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The Mechanisms Leading to Tendon Lengthening and
Tendon Strength-recovery Deficiency during
Achilles Tendon Healing Process

Moe Yoneno,l'2 Koyo Nogi,1 Takanori Ito,3 Yuna Usami,! Takanori Kokubun®*

! Graduate School of Health, Medicine and Welfare, Saitama Prefectural University

2 Japan Society for the Promotion of Science

3 Researcher, Graduate School of Health, Medicine and Welfare, Saitama Prefectural University
1 Graduate School of Health, Medicine, and Welfare, Saitama Prefectural University

Muscle dysfunction remains semipermanent after Achilles tendon rupture. The main factors contributing to this
are reduced force transmission function due to tendon scar healing and reduced muscle tension associated with
tendon elongation. The relationship between these issues and the mechanobiological mechanisms of the tendon
healing process remains unclear, preventing the establishment of physiotherapy strategies. This study aimed to
elucidate the effects of reducing the tensile load on tendons after Achilles tendon rupture and suture on tendon
lengthening, strength recovery, and collagen maturation. We used a mouse model in which mechanical stress on the
tendon was controlled by joint immobilization and muscle paralysis. Muscle contraction-maintained mice showed
that the tendon length ratio and the maximum failure force returned to the same level as on the non-operative
side at 4 weeks after surgery. Contrastingly, muscle paralysis mice indicated that the tendon strength remained
inferior, and the length was elongated compared to the non-operated side. On the other hand, collagen maturation
and stress were still limited, even though muscle contraction was maintained under ankle immobilization. Our
result suggested that unloading the tendon early after Achilles tendon rupture surgery, particularly restriction of
muscle contraction, leads to structural changes in the tendon and contributes to permanent muscle weakness. This
study reveals negative aspects of tendon unloading and the necessity of muscle contraction in early rehabilitation
after Achilles tendon rupture and suture.

Key words: Achilles tendon rupture, Muscle weakness, Tendon healing, Ankle immobilization, Muscle contraction
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MEERE 2 O MR ERIC LV EEs T, VM &
VL Tld, WHiGB08ETH 2 WG ENORIERH
B BIAR A, MR TR 2 2 bh s Tws Y9,
DEoER2S, HFEREEICBTS VM E VL O
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REBREY DN Z RN THAET 5 2 L, BB
1EH# 7 kinematics # MiFF 9 27O ICEETH %,

VAR, REMHEM D S5SNI 57— 7 BN ok
12X o T, fll4 QBB HALZ 551 72 565 7 oA SR ED o 1
WMAPEOND LI o TWD, EHHEAIE, 12D«
R = 2 — 0 V2 ko THE S N HHMER ORI TD
D, IO RMERE AT 5 O B, A
A DN E VBB AL & K Z VBB FAL IS AT TR ED
HEE2) 7 Vv—bx 2y e, 88 LESRAOIK
% (Motor unit Firing Rate : BL'F, MFR) %[ kX
el —ha—Fq vrickoClsns W, g7,
HEHAALOWGEENL, MHICHIEE N LD TIE R, L
DEBHAL T — V2 A LCHBES D P, Zoms)
AL OWEEY Sy — 1%, #HERNSIEEVEA ORIE (Motor
Unit Action Potential Amplitude : L'F, MUAPavp)
7213 MFR, A#h28 BB (Recruitment Threshold :
PLF, RT) #%BiBE 2 & 0B LTl 5 N5 mUR AR
DX LI L) EHTEZ WY MUAPAwp (2 RT
NEWIFEREL 2D, J 4 XOEHIZHE ) {HH) 5 —
v &RT 9, $72 MFRIZRT 2MEVIEEE < A D,
F =k Y AR Y OBRIHES Ky — v ERT
INSOEREMIC K o TR SN L B AL OGS/ <
Z— 0%, ERENDZ DI URD ORI h b
B il e R ER B & JEIR T B IRIE L B 70, AR
HEOVME VL 2HubE LT, BADORIENR LR SINT
Wb,

INFTIZ, HEREEDO VM & VLIZBIT 48D
AL OB N — 120 W T, UTOZ ERbroTn
%, Chalchat & ' & Valdes 5 19 13, % Rk i gt
AUEP O EFXIIZBIFS MFRIZ, VL XD H VM T
AEICHVERE L7z, $72, Souza & 20 13, HRM
M E R O B H X BB W, HEdlhz MFR, Al
IZRT % #fi LTSN 5 EEER (MFR-RT) OY)
FiZ, VLI Db VM TAHRICEVWERE L. Thb
DFERDN S, FHAEEE H O FMED 2817 5 MFR
X, RTOKEZII2b5T, VLLDDH VM TRV,
LoLadss, chEcoms ¥ cig, desrs
HDOAHRD LLEBRLRGELTEY, EEjHAOES)
¥ —> b MFRICBHEL TV b, HEREHICBITLE
— MG W & xS L L72#f%EClE, MFR-RT oYK
BEUELVI LU THEICEV EXHEIRLTY
20, oF Y, EEREHO VM E VL OBICAELT
% MFR @3 20 13 MRlo@ eIz k> TELT
WBLWREEA K> TWwb, T/, MFRIZF=F Y 2%
Y OYGNINE D A e BB AL OISR Y — VIR
T LT, MUAPAvp 1, EBHEAZ O A4 X TH
L i RHE AR R Type DARHELLER & v o 7GRS 72 0
P ey 2 2% 250 MFR & MUAP oyp D 2

DDINTA—F D T EIx, EEHLAL O A BN D
RS2 R e E I A ) = XA B3RS 5 72D I EE
Thbdo Lo, HFEMMEED VM & VL IZBIT % HEE)
HWALOIEE S Y — L IZOWTHIRT 5 729121, MFR
& MUAPAMp & DB IZOWT, RN T729 2T
WGESTRETH 5,

UboZ bnrs, Ko BIE, HFEERED VM
& VL IZBU 2 EEHALOWKEY /35 — > 2 RN 51T
MRET 52 L& Lz RIFROFERIL, PRI VM &
VL &\ o 72 2 O OE IR S vy, TREBIFRN 2
SEEY AL DTGB S 7 — ¥ DENIZOWTILIRT 57200
HEEEmE R T 5,

;] &

1. #gH

ENTTARNIE EACNIN |5 N i e
YPE 10 4 & PR P 10 % & L7z ARBFE O BybIk
Hi, R e FIICEIRIVER B O BEAEIE B & O
DD, HEAETEIC B CRE L I <
WA AU S, FMBGH 6 » ARTL D E 3 EY EAD 1
H3055EOTFKBHLIYAY VAL —=2 v T %5HE
LT 2, RS, T S A A
U E L7ze AIFEIE, ANVY U EFEELSCICA
R & B R RIS BT B MEIREHCH 5 T o
72o WEFHIE, WROTEE % HHHW LS 2 TR
CCREZ B, BB, ABEE, REBEBEAEONE
T T 5 EFRMEMEER R TR KRES
i PE 21036) %572,

2. FHAEE

PR L SRR Sy & U7z SRR
B0 v 2 o FFMZ, Biodex System I (Biodex,
Tokyo, Japan) %Ml L7z. HlBALZ, X 1a l2Rd,
AR IE, TREBAE 90 BEJR A, o lEfr 4588 & L, il
KERER EAKERIZ A b5 v FICTHEE L. $72, FHIT
e D KBRE M LR 57 4 € A —F i, IEFPNEEAL
W JRER A T XV ML B KD, BT E AT o
Too BARMZ25HAERE L, AR TREEIGE (% Maximal
Voluntary Contraction : L', %MVC) & L7z kbl
B (Maximal Voluntary Contraction : BL'F, MVC)
Z2EERLZOL, MWz MV ORREE LTl
M L7 WIS, PV7 OmRKED 60% = HEEMEE § 2%
BRI RE O G %2, BEEIHE Lo B2 L
720 FHMGREBREE (X, VL % ZE 9 58 AL 85 F
BLEAS60%MVC Tl Shs P o rickonT,
60%MVC 123 E L7z RIZIHIVE L, S5BHo T~
77y 7HIE (12%MVC/s) & 25 o7 F b —HiH
(60% MVC % #i) BLUOSBMDT v 7 & v K
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1 EFHRAL
RIS, WEBYET 90 BE AL DFEALZEZ & L, MPRBRER & ARRICH A b T v T2 ¥ L7z, £72, &HI
TRORIREHSMI BN 574 FF X —F i, FRE PRI 70 DAES 5 &)1, MEOHEE
’?TO f:o

(12%MVC/s) THEER L, #HE74 —F v 7 TFod L
VTN A LTEBETS2b0L Lz (K1b). HET 1 —
Fo3xw 71%, EMG works (Delsys, Natick, USA) 1ZW
X N T 5 Profile tracking ¥ A7 A &M L THEL
MLV TF—=8 DA FIZ, TEDLETFEVERE
JetiiE M v 7 RS2 b 0L Uiz, SEREMBME N
V7 D F — %1%, Biodex system Il * 5 EMG works %
MALT, FIL7z Zeds, SERMERME MV 7 ORAMHE
i, MV ZEICTREE (m) Z8NTTHRE (kg) THRL
724t (Nm%/kg) %$RH L7

3. EIMHENT— & OIUE

9, AfETiR, K7 v ba—FAMUBO (s
R, AA) 2 LT, VM & VL OEBOMH
MBS T AHOELZ )P RV EZ2HEREL, o
PODOEMBAZDNZ, ZO%, HEXZFHNNT S
DIZ, AF a7 (HANE, BE) CTEAMBMAHEBAL
LB EEFRBEEEL, WO RN SR % —
VHNTF—FTHI5720HIZ, TV a— VTR ER-
720 FMEMHTEX T — #1E, Trigno Galileo Sensor (Del-
sys, Natick, USA) ® 4 DODFBMH 5, VM & VL 12k}
LCUEEL 7z, BisEm (B4 X 01 mm, JBIK:
P, AR 0 5 mm) OWAFEAZIE, SENIAM O
EE AL LT %), VM T, BT A & KRR
BN B E ComAr 70% ORLE, VL T, LEiEE
A & WA AR $ T oA 2/3 DhifEE Lz, B
EA (BT A X 01 x 5mm, IR BRI EARR I
BE 010 mm) OMGAFERALIE, KBRDUBE T B 223
& L7ze /4 XD WEKHAMHBROT— 4 2 UET 5

DI, HEREOIGENBAIRIEA 40 uV INTH B Z &
EHERR L7 RTHIRE PO REHEK O 7 — 4 13,
2222 Hz DY 7)) ¥ T JHBHEAH S 20 - 450 Hz DN >~
RRATANE—=I2EoTTA VT Y v ENHEI,
EMG works IZHD A A 72,

4. KEFHER T — & OfFHT

FKEHFEMX 7 — # 1X, Decomposition algorithm (Neu-
romap, Natick, USA) X - T, M4 OEEHAT (255
L7z 512, MUAPawp & &8 AL O 56 K e % 50
L 726 MUAPaMmp (&, Trigno Galileo Sensor ® 4 2 @
BEMD S, BilbI 7 v 7L — MO R KIRE
P L7AE R L7z BBV AL ORI, i
#5 2 I (decompose-synthesize-decompose-compare
H) ko THEESh T KRBT, &EB)
DL, FHAKEBO—FEN G U ETHo7T7—%
DB, I LD, KBIEOT Y M H A THD
HE) AL OB 8 Y — 1, MUAPAMp-RT OfH X &
Yh B L OMFR-RTOM & L8 v & L &b,
MFR &, BBNMEED 7Z =6 174 (100-
150 #) 12B1F 2 BB HAL O 5K FE O #H0 & 0 S
L7zo $£72, RT &, #EHIEMSEHE SN0 M vy
i L7zo JBATHIZEIC 2 D, REFFETIE, EEjHALO
WE) Sy — 2 R T IR EHOEE L 2 BT 50
12, R A SR A R 4 R L P A
WFFEICC, BIRIGHEE T ISR S N2 4 DDOEBD 5
O NGB B I B & O MUAPAMp & MFR
D—Hl %, 2189, 72, AEOT 7 M HATH
%, BN OFE) /Y — 2 O—F %, 3IIRT,
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) \/:EO.I
it —— e
El
E
% 0.500!2
0
20 7 40
5 (ms)
1 0 VD 0 O
I RN AR R |
< AR AR
NN T L T
N e a0 |
% 50! IR
% N T
ey -
% ‘\‘ w H\l ‘ ‘\[\‘li ‘\H \:H ”\M I\IIH‘ ‘\H‘\‘
# | W ———
i
N T A
‘ R R R
12.5 39.5 10.0 15.0
WA (s) IRER] (s)

2 FHFEED OSSR YEEME NV 2 L8N OTE B R IRIES L U5 KHEE
KL D4 DO\ S5O NI HATEEEMZ R T,
AL EBEAAOEBEMIREO T > 7L — FEEEZRT. KPR, Chl 2560
7AGEEAARIEAT 01 mV ThH B Z & 2RT,
LT L SRR bV 7 & KB AL O3 KRR % 7R3
AT EBHEAORKBEEDT 7L — beRd. KPofiix, 57 (100-1508) <T
50 K L7z 2 L 2R T o O, BEPEAOFIIENBEIL 10 1/ & %5,

(%)
=
J

Oy=-048x+3125 3¢ - Oy = -0.48x + 31.60
@y--0.37x +26.23 @y = -0.38x + 25.07

N

wn

L
- NN
N S W
L L L

- N
wn o
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a4
cjl

R AKHEE (pps)
=

& KEEE (pps)
=

5 - 9.8 5 -
0 , , . 0 , , ,
0 20 40 60 0 20 40 60
BEME (%MVC) BEME (%MVO)
0.35 4 Oy=0.32x-0.03 035 - Oy=0.27x-0.01
<030 | @y=0.40x +0.01 ) 2030 | @y=0.35x+0.04
£ 025 | Eoas
g 0.20 - B 920 -
Q 0.15 - g 015 - ‘Q
1{% 0.10 - o0 - @—@’
& 0.05 - & 0.05 - Q--
% 0.00 : : o8 000 : : ,
0 20 40 60 0 20 40 60
BERME (%MVC) BERE (%MVC)

3 B LMENEN 1 ZOWEE D S5 LN EBEAOWGE) N5 — v Of]
KB & T RWMAR, A LEA FIZAMARHORELRT. BREHE, AL
PR FERIIB O BRYFIERE, BRIk YR ERREZ R T,

W55 - pps (pulse per second), MVC (Maximal Voluntary Contraction)

5. BEET— % OWE & HAT WA, KRBREBASHE M\ BaH U 72 W2 AL & L 720
VM & VL O FHEEE, #7 v b xa— FAMUBO $7:, VM & VL OFHIET I, SENIAM o [Eps ki 20
D75 MHzZ ICEREEI N =7 Fa—7ilza—¥1) — ICHEL 720 VM & VL O THIFREO—fl %, X4 1R

(GE Healthcare, #xt, HA) #&A L CEHUL . & 9o VM & VL O FHIARE X, WY 7 b Image
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H28 BT

4 BLASH & MR O Bz T HLRRE o &1l
T HAMRE O 7 — 71, W{EE Y 7 b Image ] ver.l4 ZiH LCHE L7z. Koo F#RLE T
&, T HARE &R,
Kb B PINERG O B2 TRk S 2 EHI
Fi b VO IR o B TR0 B FHI GEIS
FEF - BYEOAMNL O B AR5 2 FH I
FF 2 e EOAMINERG O B2 R0 2 FHGEIE

J version 14 (Java, Maryland, USA) 2 & W 8H L7z,

6. MERTHENT

i, o, 1A%, Body Mass Index (LLF, BMI),
RERERERE NV, R TFHBREOMEZEEZ ]S I
4272012, Shapiro-Wilk BEIC & 5 Z B IEHEIC K
DE, WIS %Wt HE F 721E Mann-Whitney @ U #
EEREM LIz T/, WEHHA O (Y — 1285
TEBIZE & B EE R O & FE RIS R 5 5 xR & R HAEH
DAEE 52T 572012, ZIChLE BT & FEiti
L7zo B2, WMRBEBIKS B WEBWNRAEERTR
BRI U750, AL ST I8 L R
TH 5 n® OBMRHUE, 001-0.06 T TE/N, 0.06-0.14
FTEP, 014 M EE AL LY, #EbLEziE, SPSS
version 280 for Windows (HA&7 A - ¥— -« T4, Tokyo)
L7z AEAKEEX, 5% & L7

b R

L BEARER A1 & BT HIRRE O 2%
AN REDI B, B 442413, EEH

GEBEY

POFET 85 — > OFREETH 5 YR ER BT 5720
LB BB AR ERIBCTE R o72720, AL
720 £oT, MG EKIE, B ks 4
DF 1T E 5T HE (p <001, BIEL72+004m :
LZPE16]1 = 004m) EAKE (p <001, %6378 =
6.64 kg : &P 5017 + 359 kg) B LU BMI (p = 0.02,
Bk 2150 + 2.27 kg/m? %Pk 19.31 £ 1.09 kg/m?) 12,
XD BBEUTHRICE» o720 VM & VL O TH
RIE (VM :p < 001, %1043 + 015 cm, %1% 092
+0.34 cm, VL :p <001, B4#:0.30 = 0.12 cm, &70.64
=012 cm) &, TNEFNBEL ) DL THEEIIED -
T2o T, LHEOHA, BRTFHMEEII VL LD VM
THEIE 72 (p <005, VL 064 = 012 cm, VM
092 * 034 cm)s BUEOWE, WMETFWITAETIEZ
WL OO, KM ERRCE THMIEIZ VL ) b VM
TIE A 5720 (p =005 VL 030 = 012 cm, VM 043
+ 015 cm)o E# (p = 022, Hk 2344 + 274 7%+ &
2162 = 1407%) & RS RERME MV 2 (p = 006,
B 123 + 025 Nm?/kg : %7 1.00 022 Nm%/kg) 12,
PN THEBRZEE R D> 72
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F 1 EBHALOGE)EAIRNE & B) B X 2 BRI 2 ZICECE ST O R R

B 7 FRR IR S
SEHAEH n
P A HMALE 5 P A HMAE 5
PR p =001 % MR 017 7
i % (mV/RT) 041 = 0.11 043 = 0.25 035 * 0.09 021 = 008 il p =030 5% 003
ZH :p=016  ZH :006F
PR p <001 % MR 0307
F (mV) 002 * 0.35 023 = 0.25 -046 * 0.37 -0.07 * 0.29 Wi p=001% #0197

ZRH.:p =040 ZH. 1002

it P e = AR AR
A *ip <005, Tk, hogi
W&iE © RT (recruitment threshold)

K2 EBHAOFENBUE & B) BB X 2 BGEHI 3 2 ZIehCE 550 HT O R R

G 27 ESyIES FIE S
ZHAEH 0’
NI L 5 AMAL PN 5 AL
PR p =008 MR 009 F
% (pps/RT)  -040 * 0.06 -043 = 0.07 -051 * 0.08 -042 * 0.08 il p =028 5003
ZH p=002% ZH 0157
PERD p <001 * PR 0317
YIH (pps) 2495 * 261 2372 + 342 32.26 * 558 2685 + 457 iR p=002% 90157

ZH. :p=0.14 ZH. 1 0.07

fill : P = B R
WE T Ip <005 T KoOBRE, o
m&iE : pps (pulse per second), RT (recruitment threshold)

2. EENHALOIEEY N Y — 2 ORI EE R & EE R R

T BHRHEANEH L ER)R

W HALOWEE XY — D9 B, MUAPAMp-RT @
& LU I3 2 W B R & B R o MG SR &
F 112K To MUAPAMPp-RT DM E LI D ZFNZFh
T, MMEREMNERICE ALHE/HEZ RS ol
(& :p =016, YIF :p = 040)c MUAPAyp-RT @
Yhix, VM &0 b VL THE L, HERICAERERERD
BLROERAER L (p =001, n° =019, F7,
MUAPAvp-RT O X 3 LML ) 3 BHTETH D,
MUAPAMp-RT YR IZ LML D BHTE L,
ZERICAERREDR L ROMREEZ R L (HE p =
001, n*=017, &8 :p <001, n°=030).

B HALOWEE S Y — > D9 B, MFR-RT O % &
YIRS T 2 N & R ER O S#E R %2, K212
R¥o MFR-RT O X 1%, MBI ZEN & HRHZERIC X 5
HELREHEHE RO BERAR LY (p = 002, 5° =
0.15)c MFR-RT @413, VL kb VM TEL,
MERICAEEZERE RO EREZR L (=
002 :n*=015). ¥72, MFR-RT O}, BrELY
bUMHTHEL, MWHERICAE R EMRE KO Ra%
FL7 (p <001, n°=031)

% £

1. KROZY

AWFEIL, FHAERTHDO VM & VL IZB ) 5 S f) i
PLDOWEBY 8 — 2 2 RN/ THEE L 720 2 DfE 4,
EEHAT OB Sy — 0, HHE VM B XU VL O
BT, UTFOXIICHRDLZENHLNERST, 1)
MUAPANMp-RT O R 1E, &ML 0 B, VM XD
b VL TR, WIEREHNERNTHEER IR LK
ORPEER L2 2) MUAPAMp-RT O 13, &tk
LD LHEUTATHY, MHIERTHELZERMR L RO
MPERZR L7 3) MFR-RT O8I, BHEL Y D
7Pk, VL &0 d VM TrE, MERZER & HBlER <f
B EMBREROBMPEEER L, 4 MFR-RT O
X3, BEMTIZ VM, ZWTIE VL TR LREmICSH
D, WINCX 5 TVM & VL O AL iGE) S 7 —
YRGBT ET, WHIEREHRIERIC L 2HERE
TV & ROMPEZR LIz, THODORFIE, T
WHENIBU DR EE AL OWEE) Ny — v 2RT L L
DI, WP BB A OWE N Y — VDN IZD
WCHMR T 2121, R 2 OFF OENTEET 4
ERHHILERETDEHDTH S,
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2. EENHEA OEEY S Y — TR LI &R
RO HAEH

MFR-RT O %13, BT VM, KM TIR VLT
R BEEIZHY, WHIICE o TRESD VM & VL
DOEFNEAL O 87 — R L7z, ZDFH, MFR-
RT O &1L, MR EENERNTHEELREIER L
KOREFEEZR L. ThETIZ, MFR-RT O %12
35, MBIER & PERIERIC X 2R HEAEH 2 MEE L 72
W7o MFRIZ, X D IKBIMECTEH SN 5 Type
[HHMITIEBW, F=F VA% v OBBIHE D [EH) /<
y— gy D 12, A% TIE MFR-RT @
HE &L, ZhZFN Type [ ML EOR S LHE
AL T2 V%2 Type THMEEIZ, VL XV
VM TEw ¥, L7:24%5 T, MFR-RT O % 1&, VL
DL VM TR TH S ERFHEL T/, L2LE
DS, AWM SGFHICHF 5 MER-RT O X113, 5%
TIEVLED D VM T2 RBEMICH L2 D00, &
BETIZVL 0D VM TELMEINCH 72 ZOHHE
LT, A, HATWIZEE RUTFE TR SN2 L 55
W BRIE D hb o 72 L E 2TV b, BT &
AT THOR N 2FHIEEMR L, 2 40%MVC
X 60%MVC Td -7z Fuglevand & ¥ 1&, MFR-RT
DOEE LB ZRT Type I #MEOFIBIX, BXZ 40%
MVC £ TLHELTWAE, 20720, AWZETRR L
FHH AR R EE TR, 40% 2 5 60%MVC I2AF T, Type
I X093 Type DIMEDEE S N ARV Type
THEIE, BrEE ) b, VL Xy b VP <
S\, 20720, Type [ LR OR S HWHllASD
ETHALELED VM Tk, ZHEOVLRBEO VM B
TOVL X3, KBIEIZE MFR 3% <, SBEIEE
MFR W2 £ 2 5Nb, TORE, KMo VM T,
B & BB CEY B S A EB) HALO MFR 725K
&<, MFR-RT ODHEDSZII o7z EHEW L 7=,

3. EEHALOIGE N Y — 0T B MR O TR

MUAPaMp-RT O X 1%, & ) HETATDH
D, HWIERTERLZFNELERKOMEEEZRLTB
D, Trevino & ¥ O & —3 L7z MUAPAMp-RT
DEED, ZHIVDIBUETETH-o BB E LT,
Type I #AHEDTAKABILR L 72 HeMED D 50 MUAP
AMp-RT OB EHZATHD I Lid, W RT L&V RT
THE S NS MUAPAMp DEDPKEVWT L2 EKT S,
BRI EELD b, R RT OFW Type I ##ED
HeseA s < WFETRE bk 3 s 279 Type I o) s
B WIRIASA X WIEE, MUAPap B 2% 2
D72, KIFFETH, MUAPAMp-RT O &1, ik
FDQBHUTETH -7 LN L7z MFR-RT OYIH
X, BHLD LM TEL, MINERNTEER ERHR L

KOB %7 L7 Parra & 2V o5 TIE, 10%MVC
Tid 7% < 70%MVC IZFR Y, MFR-RT @’c)JJ##%ILt
D HLWETHEBIIEP o720 RTEOMERIE, AT
520 DERELFH L2, SHETIS, BHI) LY
® MFR-RT OYIFASEN A 5 = X 22DV TS 22
SRTWAVWLO®, Parra b2V 1k, KHETIEBMEL
DD, WIS OB 55 RMEIGHEREIZB W T,
MFR O EDSENT TS b —IET AR IZOWT
BTV T gy TR, EEREOSRYE
P E O ZRITICH 720, &% MFR O LB L
SEKBE D FIZET 7 Type 1 0B B X e v
KEAE T MFR % 0] | &8 2 85 %2 B D 23 Wil agtE 28
55, w22, MFR-RT 0¥ &, BMI) LK
BTETH S ZRDRT W, REFFE TS, FFEH S & E A
60%MVC & 264705 2V @ 70%MVC & FPL L T w727
B, FRRORERPESNITREMED D D, $72, TOR
L, AR RO 1 DEMHHADIT LI L TEX L0
L, ARBFZETIE, ZHEICHRY MFR-RT O X1
VLD VM TAaTHo72o VMIZVL LD D, FX
BEOMLELR T W Type ITHMELLENEH W &0 5,
R 0 & R NGH SR E O BATIZH 72 - C, EE)HAL
T =V OBENR & E T AEBEE ) 25 0o 72 RENE
Wb, MUAPAvp-RT O R 1X, XX 3BT
L, WNERTEEREDRE RO EEZRL 2
Trevino & ' O#WETIE, VLIZH1F 5 MUAPAvp-RT
OYRITERN THEEZE I D 5720 Lo T, KWFFEORE
AL, BATIROR R E Bl oo ZOMMELT, K
TRARE OVEED B 2 KT L7222 D 5, MUAP
AMp-RT O E 22 TH D I AE v L1, RT &k
%3l LT MUAPavp A58\ & & %75 % Barkhaus & %
¥ Roeleveld 5 ¥ 13, HEHEREIC X - Tiadk L7
MUAPayp (&, K FHBRE O S IV % &
7z, ABFETIX, Trevino & ) o#i L ®i Y,
TEERU TR THEELY~y F 7L TBHT, Bk
I LKW TR THEBERAZEIIEr 70 FD0
AFZEICBNT, B FHMEOIENZ T, BHELD
b MUAPanp 23E) B BE AR TR L7258, MUAP
AMp-RT DY & F B A - 72T HEME D D 5 & e
L7z

4, EEYHALOFEEY S5 — xS 5 0 5 E O ERhHR
MFR-RT OYF1E, VL X0 VM THEEICEL,
MENTHERE L FRR L RO E % /R L7z, Sherman
5% Y T4, MFR-RT ®¥}ik, VL X9 b VM
THEPo72. £oT, RWFSEHRIE, LITiiRoRR%E
XFEL720 MFR-RT OJF 25, VL £ H b VM THW
HEE LT, VM & VL IZBT 2 ik O E1 70 i 0
DWEFR L7t 5o VL ALRAGER A & 45 1R



LA R 1

TR I CH B MET NSRS S DS, VM
AR A & 45 13 230 TER 2 I TS BLAI S
%200 g7 VL o BRI EREE VM O 2
Bchs P, CnooRE VLAVM L) LB
FFIME T MANO N LR T WS> Tnb 2
LERT . ZOMMMEOREEN AKX > T, VLIZ
VM LD bEWMFR #5343 8 b, FUITOER
ENBERVEBMIEREZ BT CE WY D 5o

MUAPvp-RT O8I 1E, VM L0 3 VL TE L,
WENTHEELRFIREKOMERZ /R L. TNET
12, MUAPAvp-RT Y F 122 WT, VM & VL Tht
B L72MmE v MUAPAp (&, B HAIO YA X
TH 5 MM AT Type IIARHELER & v o 7RG
BEEOMIC, B TRLERE b i 2 DA gy
WFFEClE, VLIZVM L0 b, HErmEIEKE { Type
IS 39 F 70 KRR S EIC BT
B TFHEE L, VL X0 VM TE» o7, B FHGRE
12X %5 MUAPAvp P, RTICESTaMEKZEL
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Motor Unit Behavior in Young Healthy Subjects Differs by Sex and
between the Vastus Medialis and Vastus Lateralis Muscles

Daisuke Kuwahara,l'z Masahiro Kuniki,2 Takuya Umehara,3 Nobuhiro Kito™*

! Department of Rehabilitation, Saiseikai Kure Hospital
2 Graduate School of Medical Welfare Sciences, Medical Engineering, Hiroshima International University
3 Department of Rehabilitation, Faculty of Rehabilitation, Hiroshima International University

The purpose of this study was to examine whether motor unit behaviors would differ between in vastus medialis
(VM) and vastus lateralis (VL), and between males and females. Seventy young healthy subjects (8females)
performed a trapezoidal task with a target value of 60% of their maximum isometric knee extension strength.
The EMG waveforms obtained from the VM and VL during the task were decomposed into individual motor unit
action potential, and individual motor unit amplitude (MUAPawmp) and firing rate (MFR) were calculated. In addition,
the recruitment threshold (RT) of each motor unit was calculated using the knee extension torque. MUAP amp
uses the average maximum amplitude of the rectified template waveform from each of the four electrodes. MFR
is the inverse of the firing interval in the first quarter of the plateau period (5.0 s) during the trapezoid contraction
task. The activity pattern of the motor unit is shown by the slope and intercept of the regression line obtained
by scattering MUAPayp or MEFR on the vertical axis and RT on the horizontal axis for each participant. The
value of intercept of MUAPayp-RT were higher in males than in females and in the VL than in the VM, showing
significant main effects of sex and muscle factors. The slope of MUAPAMp-RT were steep in males than females,
showing significant main effects of sex factors. The intercept value of MFR-RT was higher in females than in
males and in the VM than in the VL, showing significant main effects of sex and muscle factors. The slope of the
MFR-RT tended to be gentler in the VM in males and in the VL in females, indicating different VM and VL motor
unit activity patterns by sex and a significant interaction between sex and muscle factors. These results indicate
motor unit activity patterns in young healthy subjects and suggest that differences in sex and individual muscles
must be taken into account to understand pathology-specific differences in motor unit activity patterns.

Key words: Sex difference, Motor unit behavior, Vastus medialis, Vastus lateralis

* Department of Rehabilitation, Faculty of Rehabilitation, Hiroshima International University
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Scale for Total Assisted-Patients (STAP): Development, Reliability,
Validity, and Prediction of Pressure Sore Risk

Musashi Takagi,l* Kentaro Nakao,1
L 1Ms Group Meihoukai Medical Association IMS Yokohama Higashitotsuka General Rehabilitation Hospital

Objective: To develop the scale can evaluate change of condition of Total-Assisted Patients, and to explore its
validity, reliability, and usefulness for predicting pressure sore risk.

Methods: We first developed the Scale for Total-Assisted Patients (STAP). The analysis was conducted as follows:
the correlation and Mann-Whitney U Test of STAP score and FIM score, change of STAP score for 3 months and
factor analysis, explore the reliability by intraclass correlation (ICC) and kappa, logistic regression was used to
calculate the odds ratio (OR) with 95% confidence interval (CI) for assess the pressure sore risk.

Results: STAP was more suitable for total-assisted patients than FIM, 63.7% of patients with FIM 18 were observed
STAP score change. Three factor were extracted from the factor analysis, “Limb range of motion”, “Amount of
assistance with postural change”, “Consciousness”. Inter-rater reliability was ICC = 0.86, kappa = 0.95~0.99, OR =
0.83 (95% CI: 0.68-0.99, p=0.04).

Conclusion: STAP was more sensitive to change of condition of total-assisted patients than FIM, and STAP has
high inter-rater reliability. Moreover STAP total score may be useful for predicting pressure sore risk.

Key words: Total-assisted patients, Scale, Pressure sore risk

*IMS Group Meihoukai Medical Association IMS Yokohama Higashitotsuka General Rehabilitation Hospital
690-2 Kawakamicho, Yokohama Totsuka-ku, Kanagawa, 244-0805, Japan
E-mail: sth-riha@ims.gr.jp

© 2025 Japanese Society of Physical Therapy Fundamentals All right reserved.
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Effect of Kanshoho on Muscle Tightness in the Lower Back

Satoshi Sugimoto,l* Takashi Sakato,? Tomoyuki N akayama,3
Tsuyako Koyama,3 Shingo Koida,3 Makoto Ozaki

! Department of Physical Therapy, School of Health Sciences, Tokyo International University
2 Japan Health Organization
3 Department of Rehabilitation, Musashidai Hospital

Objective: Kanshoho (Relaxation method by using stick pressure) is a technique that rapidly and painlessly relaxes
muscles through light pressure applied to activated muscles. This study aimed to examine the effect of Kanshoho
for muscle relaxation, clarify optimal pressing force and pressing area size, and investigate the influence of
individual subject characteristics on Kanshoho muscle relaxation effects.

Methods: Thirty-nine consenting healthy adults performed voluntary seated lateral flexion for 5 minutes with a
pressure bar applied to the right lumbar region. Five pressure bar forces (no force, 250 g, 500 g, 750 g, and 1,000 g)
and three pressure bar diameters (1 cm, 2 cm, and 3 cm) were used. Lower back muscle hardness was measured
immediately before and after exercise using a muscle hardness meter. Measurement value and rate of change
in muscle hardness before and after exercise were compared for each pressing force and area condition. The
influence of gender, BMI, and pre-intervention muscle stiffness on rate of change was also investigated.

Results: The measurement value of muscle hardness after exercise was lower than before exercise except the no
force condition. The rate of change in muscle hardness of before and after exercise on 500 g and 750 g condition
exhibited significantly lower than on no force and 250 g condition. The measurement value after exercise
was lower than before exercise in all pressing area condition, however, the rate of change at 1 cm and 2 cm
sizes showed significantly lower than at 3 cm size. The rate of change was not related to gender, BMI, or pre-
intervention muscle stiffness.

Conclusion: A pressing force from 500 to 750 g on an area 1 to 2 cm in diameter produced the most relaxing effect
in terms of reduced muscle tension. This Kanshoho technique would be applicable to a wide range of subjects
without being affected by gender or body shape.

Key words: Kanshoho, Muscle tightness, Physical Therapy

* Department of Physical Therapy, School of Health Sciences, Tokyo International University
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Motor Unit Analysis can Provide a Detail Mechanism of

Neuromuscular Functions

Tetsuya Hirono'*

! luman Health Sciences, Graduate School of Medicine, Kyoto University

Neural factor, alongside muscular factor, are crucial elements to determine maximal muscle strength and an ability
to control force. High-density surface electromyograph has been developed with novel algorithms to evaluate
motor unit firing behaviors, which is the last pathway from the central nervous system to the muscle. Recent
works reported that 1-year change in muscle strength in community-dwelling older adults could be explained by
motor unit firing properties, and that older adults with low muscle mass has an abnormal motor unit firing pattern.
Even though a significant increase in muscle mass was not observed after low-intensity weight-bearing squat
training, a slight change in motor unit firing rate was observed. Thus, exercise effects on neuromuscular functions
can be detected using the novel methods. If investigating the changes in motor unit firing behaviors, we could
evaluate a time-of-day effect on motor unit firing properties, or acute effects of contraction mode on motor unit
firing properties. An assessment of motor unit firing behavior can provide a detail mechanism of neuromuscular
functions, such as muscle strength gain or control of muscle force.

Key words: Motor unit, Older adults, Skeletal muscle, Neuromuscular function, High-density surface electromyography
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Pathological Relationship between Alzheimer’s Disease and
Diabetes Mellitus Via Phosphorylation of Tau Protein

Yuki Tto,"? Ryuichi Morishita,! Shuko Takeda,"**

! Department of Clinical Gene Therapy, Graduate School of Medicine, The University of Osaka
2 Osaka Psychiatric Research Center, Osaka Psychiatric Medical Center

Diabetes mellitus (DM) has been suggested to contribute to the onset of Alzheimer’s disease (AD) as a modifiable
risk factor. Neurofibrillary tangles (NFTs), one of the neuropathological hallmarks of AD, are intracellular
accumulations of phosphorylated tau protein. The number of NFTs in AD correlates with the severity of neuronal
loss and cognitive decline, suggesting that tau protein is a direct contributor to neurodegeneration in these
patients. We have investigated the effect of high-fat diet-induced diabetic conditions on tau phosphorylation in
the brains of AD mice. We revealed a unique tau phosphorylation signature in the brains of diabetic AD mice. In
addition, we identified six kinases that potentially mediate DM-induced tau phosphorylation in the brains of diabetic
AD mice. These results suggest that DM contributes to the pathogenesis of AD through the phosphorylation of
tau protein. This review describes the underlying mechanism linking DM and AD with a focus on changes in tau
phosphorylation.
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Understanding the Causes of Gait Instability in
Aging Using Simple Walking Models

Hajime Ohtsu'*

! Department of Mechanical Science and Bioengineering, Graduate School of Engineering Science, The University
of Osaka

Walking is essential for maintaining independence in daily life, and aging is accompanied by an increased risk of
falls, which often lead to severe injuries, reduced quality of life, and greater social and economic burdens. Elderly
individuals generally exhibit slower walking speeds, strongly associated with reduced propulsive force. This
reduction primarily results from age-related declines in plantar flexor power, which are partially compensated by
increased proximal muscle recruitment. While such neuromuscular compensation enables gait continuation, it is
also thought to destabilize gait; however, the underlying biomechanical mechanisms remain unclear. To explore
these mechanisms, simple walking models provide valuable insights by abstracting human locomotion into its
essential dynamics. The compass walking model demonstrates how hip stiffness and push-off impulse influence step
length, cadence, and propulsive force. Extensions of this framework, such as knee-included models, further clarify
the role of toe clearance, particularly minimum toe clearance (MTC), a critical determinant of tripping risk. Elderly
individuals often show greater variability and lower values in MTC, yet its mechanical basis has not been fully
explained. Simple models suggest that changes in hip stiffness and push-off modulation directly affect propulsion
and MTC, thereby contributing to instability. This review highlights the significance of simple models as
complements to detailed musculoskeletal simulations, offering intuitive insights into gait dynamics. Such approaches
not only deepen the understanding of age-related gait instability but also inform fall-prevention strategies and the
design of assistive technologies.

Key words: Elderly, Falls, Walking model

* Department of Mechanical Science and Bioengineering, Graduate School of Engineering Science, The University of Osaka
1-3 Machikaneyama, Toyonaka, Osaka 560-8531, Japan
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Disease Specificity and Therapeutic Potential of Iliotibial Band Stiffness

Masahide Yagil'z*
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% Human Health Sciences, Graduate School of Medicine, Kyoto University

Although high iliotibial band (ITB) stiffness is commonly observed across knee disorders, their disease-specific
characteristics and effective treatments remain unclear. This review synthesizes studies that used ultrasound shear
wave elastography to quantify ITB stiffness in knee osteoarthritis (OA) and patellofemoral pain (PFP) and discusses
the therapeutic potential of static stretching. Findings indicate that in patients with knee OA, ITB stiffness was
higher than in asymptomatic older adults, and stiffness correlated with the external knee varus moment and the
hip extension moment. For individuals with PFP, higher ITB tension was associated with a more lateral patellar
position. A 5-minute static stretch performed with the hip in extension produced immediate reductions in ITB
stiffness and improved patellar lateral alignment. In conclusion, increased ITB stiffness is a feature of some knee
disorders, and static stretching may represent a therapeutic option. Further studies are needed to determine the
long-term effects of static stretching and to develop objective assessment metrics.
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