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w0 s R, B X 5 A o
BATHEZLICE, SEHOBSANLRELRVLIZA S =
ANVAPVADOKMDBEYS 5L, 72, ESFL—
STV EDOWRELTHHTHALI LERIEZLTW
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ST OB VRIS LTI B OoOWTE, ZhETlELE
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TR 20, T FOREIEMEE ARG ICE
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12HEH / H) ICBWTHEBRE Lz, 515, AbLy
FOEH A=A LZHOENITT H72012, FRIZ, ¥+
TABIOEALIZE N Z H TR 21T o720 B, KF
ZElL, AR PE S B OB FIZERH L2
DTHAH720, BERTII T 2I0EEITE L KT T
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1) EB#EWS L OERTT ~an

FEEZIX, 11 Bk Wistar ZHEPES » b 36 )EZ&
W7o Iy FOfEIX, 12 HEB OB A 2 Vo R
Tl 24 £ 2C 2 HHER L2#ERITTITY, K
BLORFIIABBEIRE Lz, EB1TIE Sy %,
AN RRAL 1 D A % 47 9 BEpp#E (BUF, DEN) #f, Bifh
PALE 21T o 7214, 05 B H WV 12 BB oFHE 22 X b
Ly (LUF, STR) % 1 HIZ 1 m#afi3 %5 DEN+STR
05 #, DEN+STR 12 BEIZ50T 72 (%8En = 6)o T
TOIZBWT, AHRBITELEOXE (DF, CNT)
e L, E#%Bi%E DENfllE Lizs 2B, ALy FD
AL, € P A0S AE 2, Hotta 519 28w
7205 HEf / HE, HMEREICLZAMZHEELZ12
Wil / H & L7217, DEN MBI, WEET (4705
¥ 2%, 2 L/min) \2C, AHAEE 10 mm YIRT 52
LT o720 $72, AMLyFIE, TEUVIZEHVE
RAH 2 e KT TEAL (~ 60 BE « JEAH 2 P~ O M AR,
BEph A S P EFE L) TRIETAZ LT, TH=
SECR LR RSB L7e — 0, EBIENI I 2 &
L7:. 2 HMOEBWIMKT#%, KmEME AV, &%
M7 ES # @AM T2 crurFy—%illgL7 (F
HER), Tk, WAKEEZBRHES (V7T
v 5%, 3L/min) L, OMEFIRIC X Y EEREIYOLT %
R L9 2T, REBXOREBEEHKER (v F A4,
JRERG, WEER) oRERZNEL .
2) 7aFrFy—oilE

MEETICTT v b2TMLE L, FORTL LRI
Z/ANERY SOV 2 WE R (PrIERRSR A 12, BRI
MENEEIROELE 25 L) ICEEL. Z20%, TH
SR PIBI I & BT AR A A L7 Sefiige V1
WCHE L, BUMOHE 1 Hz, H03FHERCRER] 100 ms @ ES 12
X0 R bV 2 HME 5 NS I/ N ORI R & LR
JE& L, HEEEO 2 R0 RHuEEE T2 BERE V2 53
B o N B RN DORIT Rk 2 7 aFF 2 — L L7z,

2. FEEr2

1) EB#EWS L OERTT ~an

EBR 1 OMREZT WRBH), EB2TiE, A b
Ly FOERAD = XL EZFIHRFE L. 9 b2
CNT #, DEN#, DEN 2z 12K STR # 1 H
21 S5 (DEN+STR12) #2407 (%#n =
6)o B MESB XA MLy Fid, EB 1 OTFMHICHE
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U TATo 720 2 HIE OSBRI RI#E T 1%, W AREESE 00
RS (£ V71T v :5% 3L/min) 12X 0 EEREY
DICEMER LD 2T, BEIEMZRIL, Mk,
AR B X OB AT I L 72,
2) BB O T RE R

R L 7 WA AMIBE % 4% 78T RV AT VT KT
B U720 200 um OMEWEIF 2 ER L, 1%Triton % &
tr 5 ug/ml a-bungarotoxin (Alexa Fluor® 488 conju-
gate, Invitrogen) |2 —MuiRifiL7: 9 2ok, #GH
WHE W, 0oL v X THEBRK O Yt ig % v
L7z (%#En=~50). HBONZMENS, WRHENT Y
7 b (Image J, National Institute of Health : https://
imagejnih.gov/ij/) # vy, EEHEARK QAL P AL
BIowE GEBFBORAT / RPRATIRD) ZWE L7z,
3) VxARFUTUYTA VT

FRICL 7= WERE A NI (~ 20 mg) 2HRETFH A4 H—
I2CT40 50 b)) A (10 mM Tris Maleate, 35 mM
NaF, 1 mM NaVOy, 1% Triton X 100, 1 tablet of
protease inhibitor/50 ml) W CTHEIL L7z ¥ V32 E
WREDERALIE, Bradford #: 2 12 X W4T o720 28
VX7 E %, v (4-15% Mini-PROTEAN TGX Stain-
FreeTM Gels, BIO-RAD #1#) 12, 1L =720 5ug
FToo, 150 V T45 5 Mk L7z 7V Eo$ T
DN K%, Stain-Free imager (BioRad #1:#) %
WAL L 729 2T, Image Lab Software (BioRad #1:#)
W, £L—r oy FigEzs @Rt Lz, 20K,
4V (Mini PROTEAN 1 Cell, BIO-RAD #L:#) % v,
100 V180 @&\ L, & v 282 A& X Vb Xy T
Ly RSB L7z, AT LI, 3% (w/v) AF A
IV e ELEEE (403 mM Tris-HCL, 9.7 mM Tris-
base, 150 mM NaCl, 0.02% Tween 20) 2T 1 K[
Ty %y y L2tk 1 &Pk (antiNa® channel HifE,
1,000 5 7B%, Millipore ¥ ; anti-Na"-K -ATPase (NKA)
ol LAk, 10,000 £ A5 B, Millipore 41 # ; anti-NKA o2
Puik, 10,000 F575 8K, Millipore #1# ; anti-NKA B1 $iLfk,
1,000 5458, Millipore 1% ; anti-NKA B2 $itfk, 10,000
B, Abcam fHH) & 4TI - 7 N T—H
OB S 720 BRI T 10 4092 3 e, 10,000 fF
AU 72 2 kiR & FiRC 1 RER OIS 28, S513%
W aiTo720 BN Y 87 oM HALIIZAL 5Ot
(Immobilon, Millipore #H#) % vy, fL2E58 a3
BIZEODNY FORMBIOBREZTo72. B, ¥V
R FEBBIIE L — O Y FIREETHIIE L7z,
4) WEAF Y 7 7 4 8—=12B1F 5 HEaE

FATREZE Y LT, DT oA EE L 720 K-
HDTA % : 126 mM K*, 36 mM Na', 1 mM Mg free.
005 mM EGTAtoa, 50 mM HDT A, 1099 M Ca®*freeo
Na-HDTA ¥ : 162 mM Na®, 1 mM Mg®*free. 005 mM

EGT A, 50 mM HDT A, 10 M Ca**freeo Load
7126 mM KT, 36 mM Na®, 1 mM Mg* free. 1 mM
EGT A, 107 M Ca?*frece 5 mM caffeine ¥ : 126 mM
K", 36 mM Na®, 0015 mM Mg® free. 045 mM EGT Aol
498 mM HDTA o, 5 mM caffeine, 1071 M Ca®*freco
Fek Ca i 0 126 mM K, 36 mM Na”, 1 mM Mg* e,
50 mM EGTAn 107 M Ca®frece TXT DD
ATPEE, 2L T7F ) YIBIEEBL O pHIE, Th
FN8mM, 1I0mMBLU71 & L7

W LR NMEEZ 85 7 1 YA VICiEE,
— A A BEREE T IS CHEE L, Yy PEHWTE
JEEAZF S ETHHMICAF Y N7 7 A N—Z L
722 MEMAR Y K7 7 A N—TE, TR /0
fafk, WEsHEZ &, KBRS OREAROREE B X
OBRBII RN T 5, 20k, HEEL7-HiEr - o
v A7 2—%— (Muscle tester, World Precision Instru-
ments £L#) (ZFEE L K-HDTA BIZIR L7z D,
L—H—HPEicL->T, $PVIAT7EIN28um &%
HE)IHMEEMEL. B, AF VY FT77413—D
FEBRIE 3T 25T I THEE L 720

Wi s kR 0%, K-HDTA & % Na-HDTA &
WICEEEZ L5 ETUMEL: (Rv =Y rH—0
W LR S 702 7) v D TOREY KL, 2D,
KHDTABBT 7 7 A N—% W Lk, 7743
% load VLIS 30 BPUEEE L, M NLARIC Ca® 2L Y
AF 7z, W, KHDTABB THE LK, 774
N— % AR Ca¥ B F v A VHIIETH B
5 mM caffeine AR ICHEHE L, caffeine #5358 ME5R )1 2 Ml
BT (/afk o Ca?" &g 7 & NS/ Mtk Ca
BH»s 7027y VETORRES M), REIC,
T 7 A= Fdek Ca® T EWICHERE S B 2 & TR Ca?t
FRMEDZNEL: (7027 v VOKREZR BOL) .
5 UTNVF A LER PCREIC L S mRNA Ol

TRIZOL #3% (Invitrogen, Carlsbad, CA) % Fiv Tk
BE I EE 2 & total RNA Z 3l L, RNA @z 5 HR
(Prime Script RT Master Mix, TaKaRa t1:%#) 7% fii i
L CcDNA &1 L7 ok, Applied Biosystems
7500 real-time PCR system (Applied Biosystems fl:#)
12T, Premix Ex TagqTM kit (TaKaRa %) % flw
TagMan BIEFRBLT v A 2170720 7u—7WUT
Db oEMAH L 7. Rat AChE (ACHE, Rn00596883_
ml), rat PGC-laa (Ppargcla, Rn00580241_ml), rat
TATA (Tbp, Rn01455646_m1) (Applied Biosystems
M), B, FNZFh o mRNA B, Thp ®
mRNA FEHL I3 S AHE 2 B L 725, iR Ct ik
W, CNT #EICH T 2 HHE TR L 720
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# 1 Body and muscle weight of denervated rat with or without stretching

n Body (g) SOL (mg) PLA (mg) GAS (mg) Whole (mg)
CNT 6 252 =1 9% = 3 225 £ 6 1,257 = 13 1578 = 19
DEN 6 9% = 3 214 £ 6 1,206 = 17 1515 = 23
CNT 6 246 = 5 103 = 5 223 £ 6 1,163 + 34 1,488 + 42
DEN+STR0.5 6 98 * 4 207 £ 6 1132 = 30 1437 = 39
CNT 6 239 =5 101 £ 5 214 £ 6 1,156 + 24 1470 = 34
DEN+STRI12 6 97 £ 6 209 £ 6 1,109 + 34 1415 = 44

Values are means + SEM. CNT: control, DEN: denervation, STR0.5: stretching for 0.5 hours, STR12: stretching
for 12 hours, n: number of samples, SOL: soleus, PLA: plantaris, GAS: gastrocnemius, Whole, summation of SOL,

PLA, and GAS.

3. AR AL

KT —F1L, PR TRLZ, EB1IZBWw
T, REB X UOWEROKICE, —JoRlE 5o %
Hwize F72, 7057 F Y —0&KHEMTORKIZIE,
Benjamini and Hochberg #:12 X % % H Lk E % v
720 FEER212BWT, IEBSAIHE) 7= (NKA ol,
NKA o2, NKA g1, NKA 24+ 72=v b, Na' Fx
AV) OBEBIEIIE B E ST 2 v, HEA
DR b 7234 1% Post-hoe test & L C Tukey #: % 3
MUGHEAT o720 —F, IEBGAICHEDRVT— %
GEBY AR, EEDAE PR, EERACRE, B
SR SYER ), caffeine FHFMEME S, Mok Ca® FH%
Mk 71, AChE B X O° PGC-la mRNA J¢Hi&) oM
121 Kruskal Wallis g % Fiv, FHEMREL LT
Dunn O KB X 25 BB EITo 720 5B, HEAKE
135% & L7z

b R

1. %1
1) fhEB L OWiRER
HZHOREICERIFED SN LD o7z (P>005) (%
Do F7z, RBEEIEELG (v I A, REKH, W)
O ERE, DEN #, DEN+STR 057%, DEN+STR
REFOWTNIZBWTYH, Mo CNT B L oI EX
Bgshhdr oz (P>005),
2) ALy FIIRARERICBT270)F2 -0
WK% W3 %
FEE1I2BWT, DEN#O Y O+ F 3 —1flld, Wl
@ CNT BEIZ IR L7z (3.8 =048 vs. 0.03 £ 001 ms,
P <005 (K1), —7, EHARZ LI, STRIE, DEN
LB 70 FFd—HOMKEZNHTL L LB (P <
0.05), Zdfiiix, STR 05 #IZIL~X, STR 12#IZB W
TEDRWEZR L7 (178 £ 0.3 vs. 057 £ 01 ms, P
<005, 2T, EE2TI, BRI zorF
BRI T 5 STR OB D X 7 = X L1250
T, SRR DE W STR 12 FEICES 2 H THRE L7,

6' *
- .
. 5- « T
[%)] [
£ 4.
S *
(>é 3. * —
C ~—
S 21
E £
U 1- ~—
0 1
DEN — + — + — +
STR — — — 05h— 12h
B1 % Lo F RS BY 52 0F % —olik
EHRT B

i #h#% (DEN) B, Bith#k+ 2 b L v F (DEN+STR)
HLRoWIZZERLOME (CNT) HOKEMHIZB TS 2
OF 3%y — iz R"$. STRIZEH 055 5\ X 128 & L,
B2 HMAMN Lz &8 (EEE=6) TBFA7—%1d,
el + RS TR L7z, FP < 0.05.

2. FEr2
1) fREB L OHiREE

BHEORES L OBEFH OB EREICAERIIBDOLN
otz (P>005 RIEEGEH)

2) A MUy FIEBMEZENICB T 2 BB O L E
ZAb&BiIE§ %

CNT BEIZH~ DEN BRI BT, BB AR (-21%)
B L OEB AT PR (-29%) AMET L, B
DILREEIY T/ ML D FAIILIE D © & IR E O 3D
RBooniz (P <005 (M2), —F, EEFAMERE %
SEB) AR P RS TR L 72l T & 2 3B B M5 13,
CNT #EICIERDEN#IZB VT I%HI L 72 (P < 0.05),
BLIRZEWEZ L2, STRIE, DENIZfES T 3RTo
B DL Z B L 720
3) A MLy FIRBARREDICHE TS Na-K-ATPase

a2 7=y s OFEHROWDEWHT 5

WERE A NI B IZ 3815 5 NKA o1, NKA g1, NKA 32
F72=y PB LU Na F ¥ FVOREBEIC, KERH
THEBIADLN L o7z (P> 005) (K3, —7,
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CNT DEN
D E F
4007 N 600 1 100 - .
3909 * 2 500 L.
2 300 3= 4004 * =
o 2501 5§ 2 60
© 2001 2= 3001 3
- . - (O] 4
§ i
2 ] © i S i
S 50 5 100 2 0
0 0 0
DEN — + + DEN — + + DEN — + +
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B R =6). STRIZEH 12K &L, 2 HEBAM LA, *P <005 vs CNT.



A b Ly FIEBARER RN B 2 B8 O BAEEKT 2 BT 5 7

AR O L —F LT, B2 H H OB T3,
TF NI oK RS TH S AChE mRNA %
BEFERT 2L MEshTws Y, LidisT,
INSOMEHNS, %2 HH ORI T, B
ROQENTIIALY (= SBqex 3 (S JEC N CADEIOY: 1
BEDLNTVEHDEEZ BN,

F 7o, AW, B 2 HEICBWT, SR
WD RE 1 2 5 BAT AL AT Tz, SEBIRAL OB
B X ORI, B OB L BEEICEE LTy
2o EEIRMIICBIT2 Y F FABOTEL L 2 5 852
i3, AChR 2SBEEALLTHBY, ¥ F 7 REEDMBHC
&, BRI Na® F x5 OV ASRBUL o 175 M s 1 &
B LB WEETH LTw s 2P - ol H
I, EBRNE X ORISR BV T L B
YR OB, AL AR A LT < o
Twp W Uepio T, KRR LD ik o
YA, ¥ F 7 AR B 2 EBRAL BT
fbd, 70FF L —BRICESTLEELLND,

WIBIC AR SN2 A% v K7 7 A N—Tld, #hi%
GHHMIABIERRE S D25, T SBRf/Mkz o
SRS N2, ABFETIE, Bk 2 HHICS
WT, AF YV 87 74 NN—OBERMENIMET L
720 WA REATEVERR ) O E T, T &2 sRi i 12
SRS, BLF— Vb — it s s 7, L
72935 TC, BARSRITIE, RLVF— Vv —0if
YA LA RE 0 B I T B 0 AR ISR E A U B & % 2 5
N2, Caffeine &5/ Ntk Ca? i F % V2 B
H¥ 52 k25, Caffeine FH5VERE /M tk Ca
BT % AV ORIk & S 20 Bt & 47572 %
L Td, Caffeine FRMUEIIZILL Lozl 05,
BiAhfe % 2 HR Cat 7 v 2 v BAO#AE IR 2
AR VI EAREBIND, AT, BomassriE
NAEF L2l BXORA Ca® FHoMiEI A2
LrdrotzZ b B2 L, 2 H R o o 3 B8 I
HWHDOEDOERNLTF— T X v —DiEUALD BV IE RV
F—Ve v —k Ca¥ BT v RV O
A5 5bDEEZLND,

AR b EEAFHREE, BagREIcEL 2
70 FFY—OWMREA N Ly FHRBRT LI EERL
FETH B —F, TOMRIZKL, Russo 5 ¥ 1,
BRWZZA MLy F B249% 10524 %y b) 25
BLAEICRED 7 0 F % Y —OBWAZMHE L nE & 23
HLTWD, L LAdS, H50BA Ly FEEH
(~1349) 3, 1HHDICHET 2L ~1%TH D,
BODIZEAL (~99%) ORI, BREBICET 2
AHZANVABNVADPRIMLIZREE LT END, A
Uy F ORI ABEEEML T % Bk 3 5 1R+ T
HolREMARE SN, ThaEMTL L1, &

eI BT, BLAREICHES 7 a -+ 2 —HRICHT 2
Z MLy FOMRIRE, KBHKENTH L LIRS
Nie F72, 128/ HOAR MLy FI2 X 5 EHI%)
8B THo7DIIH L, 05KH/  HOAX ML v FI
X DI EIE53% Th o7z Eh s, AR
ThoTh, FROICHFEBHICA MLy FE2HAMNT S 2
L BRI o 2 o F R L —AREIHIT S AT
HETHLIEIREENS,
AWFFEITBWT, 12HH / HORHN A ML v F
i, BEARE 2 H HIZB U 2 BB OB AL % B
L7 L72255TC, ZORREDAH =X AITIE, #E)
WO BITHZALOEW G- T 5 L EZ bNb, EE)
MARDILREMEFFIC 1L, MR 2 S SN % agrin %
neuregulin 1 7% EOREE T & L 112 P FHI IV
BB TIRBIAHINT 5 PGC-la 23T B 7 & %
BT ENHESATHD D, 5L, B2 H
HIZiE, ffREIPREST LI ENDS, A MLy FHE
R AL R DR F % A L CEBI A D ILHE 2 HEF: L
23 E 22w, /2, BAR 2 HHICIE, PGC-la
mRNA OFHELFHF L KT LD, A MLy FIEZ
NEWHE LD o7z LI2H > T, KO R 51T,
AR ) MBI DO IBREZALA A b Ly FIZ X D Bl
IESNAHIIAHTH Y, 5%, 255 5HME 0%
ThH5bs

TEBEOME X TERLEORLVF—VEyH—Lf
ANIBARD Ca?" B T % OV O % 35| LI % 3
ZeRH, TEROBEERS 7 uFFI—2HET5
HFOOEO2THrEEZLND, BHEHBIIBNTT,
NKAgH72=vy MN2iZ, al BXUTa2D22o074Y
T A= ADAAEL, EONT HFFICEL {AAET 5 NKA
02 F 7Ly FHLEOR 0% % o Twng 0 ¥
7z, NKA o2 %7 2=v M, ZifEL D b IGHRKICE
WT, TEBREOBEAEEICHFGSLTWwS, LoT, K%k
BT, A MLy FHRMARIIES) NKA a2 72
Zy FOBAEIMHEIL 722 S, A MLy F IR
CBIT 5 TEROBEHANT 2 BT 5 2 L AVRIE X
Nb, TOFEZEIFTHLHIT, RUFETIE, Bk
B2HHIZBWT, AF Y F7 7 A N—D5maERME
RDFETL, APLyF2i7o72 LTHEDETD
FEEEICEALIZRD S NG h o 720 B BHTIEE I,
T EBREZEE IR om s, KVvsr—J% =215
ML ses e TlETS 7. LzdisT, ALy F
&, BT — Dk v — O L LA 0 B i B
WRICIEELZH5 2T, FoLio#fEThs TERED
BB A G- 2 A TREEANE . 7, BRI,
BN 2 FEIEB X O T FIIEE S 5 720 DB IR
ETHLEEZLNTWVLIERNS P, ALy FITk
N EEEAROTLEIMFE S NS Z & T, T HFROEAE )



8 SLUEMREY B2UBE 1T

BRI FHE SN, BARICEED 7 aF 5 ¥ — DAY
RS NI E Z 5 b,

&

E 1

BUAMER S BT 2 BT 2RI, SEBAE O TS AL S
ELTHT CIREBEET, B ELIC RaE
EARTHI b DX 2 Vo FAHRRNE B E O R B
X, AMRHIGIHIRC X D e BB R O A A 13 5 2 &
DEETH D S LTI, JEAE O AR O SR A
BOSLR5MEEL LTI EMEshs P, L
7oA 5T, BRI U B 02 k%, TEA|Y
B SBIET 22 L 3 EEARETH L, TNET,
B T 2 U N E Y F—3 3 > & LTIk, ESH#
B ST & 7245, BUAR ISPV © ES 123
FTRIBEMNE LR TFT 22850, Z0MEET5
KELATURVOLRBIRTH 2 P, —F, Ao
R A MLy S, SEBEROREELE P 2 &
Lo, THBOMEYEZ MRS LT, BRIk
I ruFF L —OWRENHT 2 LARB IRz, 2
NSO, AH=HIVA ML ZADOKRMNA, BIEFO
BAMBRERRTOERTHL I L2 RT L L DI,
BialdEs o 7 v % 2 — Rk APIHT 2 72005 L L
T, AMLYFOHATHLTREEERET 25 0TH
Zo LHLLEAS, KBTI, HEROEILIED S
N VAR R OB OAER L2 e, 4
%, BRSNS T, BRI 2 B RS 2 30 7
LhREUE LR LIMHATLETHL EEXOND,

X #®

1) Sakuma M, Gorski G, Sheu SH, Lee S, Barrett LB,
Singh B, Omura T, Latremoliere A, Woolf CJ: Lack
of motor recovery after prolonged denervation of the
neuromuscular junction is not due to regenerative failure.
Eur ] Neurosci 43: 451-462, 2016

2) Kotsias BA, Muchnik S: Mechanical and electrical
properties of denervated rat skeletal muscles. Exp Neurol
97: 516-528, 1987

3) Germinario E, Esposito A, Megighian A, Midrio M, Biral D,
Betto R, Danieli-Betto D: Early changes of type 2B fibers
after denervation of rat EDL skeletal muscle. J] Appl
Physiol 92: 2045-2052, 2002

4) Russo TL, Peviani SM, Freria CM, Gigo-Benato D,
Geuna S, Salvini TF: Electrical stimulation based on
chronaxie reduces atrogin-1 and myoD gene expressions in
denervated rat muscle. Muscle Nerve 35: 87-97, 2007

5) Sakakima H, Kawamata S, Kai S, Ozawa J, Matsuura
N: Effects of short-term denervation and subsequent
reinnervation on motor endplates and the soleus muscle
in the rat. Arch Histol Cytol 63: 495-506, 2000

6) Sketelj J, Crne-Finderle N, Strukelj B, Trontelj JV,
Pette D: Acetylcholinesterase mRNA level and synaptic
activity in rat muscles depend on nerve-induced pattern
of muscle activation. ] Neurosci 18: 1944-1952, 1998

7) Pachter BR, Eberstein A: Endplate postsynaptic

8)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

structure dependent upon muscle activity. Neurosci Lett
43: 277-283, 1983

Rich MM, Pinter M]J, Kraner SD, Barchi RL: Loss
of electrical excitability in an animal model of acute
quadriplegic myopathy. Ann Neurol 43: 171-179, 1998
Zemkova H, Vyskocil F, Edwards C: A study on early
post-denervation changes of non-quantal and quantal
acetyl-choline release in the rat diaphragm. Pflugers
Arch 409: 540-546, 1987

Kern H, Salmons S, Mayr W, Rossini K, Carraro U:
Recovery of long-term denervated human muscles induced
by electrical stimulation. Muscle Nerve 31: 98-101, 2005
Boncompagni S, Kern H, Rossini K, Hofer C, Mayr W,
Carraro U, Protasi F: Structural differentiation of skeletal
muscle fibers in the absence of innervation in humans.
Proc Natl Acad Sci U S A 104: 19339-19344, 2007

Kern H, Hofer C, Médlin M, Forstner C, Raschka-Hogler
D, Mayr W, Stohr H: Denervated muscles in humans:
limitations and problems of currently used functional
electrical stimulation training protocols. Artif Organs 26:
216-218, 2002

Russo TL, Peviani SM, Durigan JL, Gigo-Benato D, Delfino
GB, Salvini TF: Stretching and electrical stimulation
reduce the accumulation of MyoD, myostatin and atrogin-1
in denervated rat skeletal muscle. ] Muscle Res Cell Motil
31: 45-57, 2010

Pachter BR, Eberstein A: The effect of limb immobili-
zation and stretch on the fine structure of the neuro-
muscular junction in rat muscle. Exp Neurol 92: 13-19,
1986

BrEbELfESs, 2 S, LSS, LSRR BRI
HREED 7 v MERHICBIT 2 IGHERRIC KT T8 H
ARIEFEFL PR A RS 17: 53-62, 2013

Hotta K, Behnke BJ, Arjmandi B, Ghosh P, Chen B,
Brooks R, Maraj JJ, Elam ML, Maher P, Kurien D,
Churchill A, Sepulveda JL, Kabolowsky MB, Christou DD,
Muller-Delp JM: Daily muscle stretching enhances blood
flow, endothelial function, capillarity, vascular volume
and connectivity in aged skeletal muscle. J Physiol 596:
1903-1917, 2018

Canavese F, Kaelin A: Adolescent idiopathic scoliosis:
Indications and efficacy of nonoperative treatment. Indian
J Orthop 45: 7-14, 2011

Ashley Z, Sutherland H, Lanmuller H, Unger E, Li F,
Mayr W, Kern H, Jarvis JC, Salmons S: Determination of
the chronaxie and rheobase of denervated limb muscles
in conscious rabbits. Artif Organs 29: 212-215, 2005
Suzuki T, Maruyama A, Sugiura T, Machida S, Miyata
H: Age-related changes in two- and three-dimensional
morphology of type-identified endplates in the rat
diaphragm. J Physiol Sci 59: 57-62, 2009

Bradford MM: A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Anal Biochem 72:
248-254, 1976

Watanabe D, Kanzaki K, Kuratani M, Matsunaga S,
Yanaka N, Wada M: Contribution of impaired myofibril
and ryanodine receptor function to prolonged low-frequency
force depression after in situ stimulation in rat skeletal
muscle. ] Muscle Res Cell Motil 36: 275-286, 2015

Lamb GD, Stephenson DG: Calcium release in skinned
muscle fibres of the toad by transverse tubule depolari-
zation or by direct stimulation. ] Physiol 423: 495-517, 1990
Bendszus M, Wessig C, Solymosi L, Reiners K, Koltzenburg
M: MRI of peripheral nerve degeneration and regeneration:



24

25

26

27

28

29

)

=

)

)

)

=

A b Ly FIEBARER RN B 2 B8 O BAEEKT 2 BT 5 9

correlation with electro-physiology and histology. Exp
Neurol 188: 171-177, 2004

Caldwell JH: Clustering of sodium channels at the
neuromuscular junction. Microsc Res Tech 49: 84-89, 2000
Flucher BE, Daniels MP: Distribution of Na* channels and
ankyrin in neuromuscular junctions is complementary
to that of acetylcholine receptors and the 43 kd protein.
Neuron 3: 163-175, 1989

Ruff RL: Effects of length changes on Na® current
amplitude and excitability near and far from the end-
plate. Muscle Nerve 19: 1084-1092, 1996

Pedersen TH, Nielsen OB, Lamb GD, Stephenson DG:
Intracellular acidosis enhances the excitability of working
muscle. Science 305: 1144-1147, 2004.

Kummer TT, Misgeld T, Sanes JR: Assembly of the
post-synaptic membrane at the neuromuscular junction:
paradigm lost. Curr Opin Neurobiol 16: 74-82, 2006
Arnold AS, Gill J, Christe M, Ruiz R, McGuirk S, St-Pierre
J, Tabares L, Handschin C: Morphological and functional
remodelling of the neuromuscular junction by skeletal

30)

31)

32

~

33)

muscle PGC-lalpha. Nat Commun 5: 3569, 2014

Williams MW, Resneck WG, Kaysser T, Ursitti JA,
Birkenmeier CS, Barker JE, Bloch R]: Na, K-ATPase in
skeletal muscle: two populations of beta-spectrin control
localization in the sarcolemma but not partitioning
between the sarcolemma and the transverse tubules. ]
Cell Sci 114: 751-762, 2001

Radzyukevich TL, Neumann JC, Rindler TN, Oshiro N,
Goldhamer D], Lingrel JB, Heiny JA: Tissue-specific role
of the Na, K-ATPase a2 isozyme in skeletal muscle. ] Biol
Chem 288: 1226-1237, 2013

Slater CR: The Structure of Human Neuromuscular
Junctions: Some Unanswered Molecular Questions. Int ]
Mol Sci 18: 2183, 2017

Ruijs AC, Jaquet JB, Kalmijn S, Giele H, Hovius SE:
Median and ulnar nerve injuries: a meta-analysis of
predictors of motor and sensory recovery after modern
microsurgical nerve repair. Plast Reconstr Surg 116:
484-494, discussion 495-496, 2005



ILRERL AR 24 B 1

Stretching Ameliorates Skeletal Muscle Hypoexcitability during
the Early Stage of Denervation

Yuki Ashida,'? Daiki Watanabe,® Hirofumi Miyata,* Koichi Himori,"* Katsuyuki Tamai,!
Tori Kimura,1 Masami Abe,1 Tomihiro Imai,1 Takashi Yamada'

! Graduate School of Health Sciences, Sapporo Medical University

2 JSPS Research Fellowship for Young Scientists

3 Graduate School of Integrated Arts and Sciences, Hiroshima University

1 Graduate School of Medicine & Faculty of Agriculture, Yamaguchi University

Denervation (DEN) results in a rapid loss of excitability in skeletal muscles. We here examined the effects of
stretching (STR) on muscle hypoexcitability during the early stage of denervation. Wistar rats were divided into
the DEN and DEN+STR groups. DEN was induced unilaterally by cutting the sciatic nerve and was developed
for 2 days. Denervated plantar flexor (PF) muscles were maximally stretched with nonelastic tape to keep an
ankle joints at 60° dorsiflexion for 0.5 or 12 hours per day. There was a remarkable increase in in situ chronaxie
in PF muscles from the DEN group. This was accompanied by decreased endplate area and mRNA levels of
acetylcholinesterase (AChE) and peroxisome proliferator-activated receptor gamma coactivator l-alpha (PGC-la)
in denervated gastrocnemius muscles. Moreover, depolarization-induced force production, but not maximal Ca?*-
activated force, was markedly reduced in mechanically skinned fibres from denervated gastrocnemius muscles.
Importantly, DEN-induced prolonged chronaxie and decreased endplate area, but not depolarization-induced
force depression in skinned fibres and reduced mRNA levels of AChE and PGC-lea, were alleviated by daily STR
treatment. Our results suggest that mechanical load induced by STR inhibits post-synaptic dysfunction and hence
an activation failure in early denervated skeletal muscle. Thus, STR can be used to preserve muscle contractile
function during early stage of denervation.

Key words: Denervation, Skeletal muscle, Excitability, Chronaxie, Stretching
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D R & FHME O % H E O FRRE T O 7k
ELTEMIEL, By REECRAFEE LKL TCHC 2
BREFT AENICH o7 EMEL TV D, TBE
5 18 MR % %5 %12, Robinovitch & & R
FRT % b alilkin %2 sk, FNHEHIitE 3 » HUHN®
EEIERNTIC s B L Twb, 2F 0, Sl
FHCOSREED 2 W KEHE L, HEHOREI L Lo
24T CLEIBICHEB ) 27256 kb, LarLl, 2
FFEICLBWBOBICIE, ThoHEDHEKEED DR
FRAAAEICINZ T, B3l T AR ToORD R, Mg
L72m ST THEEN S T nbkwnwg X9 % BIRE
DOBFEDFEO N DD ENEZOND, FI2HATHET
AW SN TW A ERAL, BENRD0L0), E
BRWZDORODPHEHLNI R > TR WI ENE, ix
BOPWEENE T HIEESITHRFAILETH S,

Z 2 TR TSRS OB O E LT, 2F 7
ERTWVWT & EEEYISHT S REREREIAMET LT <
LWV RAL, BEEYEE CEICIIEEL TWL RN
& FEBOREY DR S & ORICTREEAAE LTV A TR
WA3H D, F IR OMEEAL % RS 2 LMD
HEZEz T2, AWFEDHIZ, HEZEBRTLIEETO
kRS & BIERE O H O HRMLE O RRRRAED 2D
DB O EME OB EHE T2 L & L

;] ik

1. &Ng#H

XS HIRAE D 65 L E O EEhE 12 44 & AR
T L L7z, BB o) 7))V — MZiREke %
R E LICHEOHBAIIESIISINL72EOR 25
U 7o B0 AARIEREL, B IR A BT R
& . R RERE %7 <, Mini Mental State Examina-
tion 24 sl b, BERELNMEIEH VL LT, @1 4E
PINOHZBEIEA 1 MU TFoF & Uiz, EAREHRE L TE

1. BEYEER

2. LEG &t

Wi, B, BRI WE L2 (KD $IIEHE
KR OBIEHT) BIROF I Z 0T FWE) & L7z,

2. WEFNR

ST B AHEBE 2 WE T 572012, HEHEITIX
HHIWC X DB L -BER OB S %, Wozky, K,
5 ENBN—FAETIED S Z L THIZHE T
EAEAT - 72 (K)o #5812 1E = WK oo Bl 178 A7 2 &
(VICON #t84, + > 7)) ¥ Z @ ¥ ¥ : 100 Hz) % M
7oo ZWICEGT~ —H —OfrE L, & HOWER,
B OALVRER, HEICH V72N — DR & L. Bl 10
BORIRES 2 7 % THE L7z, ZRICEHMN T
X S A AT, Y WOGEEASHI AR, Z il At
EFHIMERD L HICEE LT

HWERE, WRBFEGTICES S, BT oIy
LYy ryvarzBinTEms iz, Riur»oH
HMETOREEE 120 cm (IHE— L7zo B KBTI RER
B3R EEN, BhRIEL IO LIl F
BRIZRENCHR U CHEEC RS L) ICRE L. IR
MER T2 2% $7-0HE L m, H#iE2 m,
EE3cm OEHWRIEAT T — L EFLEENE ST WD
WiroORiclE, A5 1 mGIcEERZHEEL.
iyt SAEOH S (15em, 20 cm, 25cm) T, B
17& (15 cm), MR (30 cm) (ZF—& L7zo MEIZE
R—WEMHL, KmERaor— 72l TR L
b Lz, mEoEEs: LTiE, HEERTE
K@t snsmaoms (Rik~xm) & L7z

F1 HEREHR
HHEYL (n=10) g (n=12)
il 217 = 1.1 749 * 46
% (cm) 1737 * 54 1518 * 638
) 12 + 04 08 * 08
-3 = LR
3. STICK &t

N
N |

1 EBER
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x2 HRIFUHEOHBERMR

=i Paxi oy
FE =W o i X 15 cm 20 cm 25 cm 15 cm 20 cm 25 cm
FREFR %L 0.05 -0.38 -0.21 -0.12 -0.46 -0.58

M OFITIZIZRENE 3 cm, 3 cem, HX2moHA
WIAAF B — IV ERIE L, RO SIINYHZFER
L, MHEHOHME L7z WETMIXE T, il Lok
EWE 10 BRIER S, 108 THiERTL2E
W, SRAEBEFTCREELEFTIE W] LIRRL, BE
W SHi O HENER M 2B S CREY %2 e v
XL, BmL-hkomsFcHEE LT RIFS¢,
kLB 2B sE (DT, LEG &) . 20l
CREEWZTCONME D ST 720 b, WRFITHFHENIC
DFREBEYOFHINIELEDL L) ICHR L, K
2, BEEYIITEMRE ST, BEYWOH -7l T
FEERZDREA SME L cm, £ 2 cm OS%#E O NN—% 1
BHEIZ2cm S TEFTVE, IRENBREDOE S
WCEGE L2 ZHE T, HETN—%21ko 387
(BLF, STICK &) &b, #Hmik [GH-ESFET
=W ENo76, TVEF-TTFEW] & L7, LEG
5 & STICK 4eth %Mk L CHELZbD%E 1Ly b
L, EMORIZ108, £y FMEORIZ 20 B &
L7zo ERIIES 3 X 31y bo&9ilir & Es
1247072

3. e

WL, KrodREOELLIZHOOFHRET
DIRKDE S HLFEBEOBEEY OE S 2ilwizie, <
OMxHE (cm), WK DEBENLIF/-N—FTOHS
POEBOBENOBH S ETI VML, Z Ol
(cm) & L7zo MidEZRREME LCTHW . Bl 3
e U722 3l E v 7o TS RO B S o5
W&, PRI &SRS L2 K~ — 2 — o Y 5
MoiEEe L, N—omsofmRuE, Kl N—
WA L7z~ — 7 — o Y B o ik & L7z,

4. BTN IRAT

AT TN E LT, FREEICL 2MEME~ORED
72\ Z & % Spearman ORI AHBIERE % JH WV TR L
720 3FHEEOE S HIZ, Mann-Whitney @ U € % Ji v
THEWH & A EH B TRZEOMHMED/E R LK % 17 -
720 FoHEE LA EHZNEN T Wilcoxon F55-1F &
A B E %2 H v C LEG 4 & STICK S0 @ i
SHE O S B LI % 4T - 720 LR OMCE RS F 1 Bonfer-
roni I X A ERAKIEDTIELIT o720 VT NHHERK

#1X 5% & L7z,

5. fi P AL R

HREIZIE, TOERBROHMB LONEZIIEH, FHil
WCTHML, EBRSMNOHBEZ/R2. b, K5I
ALWRE R K 22— e iif e A B A 2 R 2 DR (KA
W 28-2:26) HARTCHEML 7.

b R

BEYOEIRET LI, NREOHE L EEMEOM
BRI 2% 2 1R T @50 THEZMHBBRIERAD 2
o7z (p = 01000 ~ 0.8900), IEBFF 5 DiREfE %
21T M8 B kA oK 1L, 3R
L7z BEEMOE S 15 cm T, HEiE & AEHEOM
T LEG &5 STICK & & ) b @iz /m L (R ¢
p = 00019, cohen’s d = 1.74, #4F# - p = 00120, cohen’s
d=113), £/ LEGE&MHIIBVT, HlEHEIEER X
DAEBIZEWEE 22572 (p = 00010, cohen’s d = 1.39)
BEYOES20cm TD, HEHE &L FEEOMET
LEG 425 STICK &k & iz /" L (Wi < p
=0.0019, cohen’sd =162, #4# : p = 00270, cohen’s
d =090), LEG&MHI2BWTh, HEEPEEZ LD
HREICEWEE -7z (p=00110, cohen’sd =1.21),
BEMOE X 25 cm b EAEIC, BEiE & HER OMmH
T LEG 44 STICK &M & » b iz /" L (S
p = 00054, cohen’s d = 046, #4F# - p = 00039, cohen’s
d = 106), LEG&MIZB VT, BRENLEEZIVE
FIZEWHEE o 72 (p =0.0210, cohen’sd =021),

% 2

SEOKERD S, FEE D LR D STICK 41X
b LEG &M THSOBEBMOTAIHEIIKELARDY,
F 2 OEMNHEOZLIERED T PEEICREVWI L
DS HE 0Tz HEOBIIEMALEL LB
HIEICH 5720 WS 05cem, 10cm, 20 cm TEED
WM R A L2 Y clmig e & b icikui s T
DBBBENET T 2 L WESNTVLEA, AFFIEDB
DS LRIV & RE L7z b O TRATIIE & i L
THSAE L, FHEROES 5em & K E V720
STICK 41 Tl A E D00 5N b o 7T B A D
%o ARFZETIX LEG £fF4I1, M8 2 i s 231,



14 SLUEMREY B2UBE 1T

(BE4Z 2 cm)
30.0
25.0
20.0
15.0
"
100 | J 5
5.0 B
]
0.0
-5.0
-10.0
L15 L20 L25 S15 S20 S25 L15 L20 L25 S15 S20 S25
SHhE BEE
X2 HixiiEofm
X3 B OEBOFAM (HAL : cm)
15 ¢cm 20 cm 25 cm
LEG 4/t 115 = 39 118 = 46 111 + 54
il Jo [+ J-«
STICK 4/ 38 25 o 35 + 34 . 34 =22 ,
LEG 4/t 6.7 = 32 6.7 * 39 75 + 44
STICK %1 39 = 41 41 * 25 40 * 23

Py = B A (Fp <005, **p < 001)

STICK 4% 475> CTH Y, STICK £HHI BV THEY
LEWMEOMICERR O Ao L0, HMElED
FHEED, BLOBMIMELV—FHT, FTHRTOBS
FBAECEAENEL, MICI ) Z0BEIKEL
5,

SNE ORI TR, Bk s A L2 ikico
W DM E RES SF XTI L Ra D, 3
A U E 2T T h R o 72BN
ZENHDH LI, HROZEOMT, 2 LERD
WLERO L7, ALEE S N7 xBTS AR B AR
LThY, il EErabRMEEOMETHL L L
7o TRODIEDPLAMZICBNTS, HHlE 0L
BYVEIC 2T 2 @A S AVE LT B WTREMEAS S %,

B EBIEIC BTN, WA,
ST EOWHALIEE 2570, TS OBEREIL I
CEDETT 2, 3510, HElE TR MEREERS
BEBBET COMHOEEE KX ZTTVE 720,
VRS 2 RAEE S I B E o T D &
WESNTVD 2, KO EHE O R E IS 08
+ 08 L WD N TV D, T AEBRTOME
BB ER T b OTH 5 2 &2 SRR

WELLLVWEEZOND, 20720, RERIIBWT
FRBICI ZEBRAEEELR I WEERR L L
B, INESISAE S REBAE DO ZAL DD B - 7= HEMEDS
H2 23)O

MRFRAE T, BSEE IS FEE I L TIEOBRAEDITKR
&<, PHEAKRE L RFAEMED b, B XEE
WS 2 BATIZE T, Bl IR TS s R
5 B EY DAL G W TV B IGE Tl Y (5l L
720, NG UAERRLIEDT LI E R BEY L NS
BT ENURETH B, EEDSZNT W2 % EOBHIC
X0 BEEY) O R CREEY) 2 G L 725 A TR EED A
DEMFIENSTEE S Y LHESN TV D, MAT, &
WM X 2K TR BB O T2 S, BE
BERRICE RS LI L T2 KR &  RIF A 2%
LRLHESHTVSE D Zrhn b, SRERTSIC
REsEW) 2 T & 2B E D 72012 K& L BT
LEH B L T2 b AWIETD, LEG FMHICBNT
EEIR IV ES T EEELTW A2 ERD, 20X
I R O ES LS NT L E > 2D D 5,
LEOFERD S, MENC X 5SRO TIL, BT
TR ENT WS HE D HEGEI O Tld %
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Ability of Older People to Recognize Height and Characteristics of
the Height Reproduction Task using the Body

Yuya Tamba,' Kotaro Shimizu®

! Incorporated Medical Institution Kyousei Corporation Hanakawa Hospital
2 National Rehabilitation Center for Persons with Disabilities Department of Rehabilitation for Movement Functions

To consider the characteristics that influence falls in older adults, we assessed their ability to recognize obstacle
height and compared it with younger adults. The LEG condition was used to reproduce the height of an object by
raising the lower limb after gazing at it, and the STICK condition was used when the subject stopped the bar raised
by the examiner from the floor with verbal instructions, and these were compared between the elderly and the
young. There was a significant difference between the elderly and the young in the LEG condition, whereas there
was no significant difference in the STICK condition. It was suggested that in older adults, the ability to reproduce
recognized heights with the body is reduced.

Key words: Older adults, Ability of recognize error, Height, Fall
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g1 ~AIMFVY - FVURERBOTO TN

Solution Time (min)
Xylene 1/2/3 5
100% Alcohol 1/2 Tapping
100% Alcohol 3 10
Running tap water 10
Mayer’s Hematoxylin solution 3
Running tap water 10
Eosin-Y solution 05-3
80% Alcohol Tapping
90% Alcohol Tapping
100% Alcohol 1/2 Tapping
100% Alcohol 3 10
Xylene 1/2/3 5
Mount with xylene-based media
HYE 3 um
¥ iRE~

oo ML ¥ o
L/ o AN A

PR ESOREB I UOHEOT, BO2b0TF
TIXRTITo TV 5,

Bk O— gt ic B TiEOANT b F Y Y v
F Y vt (HE Jeft), @ bV A ¥ v 7v—4fa (TB
), @V 752 0gta ERHLNL Z NS
Vo DI, AT BUT AR DR —HGBTHY
IV o S, MR E
LR THEEING, @QLOTRKFERE I ZN TN
WENSE, b LRFRBTEE SN, @k@@%
BIZB L CIE, ZHEEZ B L TWE7z0, REMIC
HLT%%Oéﬁ%%fi@k@@%@%mwé;k#
%<, Fotra b alBlOEaINLHEkE B
KIBIV2 HM1IZRLA, 2720, R,
W, BRI CoSME, KETRBESh W0k
MIFRLE TR L2 DTH D, Loho>T, mL7ZG
m7a haniEsHEFTHITHL-0, MEETLIC
FHEEMERFAL, RELTWRE v, ¥72, 2h
LORBDOEDRESIIL > TR DEFREDOR/NMIEL
T Ld I EETELVHIHEREILETH L, ¥R
513, Yeta ikt Lk L7z X 9 2R BEEARTER 0 720
DETROE, YROES, Yetulfi], Jfiloditt
&, i, pH & EHBOERISEEIND 2O TH 5,
L7225 T, BAEAalll L TERT A7-0121%, &
K[ikEy, vIAyrTav T4 7, PCREEDIZA
B & OB TSRS B AR IR % FE S 5
Ehd b

BT L2 L C oS L2 gt b X {fThbh
Bo SEHIRL AR GtE T EOWITI, oWl

524 B 1 7

X2 MATYUYTV—4bEo 7O kol

Solution Time (min)
Xylene 1/2/3 5
100% Alcohol 1/2 Tapping
100% Alcohol 3 10
Tap water rinse Tapping
0.05% Toluidine blue

(Distilled water 100 ml + toluidine 15
blue 0.05 g)

Tap water rinse Tapping
100% Alcohol 1/2 Tapping
100% Alcohol 3 10
Xylene 1/2/3 5
Mount with xylene-based media

HWEE 3 um

W IRH R~

B1 PBEKE OMKRE
ER A ¥y - Y v
F o MVA DT —Geth

D, EDOXHIIHFET LN EHONIT LI ENTE
o WFBIEIZBWTIE, [TBIOCIMaS -4 2 I1x)
FTOLYRBEPILCEREND, Bk 5 X912, IEHBIH
RERWETHRETHY, TOEEEINLIAT—F Y DIE
EAENIR S -7 ThHY, 1HaT—7 Ik
ERREMARICEO ONL. B, SRIEHRILER Y
BHFEICHE L CIREEZSZIC SNV,

B E

1. IEH BT

BT BT, RS, BT IS0 S N A,
BRI 3B\ TE I ISAAAE LTV 2 808 1 B ik &
MR, WFBRE IS b BIEHE X ikElE &
WEEEP SRR INTEY, a3 8% £
D, WENEEZERL, REEHEZEELTYD, K
HHEEAKG (#70%), TRaF7—7r > (W15%), 7
a7t Ay ($10%) =E»P ORI, ME,



B B D BE IR H & € DI B i & o 19

A B
(kM) p=0.0003 p = 0.0006
5000 ——— 0
400
+ s a
2 300 2
= E
= E
2 200 £
E g
100
255 I
CON HS CON HS

CON |

2 JEEWE I LTI BRE DTS 72 & Rk e
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Disuse Atrophy of the Articular Cartilage and
Its Relationship to Osteoarthritis

Tkufumi Takahashi,"* Taro Matsuzaki,® Hiroshi Kuroki,> Masahiro Hoso®

! Section of Rehabilitation, Kanazawa University Hospital
2 Department of Physical Therapy, Human Health Sciences, Graduate School of Medicine, Kyoto University
3 Division of Health Sciences, Graduate School of Medical Science, Kanazawa University

Mechanical stress, especially loading, is essential for the histological and functional maintenance of articular
cartilage. However, in clinical practice, treatments for several diseases are accompanied by bed rest, and there are
opportunities to reduce the loading on the lower limbs. Immobility and inactivity have been reported to cause disuse
histological changes in both the skeletal muscle and the bone. Similarly, many researchers in basic and clinical studies
reported that the unloading environment induces the disuse histological changes in the articular cartilage, and in
2019, “disuse atrophy in articular cartilage” was proposed. The histological changes were mainly due to the thinning
of the cartilage and the decrease of the matrix staining intensity.

Also, in 2019, our research group reported that the unloading environment for 4 weeks induced these histological
changes of the cartilage in the medial tibiofemoral joint using the hindlimb suspension rat model. In this review,
the findings on articular cartilage, loading, and osteoarthritis that our research group has been working on were
reviewed, and also results of the ongoing research were introduced.

Key words: Articular Cartilage, Disuse Atrophy, Osteoarthritis, Histology

25



SLREMARIESY 248 1y 26~ 32 H (2021 4F)

8

IR B D MAT 2 JRIE X BB 720D DINA F A =2 AT

glﬂl:l

MoarmED* makmw? wEEMY AR R?

i3]
ZE T W B B (P BTG L 2., BAERWT B - T ) - HEASBIVERE ) - AEIE OB OIKT 245 AR
KWL EENFHRETH B0 L Lah s, B BIEIREOEAT 2 BIE S ¥ 5 27 v A3 T2 16
MENTOWR, F4E, BEROBRBEOAMOMEE UTRMEE— X~ M Y28V RIZHERL, &
TR OREBARIN - ABEE— A ¥ M YOV A LS E B ) BfEh O EBIFIMEE— X~ M VOV A KR
L7z BATICEL T, B OMAIIC X D BRBEEIN - SMEE— X 0 M YOV ABITHZ L, BX
OFATHE DT ISP IREIMI - AMEE— X v b4 YOV AN 22 2S5 Lize $72, 37
L EASDEMEICELT, b B2 KR OB EBHIHEE— X ¥ M YRSV AR T L L&
N7 A DHRIE, BN -THEE— X 2 M Y2V ADMER (F72dE) 7857 — >,
BLORBEMIMREE— XY b4 YOV AP (F20EmE) b BV EEN Y — L 2 BIRT 572012
BANDEFEZ Do EHIT, FAc OHIFIIE TR B EIRE O HEAT & JRIE X & 5 72 D IR O W Rk 25D

LEZLND,

¥—T—F RMERBEEE 17, 2b B EE BEIE— XY b LR

iU &I

25 T W B B |2 B BT D B RO % 1 ) SRATHE
FHTHY, FETAAC L AN OBEBERIET 50
ML DH2 EMESATVD Y, T2, BATRIC LR
XA B\ & o TR 2 AL, T
o 7 T ER S, pakmsmE s Y 2
BEFL, S50 Y VT 52 LaHEsh
TV, TNHDI NS, ZTNERE RIS & 5
WICRRL, Z0MEfT2RBESES S Lo THRET
Hbo

BB B SIE DFIE - AT % I 5 TR T 2 720
B BERED U 22 7 7 7 5 — ORFEARI K

Biomechanics Research to Delay the Progression of Hip Osteo-
arthritis

PESEFAM AR AW ZE AT N BIEIRIE T & — @ BRIk 7E 7 — A
(T 277-0882  T-HERATH IO 6-2-3 WHTRFM I F v > 7S A )
Takuma Inai, PT, PhD: Exercise Motivation and Physical Function
Augmentation Research Team, Human Augmentation Research
Center, National Institute of Advanced Industrial Science and
Technology

ik DAL K B B e R L= F TR T

1

=

2

=

Tomoya Takabayashi, PT, PhD, Mutsuaki Edama, PT, PhD,
Masayoshi Kubo, PT, ScD: Institute for Human Movement and
Medical Sciences, Niigata University of Health and Welfare

# E-mail: takuma.inai@gmail.com
(ZHH 2021466 )1 8 H)

ThHY, sz omE, o, kmEam®, #
BEBEAE Y, @z vo e h BREBEE
SNTVE, 3512, @EOWE S 12X, B
WMERANZANA N VA (HENRWE) ELS S
LIk o THEEHIEENL 2L ME S TW
bo L72285TC, HEEFICBIT BB~ R X
A=AV A N LR TR B O FIE - #EITO ) R
777 78— 0, BEROREEEIIZ "tk %
AHZHNVANVAR" DL D 2 & CTEBERBEERED
FEEICHEATTENICOVTIR AT THEH IR TV
oz,

AR, BERICB T B EBEEINO A = VA ML A
Y 2T e B B 00 HEAT & > BIARYE % Tateuchi & 2 2%
WEtL, #i5 Lz. o omseic L, RSN - 4+
W (F7203mM - ME) E— AV M VSV RETHD
S ot [aigEmE (F03%RmE) OB R
i) LIFD, R—=ZAF A4 VIRIZZORESEVEHIZ
12 » RO BRBEERBRIEI AT 2 Z L 25 & 512
o7z IR BEIERE OBTHORBEEE— 2 ~
FY— 2R A Y THRESRTWY B
Tateuchi 5®OWF% 2 12 X, BEHIE— 2> ho¥—
7 HIX 12 7 H B ORBEEZBIRC B EZ 5.2 oz b



ZETENA e B ETRE D HEAT & BIE S & B 720D DINA F X A =7 AN 27

MESINTVE, Lz -C, aidmB L O Rmo ik
R R 2 RS 5 [IRBIRN - Az (F 72130l -
@) E—AY M V2V A] R [1 Ho®H¥] 2Hd
SHD L, BINEBAEREOM#LT (BPIFIZRIED
W) BRETL-OICHELREEZ SND,
AFTiE, HEAGCTHEITDOR L STEHEL D
EXRDBECERL, SRS OBMEE BN - S
(BLOJEM - ME) E—RA Y M 2230 2D BRI
SVTH LA LT E 25k % D% 2P o —ma @
T5HEEBHIT, TADMAEEF 2 2BRICHNOT
PIZDONWTHR S,

% 17 B 1F

1 BB — R ¥ M 2OV AR .2 H B D

SeArirge 2 1 L, BT BIEIE O AT & B R
FTHEAANZHNVAPLADIESL LT [RigHHE (5
WIEZRE ) oS RN ARE ST TWw5,
ZLC, migmE (LREE) oRMESREREANIE T
I OB AN - Ahis Ol - ) E— X2 M4 o3
WAL T HOBEBEOIZLE > THY D, 22T, 3L
DIZF 4T [RBEIN - Aisd 2V IiZE il - ' — 2
VMUV RSB RS 2 5 BERELTTTICHL A
CENTWDE DDA &) B AT 572012
YRFRTFA v I L a— % ER LD,

Fx 3400 LT —FX—2A (Scopus, ScienceDi-
rect, PubMed, PEDro) #JH\WC, VORI -
g (B vzl - E) E—A Y M YV A ER
LTV ERE L. ZORKE, 975 e OFLHs
bty ML, 2095 10 O XA RMEISKIZRTE
R 2 )T LD (1) HRESRERASET
PERBAEE R, (2) RIS - A (B 2 vid)Eih -
) TE—=A Y M YOOV ADITENTWDEZ L, (3)
[A]— B BRE N T O SM05E S, RIRW 2308 %
MEELCTW5A Z &, (4) WMEHEITHRFWIT R #EEC
WD Wk, (5) HEBESTFHETTH L &,
6) FBRBEYZMAAZLTVDL DD EHEZEREL),
(7) ¥YIalb—vasEHTEenwI,

KADYAFITFA4 v 7L a—2) ORIy, fk
TG 2L 20 (MBI P - SMEEE— 2 ¥ 4 VSR
EWATH LB SN L ko572, F /2, FitFlop %~
SV, 254 FEOMM®, =71 —2
DR 1, BRI - EE— A > b 2OV R
AWMMEELZ RO E kot —F, REHO
Ty v adt 7 kE i a Y 2Bl -
BE—RAY M YNV AZRDEELT EDHL
Tootre BB, U—h—FFaya—22 heF
2239wk u A= DB - A (B
HVITEM - E) E— XV M Y2V R 2 BR)E

IHERR S N o 72

VAFITA v L a—%EE 2, W OB
N - A (BB WidEl - ) E—X Y M VSV R
WCHEE G250 ODPOEREZERTE D, T/
BBDTA ol E5I2, BIBH R BB H A
WD TFEHR, £ OLBERBEEERE THRS
NEBTHEDKT OB I N T ol &
T, RICTHRAIT T TR, BATHE O T 25 B i
W HlizE— XY A V2V RIZE 2 BB ERE L,
BB B S E O HEAT 2 R IE S % 7260 O SERENG I L & 15
52k ERRMAT,

2. KA T Lo 2

T FRIEEHWTINEY) F—Yary—& LTH
B SN T 555, TR B EE O 1T % B IE X
L7200 TFT Y AT THICHEY IR TW RV,
Osteoarthritis Research Society International B 4z x
g, 2R EREREDSRM T P23 5 2
LRIERENTVWAEDY, FOIEF Y ALNVIEN (H
MEDERLNI) Thb, ZOHMIZ, FM T 58
DA AHAT R O R BAFI~ ORI G- 2 5 514512
RSN T W dh s 2 mBBToN 5, Wl T FH o
WA B T — 2 > N — 2 i35 piy
WEBIFIP B — % > b ¥ — 2 il %839 iy i —
AV A VA h 2 2 EIREE STV,
BERASTED Y A2 7 77 =47 b [IREHN -
MMRE— X 2 M Y8V R T Z B BRI E T
Wirhro 2,

22T, A T Lo A A3 o 5 BY i
W MEE— XY ML VSV RICE 2 B8R E L
72 BB L AR L, SEEEE AT E L7z,
bz 4aoEL, 1) &L, 2 BEAEED 10%
fiidE, (3) MAMRED 15% fifE, (4) M2 ARED 20%
& L7zo HATHE, AE, 74 7 Ad Wi ok
BAFIN - AMiZE— A ¥ b A UV R EE S 2 B
WAz SRz 720 00 mafipfchIRE 747>
Z%Mh— L7 (545 A1 80 steps/min & L7= ),
ZORER, W T FHOMERIEMT L2 & TVH
WO - SHEE— X ¥ M A V2SOV AW EIHA
FTAHLIEPWELPE RS (K 1D)e HAMKED 20% fif
WE L5 BT 5 o BB - SigE— 2 »
M YOV, M U & L TR 50% A L
72 20 RIFIE R G 132 TN I B S B Tl 7 <
RN TDH - 7228, 50 T R BIE N - Mz € —
AV NA VIV AILE 2 B R MRS A T2 O JERER
AR E UTHRBESLOWRESERH 2 L EZ b D,



28 FEMEPARLY 24851 5
a 0100 b o.150
- *
o -
H = g 0125 .
87 0075 - £
3t < -
g2 * = 0.100 .
el * g —
€& N A *
L3 * o ——
£ 2 0050 . £ 0.075 -
c® c
E g S
a2 €
Ty 2 0050 -
- o
£ 0025 - 4
<0025 -
©
&
0.000 - T T ; 0.000 - . : .
Unaided  10%BWS  15%BWS  20%BWS Unaided 10%BWS  15%BWS  20%BWS
K1 HOBEEHCBTS (a) BBHN - SHEE— 2> b4 2SRk, (b) BRBEMEE— 2> b — 22
BRI - AMEE— 2 ¥ M A ‘//)*’)I«x L, BREEEE— X Y PO Y — 7 IR OMEE ORI WA BT L.
*p <005, $EIRFFTIE A 2
a 250 * b 100 *
* *
$E ** 8 z
2 ¥ 200 * 2 v 0.80 * &
EX * E *
P * = .
E’ % * é E * *
6 ¢ 150 - * S g 0.60 =
€ s * E H
23 a3
b - _n. < =
- 8 o8
£ 5 100 S 5 040
e g3
52 5 £
Z c cc
= 0.50 U £ 7 020
-
0.00 - 0.00 . .

40% CNDS 55% CNDS  70% CNDS  85% CNDS 100% CNDS

40% CNDS  55% CNDS  70% CNDS ~ 85% CNDS 100% CNDS

K2 HBATEED RSB 2 EHAL - FEFHAL S N BB - SMEE— A > R A vz D)

(a) MEXKICALAATHE (CNDS) DL T IRIERML S Nz BN - SHnE— A~ M4 VSV 2 ZF RIS
KICALAATHEE DAL T I FEIERAL S A2 B BIETIN - SHimE— X > b A Yo 22 FEIC

iEiJl] g7z (b) M

i@ﬂﬂé'ﬁ‘f_ * p < 0.05. CNDS:

comfortable non-dimensional speed. +—7> 7 7 £ 2 ¥ % —F VIR STV 25707 2 255 1H L7

3. BT OpE D
%ﬁmwwmm”:;nw 25T I B 9 B 1
2 b — VRS L CORTEEE DM T3 5 & s S
NTW2e BIFEEOZLSBMHE— A M5 25
T LRV NGY 2oy R S oI T N ¥ 1Y
TVBAS, BEBEIN - SHEE— 2 ¥ M A 2L RICE £
BHGE SN TV Do 7o ARICHITHEEDIKT I

X o T MO - SMEE— R ¥ M Y20V AR
BAHIE 2 &) HIRAE S N8 s, BBk
PR B HAE S AR ATFE 2 AR T X8 20\ 72 30 D B
BEREMEL T REMIR S NG, —FT, BTl
DT & o T ORI - SMtE—2x > M1~
POV ABTAT B &S HRDE S N, AT
B SITE B DS B D ZE T A B 720012 E AR A7 g
BT STV LR E RS o &#T%ék%x%
nz,

ZFITHRAIE, AWBRITTF—F kY ML B 174D

g T AR LT, AT O F A5
DBEBIHIP - SHEE— A Y M A VSV ARG 2 BB E
Wt L ®, SEBE BT L, 500 RTHE S
B L7 (Woli A7, Pesi AT o 85% - 70% + 55% -

40% DHSE) o FORE, FATHEI WD TH LTI
I ORI - AMEE— R v M4 V2SOV AT 5
LIRS (K2),

Be BRI - AHEE— A ¥ N A4 2OV 2 RTAHIE Lo B
HHRBANOBEETH LI D, FITEHEOKT%Z
B 7280 OBEERR D 2 D T & & TR B e
OHEATZ BILTE LR H L. LLAE2S, %<
DL BIERE B X BRI TR E 2 KT S Tw
HZEND, FTHEEOKTIREE (IS0 R1) v
M 2725 LT0EEEZOND, FIZIE, BATHE
TS5 2L CTRBEEHOFBAPHR LI W ER

EWREMEE LTEITON G, L7ch > T, ERMEERH
FRE R O L C— BRI [IRBET 0L 2B (72012



ZETENA e B ETRE D HEAT & BIE S & B 720D DINA F X A =7 AN 29

A Second computer simulation
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Biomechanics Research to Delay the Progression of Hip Osteoarthritis

Takuma Inai,! Tomoya Takabayashi,2 Mutsuaki Edama,” Masayoshi Kubo®

! Exercise Motivation and Physical Function Augmentation Research Team, Human Augmentation Research Center,
National Institute of Advanced Industrial Science and Technology
2 Institute for Human Movement and Medical Sciences, Niigata University of Health and Welfare

Hip osteoarthritis is a representative disease with hip pain and decreases the range of joint motion, muscle strength
of lower limbs, ability of daily activities, and quality of life. However, no evidences have been established to delay the
progression of hip osteoarthritis. We focused on the hip joint moment impulse as a hip joint load during a movement
and examined the hip moment impulse in the frontal plane during walking and hip moment impulse in the sagittal
plane during the sit-to-stand movement. Regarding walking, we noted that the use of a contralateral cane decreased
the hip moment impulse in the frontal plane, and a decrease in the walking speed increased the hip moment impulse
in the frontal plane. Furthermore, we observed that a decrease in the sit-to-stand movement speed increased the hip
moment impulse in the sagittal plane during the sit-to-stand movement. Our results help to understand a gait pattern
with a low (or high) hip moment impulse in the frontal plane and a sit-to-stand movement pattern with a low (or high)
hip moment impulse in the sagittal plane. Furthermore, our results may be useful to delay the progression of hip
osteoarthritis.

Key words: Hip osteoarthritis, Gait, Sit-to-stand movement, Joint moment impulse
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Specificity of Fascicle Length in Muscle Strength Training
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#F 1 Effects of intervention on MVC at each ankle joint angle

Intervention group (n=38)

Control group (n=8)

Ankle joint angle
Pre (Nm)

Post (Nm)

Pre (Nm) Post (Nm)

11255 = 37.79
101.88 = 30.15

Dorsiflexion 20°

Dorsiflexion 10°

131.09 = 31.92
119.24 + 2726

116.08 = 40.98 11853 + 42.26
103.28 = 35.82 104.76 = 36.09

0°** 81.26 + 26,52 105.08 = 21.56* 91.50 + 24.60 90.78 + 29.04
Plantarflexion 10°* 62.96 + 2355 81.29 = 20.30* 7150 + 21.06 70.15 = 21.06
Plantarflexion 20° 50.23 = 21.14 62.24 = 2043 5151 = 16.30 5376 £ 1744
Plantarflexion 30° 31.84 + 14.70 42.74 £ 16.60 34.03 £ 1596 36.38 + 15.32

SEfiE £ SD (BEH#ER22) ZHWTERL L. TAF Y A2 I (Pre & Post) & (e A& 3TIREE)
WCHBERZHEMEH, F2E3MARRICAREIROONIIEEZRLTV A,
¥ P <001, *P <005 MVC: Maximum voluntary contraction, Pre: pre-training, Post: post-training

(Nm) Intervention group

eeePre emmPost

1514131211109 8 7 6 54 32101234567 89101112131415161718192021222324252627282930 (‘l )

Dorsiflexion Plantar flexion

(Nm) Control group

1514131211109 8 7 6 543 210123456789 I.Oll12]3:I4:li:lE:l7:lEi9].(l7.I.222!2$252627282930(u )

Dorsiflexion Plantar flexion

X3 S ARiftho%& L EE ARS8 SR
MG ABECBWT, W12 ~ 8 ECTHBEICI L L.
TAZ ) AT EINARBRICHBENTBDOENIZZ L ERLTWS (P <005).

Pre: pre-training, Post: post-training
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Effects of intervention on the MVC at each hip joint angle

Intervention group (n=38)

Control group (n=8)

Hip joint angle

Pre (Nm) Post (Nm) Pre (Nm) Post (Nm)
AD 15° 155.16 = 19.95 15224 + 2373 14893 + 21.78 14592 + 2155
AD 5° 137.74 + 1555 140.81 = 20.68 13091 + 12.70 126.66 = 17.31
AB 5° 12560 = 1447 123.38 = 1854 11359 + 11.81 117.03 = 16.49
AB 15°* 105.31 = 13.66 113.36 + 1641* 103.58 + 12.33 101.15 = 17.08
AB 25° 92.14 = 12.95 94.06 = 8.87 89.81 = 14.50 87.05 = 18.22
AB 35° 76.19 = 12,61 7559 £ 14.89 70.38 = 12.56 74.25 £ 1691

SEIHfE = SD (BEdefR ) ZHW TR L., TAF ) A2 3R (Pre & Post) & (I AT & XFIRTEE)
WCHBELRRHEIEH, 23 MARRICEREESROONI I EEZRL TV,
*P < 0.05 MVC: Maximum voluntary contraction, Pre: pre-training, Post: post-training,

AD: Adduction, AB: Abduction
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Specificity of Fascicle Length in Muscle Strength Training

Hiroki Tanaka," Tome Tkezoe,"® Noriaki Ichihashi®

! Human Health Sciences, Graduate School of Medicine, Kyoto University
2 Rehabilitation Unit, Kyoto University Hospital
3 Faculty of Rehabilitation, Kansai Medical University

Joint angle specificity in strength training, which means that muscle strength improves only around the joint angle
where training is performed has conventionally been reported. However, this concept has only been verified in high-
load training. We examined whether the joint angle specificity is also valid under low-load training. As a result, we
found that muscle strength gains did not follow the joint angle specificity in ankle isometric training, ankle isotonic
training, and hip isometric training. On the other hand, the muscle fascicle length measured by the ultrasound was
shown to be consistent between the training conditions and the conditions in which muscle strength was improved,
suggesting that muscle strength gains were specific to the fascicle length. This hypothesis is a new concept that has
never been proposed before, and we reported it as the specificity of fascicle length in strength training.

Key words: Strength training, Specificity, Fascicle length, Joint angle, Isometric training, Isotonic training
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—YGEEE (LLF, M1) ZxfRICHE % LC R ZHE
SH5HZEANTE S, transcranial direct current stim-
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ulation (BL'F, tDCS) # M \WT, MI % itk & 8723
#2030y (DCS K Y R i AT B 2 intermit-
tent theta burst transcranial magnetic stimulation (LA
T, iTBS) Y Tla, ArArhA S 4 Al T RI A5 L
72, FRBN 7 after effects (ZFRDLH o720 T2 2
NS OREENE, Ta fHEHIH] F 7213 D1 #iflo—FTL
PR L TV Aol 22T, FAIINRET 5 ME
W& UCHiEESR (LU, SMA) 124 H L7z, SMA
W&, LRz M AT ) & BUHE 2 s BN AT E) O T 7 DFHENIZ K
ELHELTBY, [THOMFEMT, %8, EfoET
S L v s %, B Ces £ TMS 12 & 5
SMA OiE ML, HATHERE, N T v ARHE, TIRETED
B A LS e shTw W, g B E
AR S ORIGDTEE 12D H SMA 1X, BRI
Wa g U TR B RS 2> S O T REPEA I 255N % 2
LIS NIRRT
IR VRS HREROR 2% CAEE L, Z DR AEAI IS
BT 5 2 EAWESh TV W, W B O
P, ESR 2 3 2 ) & TR AR O BB A 2 1Y
5 U0 RIBERES & A ROBRAWE ShTWw5 2
S, RIOERIZHFGT20TRERwhrEEZ, Z
DA Z WEET HICFE - 72,

KR TIX, ThFTICPES AR TE W
LNTELMADLT, PESICE % RIBEHO A H = X 4
&, AT & R S 72 1-2 Hz TR Ta BiHELC
FERMICESARM T 2 FiETH 5, MMEME D,
PES @ Ji 23 RI #§ v % 58 ®, after effects % i8 & T W
2 DIV gy, Wl ABEE LT, RPM
12# H L 725 Functional magnetic resonance imaging
(fMRI), positron emission tomography (PET), Mag-
netoencephalography (MEG) % i/ L CAh®hEH) o i
WEE) & Qe L72kgeid4 <, fmES)id S1, M1, SMA,
H%UTAZE (PPC), —WRMAMEEEY (S2) ZIGMHIL S &
2OV S oZ#E, MEERC X o Tk
5ORLERNTIOMIMAHEEL Twb, 2%, PES
ERBRIC Ta MEAHEDFE K Z BN S 2 5 & 75 & B @B
EREESELIETRIZHEMEIELOTIE 2R EE
A, COWHEBGES 5I12FE 572,

FRisRl B A A DA%

b U 72038 & BT % 7212, SMA ~0 tDCS 4~
AZE S TRIDHRT LD T L7-DICFER%
11072 20 W GITMBHATIME20 4 & L, tDCS 125
T AR 2 SMA, P 2 45 IRE - ICHE L, tDCS
S 2 SR L, Bemsulildgett: (BUF, anodal-tDCS)
& R B4t (BAF, sham-tDCS) & L 7z. anodal-
tDCS 12, B4 1 mA (BRHE 0028 mA/cm?) 12
REL, MWL 1598 (72—FA4 Y/ 7=2—F

77 MEER, 108P) & L7z sham-tDCS (&, anodaltDCS
&R R DAL ORIE BRI U ThH Y, I 158
M (7x2—FA4 Y/ 7=—F77 b, 108) fl#L,
B ORI L 222720 RIOFHNE LT, &
O ARBE S AR B L CRIBOEEE & M B % 36
33 5 ), BB R B L 722 (R
IRMEAE 2 K M IRIEAE (BLF, Mmax) @ 20% % #%
3 HHRIE) . MBS, Sfh - RO E (CTD
%2 ms @ Ta ARG, 20 ms @ D1 ¥l 4, #
ERF I A 0 single §eth D 3 5k & L7z, RI @RI,
tDCS A ATl (Pre), /- A5 (Int5), 10 (Int 10) 43,
M- A% (Post 0), 5 (Post 5), 10 (Post 10), 15 (Post
15), 20 (Post 20) ZrZEHAIL, v A (BLF, Sol)
O H HHEIRE 2 Mmax TR LT % Kitlo TEI L
(Sol H-reflex amplitude in % Mmax)o %% tDCS §&fFD#%
R ZAL D IR OB, SRz L 7= Bl o °H
G R A L2 SRBR A B D A D H B IRIEME Z R L T %
FEITTHM L7 (Amplitude of conditioned H-reflex
amplitude / test H-reflex amplitude] X 100), & D%
(K1), anodal-tDCS 2B T, Ia MIIIHIIZ, Pre &
WL CInt 5 (p < 0001), Int 10 (p = 0.025), Post
0 (p=0034) THEICHIRL 2. D1 #HNIZE, Pre &t
KL TInt5 (p=0003), Int 10 (p <0.001), Post 0 (p
=0018), Post 5 (p = 0.006), Post 10 (p= 0.041) TH
FATHR L 720 AWFFEORERA 5, SMA O BAENED 1Y
Kix, RITH 5 latHEHPHI & D1 #iil 2 B0k S & % i
Rehoizs F72, after effects ITBI L Tix, ML IZxL
T DCS &4 A L72B, A AHIZ Ta AH SO 0 A A1 5%
L727s, Ar AR & 20 5 Nk o 72 BBV,
after effects 23 HN Ao 728HE LT, M1 O T
I DCS Hl & L 72354513, TA ST T <,
Sol #I b M EEICHEYE L TL £\, co-contraction % 3%
TLTWAEED M OFE) & kR EREZT &I L
TLEHIZ L5, RIZHIH LAV after effects 372
DN o7zt EZBLNSD, —)T, SMAIIHT A
tDCS A ATIE, M- AH2 54 AE % F C Ta A BCHIH 23,
AT D S At 10 4 F ¢ D1 A5k L 72, Bif &
LC, SMA ZEEMRAERSoRGHE LT, KEHM
AT % 4 U R R 2 2 IR S e P9,
F 7z, BENRARP & A LR RS 1, BRIX
FIE ISR AL S HEAE L, C OO IEIE DA
WS BS 252 Epsii shcw s Yo 2o
HEAAERIL O I, Ta HBCHIH & D1 #0H1 O B A
fE=a—ny (laflEfirfE=2—1 >, PAD A 1E
—a—uv) PELHFIET L7720, SMA OEMEICE S
TREEA N DRI = 2 — 1 > 2 &4, RIS
WACHG LRI R E N, £72, SMA~ND
anodal-tDCS - A KR I1Z 15 45 & JATfgEcH v o
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a sham-tDCS_la#8 & N4 c anodal-tDCS_ la#8 & i
100 100
————0—0—¢ o —»
80 80| S0 ———o—*
60 60
40 A 40 A
x
2
© 20 20 A
T
3% © 0
_5 = Pre Int5 Int10 Post0 Post5 Post 10 Post 15 Post 20 Pre Int5 Int10 PostO Post5 Post 10 Post 15 Post 20
£1
8§y b sham-tDCS_ D1#%l d anodal-tDCS_ D1#%i
55
53
£< 100 100 A
2
o
£ 80 80 A
£ P P o——o——9o — 0 Y W’
60 60 A
40 40 A
20 20 A
0 0
Pre Int5 Int10 PostO0 Post5 Post 10 Post 15 Post 20 Pre Int5 Int10 PostO Post5 Post 10 Post 15 Post 20
min

1 SMA ~® tDCS 4 A & RI il &
a, b ¥ sham-tDCS, ¢, d & anodal-tDCS @ tDCS &% 789 a, c & la M, b, d i D1 ¥l % 7R 5.
VIR BB E 20 B ORREELZ R L, KWIEFITFHMEZ R 3. #filid Amplitude of the conditioning
H-reflex/amplitude of the test H-reflex x 100. ##ifix tDCS &5 Afi (Pre), St AH 5 (Int 5), 10 (Int 10) 43,
A% (Post 0), WA 5 (Post 5), 10 (Post 10), 15 (Post 15), 20 (Post 20) 4 DK % 7R3. Pre Lo
FHAREE O LB D 720 2R S D H 5 t 5212 Bonferroni filE #1707z, D DA LA Pre & L L THEAEZ 2D
Lot 2D Pre LKL CHEAZRDMETH S (p <0.05).

tDCS: transcranial direct current stimulation

TW A AR (20 5°F) X ) B2, after effects A%
B L7z ABFZEIE, SMA KT A4 A TR
BRI KRR S NP D IR E 2 5 72,

RIHRIBT A DI%ET

RO EREET 572010, MEER) % K S ¢
RIPHERT 202 HONIT 5720, 3200FEREZT-
7222 RPM ORI A AERBRET 2720, %
BR 1 Tld RPM A AOEE# I X 5528, EEi2 Tl
SEBEROC X B 5%, HE 3 IR 0 B % A
L7

<HEER 1 >HEBHILIC K B

RIS FTA 20% (ZE104) &Lz, EHl1o
RPM 4 AL, EB)HE 40°/s, 80°/s, 120%/s, 180%/s @
4 5 & Uz B #i PR 132 B R E 30° — i )m 10° @
JTEEHHEIPHC, MARERMIZ 105 & Lze RIDEHAS
IR & AR T, RIOFHIE Pre, Post 0, 5, 10,
15, 20 TRHW L 720 Z &R (K 2), IafHREHIG,
RPM 4 A D3EE)# EE 1207s T, Pre & ¥ L T Post 5 (p
< 001), Post 10 (p < 0001) THEIIHHM L7z 160°/s
1% Pre & L L C Post 5 (p < 0.001), Post 10 (p < 0.001)
THBEIZHM L 72c DI #IHlE, RPM 4 A @ 3£ 8) 3 2

; la#E S HD il
100
90 A
80 A
70 A
3
® 60 -
T
8% s0 . . . . : .
% 2 Pre Post Post 5 Post 10 Post 15 Post 20
I
C
8§ 100 -
S 2 D1 *[ﬂf‘ﬁl]
3 90
=4
£
< 80
60 -
50 T T T T T |
Pre Post Post 5 Post 10 Post 15 Post 20

2 A AMEhEE) o BB & RT
[ o> i & A5 Al B 5 Bh o> 3 B 2k B 40°/s 25O, 80°/s 2O,
120°/s 254, 160°/s 23[1Td 4. #t il 12 Amplitude of the
conditioning H-reflex/amplitude of the test H-reflex X 100.
fEIZE i + FEHEFR = TR L 72, Pre & Lo FHEE R o ik
D72 DRI D B B t BE I Bonferroni #fi 1IF % 17 - 72, %
DORLAPre LKL CHEBAEZRBD LD o7l 22
A5 Pre LWL CTHEAZRDETH S (p < 005). KHE
B ESE S (40°/s vs 80%/s vs 120°/s vs 160°/s) D LLELiE
Tukey-Kramer # i\ 7-% B IL g # 17 - 7.
**p <001
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100 - latd & Pl
90 -

80 A

70 4

Pre Post Post 5 Post 10 Post 15 Post 20

D140

60 -

Amplitude of conditioned H-reflex
(% test H-reflex)

50

Pre Post Post 5 Post 10 Post 15 Post 20

3 A MEhEE) B N5 & RT i

DAt 13 BCAE A B 3 B 474 80°/5_618 times 5O, 160°/s_309
times 23, 1607/s_618 times 2SATH 5. #tilid Amplitude of
the conditioning H-reflex/amplitude of the test H-reflex X 100.
THIZ P30 + BEHE R C/R L7z, Pre &M FHAIRER o Lk
T2OIZHIE D B 5 t Bigll Bonferroni #ilE %47 -7z, #) D%
L7 Pre & W L CHEEZ RO LD - 728, 2[5 Pre &1k
BLTHBEATROMETHS (p <005). RPM SR (807
s_618 times vs 1607/s_309 times vs 160°/s_618 times) O Ibixid
Tukey-Kramer # H\272% B ILHWE 217 - 72.

*p <005 *p<001

80°/s T Pre & [ LT Post 5 (p < 0.01), Post 10 (p
< 001) THBEICHTRL 72 120°/s 1& Pre & LR L T
Post 5 (p < 005), Post 10 (p < 005) THEIZIEMEL
720 160°%/s ix Pre & It LT Post 5 (p < 0.001), Post
10 (p < 0.01), Post 15 (p < 0.05) THEIZHML 7=,
Mmookl e LT, TatHEHE], DI #iilid Post 5 T
40°/s & HHE L C 160%/s THEIHEI L 720 ARHIFEOE
5, RPM O EB)HEEASHE W 160°/s T Ta A KBTI,
D1 #pifl & HIHIHI AR L, after effect DIFFFEL 722
EBHLNE ST,

<FEER 2 >EBY O X B R

SFEUSRFE A 20 4 (ZME104) & L7z, ER1 T
TEE)HE 160°/s, A ARER] 10 45 [ C AL BY B T O 1
618 M TH » 72728, 618 Nl % FLME |\ EB M £ % B L
SEMCTRHET L7z 34 id, BB EEE 80°/s T B A
618 I (80°/s_618 times) (1547), By 160°/s
CTHE B A £ 309 M (160°/s_309 times) (543), iE @)k
B 160°/s BN M £ 618 ] (160°%/s_618 times) (10 43°)
& L7z0 RIGHINZ TSR] LAk E L7z, ZORFR (M3),
Ta A BCHIHE, 160°/5_309 times 5§2fFC, Pre & F#KL
T Post5 (p <005 THEZEIIHWMEL . 160°/s_618
times 4= C, Pre &L T Post 5 (p < 0.001), Post

100 - la#E /= $0 il
90 4
80 A i !
>< 70 A
2
2 60
T
25 5o . . . . . .
£ 2 Pre Post Post 5 Post 10 Post 15 Post 20
T
§§ 100 -
8 2 D1 1:[[]%“
3 ~ 90 A
_E' 80 4
< %&;:i>47—%
70 A
60 A
50 T T T T T ]

Pre Post Post 5 Post 10 Post 15 Post 20

4 JUEMEES OEEYHIPH & R 0=
[ DA 13 RABMEYE B 54 80-100° 250, 100-120° 25> TH 5.
HEdZ Amplitude of the conditioning H-reflex/amplitude of the
test Hreflex x 100. fHIZFIgfE = FRHERRE TR L7, Pre &
MOFHAER O WD 72 DI IE D 5 t B 2 Bonferroni #
Ex#47o72. BYORLA Pre L WKL THEZEZ RO D>
7oMl, ZEFA A Pre & IR L CHEZAZBO7ETH 5 (p < 005).

10 (p <0.001), Post 15 (p <0.01) THEIZHIRL 72
D1 ¥l ik, 80°/s_618 times 5z C, Pre & L L T
Post 5 (p < 005), Post 10 (p < 005) THEIZIEMEL
720 160°/s_309 times §t-C, Pre & IL#K L T Post 5 (p
< 0.01), Post 10 (p < 0.05), Post 15 (p < 0.05) TH
FICHIBR L 720 160°/s_618 times 41T, Pre & ML
T Post 5 (p <0.001), Post 10 (p < 0.001), Post 15 (p
< 005), Post 20 (p < 0.05) THEIIMWH L 720 ARHF
FEDRERD B, RPM OEB I T 7 { GEB L D
IARAF L C RIASHEER L, after effects dFffe L7z 2 &
WL NE o Tz, Fhz, #GEBEE (160°7/s) T,
HEEFUARAE LT RIANE R L, after effects b Ta fH
SAHNZ 15 43, D1 Bl 20 0 % THiBt L 72 2 & a8
BHOMNE o720

<9EBR 3 > HEEHHIPHIC X %

R FRAN 164 (K8 4) & L7, il 2
RO FEER TV A »C, WEEE I 1607/s, i ARERIZ
1047 & L, RPM o E & PR IZEBIHI T 10° 7 5 i
Jii 10° (80-100°), kEJH 10° 2 & i)t 30° (100-120°)
D25ME L7z RIOFHINZER T, 2 LML L7,
ZOMER (M4), 24M% DI Pre & LKL TRI O
WILRRO Lo Toe RIFFEDOKE RS, HEYFEPH I RI
OMWBICERE LR ERTH o RO E R o7,

3ODEERD T R, RPM % /- AKER 10 45,
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JE) A 160°/s, B #FAIEE 30°— TE 10° Tk d RI
SBEER L 72 F 72, RPM @ after effects (&, Ia A5
HE A AT 15 45, D1 #fNE A Atk 20 4 F cHIfl o B
SRR L 720

RI % 50 S & % KA RIL O Ai: & LC, PES 2°%
CHE ST D3V pES 13k Ta M %
FERIHE L, Ta#pHENfE= 22— v & PAD /18
Sa—n YRGS h, RIZMImsEs P, o305
i BRMMREON—TTRIZWBIELMNAETH 5,
SR Ta #iHE O T 12 BI 55 2 9 5 8 0 56 KOS,
HOMERELMEINLIESVIIS L THEMT A L
DHE SN TV S %2, RPM TORE D FEIC, HUE
T & BB FEPAA%A V> RPM T, T IEE 5 o i ¥l
25 OROE Ta BEHEDOZEIFEEHDSHIM L, Ta FHIVEA
ff=a2—0 & PADAMTE=2—0 UHNEMEL, RI O
B S L CWw B et R S iz,

SET R EEAE <, EEYHIFA 2L <, BB AL W
RPM T3 RI @ after effect #¥15 45 (Ta A 5CH0H]), 20
55 (DL #PH)) Ffe L7z SEATHIZE T, RIOHRDS
PES B CIZ I A 5 10 43 220303930 - \ip o
anodal-tDCS Tix/r Ao 20230 iTBS+PES Tk
1543, anodal-tDCS+PES T 10 ~ 20 4+ 2730 i
T 5. AWIFETIZ PES Bl (10 47) &I L T RI 0
HIRER DR (15 ~2047) &4, PES & iTBS % tDCS
BERHAGDELRH L FZE D after effect L o720 F
72, PES T Ta tHBCHIHI 0 AH] L 5 55, RiFFET
& D1 #fill ¥k S 7z, PES 13285 — b3 Nz JE4E
PG 70 B AR B0k LT, RPM T e W2 B ffi s
B 2 & T, Wik 5RO Ta MUHELZ AR T 70 56K
DAL, TadlHMEANE=2—10 v & PAD A FE= 2 —
OO 2GS RIVRIR S b, S512,
SHOIEREE LT, RPM L HH LM (JFIC SMA) 0%
MEMALDENI, RIOWMBASSICMHETE L
25D

BbH I

ARETE, RIBGRISEIERN A ANEIZDOWTHE A 28
CNFE TICHEE L 22N WTREA L7z 4 ORGE
OFER, WAL TIE, SMA ~o tDCS # 15 4 A9
52T, LatHRIIHENIIA A A 54 AER T T, D1
PHNE A AR 25 10 5% F CHmT 22 L BH L0k
o7zo SMA QBN XA SE L LT, WREE
B o BB AL, RIOWHENME=2—0 v %
WS DM REEARIE Sz WIS, ERRIE T,
RAGABE)EB) % 10 A AT 2 2 LT, Ta AHECINHNZ
A 157015 £ T, D1 #IHNE A A% 20 45 F TR
THIEPRAS N ERoT, T2, BATMEOHTHA
RERIE 10 /M & e b 48 <, after effects (& Ta A BCHNH,

DI ¥l & Il b Rkt LAV A AL oz &
DA ABERFIZDOWTIE, RPM 2 X 5 fisEo 5KE L
7R & A & o T, WiEED S ORLEA LSV A
12 & o T Ta #AEDFKIEMAS RT OFIHIPENFE= 2 — 1
VRSB REEARIE Sz, 5, SMA %k
He& L7zl & RPM % BF 1 S8 RIIRIC RIT T
BRPLNPIL TV ZET, SRR RN AR
FRTHIENTELLEE LD, TNHORI BRI,
I ZE B 2 1k U &9 B R 2 ] IR IR % S S8 %
R RIVNE) F—2 a vOFEIILRDLEMELT
Wb,
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Effective Intervention Methods to Improve Spinal Reciprocal Inhibition

Ryo Hirabayashi'
! nstitute for Human Movement and Medical Sciences, Niigata University of Health and Welfare

Spinal reciprocal inhibition (RI) is an important mechanism to carry out smooth joint movements and optimize gait.
This mechanism includes disynaptic RI and presynaptic inhibitions. In disynaptic RI, direct synaptic coupling from
primary afferent (Ia) fibers in the main operating muscle inhibits the spinal anterior horn cells of the antagonist
muscle via Ia inhibitory interneurons. In presynaptic inhibitions, afferent Ia fibers in the main operating muscle bind
to the terminals of afferent Ia fibers in the antagonist muscle via depolarization of primary afferent interneurons.
Through these inhibitory pathways, RI works to inhibit excessive muscle contraction in the antagonist muscle,
thereby enabling coordinated movement. Upper motor neuron disorders and aging cause functional decline of the
RIL In recent years, the RI enhancement method has attracted attention because the decrease in RI function causes
excessive co-contraction. Brain stimulation and peripheral stimulation are effective interventions for RI enhancement.
Therefore, we focused on stimulating the supplementary motor area in the brain and on repetitive passive movement
in our experiments. In each stimulation method, RI potentiation was observed at a shorter intervention time than in
previous studies, and the after-effect was sustained. We believe that these interventions are simple and inexpensive,
can decrease excessive co-contraction, have a high spillover effect, and can be applied in rehabilitation.

Key words: H-reflex, Transcranial alternating current stimulation, Repetitive passive movement, Electrical stimulation,
Primary afferent fibers
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To Solve Problems Caused by the Dual-task Interference

Takehide Kimura®
! Department of Physical Therapy, Faculty of Health Sciences, Tsukuba International University

When we perform two tasks simultaneously, we often cannot perform each task completely, and performance in
either one or both tasks is inadequate. This decrement is defined as dual-task interference. Dual-task interference
causes various accidents, such as falls. Thus, dual-task interference is one problem that physiotherapists need to solve.
To repeat dual tasks (i.e., dual-task training) was a famous method to reduce dual-task interference. However, the
effect of dual-task training might be limited to repeated dual tasks. That is, it has become clear that the transfer effect
of dual-task training might be poor.

In this review, we outlined the methods and limitations of dual-task training. Subsequently, as new methods to
reduce dual-task interference, we presented potentials for transcranial direct current stimulation and cognitive tasks.
Through this review, we hope to contribute to the reduction of dual-task interference in clinical fields.

Key words: Dual-task interference, Dual-task training, Transcranial direct current stimulation, Cognitive task
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Relationship between Medial Tibial Stress Syndrome and Mechanical
Properties of the Posterior Lower Leg Muscles

Junya Saeki,! Noriaki Ichihashi®
! uman Health Sciences, Graduate School of Medicine, Kyoto University

Medial tibial stress syndrome (MTSS) is considered to be a microinjury at the junction of the tibial periosteum and
fascia. The most common site affected by MTSS is the attachment of flexor digitorum muscle to the posteromedial
border of tibia. The development of MTSS could be related to the mechanical properties of the toe flexor muscles,
namely strength and muscle stiffness. In addition, a history of MTSS is a risk factor for its relapse, suggestive
of some physical factors associated with MTSS development in runners with a history of MTSS. Therefore, we
investigated these physical factors of the posterior lower leg muscle such as strength and stiffness in runners with
a history of MTSS, who did not have pain in the lower limbs on the day of measurement, using a newly developed
toe flexor strength measuring device and shear wave elastography. The results showed that the runners with a
history of MTSS had higher stiffness in flexor digitorum longus and tibialis posterior muscles and increased plantar
flexor strength of the first metatarsophalangeal joint, suggesting an association between MTSS and the mechanical
properties of the toe flexor muscles.

Key words: Medial tibial stress syndrome, Share wave elastography, Toe flexor strength, Running injury, Muscle
stiffness
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