Foot wear 32 B T & 5K By br T 1k D ME .

/O EERRT LBk EKRE
I 2]
LR

(SEFMF7EH)

=

=
i

&

\

Development for Foot Motion Analysis System with Footwear

by

Shintarou Kudo, Masahiro Tsutsumi
Inclusive medical sciences research institute,
Morinomiya university of medical sciences
Isao Yamaguchi
Department of Radiological Sciences,

Morinomiya university of medical sciences

ABSTRACT

The motion of the talonavicular joint in shoes is important for understanding the
mechanism of sports injury, but there is no method for analysis under normal shoe
stiffness. We examined the motion of the talonavicular joint using the stretch strain
sensor (STR) that can measure the motion of the talonavicular joint with shoes on.
Fourteen feet of 14 healthy adult males were included in the study. The talonavicular
coverage angle (TNCA) was assessed in the sitting and standing positions using
X-rays, and the arch strain (AS) was measured in the same postures using an STR.
The AS was measured by four attachment methods and the correlation between the AS
and changes in TNCA was analysed. The method with the highest correlation was used

to examine the changes in the AS waveform of running motion in barefoot and shoe
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conditions. The AS condition with a line connecting the medial malleus and navicular,

and an inclination of 50 degrees downwards to the floor correlated significantly with
changes in TNCA (r = 0.60, p = 0.02) . There was no significant difference in AS

during running between with the shoe and without shoe conditions. Therefore, AS

measurement by STR might be able to assess the motion of the talonavicular joint

during running.

¥—7— K

MO § 2t o —, HABE, =27, # 2

Keyword

Stretch strain sensor, Talonavicular joint, running, shoe, foot

L= |

HtoF-COHfE ORI AR — YV EEDF
AR ORAICEE CTH 575, WHEOMHOMHE %
o 7IRE T O T v, 2 2 Tl 355
TR fE A M AENE O 9 AL v — (STR) %
T, BB O BB AT 2 7o, RN
BVE144 1408 2 60 R0, XA X 5 B A B bt
A (INCA) %Ay & AL CEHBIL, Rk S&
BCSTREH T T —F b b VTAE T —
FARLA Y (AS) ELTEHIIL7z. 2B, AS
DFHINE 42 D BEf & TNCA OZALE DM %
AT L7z, OB OBV ETHE LM & sk
thcong v = 78D AS WK ZAL & Mk L
7z PR EFRIRE % S DO R IR LT 50
BE T AR RE & o T L 72 525 TNCA @
AL L A E o 72 (1=0.60,p=0.02). T =~
THOASITHSEM MR LEMMICEERET R
Dotz b5 STRICK A ASFHINC XY
T =y 7, R EERE L72IREET b A BAET O
TEE) % FFC X AN D 5.

i

[

REIZT OO RIBE ESAKOTEE, 14 DI

FH > b AR—VEEE Vol. 45

ORI N, EHERERZIT). ZORHD
TIARAY MRBEECREPELD LA DA
R—VBELERTLEZZOATOL Y ]
THEFEORIBEBOFHTIC L Y REOHTHHF
BB EI O EBANEE ShTwaY. oFh R
O AR — Y BEOFEA & R EB) O R T RET
T o700, BEABAET O EE) & AT T % MBS
H5.

JEFR O EBENT LTINS D S~ — 1 & i
f L 7z multi-segment foot model 28 & < v 5
Y. %, ZOFHRBREIC ST — 7 % B
T HMLENH L7720, ARV IRETIEEL V.
F 7o~ — A B oA < ik 2 & TRET
<= H R LR A SN2 Ll
HEDOMIPEDPMET 55720, EBICHOF TORER
HE)E ML CTWA 23RN THDE. DF ) EE
DOLDBREE % - 7-IRFE T O H AT I &S %
Wrd 2 FEDP 2,

& HE M O3 A &~ — (Stretch strain
sensor, C-stretch /N > F—Absz, LfE, HA) (DL
TSTRET2) % REICHF T2 28T, BER
WX AREROTE, Sh 2 LER % %
CEEWILMICL, REOT R =5 —EERKOD
REHEHOMELT-727. $4bb, STR%



-
HwbZ e, #om oo R % %
MT&Eiud, L DHEMEEOERZHIHTE 2
Footwear O [ 38 R B O Fl 3812583 5 W B
YEDDH 5.

RHFGED B BE & 255 L 72 IREECTREITT RE 22
STR % F\>"C, Bt B i 0 58 B o AT T3 % i)
HyhHrZ el L RRRHMEERT 5720120
TO2o0FEREIT- 72 EBRLIIHEAEEON
SRR & S 5 STR DS %2 Mk 5.
EER2 TIEERR L CHEEL 72 2 W, #it%
JE S 72 S 2 B St T AT O STR % Lk
L, #tA 25 LS challlmigs o L 2R T

1. £ &

1.1 EBR1 EMEEORNNEGREE & RMRT
% STR DAL T EDIERE

1.1.1 5 &

XA REE AR E144 142 (FF#544.6 £ 8.0
W, B51.72+0.06 m, K5 734+ 134kg) & L7z,
Prpbide 3 BIfE, KES - B E T 5 b
D, BEIRE - RBEEIHT 2 FROBEFEDO S
HYDE L7z AWFRIEHR ) B ERBERFFMIIE
ZESMHESNSORBE B TEML 72 ORRE
F72021-081). =B, MEHFIIIAMEOBE
R LR,

ADFTDOREA ML A »oFHIzIE, STR = H
w7z M EMATRENMIZ4D D8y — 2T
STR % BhfF L7z (K1), Patternl (&R & #iE
22k % K5 S IZ R 9 5. Pattern2 (3 P RTBEZIR
B & RS 2 4 S EICBEY 3 4. Pattern3 13
FHIRE &L R E RS L, Patternd 13 N HIELIR B
&R % A S B L7z, & 7z Pattern] & 2
(ZEEABAET O BB PAT IS % B K9 IR 6
L CH40 E E i fEs % 21 F, Pattern3 & 413#
B IZEAC S S &) ISR ISR L CRIB0EE T )7
ZHEF R DU TN L7z

STR % Bl L 72 K78 C R TH % RTHNZBedth L 72

Petternl _[ Pettern2

A idegresnl b u, QI]-'rlegrquM. ]
BRSNS N
Pettern3 Petternd

1 STRELfF
420 STROFE % 7R3
@ JHikE, O: iz, W WaRE, O g

RIS BSOS A b LA Y ZNT —F
ANV EERLT.

1 2 OFZEBR AT & 0 BB AT o0 K 1
EOT T4 X (BEY) & XREEE (F v
)Y AFA A NY AT A XkEELD MRAD-A325)
VTG L 72 WA R R 2 R I filh
7oA (RRBER 90 Jt it 7 , et 13 77 JEC 7 it v i)
) LMD 25ME L. NG %A~
20° fHE#} & & 72 Anterior- Posterior £ (AP1%) %
s L7: . g e H I3 = 50kV, EEI %
100mA, mAsfilii£0.025, ¥ HEHEE 150cm & L
20 R LR E D LT, BB O MM
B Bl % & A SV & IR B B 0 AR % A A
72 #1AHS X 9" Talonavicular coverage angle (TNCA)
% Image J (version 1.52 ; National Institutes of
Health, Bethesda, MD, USA) % M\ CHHHl L
72 (B2). 7, FEMEMASHEICHE) TNCA
D%t % Talonavicular coverage angle Excursion
(TNCA-E) LiEFL 7z

Patternl ~ 4DV 7 —F A ML A VT 7Y —
F~ gz v, FERBEICIIRY 7 20—
—Ex 7z, $7:TNCA-E & Patternl~4 O 3747
T—F AL A CORREAET < Y OIRfAHM
e AT IBRRET L7z, BEHEITICiE s

T2 h AR—VEEE Vol. 45



2 Talonavicular coverage angle
HREE» S R XEEERT
FHEOL LRGN 2 RS

“C IBM SPSS Statistics version 21 (IBM, Armonk,
NY, USA) #ffHL 7.

1.1.2 # R

1. 1. 2.1 STREERAFICLBIMT—FX

L1 DEW

Patternl D777 —F A b L A 23S 1.03
(25%-75% - 1.01-1.06), Pattern2 (% 1.03 (1.01-
1.04) JPattern3131.05 (;1.04-1.07), Pattern4 1£1.05
(1.03-1.06) T/$% — > 113 % O 3Pattern & i
LTHEEZRD (K3I).

Arch strain
g
1

pabtwen pabtaend patternd patternd
patierm

T :difference with petternl *:difference with pattern2

3 STREFF/SY — kBT —F A ML A ¥ DEN

1.1. 2. 2 A7 —F X bL A > &XIREHE
& DOERAERAGR

Pettern3 ® 3. L. 7 —F A b L 4 ~ 12 TNCA-E

A ERIEOMBBER % 2072 (=060, p=0.02,

FH v F AR—VEEE Vol. 45

1.3 s
. /
£ R
E i . /
s ]
£ /
< 108 / ° ’
. | -
T e .
=4 I
g [ ] / a
# ]
& 1 /7
] d
< L]
A
102 = . ) T T T T
2 3 4 5 [ T 8

TRCAE [degies]

K4 TNCA-E & pattern3® B {7

power=0.73) (R4). — 7%, Z oMo &MH T
TNCA - E & A B HIB B bR & G800 % 2 5 7.
(pattern1:r=0.07,p=0.80, pattern2:r=0.13,p=0.65 patt
ern4:0.35,p=0.22)

1. 2 ER2 HEBVAERHEBREEMETO
FETHOT—F X ML A > DR

1.21 /5 &

XS ABEZ A 8L (AF#H21.9 + 1.6 7%,
HE160=006m, A% 613+67keg) & L7 B
MBI, JEE- RBIENERA BT 55 O,
WEFNJEE - BN 5 FaT OO H 5 b
DL L7z RifFRIET ) B EEREATIE R E
KMHEFEAIME OKREFCTEML 72 KAES
2021-081). 7%= B, WREIIIARWIEOBE % i
B L% 157z

FETHOT—F A ML A YOFHINZIE, STR%
FI B 1 0 Pattern3 O J5 & CREAF L 72, & 72
EMOBEEICEM L -E e o — 2 8 L, #
ety x FE L7

FHEY o= R LR T, B SE &
TEMEREGE L EHT, Py FIVEIZT,
Kl 8kmd 7 > = ¥ FEE & Rldk L 72 GLERE Uk
HUZ100Hz & LT, &5 N720I3 7 KB o6



-
W3R EH LR L L7z, RO A N L
A&, 105 =y 73 A 7 )b
DT —=F AL A YEeMETFHL, ETHOT —
FAMLA ELTHEB L.

FHMOFEMIZ L BEITHOT—F A LA »
DOFERIN BT 2 EAL AT T 2720, KIS0 H
% thR7E O statistical parametric mapping (SPM) %
FE i L 72. SPM i$ Matlab (R2020a ; MathWorks
Inc) ZH\W, =7V -2 LTAHENT
3% SPM code (www.spmld.org) ZFIH L7z #
FHEERA EAKIEIZ95% & L7z,

1. 2. 2 #BR EFHFOT7-—FIXLA2E

HoFE

FETHOT—F A LA VIFHIC ER L
i N = A N B A i/ = O i
ST A VD30 ~ 0% FHETH - 72 BES
HEMELETDT —F A ML A Y EEIBIIRT
ELL O MEBSEMGLFABOWIE Y —V ZR L
HEAtE A M e LRt S NEEE R L Tz, L
2L SPMBAT DGR, WFhoy £ I 712
WTHRMMICERELBO o7z,

Mearn and 50

HArph slegin

0 50 100

Running cyche (%)

2. & ¥

RIFFE DR SE STRIC & 0 #it % 3535 | 7=tk
TOHOHMMEEOEE ZFHITE 5 ThH o7z, A
JEDFER, Pattern3 DT HiEDS, LB BT Ik
OB O/ EE) % L L 72, ZOFFEIC L
NI =V 7HOHPICSIRAMES NS 2
&, EHICHA BRI T MO TE
LI EPHLPI o7, DF D, KWL STR
WZED, HMaEE L RKETL T = v ol
B OEB A i CE 2 2 L ZR LT

S B 00 P4 M SR B o SE Bl 3 L ST L2k L
THAOEOBEMIHE Zz b 2LHESIN TS
19 &B5E T Pattern3 DBE T IZ N R
W - T, EEEICERT 2 L9 I L
TW5h., ZD728 Pattern3 DT HiED R b L H
s ) ByErh o BB EG O A s B A SO L 7z &
EZzbNi.

KifFen T v = 7D STR TOFFTIZ B\
T, 9vy=v7H A7 V040%FFETE -2
TR RSN DS (H5). 7= 7ol
FHBAET O EB) % F-0 L 72521347 v, Arndot 5

Hypothesis tast

SPM |

0 50 100

Running cycle (%)

M5 Sv=y7Hn7—FA LAY OMOERIZX SEN
o MEENE T —F ANV A v, WENET =2 I A 2 v aRd, BERIEME, RERIEM R LEHFOT —F AN LA Y EIRT.
IR O L ROFEITZNE N, BERED 2 %R
AL SPM i, #EElLT = 7 A Z v a RS, BIERATRTROBHMNIIAEEES L, REROBPIMIAESEE L HET S,
S BERAFIEHGOMPAZEZ B D020, WTROF A IV ZIZBVWTOEEZEE o7z

T2 h AR—VEEE Vol. 45



DFY =N % EREIHTZ L TEREEO
JEE) & AT L 7-BFgE L, BESFRIES i AE T BT
DEFPNRE L, WATKRTFE LOEF K E W
ZExRIRL, L OBEE BN TIHH D20
~50% THMAY 2 L EE) AN L 40 ~ 60 % TH}
BB Y — 7 2 M5 EEREL TS Y,
T—=F AN A VIZEAEE O EOIIAZ, F
L, WROESZ KW 2 W feErd 5. —
i, BEROZRITCEEENT OFETIREHNO 1
7 A2 MNEOZWRICHEE) & 30 O #HE) i o [0l 8
BHCEH L CTRIHL T 5. 2O DETiZEIC
BIF LT = A 2 o EEE O Y — 2
E—H L WiERICR 72 E T
FETHOT—F A LA I OEEOFEET
B2 2O Lol HEBENZIKETOZEAL
129V>C Campbell & 2 (3447 H o) JE B E O 38 5)
Tl a g < 2 & CHEBEBZROTIEAE 2 @b &
wHIE, U= ONNZ LAETRLSES L
WELCWa, —7, McHenry 513 138t % I <
&RAT R O FERE HIRE 0> BR IR B T O T £ EE OB N
LB T RIET O K M E O 7 & OBATH OE
BIEOZAL L BATHE L A N T A FROMINE &
HBELTWS, $9 00 712BnwTid, EE
< &SR 50 % 1 3 T id 45 IMTP B £ o i J#
FUREASEEIN L, 90 ~ 1009% L Tl L, #tid
MTP i BB % HIR T 5 & OHE L 2 1Y,
2HicSus Y gy sV o220 ~
60% THEEE 163 5 HEE O/ 2 LEE) 25 EA
THLLTWS, wWihd, KEFEAFIL/HDIZ
LINDSZ LAHAOEEHPEIT S LIIRLT
WB Y, KFETE EOW/AMEEE I OWT, 21k
R L72HE R, 020, FAHEEOKT
M EOES > & ) K3 5EfTHO7—F AL
4, MErEeo el RERHTEEAETRR
Ohahrolzb# 27

BE IS~ — 7 i C & vz, Bt
BIER OB & = CEMERRNT CREIIS 2 & & 13

FH > b AR—VEEE Vol. 45

71

L., EETIE2D3D LY A ML= 3 VI
L0, BRATHR OB ET O E) & 5FM L 72 gEs
BB T Y= IO S RO
MEPSITEA LTI TV RV, 72, BE Y
~ — 71 X2 Fluoroscopy % Fl \ 72 W 8 13 BRE ~ D
BRENKRENT L EEZ D EARPIETH/2STR
VR EE B & JR B I ER T 2 Tk LCHEA
BY—=IVEEZLND.
RIFFEDORFUT2OH 5. FEATRF ORI O
ZENI TSI S P TIR RV, Z0720, EfTH
DT —=F A LA UHEABEEOET 2R LT
L EMET D012, ETEEOT7T —F A ML
A~ & Multi-segment foot model & & . b &9
T, BUMEMGEL 2. 220 HICHRE R
FHIZROSNTEY, Wy eEfz a3 5 NOET
F— S RMEETE TR, S, BERERO
TS BMTAHAIET, APLyFEIY—D
HHMEERMGEL T REDR D L.

3. # &

#t & Fe g L 72 IRFE CHE A B ET O E) % STR |2
LD EHIT 2 FE 2 BASE L7z, Pattern3 TOif
FHFC L BT —F A ML A 3 H S ) B
YETOMABEHOZEE 2 25 2 LS I
olz —J, EfFHOT—FA ML A VI3HE
PR LI LMDy — 1207z Ll
FEATHOT —F A M LA EZHENZEINT 2 b
DD, PR MR 2 S L TV B 25
SN TE LD 572, 4, Multi-segment foot
model & D LI ZITV, BGREZ RO 5 LE DD 5.

I

AR A FE N AR ST o F AR —
VR EIRE M H OB E 2 TEML F L
7o BRgE R B L Qw72 72w - M G 72
LET. FMReElTH12H720, SR EH
NEEZF LAEREANT Ly 7 ARILARERS



FEOFINESR D T RE 72 L E

X

1

3)

4)

5)

6)

7)

8)

Bennett J.E. et al., Factors contributing to the
development of medial tibial stress syndrome in
high school runners., J. Orthop. Sports Phys. Ther.,
31 (9), 504-10(2001)

Williams D.S., 3rd, I.S. McClay, J. Hamill, Arch

structure and injury patterns in runners., Clin. Biomech.

(Bristol, Avon,), 16 (4) , 341-7 (2001)
Kido M., et al., Load response of the medial
longitudinal arch in patients with flatfoot deformity:
in vivo 3D study., Clin. Biomech. (Bristol, Avon.),
28 (5), 568-73(2013)
Leardini A., et al., Multi-segment foot models and
their use in clinical populations., Gait. Posture., 69,
50-59(2019)
Balsdon M.E.R., C.E. Dombroski, Reliability of a
multi-segment foot model in a neutral cushioning
shoe during treadmill walking., J. Foot Ankle Res.,
11,60(2018)
Halstead J., et al., The feasibility of a modified
shoe for multi-segment foot motion analysis: a
preliminary study., J. Foot Ankle Res., 9, 7(2016)
Kudo S. K. Sakamoto, Influence of a novel elastic
foot orthosis in foot motion during locomotion in
adults with mild flatfoot., Gair. Posture., 93, 59-63
(2022)
Sakamoto K., et al., Validity and reproducibility of
foot motion analysis using a stretch strain sensor.,

Gait. Posture., 86, 180-185(2021)

9)

10)

11)

12)

13)

14)

15)

16)

Arunakul M., et al., Tripod index: a new
radiographic parameter assessing foot alignment.,
Foot Ankle Int., 34 (10), 1411-20(2013)

Nester C.J., A. Findlow, P. Bowker, Scientific
approach to the axis of rotation at the midtarsal
joint., J. Am. Podiatr. Med. Assoc., 91 (2), 68-73
(2001)

Arndt A., et al., Intrinsic foot kinematics measured
in vivo during the stance phase of slow running., J.
Biomech., 40 (12), 2672-8(2007)

Campbell K.J., et al., Normative rearfoot motion
during barefoot and shod walking using biplane
fluoroscopy., Knee Surg. Sports Traumatol. Arthrosc.,
24 (4), 1402-8(2016)

McHenry B.D., et al., Sagittal subtalar and talocrural
joint assessment between barefoot and shod
walking: A fluoroscopic study., Gait. Posture., 72,
57-61(2019)

Zhang F., et al., Influence of Shod and Barefoot
Running on the In Vivo Kinematics of the
First Metatarsophalangeal Joint., Front Bioeng.
Biotechnol., 10, 892760 (2022)

Su W., et al., Effects of Barefoot and Shod on the
In Vivo Kinematics of Medial Longitudinal Arch
During Running Based on a High-Speed Dual
Fluoroscopic Imaging System., Front Bioeng.
Biotechnol., 10, 917675(2022)

Chen Wang M.D., et al., In vivo kinematic study
of the tarsal joints complex based on fluoroscopic
3D-2D registration technique., Gait. Posture., 49,
54-60(2016)

T2 b AR =Y FF Vol. 45





