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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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TELHOWONBEAN b L —= v 7B 5 i1
BRI OWTIEWH S 2 TIE R VOPBIRTH 5,

BREICHT SRHEAE L REHGHOZE

AW ZWHR OREIC LY, & M oM
BEORAGATTHE & 72 1), 1990 4EALTE 170 & f s R i sk &
BT BIFEAS L ATh D X ) o2 DT s
XM 2 AR BT A S, BHBEAG & IR
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— Aponeurosis

Gastrocnemius~

Fascicle length

1 FiREOHEE
ENEL O f5 IR L 3 DIREIEE 2 BE = L 7258 & 7 R 2 2R R 2>
DIER L7 ECOWMEE LTHETE .

S5 EATE, JIRE IR U R Asat
WIEITT B0 O IR LR, WBEF RSN
% FH TG & MEIT IS HRIE 5 2 & B & e (53
DIED SFIRMEWETE D, T2, HREFHOEH
BIUOERBOBBZNZNE DKL OHRERIEET
BT ENMREL 2D (K1)o JATHIZECIX B D2
bR SEHRAG 1 O BRI W E A B 5 VIR
ZIEHRENTYSE T o3y g
BB L OHEEHINIDO 2 005X > Tgsh, i
2B HECd o C b R & o TR 2SI 4
L DGO T B0 ERIC, THREEm A% E L
PRI, WEERL (SIRAL) TR R ) S
DFF R BN (KR CTOMRMER RO
MAREE %L 222 EAURENT NG D191

BERFI —Z> JOBHHERMRICE T BFEMC
B9 3 2 DDIREH

Wk Y, )1 ML —= > 712 X o TR R R
W B3 % L & LT A BATIIZED % <
BEAKTO N L -2V 7 ThY, KAWL —=V
W2 & o TRIEN A AR RIS I 25 BT B 9 AR
AL IR 5w, X TRAMR ML —=V 7
DOHITEERN RN DOWT, T2 ZLT D 2 DD % A7
T7o 1 DOHORFIIMERDLSRIBEIN TV @Y, B
H A AR R A T 5, oF DIKAM ML —=
YT BWTOHAIMEMREIE L=V IR ER L
BfiAEICRBLTESNS EWIRGTHS, 20H
OARFNI R BRI BT 5 L w2
METhHb, ZHEDFY, ML—=r 2L AN
FRIRIE, ML=V 72 EHEL T BREOMRE & [
Uik L 7 5 50t (BEiAE) CRBLTH D L
WIHRHTH 5o

BEFH AL —Z2TICE T 2BREGRM
Ta MEEEEE LG E UCR BRI LT

Rest =30%MVC «=MVC

Fascicle length (cm)
S = N W kA U0 &N O ® O

20 10 0 10 20 30 C)
Dorsiflexion Plantarflexion

2 b L —= U 5N iR I SEHR O R 0 HR
W 20, FIE 10 B, EJE 20 B, B L OUKE 30 oK
BRI RER N L —2 Y VL& TOMRE LA E LR
R RO
TAYY)AZIGRKG IR L b L —=2 75 (R 20
BETO 30%MVC) DR RICEEREEBOLIEERLT
w2 (P <005).

MVC: Maximum voluntary contraction

AEBOBEHERE N L—=y FaEltLE Y, i
BHEREEIL 30% MVC OGERE & L, JE B 20 BT
OHERMENHE200, 3y +21kyyarye L GES
W, 48O ML —=V 7 %7572, AARNCHEIEZ
WiEE A LT, FL—= Y ZE&METH D 30% MVC
B L ORI IR O R & BIE A B 2 & 12illE L
72 (K2)e ZOREENS, B EICHRIH A
M Lg% &) RFIHEZ1E, R 20 ok
BHAI LT 525, R EICERIICH I LT 5 &
WO IRFBCHE 21, REEIKEE 0 B X OKE 10 &
OWRKHINMET LTSNz, 48O ML —=
VTR TRER, WA ML -2 2T o 2K
Ji 20 EE TR <, IR 0B X OUKE 10 T L%
A7 (FEDo ZOMEDPS, BAMIL—=V 712
B THI IR R B T % R ISR
WCAELTWRE EEZ, RAIZZOHEE [HRERR
P e LTRmELE Y,

Wiz, REMIKER B TRARERE N L —= >
OB ETo7 0, ML= F KSR
(1 Repetition Maximum : 1RM) @ 20% DEHRT, &
BRI 15 ~ 30 BE o> £ BE A 2 3ROk UG 0 & 20 [,
3ty MIHYMEBE 1y Y a i LTABEMATS 720
T M A AL L TRRSERER T (200 /#) 21 15
JE ~ S 30 BE D FEFEPH TR E L7z T ORERE, A
BV THR 12 E~TE S ETOMIIO AL E RN
FEED (W3), PL—= U 3B 15 ~ 30
BEOMERHPATERL TSI 20b 5T, bkl
MFG TR 12 ~ 8 ETH LN S & v ) BRI
FRERMEIZIZE D R VEIRIR W RS 5z —T, b
L— = ZIEO R E IR 5 ~ 0 B TR 8
W N REREONRE L NS TH o722 L n b, MEH
PRI —F L Wb 00, HiREEREOIKG 2 —



73 8 L —= Y ZIZB T BB ARRAR R L v ) B e el 35

#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

R T HiERE ol FU—=V TIROHREL A
FEHPHDS S 2 L e 2o 2B HIC D W T, By %
HROBEZ IR 5720121Em 7 L —a L — 2Ol
g2 & O RIWIAT] RE 20 85 I 2 Wil % v 2 EEAS
HY, Rz soBES G TR, kK%
HVER D IR O R EOWEICB VT, EBEOBHif
JE & R OMEICEAED D - RS E Z bz, &
DHIZDOWTIESH, BETosdFksnTtnid,
etlc, MBI RS % o 5 & L CIRAEM SR
L—= v FoRE T o 72 2V B BENEE O LB ER;
THHHEBHITIEEIC L > THOILELRE L L EILT 5
O REDOHTIGIINETH 722 L Hh 5, KD E:
ZENEBES DAL OBEICBWTHREM L —= >
7 ORI BTN R B A B R I D &9 A
ERET ALk Lz BBIEiS L 25 BEAL T D 30%
MVC OISR R I 2 20 [, 3ty M7 EE %
M3, 4T o720 4O ML —= Y TR
ML == 7R FE L 724 s 25 BT ofi i LidiEo
LNT, AL 15 ETORARLH IO LR (F
2), W11 LRI B A R R I D R v L v )
Wi % ZHFT ARG D N0 AUFTECTIEAREZ
ETELhholizo, HEMOBEBZZVWHOD, B

HRR G O FATHIZE TR S NZRER EBRIC, PL—=
Y7 RAT o TZBEIA L X0 B AMPR S AL TR
B ELTWE I EDE, HRERREOFIEEZ AR
SRRV ONTZEEZ BN D,

BbH I

INFETML—= 7O IEA TS 2 B
FERRSRE 2 FRE L C & BT R CIEE A P L —=
THITbNTEY, KEAM ML —= 2 7B T
JERERWEDETET 2089 DI S NPT R Do 720
BAIH - RO & E LT TR ERENE] 257
T 2L WIRHE VT, BEESHEEY TR
EZ2MEL, KAWL —= Y 7O HEsh o4
B R EFFRIEIC OV TGS L7ze £ ORR, KA b
L —= v 7 O J1 8 s sh 4 B A AR R e D
3, —HT, Mo—=rT&Eemhrm L L7z50T
BEHREDSFETHDL ZEATRENZZ NS, Bl
RAS A BTl 7 <R R IR I L9 5 W REMEAYR
BENT, UNEYF—3 a3 yTIE, Mikic—E L,
MEiOMELEET 2HAERRKCHAIN ML —=0 7
PEBTELRVWEERD 5. RifFFETHEONMEDL
5, HHESEMEZEELL ML —= v ZRIRATTTO
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ILRERL AR 24 B 1

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

FL—=2 7 ThoTD, HbWIIHHIMEHEE SN
TVAEAETH-TH, HHIERIIAMNTH S Z LHUR
iz, 5, AL —= 7B RFREDD
EDL LT, WM RKERME] 255 SN 5 2 &3
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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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* Effective Intervention Methods to Improve Spinal Reciprocal
Inhibition

1) i PR SRl 2 S B B R e B2 1F 5 i
(T 950-3198  #riE AR AL IX 5 FLHT 1398)
Ryo Hirabayashi, PT, PhD: Institute for Human Movement and
Medical Sciences, Niigata University of Health and Welfare

# E-mail: hirabayashi@nuhw.ac.jp
(ZHH 20214E6 )1 17 H)

DA F = A%, FEEER O RO Ta BEHED S Ta #i
PEAME = 2 — 1 > % 4 L CHEHUH o 7R B0 £ 01 19
SFTAENLTEHETH LT, 2T 22 >
F 7 ANE Ta MG (BLF, Ta ARBCHIED) 232 1919,
PRI B ms B X B w2 s kiE ) >
SAEBE Y F T ANS AAET B O ma T, 1B
Ve O KO Ta R AE B & — YR YERBL 046 (BUF,
PAD) AfE= 2 — 1 ¥ %4 LCHEBLAT O ROPE Ta Sk
DRFKIHEE L, ¥ F 7 AR & LTI 2 Eii
POH (BUF, DL & B%EH (D2 36 2d
2 1, I8 10 ms @ & D100 mikik o %%
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PES) 2)203D3)30) %o i w i) (LT, RPM) 2%
DI RN 7 after effects 2/~ LT 5o THIEL T,
—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-
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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
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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
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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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