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An attempt to improve gait in patients with hip disorders using optimal variable
asymmetry exercises

Katoh, Hiroshi
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This study examined the left-right asymmetry of trunk and limb movements
during natural walking in healthy individuals and patients with osteoarthritis (0A). The results
showed a significant reduction in the pelvic rotation angle (S2) in the OA group compared to the
control group. Regarding the arm flexion-extension angle, a significant reduction was observed in
both arms of the OA group compared to the control group. In terms of the Asymmetry Index (ASI) of
spinal rotation angles, a significant reduction was found at the sacrum (S2) in the OA group
compared to the control group, while no significant differences were observed at the thoracic
vertebrae (T7) and lumbar vertebrae (L3). For the ASI of arm flexion-extension angles, the OA group
showed a significant reduction compared to the control group. These findings suggest that the
reduced rotation angle of the sacrum (S2) in the OA group may influence the reduction in arm swing
angle.



B X C—19,. F—19—1., Z2—19 {:®)

1. ARFARINOESR

THROEB g RO EREE EhiT K, UIE UIE, BRIOBSRES, A2 FYEICEHn S h,
A OB E TSI D Z ENEEEELE SRS, LL, %%E%E!’J WCRTESE, AWERESD
B CIE, FERPPRIT T MMEIERIFR, WikIFR, BEEIEIPRD 3 DI E N, AR H 2 T
b, HEIRSBIERT D LEAIENHIERETH D Z LIRS, £, HITEIEROEESAIC
BWTHFIEE, R & B0 d 5 K 5 I GIERTFREEER MRS 5 B PR KR E D b AduiE
bt b OBHPEBEIENC BV C AR, F{AHED (center of gravity:LL T, COG) %iﬁf%
JEHNICZE L TR HIC iﬁﬂf%élﬁﬁqiﬁﬁﬁ%®%%§%ﬁﬁﬁﬁwfﬁﬁmG
IR IR NICHFET A0 TidZe <, HICARLERE FEEV T &2k y, R LL<
COG ZHIF~BESHE TS, DF 0, TRUX—RNE G5, [HEE] B80T
PEEENL, R RBITEINEZ Z1TT 2 L CEHEREED 1 >Th 5.

2. HEDEW

ARFZEO BN, RS & BB RS 2 X8I B AR TRRIC BT A (R & TU ik o E)
XOLEFIEMHIEOREZERIL L, RBERENIENFEER O X I = X L EREHT 57290
DOEMET— 22 NETDHZ L E LT,

3. HRDFE

JIE1E 60 AR DR Aot 10 44 GetFREE) , M OVE FrRIMEZS T I B B E (osteoarthritis: OA)
DOzl E T, FiaE (N TIXBEfiaE#) B9 TARE L7 60~70 i o %ctE 10 4 (OA
) DOFF 204 & Lo, AFRRIIAEMEZESOAR KGRE R 2010-11) #1572, /o, &
T OB\ HFRENE 2 CECTHIA LIRS 25 TR L 7.

SHAFREEY, HRSEZBRSRVENTO 10m BERATHROARSITLE L, #8250 TH
EIFHE U7z, B2 — 2 OFHNCIE, BR8tt—ra vkt — (AR—Ykr v 7
R A2 9 L7z, 'r b —REMHLE I, MR (T7), MEHES (L3), MUHERS (S2), A4
R ERE, A KRERSMAITE, A REARE L (K1), Yo7 Y TR 200Hz &
L,40Hz D — 827 4 VZ =% L /A AR ZAT > 7=, R T A — 2%, 3 i,
SEAEE L L=, 2L C, 2D 6l —DEM % > T Quaternion (PU5t#) ZHEH L,
ﬁ%&mﬁ@ﬁﬁﬁmﬁmﬁ(@ﬁE$% B DHERFR) 2HE Uiz, LA IERFMEO M

ZiX, FEXTFRMESEEL (asymmetry index: ASI) DEHWE (K2). £72, 10m HITEEH OHIE
&ix My 7ot yTFeEHAL, HEIZBRICTOHY MLz, 1 TRAMOREIZIE, L3 v
B — O FIRINE 2 (5 LIS ORI E 21T o 72, KHRE T 5 B0 TE %
o LR dh BRI b, INFEES L.

WEHEMTIZ I, SPSS Statistics 23 (A IBM #H8Y) ZfEH L, SHHEEE OA BEOLEHEX
T A= OVEMEDOEERE LTz, Fio, WMEENOEFHHEI T X —4% OREEORTFHZIT
Pearson OFERMEBREEZRHH LABEMEZMTE Lz, AE/KYEIZ0.05 & L.

e (T7) | X (%) - X, (%) |

g ASI = 2 * 100 X9 @ BETFR/ATA—%
¢ @R L) (X,(%) + X (2) % 0.5 K EETFRUITA—S
@ @g_b @i (52) Q (5 Q
@- j @5 L BeshB E A \ g
® i‘ %k LBSELE [ Q /§ f\a / / ('P\
\ © KRR U ‘\ = 'T ' \‘ \ =
©\< DEXERSETE / k [ f K _f [ / k
@+ RE R o 50% - 100%

SEERN IS ot
3t AR | I

Il .[ [

H1 E—YartoY—ORhHTE B2 JERFRMEES (asymmetry index)




4. BRAR
4-1. HITRAE— FEERF
OA BEITHIRRE L ik L, A — R (m/s), 747 A (steps/min), #iE (m) CTHERIK
T?ﬁ‘muy)%ﬂt —J7, BEESERE (m), AR (%), 237 (m/steps/min) (28T
j:, ﬁluﬂ n:u&b %ﬂfiiﬂoﬁ (% 1)
*1 HTAE—FEERTF

Fogict o3 OARf pfi
RE—Fimss 128 = 011 1.07 + 0.22 0.03
TATUA 137.36 £ 4.92 121.10 = 8.68 <0.01
(steps/min}
H88 () 0.59 % 0.07 046 %= 0.13 0.02
EMSEM- 118 2014 111 =020 0.47
EILBIEFM o 56.50 + 1.85 56.25 £ 3.62 0.55
HiTHe 0.0043 £ 0,000 0.0037 £ 0.001 0.24

{m/steps./min)

Mean = SD.

4-2. FHEE - L TRERAE
FHERIGEA 2BV T, QAﬁiﬁ%ﬁkw@L ik (S2) THERKTARD L.
—7J7, MadE (T7), HEHME (L3) 2B\ TIE, AEETRD N7z, ERJE A EIZB T
1%, OA BHIIRTMRREL kL, A R CHE &ﬁ?m%went TR A A 2BV TR
OA%ixT%’ﬁié:ttixL EAEKBELETRTERERIETIRD OGN, —F, A TFRIZBWT
I, AEEITIRO LN hoT- (R 2).

T2 1HTAMICEITSEHEINE- ETHRERAEORM

*HEREE OAR$ pifi
i (A RE)
B (TT) (e 4.27 = 258 474 =337 069
FEHE(L3) (gew  11.32 = 471 792 =366 010
b4 (S2) ey 17.81 & 411 865 = 488  <0.01
LR (E#ARE

H EBgen 7447 * 2304 1324 £ 626 <0.01

b Bicden 8559 + 1356 2034 = 1323 <0.01
KEA(EAEE)

B KRR (dep) 6251 + 992 3995 + 980  <0.01

KB (dep) 65.74 + 8.37 36.20 = 1026 <0.01
TH(E#ARE)

BT (dep) 57.69 = 8.93 4800 = 1140 008

E T (e 59.45 + 9.56 4450 = 1006 001

Mean %= SD.

4-3. BHEE - L TREFRAED ASI

FFEHERIFERA D ASI [2BW T, oAﬁiﬁ%ﬁ&w@L ik (S2) THERIK TR
biv-. —J7, BaKE (T7), BEHE (L3) 2B\ TIE, AEEIIRD N -T-. FEJRhAE
? ASL 2BV T, OA BHIxREE L il L, A5 &ﬁ?#wwent TSR E o ASI
WZRBWTIE, OA BRI L bbl U, KA, FRUEMILICHEEZTRD D27 (£ 3).

3 1STAMICE T3 ENE - LT REE RS EOASIO R

xSt OAE} piiii

FFHEEIAE R E AST (0
M (TT) 0 3008 + 2085 5030 + 73.14 048
BEHE(L3) 533+ 306 1158 %1219 0.8
flliE (82) = 231 £ 162 1424 £ 978 <0.01

LEEEFR A ASLe
kB ow 2009 + 2036 5279 &+ 4121 003

TREBHARE ASIt)
FKER 11.14 £ 1426 1510 = 21.27 067
THE ™ 451 + 255 863 £ 592 0.09

Mean = 3D.
5. E®

5-1. HITRAE— FEEDHH

OA FHIT M IRRE & LI LT A ' — R, i, 7 A7 AR FRIKFRRO bz, BT
E— R, BRI AT ADRTHRESND T2, OAREOHITA Y — METIE, BiEe 7o
TUADOWEFOETICEVAECTNDLEEZALND. — T, TXLF—HEDROWEREL S
N BATHITA BN GNRD - T2V REIL 0.87 EEETH 7. LLEoFNG, OA R



DHBATAE — FERTIL, BTHE AR HERF LR OHREE 74 7 ADKTRAE T TV
HEEZD.

5-2. H¥HMENE - ETEREBRAEOE

OA FEITRIRRE & bhiie Uch B e (BEfR Y M) OFB RO DPRD Hivlz. BfEY
BNEIZRET B B THFZE T, BEENICAE U D b 0Dy, RO [EIFEEENIZEWEIICAE TS H O
DR STV DA, —EDRAITE SN TV AW 29, KIFZETlE, FHEOIE (S2) DEIE
AETOARDOAERIKTNRD bz, T2 TC, g (S2) & b2 &0 BEME: % Mgt
L7izE 24, OA BHTOAFEREOHENRD N, ZoZ LiE, OA BTIE, IIE (S2)
DIEFEA ORI D, BR Y AEORTHEBL TSI EEZ R L TN,

5-3. BHMEE - L TREMRAED ASI DFH

WREC BN T, IE (S2) OEAFIFEES) & 24 b im iES) T— & DI TR ZE D Hh,
OA BETIE, ®HPRRE L E~FEFRMEfE N KLV B L L TV A Z LRSS e, Fio, MkcE
W, g (S2) [BIAE & bl i A BE O ERIFREFE S 1T B B2 BIIR D i o2 2 &
5, WEfE Y OIEFNEL, BRI ED FEFREL tl?é%@?mﬁwEﬁ%%éﬂk.

6. SEDEE

ARWFFETIE, FEERIC split-belt treadmill (SBT) & HW2IERFMERITO ML —=0 7205 F
THRETT D FEIC LTV, TARIFZEO B CHIEIRE T & 7220, R DT » M4
ZEOBRHE TIEEST, METORMIKI L.

3R

1. Herzog W, Nigg BM, Read LdJ, et al: Asymmetries in ground reaction force patterns in
normal human gait. Med Sci Sports Exerc. 1989; 21: 110-114.

2. Pontzer H, Holloway JH, Raichlen DA, et al.: Control and function of arm swing in human
walking and running. J Exp Biol. 2009; 212: 523-534.

3. Gutnik B, Mackie H, Hudson G, et al: How close to a pendulum is human upper limb
movement during walking? Homo. 2005; 56: 35—49.

4. Kuhtz-Buschbeck JP, Jing B: Activity of upper limb muscles during human walking. J
Electromyogr Kinesiol. 2012; 22: 199-206.



12 8 0 7

2
2022
41 46
DOl
10.57281/jofmpt.202202
56
. 2022
PT 1357 1364
DOl
10.11477/mf. 1551202863
Koseki Tadaki Kudo Daisuke Yoshida Kaito Nito Mitsuhiro Takano Keita Jin Masafumi Tanabe 16
Shigeo Sato Toshiaki Katoh Hiroshi Yamaguchi Tomofumi
Combined neuromuscular electrical stimulation and transcutaneous spinal direct current 2023
stimulation increases motor cortical plasticity in healthy humans
Frontiers in Neuroscience -
DOl
10.3389/fnins.2022.1034451
19
2023
13

DOl




2021
1-8
DOl
Niibo Chihiro Matsuda Tomoaki Fukuda Hidefumi Katoh Hiroshi 34
Influence of kyphosis posture on postural control and lower limb mechanical load immediately 2022
after stopping walking
Journal of Physical Therapy Science 193 198
DOl
10.1589/jpts.34.193
56
- 2022
PT 285 290
DOl
10.11477/mf. 1551202604
Shimamura Takeshi Ishikawa Hitoshi Fujii Hiromi Katoh Hiroshi 8
Smoothness Evaluation Indices during Sit-to-Stand-to-Sit Motions in Healthy Older Females and 2023
after Hip Fracture Using an Accelerometer: A Pilot Study
Geriatrics 98 98
DOl

10.3390/geriatrics8050098




Shimamura Takeshi Ishikawa Hitoshi Fujii Hiromi Katoh Hiroshi 35
Smoothness of gait in healthy older females and patients with postoperative proximal femur 2023
fracture
Journal of Physical Therapy Science 796 801
DOI
10.1589/jpts.35.796
NIIBO Chihiro NAGAHAMA Ryouta FUKUDA Hidefumi KATOH Hiroshi 25
Influence of Kyphosis Posture on Lower Extremity Joint Moment Power during Walking 2023
Asian Journal of Human Services 217 224
DOI
10.14391/ajhs.25.217
57
2040 2023
PT 403-406
DOI
, , , 40
2023
218-228

DOl




26

11

2023

11

2023

11

2023

11

2023




11

2023

THA Forgotten Joint Score-12

50

2023

Harmonic Ratio

2023

10

2022




30

2022

73

2022

49

2022

10

2022




Kinovea

10

2022

Quaternion

10

2022

10

2022

10

2022




10

2022

10

2022

10

2022

10

2022




2021

2021

2021

2021




26

2021

18

2021

(

)

2022

280

2023

1052




2023

448

2023

240

2021

280

2021

376




2021

648

http://plaza.umin.ac.jp/~hkato/index.html




