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< Original paper>Effect of Shoe Conditions Differing in Lacing
Tightness on the Gait of Young People, by Ryota MURANO,
Takeshi SATO, Takayuki TOMONO & Macky KATO.
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The present study aimed to clarify the effects of “shoe-lacing tightness” on gait. Participants
included nine males (22.8+1.2 years) and nine females (21.9%1.8 years), who walked at their normal
pace and a fast pace under two shoe-lacing conditions, which differed in lacing tightness (fit and loose).
Walking speed, step length, and step width were measured with a walking posture measurement system,
which includes Kinect v2. Gait cycle time, trunk movement, and Harmonic Ratio (HR) were measured
and calculated with another system, which uses two inertial sensors placed on the thoracic vertebrae
(Th6) and sacrum (S2) of each participant. Two-way repeated-measures MANOVA was conducted
for all analysis items, and significant differences were found in the walking task and the shoe-lacing
condition. Walking speed, vertical movement of S2, and vertical HR of Th6 under loose-lacing conditions
were significantly smaller than those under fit-lacing conditions. Mediolateral movement of Th6é and
anteroposterior movement of S2 under loose-lacing conditions were significantly larger than those under
fit-lacing conditions. This study clarified that loose-lacing conditions affects gait.
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Table 1 Physical anthropometric characteristics.

HH B (n=9) L (n=9)
S ) 228 + 12 219 =+ 1.8
S5 (cm) 1719 + 71 1600 =+ 7.3
®HE (ko) 660 = 78 518 =+ 59
ZF (mm) A 2578 =+ 154 2306 =+ 11.8

7 2569 £+ 139 2320 =+ 134
2P (mm) A 2481 £ 7.0 2272 £ 127
o 2487 + 57 2282 =+ 119
JEME (mm) A 1042 + 36 961 =+ 53
1052 + 42 967 =+ 55
% (mm) A 647 * 21 582 =+ 34
634 £+ 27 570 =+ 36
FEERZIE (n=18)
RF8-HC-2000 L
Kinect v2D EHHIX [ 1
Kinect v2
' \4'5“‘ [ A8
2.0m ‘(.A‘/ \ }/I'OIN‘,\P'7m
I “ 25.0m !
Bluetooth© D DJ

K2 LR T BRI MVP-WS2-SHPC BATEBE > 2 7 AFPC
B SEBRBRE

Fig. 1 Experimental setting for walking test.
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Fig.2 An example of the shoe-lacing conditions in the
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experiment.
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Table 2 Shoes worn by participants in the experiment.

JIS

FidH 41X

FEERBINHE DOWEED WEIEEITH 5

BUREIEN oo e 77T A AR Bk 1118 TR
1 B 265D 28.0  adidas EG4958 A== — WoORKEATZEE fit
2 B 275 E 28.0  asics T6G3N TGV VA=A \WObEALEE fit
3 BM 235 2E 27.5 New Balance ML373BYS A=—7— WORED-FE loose
4 B 255 3E 26.0 NIKE 844802-100 AZ—F— WORKEAZEE fit
5 5 28.0E 275 SUPRA 08155-049-M /NAHy bA=—H— \WOEED-FF loose
6 S 2354E 255  adidas EF1390 FYZYT VA=A WOBKEATEEE fit
7 B 255 E 275  asics 1201A103 A=—F— RPN IZRED - F F fit
8 B 270D 28.0  Hawkins HIL.81000 A=—J1— WORHEALE F loose
9 5 26.0D 27.0 adidas F99252 A== — WoRHAEE fit

10 &M 245 E 25.0 adidas DB0015 A=—TJ1— WORKEATZEE fit
11 &P 24.0 3E 24.0  nev nev-2040 A=—H— WORKEAZEE loose
12 % 205D 22.0 PUMA 367299-04 A=—T)— WORKEATEE fit
13 % 23.0C 24.0  adidas 842187 A=—H— WO gHiALEE fit
14 &P 23.0D 23.5 le coq sportif QL1VJC02WG A =—H— WO RkEALEE fit
15 %tk 23.0E 23.5 PERSON'S JEANS PSIL.-1624 A== — WORHEALE F loose
16 i 23.0 2E 24.0  stradivarius %2 A=—H— WORKEAZEE fit
17 &P 23.5 3E 25.0  Tommy Hilfiger TWLENKA-R A=—%— WORKEAZEE loose
18 %M 250D 25.0 GU 319126 A== — WoRKATEE loose
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JET— 2 &R T 5720, FHUERTOMET — & 1IZ/KHIL
HFICERINS. TtobW 1F, BT AT LIZDONT
Vicon & ORGEMEEFER 270y, Uihy 27 A XD
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PHETEFEBITE LD L AZE LY, BITHIAE
OLHH QBTHE) FToF—42 %KL, BTG
S5 HLIRED 10T R 3 Ol T — 2 & 0, tRp2rib
TEIHEIMVP-WS2-SO > 2 7 & & W TEI L 72,

F 72, BHRDE—T 3V (RF8-HC-2000, Microstone
1) K0/ ENNEE T — 4 % HWT, Th6dk KUS21C
1T %3711 Harmonic Ratio (BL'F, HR)11® Z%H L
7z. HRIEEFAEEFZEDO—D2TH D, HIThD3H D
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IRIBOMTH S| ZLIZk-> TR SR H519),
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FRVEZ SRR 4 2HRO 7 fdae # FZak L7z, $4abb, F
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BATEBR AT, HOOBIIZ & & A, H3-4EHED
HRDAD L7222 & H 5, HROBIEAEWEE, 3H1AIC
B3 BTEEO LG DORMBRES RN E LT3,
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(4w, MHH) HFWZNY FoS2 7 4 L4 — (0.5~
20.0Hz) (TR L 72, HRIZBAATIZDOWCEIEL,
AT, PR & FERICHR 1220 T 104
TR Ol 4 SEH L 7=

Bellanca



2-3. #REtLiE

BOMEBEIC BT 23T 007 — 2 O dufE & &
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BB TR L 72, £/, WEREZICET 20547
DFEEBEET 2 72012, BHBO IS VTR
W N HE 2 EEAR L UTGEID 5T & 175 7=
FERBNNE D BYE Z 1203 2 FRGEHI 2 it 5 2T
EMFE LR (LT, fithf) &ElooseffFiz¥ivy&MZE L
72BE (BUF, looseltf) 12431, WEE X I2R4 % FH#GE
fli (fith¥, looseltf) o X OMATENE (HASATRIF, %5
JPBAT M) #HRKE L7z, RARTEO ZJUEE 24 &
N & FEfE L 72, WEFhogiricksnwTy, 2%
HREICBWTENRD D 5N =ba, WEERT L
DOWGE, ThbBIZERMEEZFNL 72, HaHLHIZIE
SPSS Statistics ver. 28 & U’RStudio ver.1.2.5019 %
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AATIRE B & U SRE 2 FIN, AA O § T O
HHZ 2B E Lz, XD & % " JUhCE 228 8 il
O3 & SN L 7R IR & R3ITR T, AT ERE B KON
FEC BV TEIRPAD SN iz, ZERBIEICENT
FRERA R b tz, BATERE R L OHLERFIC 0 %

1 RBEDHR e RUINT. BTIREIZOVWT, 55N
BATSRMF TR ERBAT R L IR U T, A, i,
HbE, Théds KUS200 LT 8FER, S20 /i J71n OHR
IFARITKRE L, TREMER], ThéD LA EfE IS A
BITNE o7z FEESEFEIZDOWT, loosedc Tl fitsk
R iR U T, BATHUE, S200 b MEifEE, Th6d LT
FHOHRIZA /NS L, The D/ AEFER, S20DHit%
BRREIIARICRE 5 7.

32 EREZICHTHEHFTMS KOHITHRE
IEOVWTHDZTEREESEEDE S

SIRTRR D18 LT “WEE & D) & 0™ 1220
THERR U 72450, WEYE 2120 % BB 23 it g k12
WL EE L 72H X114, loosekfFizitnEMIE L 724
B7%Th -7 [3-1. il s K O HSd9 %
TOCHLE S AR ORERO S B, HREAO F
SRR 5Nz, BATHEE, Th6DEAHiEE, S20
MR, RiREEE, Th6D b FATMOHR %%
B UCERIMDO T 247 - 72, WEHE 212§ 2 T BLEHl
(fithF1144, looself74) +6 K UTIRRE (BT S,
BB 4M) # B E L2 RAREO TThE S A R
SYECOIT A& FEHE U 2= R A RN T, HEUE Z I
3 R B K OHATEEE IS O T R ARY b s,
SEEMEIZ O TENRD RS Sz, WEE = Ik
2 EBEHl 3 L OSMTHNEIC B T 3 1E BREDRER & %6
(ORT. HEUE E 16T 2 FREHENS DWW T, loosedtf i3 fit
BL I UC, BT IaaRIc/hE <, S20FithEIfE
RIIARICKZ o /e BATREIZOWT, FITRMF
TIERBIT ML R LT, BirdlE, S20 k- NEjfE
HIIHRICKEL, Th6DLEHBFRRIIAEITNE D - 72

H3 I & ORI TH T 5 TCRUE S AR OO
Table 3 Result of two-way MANOVA for walking task and shoe-lacing condition.

N HeHg BOEiE Fiii df Pl
AT Pillai® F L — 2 0.996 28.663 16, 2 .034
Wilks®D 7 & & 0.004 28.663 16, 2 .034

Hotelling® h L — X 229.301 28.663 16, 2 .034

Roy D e KA 229.301 28.663 16, 2 .034

AR S Pillai® b L — 2 0.997 44.489 16, 2 .022
Wilks®D 7 & & 0.003 44.489 16, 2 .022

Hotelling® b L — X 355.912 44.489 16, 2 .022

RoyD i K 355.912 44.489 16, 2 .022

RHAEMAZER  Pillaid b L —2 0.987 9.527 16, 2 .099
Wilks®D 7 & & 0.013 9.527 16, 2 .099

Hotelling® b L — X 76.219 9.527 16, 2 .099

Roy DR KR 76.219 9.527 16, 2 .099

PEIBZER - AT, AR, HRbE, BATEWIR, Th6dk X OSS212 1T 37 mOEHEifEE 5 X OHR
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Table 4 Mean=®S.D. values for all indices and results of univariate tests.

HRBAT S BIPAT %A AT O AR BRSO F R

[ndz fitg loose4&fF: fitgeft loose4: Fiii af  plil n FiE df  pliE e

AT G (m/min) 837 + 68 822 + 88 1111 +127 1077 +141 112761 1,17 <.001 0.605 6.184 1,17 .024 0.013

iE (cm) 683 + 66 698 + 60 776 + 54 761 + 53  60.082 1,17 <.001 0.319 0.001 1,17 .980 0.000

$b (em) 122 + 28 129 + 24 131 + 22 134 + 26 5541 1,17  .031 0.020 1.840 1,17 .193 0.010

AT TR AR (s) 1.02+ 0.06 103+ 006 0.88+ 0.08 089+ 009 144.636 1,17 <.001 0.499 2.044 1,17 .171 0.004

JEh 371 +£ 89 390 + 71 308 +£ 7.7 319 + 7.7 47144 1,17 <.001 0.159 4.878 1,17 .041 0.010

Th6 LT 492 + 98 498 + 94 564 + 83 535 + 93 7.385 1,17 .015 0.086 2.235 1,17 .153 0.004

;;? Bifk 226 + 49 239 + 49 237 + 56 236 + 53 0.200 1,17  .660 0.002 3.105 1,17 .096 0.003
By

(mm) Jiti 441 + 89 466 + 86 472 +10.8 462 +12.2 0543 1,17 471 0.005 0.309 1,17 .585 0.001

S2 LF 478 +£11.1 480 +104 563 + 97 523 +£104  11.357 1,17  .004 0.091 5.664 1,17 .029 0.009

Bif% 335 + 73 352 + 75 332 + 87 338 + 82 0.415 1,17 528 0.003 4.680 1,17 .045 0.005

FEH 220+ 047 231+ 043 226+ 030 220+ 043 0057 1,17 815 0.001 0.169 1,17 .686 0.001

Th6 LT 352+ 060 324+ 060 369+ 068 354+ 069 2750 1,17 116 0.034 7.329 1,17 .015 0.028

Harmonic Hifk 262+ 057 256+ 042 263+ 063 249+ 055 0133 1,17 720 0.001 2.032 1,17 .172 0.009

Ratio Jidi 206+ 049 208+ 050 228+ 0.62 233+ 059 7.350 1,17  .015 0.048 0.453 1,17 .510 0.001

S2 EM 321+ 054 3.04% 061 3.32 = 0.79 3256 = 0.71 1.071 1,17 315 0.015 3.581 1,17 .076 0.008
Hit% 324+ 043 321+ 0.63 3.35 = 0.52 3.21 = 0.54 0.184 1,17  .674 0.003 1.080 1,17 .313 0.006

5 HEUE 10 2 EREME R K OUMTEREIC T 2 ZOUEGE S48 = AT B I OAE R
Table 5 Result of two-way MANOVA for participants’ evaluation of daily shoes fitting and walking task.

B Heug TR Pl df Pl
WEEZIZx  Pillaid L — 2 0.633 4.139 5,12 .020
T5EBEEM WilksD T 4 5 0.367 4.139 5,12 .020

Hotelling® F L — % 1.724 4.139 5,12 .020
Roy DA 1.724 4.139 5,12 .020
AT R Pillai® F L — % 0.939 36.997 5,12 <.001
Wilks®D 7 & & 0.061 36.997 5,12 <.001
Hotelling® bk L — % 15.415 36.997 5,12 <.001
Roy DI AR 15.415 36.997 5,12 <.001
ZHAEHM®E  Pillaid b L —2 0.401 1.609 5,12 231
Wilks®D 7 4 4 0.599 1.609 5,12 231
Hotelling® bk L — % 0.671 1.609 5,12 231
Roy D KA 0.671 1.609 5,12 231

RS BT, TheDLfAiEiER, S2o L FEifEE, witkEifis, Th6d L FJROHR

K6 WEUE XI5 K AMIEE O P fE & EHMERZE B K O TARBIEIZ B SiiatE
Table 6 Mean=*S.D. values for indices with significant differences in the main effect of shoe-lace condition and results of
univariate tests.

WRE Z 12T 5

fith looseft g e AT ARE D TR
ERAM O E R *
PEIBERL FSRMBITSRIE  BIPBITRiE BSBITRIE BIPBiisft FiE df piE nd Ffifi a  plE nd
}fﬁi;_ﬁlg(m/min) 84.8 £ 6.9 117.0 £12.0 773 £ 6.5 1035 =129 6656 1,16 .020 0.230 129.193 1,16 <.001 0.696
Th6 445 339 =+ 65 294 £ 75 415 +£10.3 335 £ 86 2440 1,16 .138 0.126 46.294 1,16 <.001 0.138
SRy
(mm) EF 481 +133 552 £117 459 =+ 50 568 =+ 57 0006 1,16 938 0000 14560 1,16 .002 0165

Witk 314 £ 6.2 308 £ 6.0 379 = 76 413

H

9.6 6466 1,16 .022 0.272 2083 1,16 .168 0.010

Harmonic Ratio Th6 LT 342+ 059 3.74

H+

0.58 342+ 066 3.58 = 0.44 0126 1,16 .727 0.005 1973 1,16  .179 0.044
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RO TR A, AGEfEERRS T2 L %
HIE2IZLTHD, RIFEORELE L T3,
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—J5C, ThDLEALABFRIEHEINE otz BATH
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ICHEL TS B TH D, FHODILEINFO WS
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N7-HROFER D 6, TheD LA HROBFEENAL S Z &
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4-2. HARZFEFDOEDR

loose 5o CIRfitS M & B L T, A7, S20 EF
FkER, Th6D T AMOHRIZAEIZ/NE L, Th6D L
HishfEe, S2ORREBFERIARICKE N 57

AATHIEAE S, BRSO AT ORI 25478
A=V ThdEENTNBE0, BREOPLKIZ I FIEER
M % AT 5728, BITEBAOREICEHBNT 5%, K%
DlooseFeff TlAfits & IR U T, BITdlfE XA I

DU =T, BilE & BRI IO THESE RO ER R
WO NLEr-T, it B 72 HEHIRETH > TY,
P & BN DO EIIIREN THh > 7= LRI D, £
UK U T, looseSeff Cladfiteff & bk LT, BirdiE
PETLZBHAD TO X525 T 5.

BT DIRIRINCEH T 5 &, SO & 41
AR AT NRET 2229 bbb, SHEOY
T, WMESEHORS% TN L Tiii~ND 1%
5.7 % (KEOR13%) 23, SIHOKIATIE, B H A
2 HNZEEBIX BT NO WM 1 & 784 LidsD, IR
WL TIRED23% £ THEINT 52, L2 -57T, loose
FHETIEETAECIEE EhAanZ LIk, Birdic
AT BHIZATOINC KD, AN T IZE)ho
7zeEZH6NDB. F7z, Fiedler 57 1, i it % fii
W50, HMEtAETRICHED 25D H, N
TOREBO LB LA EABEIML 72 L RBLTED,
Z ORF A TR LTS, loosedefh Tldfitsefh & il L
T, AT O 5 BN B % 2RO 2 4 2
VO TREBENT#MEEIZE) < 2 & T, M & 40
DT, PBITHEEMETLZEEALGNS.

looseS:fF CidfitSeff & IR L €, S20 T EiEaISA
EIT/NE L, TheD ik, S20Hi# iR =IIA S
IZKE o7z [4-10 BATREO ER] IS 52 5%
EEET D&, looseSkffTIEfitseft & IR U T, Hfrl
JEPMMKT L7278, S20 T EifREIZNA, Th6D it
FFERIIHALZEZFL 6N 5.

—HTC, BATICE T B BIREE (g, Nk, BEER)
DI BIRE B2 E (97 m/min) TIREWBAT
SRIE (49m/min) &KL TRZWE XN Tl D239,
AWFFE Dloose S IZ 361 5 S2DRTHEIFERDOMER  (fitsk
P <looseZefd) &id—3 L Ty, AR TIEZ DR
IZDOWTBIFD K S IZE%T 5.

BATIC I T 5 BRSO IR R, MEk, 58
OIS < 7B, TAGRASZ O 2 I | S i T2
JANEEDL/10TH D, FHEICHT > THHE ST I\
hr o THET 52339, Perry 52 &, BITHOFTFHE %
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