata University of Health and Welfare

Long-lasting exposure to stress is known to develop and aggravate chronic pain, depression, and autonomic
dysfunction, although the pathological mechanisms remain to be elucidated. Social defeat stress (SDS) is one of
the psychological stress associated with nociceptive hypersensitivity. In this study, we examined whether noxious
chemical stimuli enhanced pain-related behaviors and neuronal activation in the spinal dorsal horn to characterize
nociceptive hypersensitivity in the SDS-induced pain model. To establish the SDS model, Sprague-Dawley (SD)
rats were exposed to Long-Evans (LE) rats (aggressor) for 10 min on the first day followed by indirect stress
without physical contacts for 10 days. The formalin test was performed to characterize pain-related behaviors
to noxious chemical stimuli (i.e., 5% formalin). Neuronal activation to the chemical stimuli was visualized using
immunohistochemical staining of c-Fos-immunoreactive nuclei in the spinal dorsal horn. In the SDS model rats,
the duration of pain-related behaviors induced by formalin tended to prolong in phase I, and the duration was
significantly prolonged in phase II, compared to the control rats. The number of c-Fos-immunoreactive nuclei
increased in laminae I-II, but not in laminae III-IV and V-VI, on the side ipsilateral to formalin injection at
the spinal segments L3-L5. The numbers in the contralateral dorsal horn (laminae I-VI) were unchanged.
These results demonstrate that facilitated pain-related behaviors to noxious chemical stimuli exist in a rat SDS-
induced pain model, and that the hyperactivation of spinal dorsal horn neurons are associated with behavioral
hypersensitivity to the stimuli.

Key words: Social defeat stress, Stress-induced pain, Spinal cord, Formalin test, c-Fos
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Voluntary Exercise and Molecular Targeting to Promote
Motor Recovery After Brain Injury
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Brain injury often causes severe motor dysfunction, which interferes with patients’ independence and social
life. Although injured neural circuits need to be reconstructed for functional recovery, the adult central nervous
system shows limited ability to restore neuronal connections. Various therapeutic approaches, including molecular
targeting and rehabilitative exercise have been investigated to promote reorganization of spared neural circuits
and recovery in animal models; however, these strategies were not shown to achieve complete recovery. Therefore,
a novel therapeutic concept or combinational approaches need to be developed. For example, we previously
investigated src homology 2-containing phosphatase-1 (SHP-1), an inhibitor of brain-derived neurotrophic factor
(BDNF)/tropomyosin receptor kinase B (TrkB) signaling, as a molecule that can promote reorganization. We
observed that rehabilitative exercise decreased SHP-1 and increased BDNF/TrkB expression in the spared motor
cortex after brain injury in mice. Furthermore, genetic reduction of SHP-1 and rehabilitative training operate
synergistically to promote reorganization of motor circuits and functional recovery. In this review, we discuss
advances in therapeutic approaches and the underlying mechanisms that enhance neuronal reorganization and
recovery after brain injury.
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Cue Integration Strategy for Sense of Agency in Motor Control
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Sense of agency refers to the feeling of controlling one’s actions. It acts as a “mediator” between sensory input
and motor output as it can drive feedback control based on sensory feedback of movement. Sense of agency can
occur using sensorimotor cues, including sensory feedback and its internal prediction or cognitive cues, such as
knowledge or beliefs. The relationship between these cues is explained based on a cue integration theory in which
the weight of a certain cue on the registration of agency is determined according to its relative reliability in a
given situation. Based on this theory, we investigated how and which sensorimotor and cognitive cues are used
for the registration of agency in motor control, thereby indicating the cue integration strategy in motor control.
Accordingly, we discuss the mechanism on the registration of agency in terms of the relationship between sense of
agency and motor control.

Key words: Sense of agency, Motor control, Self-other attribution, Cue integration
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Steadiness and Postural Control
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When assessing the muscle condition, maximum muscle strength is often used. However, maximum voluntary
strength is always not necessary for daily activities; rather, it is important to control low-intensity muscle
contraction. One of the methods to assess the ability is force steadiness, which means force fluctuation during
maintaining exerted force at submaximal target value. Force fluctuation is greater in aged people or patients
with neurological disorders. Force steadiness during various intensities can be evaluated by setting the target
force from low- to high-intensity force level. This article focuses on relationship between ankle plantar flexor force
steadiness and postural control. In healthy young adults, force steadiness at 5% of maximum voluntary contraction
torque (MVT) was related to postural sway on a stable platform, and force steadiness at 20% of MVT was related
to postural sway on an unstable platform. While in older adults, force steadiness at any intensity was not related
postural sway on a stable platform, but force steadiness at 20% of MVT was only related to postural sway on an
unstable platform. These results suggested that different postural tasks are associated with force steadiness at
different intensities.

Key words: Force control, Low-intensity, Postural control, Postural sway, Older adults
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RIBRANNE DML E A% 7R L7z, (Saito Y, Chikenji TS, et al., Nat Commun, 2020 —#&BEz%)

X FAP MEH SN A5ED % { v, REEHTIEM
W AT EAMIE  (Mesenchymal progenitor ¥ 72 1% FAP)
L35,

FAP O#fifa1t

BEREETFT V<Y AD BubRIH/H TR IE#H~ ™Y A &
g U CHlZALIN T 0 —2>TH % pl6INK4AA DFEH
LAXVASFAP THINL, W% oOMAELBES S5
SepmEshcws W~ W UMla L bl
Mt AHRFOPS3F2Ep2lE /) v o7 L7
BubRIH/H Cldtr LAMHAZHET L2 LB H Lin
XTRENRTwD W, F72 mEAEREZETHY
A 74 —=FFNVTI v bEHVHFE T, In situ
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% FAP MEAET 22 L e oIz Lzns D, Ll
FAP L iV A b7 4 —OREO N LRI R4
WKWHLRIZ > Ty, 72, EFLIIFAPIZBT
HHNAEALA BB OTEICEE 2 xE 2 2T %
2019 4£ ® EBioMedicine & 2020 4£ @ Nature Communi-
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Q’I\TZ) 4) 16)O

41X FAP 23 € ERE OMEZ TS L, Bk
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», FOECEHLNIIT L7280, KIERICH AR
CHETNERERICHTAEIIES TEEHEZET
HETFTNVERAEE L7z HiTHEPIREIZETVE LT,
Balb/c ¥ 7 A DE ML/ N 7 40 (BaCl2) %45
T 5 &M EL £ 7V (Acute muscle injury @ LLF,
AMD), B EETFTIVE LT, Balb/c EFIV <7 AL,
MK L7z Balb/cHKIF v v g 7uaf b7 V2
NV RTHREL, HOREMEEYR%E TV (Chronic
inflammatory myopathy : BLF, CIM) Z1E L7z
RIIEREICB VT, BHHICHEET 2 FAP I3 AML
CIM & b IZIEH~ T A Gi&H & B L Ca RIS

Tw7z (K 1A, 1B)s AMI (& 7 H#2IZ FAP %4 L,
4 HTIEF~Y A LHEOMBEIZZRY, B ELE
TEEA (K10, —F, CIM Tid 14 HIEDORFHTD
FAPEAHML7-FEFTH-7 (K10, T DOREH
5, AMI T RFBIER IS Z 5 FAP OWEIZ 7 L —
FEMPMFIDL—FHT, CIMTRTL=FrAnTbhiwn
DT, ? ML, Mo 7L —Fik L
WD X HIZ, HBELKERLS b o T 7D,
AMI B X O° CIM H2k® FAP THIEELAHE Z - T
L EFHIE L7z, FEBIC, fMilRElt~—h—D—>Th
% SA-B-Gal B X U pl6INK4A % 5EH 3 % FAP it CIM
TAMI & ) b HEEIA B o720 KIS, AMITHEINL
72BIL FAP BN ERBHOBAEICAERZMEE2T 500 %
HIS22T 5720, AMIB LU CIM <7 A% 5 HijkL
72 FAP & fipiliie o 55 2 9B %2 17 > 720 AMI Hi2E
FAP ixfesfifa o nfb x4 % —%, CIM H¥k FAP
B O ML EIEET 5 2B TE Lo 722 8D
5, WiEEHICHEELE 29 5 AMI H 3k FAP 3/
TiAZRETLWEEND L ZLDbh o7 (K2),
WA, FAP EHBLL =888 % A 9 4 i i ol Sk T SR A
B/ wefiie (DUF, MSC) & Hv, AMRERETE
U % Al b % i L7- MSC #E L (FicE
{EMSC), CIM ¥ AZBM L CHhEErRET S H
I MR Lz fR, A b MSC & 1k % 2
M350, MIEELKN T CDKN2A %/ v 7 77 |k
L7z MSC OBMTIEHAAZRETE Lh ol €5
12, AIEEILMSC 2Bl L 725 H Tk, ~2u7 7 —
VR NK Mgz S5 2 LT, A=Y %2072
fRor )79 v A% RETLUREMEEZR L, 2F 0,
WHEEA L wEMER % TH o T senescence-clear-
ance-regeneration-sequence NFE%2 352 LIk o T
A ERETELEENHL L ML £
72, AR EACNTFO—>TH5 Trpd3 / v 7 77 b~
T AN HEEL 72 FAP 2 I~ w7 A BB I LA S,
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2 FIRGRATERMIE & W srlie o Jeks

SR 2% 3 > B 35 A BGHIIE 45 Sl o0 73L& et L 7228,
(Saito Y, Chikenji TS, et al, Nat Commun, 2020 —#52z%)
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Trp53 (-/-) —C57BL/6 >
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10H#% 206
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% B i -
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(A) FIZERAEEMI AL S X 2B ROFE 7T b av. Trps3 / v 7 77 b
(B,C) #0110 HB L1720 HEDO TR
). Trp53 /2 v 27 77 b HEERWERIIEAEAE S N2 TIRZDRY) 2 — AHVhE W,

PEf 9% FE L,

20H#%
8 Trp53 / v 7 7w b~ AHKMERFBANL OO E T 1t 2 D%t

R BRI & B AR, &
ZHfo~ 7 apt B L ORI R (H&E 4
%72, ARk R T,

Trp53 / v 7 77 MMESRETSRHINE 2 BRI B T, 10 HAR Tl 2 JOeffa i & 20 HR T, A M

HOMMALZ RO, LT LT,

BaCl2 x5 \C X 2 B2 2 L2 & 25, MifFEN

TR 5F, BHEIES L OB R R O LA
FHEEIN (M3A3C). SNEDREDS, MSC R
FAP &\ o 7 M EERMALIC 31 2 MH 2L A5 4 1S
HETHHZENFWSLNI R oT,

EE) & et

41k, SEBRIHAS FAP OMINZAL % 58T 2 2 H
HT o0, EEY Y ACHEGEE) BED 17 m/
min, 20 ED ¥ e VT =y 7% 30 5EM L7z,
+5L, FAP OMfaibhasn'®, <512, s
FRNYED FAP OMINLEALIL, AVEJRE RS T 127
2B FAP R L 72 SASP o 3sHBImE & 112
TR b=y AMEER R ERR AR L, A3 M

(Saito Y, Chikenji TS, et al, Nat Commun, 2020 —#Btg %)

LCHRET 2 MREME AR L7 90 — T CIM < 2
V2RSS B AR BB IE Cdknla % Cdkn2a 7 & Ol
JELHTFORBEL LABAEELT L, S HITHIME
DGHEALICE G55 2 Tafbl OFHL NV HBEINT 5 2
EERHOLNIC LT 2T, CIMIZBWT HldE & &
bIZ FAP Ol b 2835 2 LA TENE, BT
HEFETELOTREZVDEEZ, MBELHTO
pI6INK4A % p53 & M LT & 2 3#] AICAR (275 H L
72 1D 18)0 AICAR ¥ AMP-activated protein kinase
(AMPK) #IGMA LSS 21EHE2H 3 5 3A1T, M
M D pl6INKAA OFEBLL NV E RN X &5 2 & 234k
mEnTws 7, EBIZ, in vitro TFAP IZBWTH
AICAR %#iRIN$ % 2 & T pl6INK4A B X 08 p53 DFsHL
JoHE R D2, I, 17 m/min, 20 EDF T LT
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PR AT, AR AL L T B, KENE, OV E DO R L, MiEEMRICH 2WiEHECTDH 5.
BRI L, B & AICAR BHEA LA G HEL I LT, Moy 4 XAk L, TR 5 i
LMLz B) MABOGKES O MIERMERMEEZHEEL, Y4 M 24 20275 —1Chhbbil
7R ERL, TORREEISAF) Y IMITL, b=~y T TRLEZ. 75 A5 — 1IXEMER I
LB EFRBE Y — 2, 725 2% — 2 32 RICEM L 28 EF 888y — 0 2R3 BRI %
B D B SR BT BRI D RS I8 BI N & — V2 2L S S e o 7278, BBl & AICAR ZHlAaabesb I &
T, MIERATEAINE OB FIHBN — > 22 L S8, 2Pk 5o H 3 RATEII BB L 22 Hd 2 FE T i

5 FBRICEAIL L 72, (Saito Y, Chikenji TS, et al, Nat Commun, 2020 —#Rt %)

Y= 73050 5EE) & AICAR &% 2 A 0 %
L, ZO%DIHERDS X O FAP O ZBLRIMAT % 9 L
72 A, BB E AICAR OHAA DI X - T,
WHTEDME SN, X 512 FAP O KBRS AE 40 R
EE~7 Z0EHHEEO FAP E UL Twiz (X
4A, 4B)e SO LG, EBRIBS N E MY 5%
FNZ & > TFAP Ol g b2 3FE S 5 2 LT, (2%
ROWTENTEDURELEERT I LS TE,

SEB VR OMILEALIC 5 2 B IOV THRE L
Y AFRFA v s LEa—TR Y, v Mk,
U A R A R AT 2D 5y bR 2,
< AEHN D BLOHROT A O A BRI
K FAP'Y #% e LW rZh 2R 1 M$ oMy
ENTVD (£ BHBICBT DM ELE NS L
L7z 3005 Tid, 2L E 72 3L R T-0
REDZEL VG, 23R 2 2 MG S ATW
Bo F7o, b NS R PN R AR % K b L

72 Yang 5 O3 Tld, 1 repetition maximum (1RM)
D70% DHBED A2 T v b (IR % LD ) 25,
BAL L 7= M4 PR BRI % R S8 % 2 2 A S LT
W A EB O, SR, BTN 2 ML
ZATICE 5T, MBS FEINDLDN, Thtd
IS D 0h, & OIIXFHEE 22136 %S N2
RIS 25 72 ZALMINEC b 5 B A B BALMIR A &5 2213
RERHZ D S0 LA LAEDS, S0 FHEIE
B & AT O BEYE R 2 /= X AW S h 5 2
LT, MR S A B B 2 e R A o
KRR EEZ NS,

BbH I

MBI ST EEF RS A —VICL o TH &
R EINLHET, HROFAEREEICh b L EER
W ThHb, FrDOWIEN S, EEHZ X - TFAP Ol
Fa A bhsFE S, HE L2yt z R L TE L.
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Cellular Senescence and Skeletal Muscle Regeneration
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Cellular senescence, a state of irreversible cell cycle arrest, contributes to normal embryonic development and
remodeling after tissue damage. On the other hand, the accumulation of senescent cells is a hallmark of aging
tissues or pathological contexts and may lead to progressive tissue degeneration. The mechanisms responsible
for the effects of senescent cells have not been fully elucidated. Here, we review current knowledge about the
beneficial and detrimental effects of senescent cells in skeletal muscle regeneration, degeneration, and aging.
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BT 5 oxy-Hb ¥ 7 F Vi kiL, MEEENCBT 5 7
DOFIEA~ORRITE R DOBER %2 KL T3, F4 OW%E
X, RRAFRE R OPREEN AL S BILGE O 2L & HuiT
RAT 4 72 AL DOMBEZHSPIZL2RAOMETH
5o BLRIRWC &2, SHEIR p-stiffness 2%, 45 A S AT
Tld % S AERTETE O oxy-Hb ¥ 7 F NV EFE LA DM
BB A R TZE WL Lz, E512, kAT 17
FABETIE, BIEATICBT 2 oxy-Hb ¥ 7 F VAL
FEDFRDO DL NTze HLEIIRA T 4 7 % ANLBITHEREICBY
Y 2 NI O MR R BB L BT 5 2 & R RIE LT
WhrEEZLND,

B 70t A% GBS REE T RO 5 B iR
WEE, SRR BITEAL T 5 2 & S kT
HE S A 712 & o THOTEMAL S N7 5 3812 B0 2 s
HEDHLEIIRA T 4 73R A L ELTWS 2 2 Y A5l
HENTVD, TAOWFETIE, HOBIIRAT 4 7 2 A
WBEATHERE (RIS 2 IR B B IR R b EhiE &
W52 E AR E NI,

FRSIAEREICRY LT, IMAEHRRE AR REAL T o il
WT-Th 2 AR S hTw s P90 gz ©
I, IEW R A T2 RAIIB T, IREEHEE
& (pulse wave velocity : PWV) TakHti L 728k X 7 +
TAADWENT LD, FLEB XL R Z &4 RAAREED
FROET L ES 2 2 L shTws Y, g7,
fE a2 R e LTk, SEIR -stiffness &
PERATHEE O IS HOMBEAED bhTw s ¥, ke
DOWFZEDFER D ATHIEE — % LTBY, KAF 4 7%
ABETIZA P IV=FTHIEPEAT 4 72 AL D
W EDBH S E LT, SO S, HULEIR A
T A 7 A A OB R H AT O MR RE A EAL X
B, FITHRBIRT EET 5 2 LRI SNz,

BEN S FBRRMEES & LTP BN REBRECHE L
FEITHEEICRIFTHE

B & PGS X OHE 0N ARE T OB,
R ML~ D R BER) S % 1550 B W BEPEAURIE S LT W
28 AR T 220101, BEOXERT
DR FEF 7 & O IEHI LI EA L F L, LTP
LSRG 200 RGN b XTF FTh S VPP
BLOIPPIZAMEB L OHIRIC X 5 ¥ v 87 H o fRfE
JICE D AEA VY w5 B S Bl S NER S h
%, LTP I (% ACE I < If 45 3588 0 A5 5 1162
HEE RSB 5 BN LTP #IUE, BRA T 1 7
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BRAT 74 FARWEZ DL EDPHLNICH>TW
2 656 g2 LTP L EBH OB X ) BIRA T 1
T RADYUENEAE T L2 L bHE ST 919

FIT, FAlL, TEEEICBU A EEN R AR E
BB L O LTP A IR LBy RE & R ATRERE IS 1T T
MR A7) 50 ML L O REE Y TA 4 %
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DL T % oxy-Hb ¥ 7 F L O ¥IN7S PE B & lRCTH
WCKEDPo7z2 5, LTP BEULESIC X 2 Bk 2
TATARADKT % EHIIEDL I EIRBENT, F
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7 v V%7 3% (Renin-Angiotensin System : RAS)
b BENVE YR NO ZHELTWRWZD, 0
FHMR A= AL EIAHTH LD, ACELE, 7%
Fry I, TVEZAFa Y, NO % EOWE % 3§
LT LIS HBOBEIRETH L LEZDND,

FEDHERE

ARTIE, PREEEICB D MBELERE, ETRRE
BIUBIRA T 4 7 2 ZAOBRERAN, FEEMES -
LTP S X 2 BATHEHE O W38 R s 2L Bh 8 o0 3%
OREEBR L, TOWTFICBIRA T 1 7 2 AH ST
5 MGET L7z,

A MV—=T7F B X LRI O oxy-Hb ¥ 7V
IE, 60 KD CTHEZF LKL TIKT T2 2 E29R &
Nizo $hbbh, NI FTEREOMTIZIE, AT
VAT OBFENBHEOK TS 5 Z L ARBESh
oo O END, MEHIC X AT O FLBhRE
DT 2§ 5 Z L ARTHREEOIN T O PR ICEHET
BHHIENVEZOLND,

BRA T 4 7 & A&, AREATFOBELANEI DY
VBIUA MV—TF TR L BT 5 2 & S S IS
Tolze EHIT, BRAT 4 7 3 ADME\ & A5 Hi AT
WCHA, ZERTHRTE OFEFELANE 7B B VB <
LIZENHLN o7 INHOZ END, HULEIIR
AT A T A A ORI i GE AT B O WAL A AL S
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The Effects of Aerobic Exercise and Nutrition on Executive Function in
Middle-aged and Older Adult

Ai Shindo™*
! Department of Physical Therapy, Faculty of Medical and Health Sciences, Tsukuba International University

The prevalence of dementia and cognitive impairment has increased with rapid aging in Japan. Prevention of
dementia has high social and clinical significance, such as maintenance of the quality of life (QOL) of the elderly
themselves, and is highly expected in the field of prevention. Non-pharmacological treatments are desirable, such as
nutrient intake and exercise, to maintain and improve cognitive function in middle-aged and older adults, however,
no scientific evidence have been established. Therefore, we focus on the brain function called executive function
which is required for decision making and problem solving in cognitive function, and the cerebral oxygenation
hemodynamics in brain activity and the central arterial stiffness which decreases with age. It was clarified that
LTP intake improves central artery stiffness and cerebral oxygenation hemodynamics, and that combined with
aerobic exercise further improves executive function. We also found that a decrease in central artery stiffness is
associated with the improvement of executive function and cerebral oxygenation hemodynamics by LTP intake
and aerobic exercise intervention. Our findings suggest that habitual aerobic exercise and LTP intake in middle-
aged and elderly people may be effective in maintaining and improving cognitive function. These results are
considered to be useful for establishing preventive measures for the onset and progression of dementia.

Key words: Executive function, Cerebral oxygenation hemodynamics, Central artery stiffness, Aerobic exercise,
Lactotripeptide
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The Possibility of Preventing for Progression of
Chronic Kidney Disease by Exercise Training

Seiko Yamakoshi 2*

! Department of Clinical Pharmacology and Therapeutics, Tohoku University Graduate School of Pharmaceutical
Sciences
2 Department of Internal Medicine and Rehabilitation Science, Tohoku University Graduate School of Medicine

Patients with chronic kidney disease (CKD) have decreased physical activity and exercise tolerance because of
various complications and disuse. Reduced physical activity and exercise tolerance are associated with increased
mortality risk. Recently, exercise training for CKD has been reported to not only improve physical function and
prognosis but also renal function. CKD rat models in some basic studies have demonstrated a renoprotective effect
on exercise training. However, the detailed mechanism is unclear. We focused on renal interstitial fibrosis, which is
observed in advanced CKD stages. We have reported the involvement of the renal collagen metabolism and renal
renin-angiotensin system in the inhibitory effect mechanism of exercise training on renal interstitial fibrosis. Based
on the results, exercise training for CKD is expected to prevent renal interstitial fibrosis and have a preventive
effect on renal failure progression.

Key words: Chronic kidney disease, Exercise training, Renal interstitial fibrosis, Collagen metabolism, Renal renin-
angiotensin system
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