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A study on quantitative evaluation of forefoot function*
Noriko Tanaka
Abstract

Deformation and functional abnormalities of the forefoot are related to its motor
function and performance. Especially in elderly people, the foot and ankle
characteristics are associated with impaired balance and functional disabilities. Until
today, manual tests such as measurement by a ruler and goniometer and static muscle
test have been used for clinical functional measurement of the foot and ankle. In this
study, I proposed alternative quantitative measurement techniques of the forefoot.
Those techniques are useful for foot function exercise and training of the foot function.
They are also helpful prescribing orthotic insole.

First, I developed the system that measures thumb’s force vector with a 3-axis force
sensor. Using this system, I can also estimate the force control characteristic of the
greater toe. While in sitting, 7 young people were asked to use their greater toe to push
towards five direction with three kinds of power. The actual measured force was opposite
to the intended direction. There is also a crosstalk between the subjective direction
individually. Furthermore, by applying this system, a toe mouse was developed.

Then, I introduced a new quantitative assessment method of the greater toe agility
using a frequency response. Subjects were asked to sit on the stool and watch a target
moving on a monitor screen. They were asked to press a load sensor button in lateral
directions following the target with their right greater toe. The target and the output
force were displayed on the monitor and these time series were recorded. Target moved
in 15 different frequencies from 0.2Hz to 3Hz. Then, the frequency responses of the
greater toe agility were obtained. 13 young people were measured and those with larger
hallux valgus angle showed lower cut off frequency than the healthier one.

After that, I developed a planter pressure measurement system. This system consists
of distributed 6 x 4 three axis force sensors and a software that displays and preserves
the recorded sensor element. A time series of the force that was superimposed on the
bottom of the foot are recorded as a vector. Moreover, a three dimentional vector is
displayed for easier understandings. The experiments showed that the characteristics of
the force acting on the plantar forefoot in different postures. From the results, this

measurement system can obtain the action force of the foot as a distribution in three

-1l -



directions.

Finally, I proposed a novel assessment method of forefoot function using the
deformation information of the distal transverse metatarsal arch named “DTMA Index”.
This method consists of several steps, i) loading a known weight on the second
metatarsal head of a foot on a transparent acrylic plate, ii) imaging the contact print of
the sole from the behind of the acrylic plate, iii) measuring the concentration profile on
the line between the first and the fifth metatarsal head in the sole image, iv) calculating
the integral of the profile. These steps have been done repeatedly with gradually
increased weights from Okgf to 12kgf and curve plots of the integral profiles were
acquired. The DTMA Index is defined as 63% of the plateau value of the curve.
Experiments from three subjects showed that each DTMA Index correlates closely with
the result of a conventional manual testing for each subject. This result suggests that
DTMA Index could be useful for clinical assessment of the forefoot function.

Through this study, I proposed several methods to evaluate forefoot function by
focusing on the functional forefoot arch and thumb. The possibility of clinical application

and effectiveness of the proposed method are presented.

Keywords:
foot, hallux, dynamic measurement, motion analysis, 3-axis force sensor, vector, agility,

frequency characteristic, hallux valgus, forefoot, transverse arch, deformation, index
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2010
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Figl.1 The bones of the foot

a. medial view, b. superior view

A: Talus, B: Calcaneus, C: Naviular, D: Cuboid, E: Medial cuneiform, F: Intermediate
cuneiform, G: Lateral cuneiform, H-I: First metatarsal ~Fifth metatarsal, M-Q : First
proximal phalanges~Fifth proximal phalanges, R : First distal phalanges, S~V : Second
middle phalanges~Fifthmiddle phalanges, W~Z:Second distal phalanges~Fifth distal

phalanges
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Figl.2 The joints of the foot
a. medial view, b. superior view
A rearfoot, B: midfoot, C:forefoot
i: subtalar joint, ii:transverse tarsal joint, iii : distal intertarsal joint,
iv : tarsometatarsal joint, v:intermetatarsal joint, vi :metatarsophalangeal joint,

vii~ix : interphalangeal joint
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Fig. 1.3 Arch of the foot
a. arch of the foot(horizontal view),b. arch of the foot (sagital view)

A-C: medial longitudinal arch, B-C: lateral longitudinal arch, A-B: transverse arch
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Fig. 1.4 Supination and pronation

a. forefoot supination twist, b. forefoot pronation twist
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—IRENTAATIRTIE, A TSR ORISR BHE TOMEY 72 LAER S D, BRSO
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2.2.1 FHAlT AT LOREE

JERHEDO NJHIBNES L OIS 27 A%, K 2. 1R X9, 3tiher Y, mit -
FEAT - BRETD 3 SIDEBEET DT 7, A/D B, Y arnbikEns.
2.2.2 3@k

S AT LERERT 5 3Hi ) o ORIRIE, K 2.2 17T L 9IS, EEERGEDY 4 AR
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Fig.2.1 Composition of measuring instrument

3 Y DIR

Structure of triaxial force sensor
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2.3 JERE

Fig. 2.3 A view of the measurement process.
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2. 2.4 FEBRAER

W o OB RIE, XEhA A, YHEISATR, ZES ETE &5, gREN
B L7ZE8 5 AW, T7hbb, H (X+), £ (X—), 81 (Y+), % (Y—), §aE (Z
—) HHEE®R LT, KRB THERE LIZSAOWRE a ORIEHERE# 2. 11TRT.
HE G DNy E2FR T I v 7R TERLTODR, ZOHFERETIE, BiF~ShLTn
DB Fz ACHERICRE RN SN D56 & 5 BRE 1 L OWEME b L I8 F
DR KEE I D &, Fx (ZEATFEOT) TIXIES ARCKIE 3. 36kef, B AIRAIE 3. 45kef
Thbv, Fy @i&rmod)) TIXIES S KE 3. 28kef, AJ7mIE KA 3. 44kgf, £7z, Fz
GREIFIMDT)) OEREKRAEIE 19. 18kgf ThHo7z.

WIZ, TS NE W R/ NI IRED 353 JIFHARE R Cd 5. JBRE D EBIAI /Al
%¥ LOSRE M~/ NS CIRE—ED N EHE L TV AR O 2R L. o
EDOYERE 7 4 OB AR 2. 2 1R T

WL D & HIEERAE D 343 DHIERERED 1 0 BRI 7= 2RI L2, X 2.4 1R
T I mEEEZ B U256 b, FREER TIXHE—0Fm7ET T <, 34
FTRTOPNIMERHIREL TS Z ER3bd. 7o, EOFBEICZBWTYH, KT e
[AISOIEF IR E WA DRMES TN D.

2.1 RGO 3 55 F15HARER

Table 2.1 Three components of force with maximum effort

Right Left Anterior Posterior Vertical
Fx 3.36 -3.45 2.76 —-0. 60 1.12
Fy 0.01 -0.93 0.02 -0.71 0.01
Fz 7.85 -0.12 19. 18 -0.13 15.28
(kef)
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# 2.2 WANEIIRED 3 53 S1RHE R (n=T)

Table2.2 Average of each component of force with minimum effort (n=7)

Right Left Anterior Posterior Vertical
Fx 0. 26 -0. 17 -0. 01 0.00 0.00
Fy -0. 01 0.01 0.04 -0. 08 -0. 07
Fz 0.41 0. 83 0.55 0. 36 0.59
(kgf)
(kg) (kg (ke)
! gy zﬂ\ [W A — - L1 ™ [~ s
=== R R~ W G W7, G R B o W A s Wl M
_Zon 10 20 30 40 50 60 70 80 90 100 (s —200 10 20 30 40 50 60 70 80 90 100 (s) ZU»O 10 20 30 40 50 60 70 80 90 100 (8)
a. C. e.
(kgf) (kfo
2 2 =—R-Fx
R-Fx ’ il — Rl
e N | R0 [ W= .
2 7200 10 20 30 40 51 61 7.1 81 91 101

00 10 20 30 40 50 60 70 80 90 100 (8

b.

[X] 2.4 @SSO 345 HIERAIT—% (1)

Fig. 2.4 A time series of three components of force with normal effort.

a. Right, b. Left, c. Anterior, d. Posterior, e.
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WIZ, WBRE Z L DSIRT MIVINBIENEEHER TS, X 2.5120%, AHhRKEEIIRED
35N, BEERATIRITT MLVEHL, 7 ANOWRE (a~g) Oz R Lz, [F—

PHETHHIZHE 1D LT, BHENERICRE L NORE I EFMESEIEThH o7
IBIT, XY Fif EOBHNIOWTIE~S. 2.6 a b IZIIREAR24IZOWVT,
B 2RO R (XY ) B MERZRT. X 2.6 c. d 3% % DFMIC
DOWTIRKNIED 50% AR DT — 4 Z RN o7 MVOE S & fAFEDOFHE & SR % R
LCW 5. BB DN EX L7 & EERICRAE L2 1_2 FVO TR > TS H 0D,
2.6 c. d.HIDHEENTNEBOLIMNL LT T AZEZM L TOWDERTRATEND.
Mo T, WUREMAERTIUL, BT HMERE LR MV ESNEESESD Z L0
AREE B 2 HILD.

2.5 XA R~RKE RO B ONGE (7 41)

Fig. 2.5 Three dimensional visualization of individual differences among components

of force to the right with maximum effort.
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Fig. 2.6 Trace of X-Y components with normal effort and modified data.

a. Subject a, b. Subject b, c.

Subject a (modified), d. Subject b (modified)
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SERHEO TR MVIEEEB R A IE L, OFMIER % 5 L7 fEE, LT ondD
DRI A FTFT.

(D) RIS 2 RBHE O, ATEAEATTM T 3. bkef FREE, SRELITAICIE
19. 2kgf FRETH - 7=,
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M CAETRT V. BRRAEHIIXEE & U TRA7e & ORI 22/ N RHE A I K- T
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X 3.1 FHHIT AT A ORERKX

Fig. 3.1 Composition of the measurement system

(3.2 FHIS AT O

Fig. 3.2 Overview of the measurement system
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3.3 3Eh ORIk

Fig. 3.3 Structure of triaxial force sensor
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3.2.3 BHlITFED T ha—v

BRI O 72D OF T v b a3 — L2k 5. PRE I, AACEEES T 4 —F
v MaE=F BIERL, ZO0OF%—7y FOBEIXIZHDOEY T, BEFETHEV 2=y MNC
FEAFEDNZEMZDH L ICERT D, BRI, K3 41084 v F—7 = —A[HiH %
PR IR L, HROKWY—5y N —EEH A~ S5, BTNz %
NENTHYE L, WREIIS—7 > FOBX IZH b TR b B RHE DA IA~D
NN EZE LSS, ’@t%@%%%ﬁ%@%ﬁbt&ﬁﬁﬁ@ﬁiawwwﬂ~fﬁﬁ
Shd. FNEEENI T D HERE O JIHINE, 1SR LT ENAZ TR U IREE
L, HHRASNRTEEDONEIE, Ehnaa s LT, 2 —7 2 —AEMEICRI N, 2
DI EZ—7 >y NOBE & L BICRERSIITRFET 5. 728, 7V v Z AL 100Hz
L LTz Z—4y OB X TR 1. 02kgf (10N) O IERLH TR 0. 2Hz 776 3Hz £ TE L,
0.2Hz & ZZHIC 16 FfHAZ HE L7z, 1 FIORERIL 20 B & L, F—EgHlconT 3

FIFHAIL 72, B ORRIEFIET o 2 0L L.

AN C 7= o T, BRBRE ORBNIIR S A BN STk AL S L, RHEE R
= M RICOR, BALANIMEFI L 725 L) IR aRICHEiSE 5. 2oL &, IR -
FEREENI 90 FEIR AL, EBEENIIEIIE 0 EEALIC /2D KOs Lz (X, 3.5). 72d, #R#E
SO RITREE TR OBNLE 228 2 T AL 2 R LI E 2 EE T 5 L0 lcmiaic e
EW, ~L M XD MROREEIF TR,

3.2.4 fRMTFRIE

20 P OFHT —% D 5 B, Bilkh 5 AR X — 7 > N OIELEAE 5 OMARH1HT 90
JEL 728 A I 00 b BHOT —Z it gl Lz, ZO7—Z ZEi 7 — Y 25
ZEALT, R LIZ—7y MOJE L R UJERn o OfiE & iRzt L=, 2L
TZOEBEER O —%FHH L, ZhEX—7y M0/ \U—TRL T A &R
7-.

0. 2Hz 725 3Hz £ TAEF 16 FEEOEMIUZ HSWTE 3 BIEHI L-REIET — 2 025, Fh 2
NOTFA U EHE L. 2O 3RIOVEEEENENORBREEIC ST 71, A4
JER AR A SR D, [ARRICACAR B BRI E 2 R LT, o7 A VJEIRERe D 7 > S A7
JAWE %K (-3dB) % Z OWERE O R RHEOBEEDOFRIE & L.
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3.4 Z—7 v MERHEH

Fig. 3.4 An interface for the task management

3.5 HHE DL

Fig. 3.5 Subjects setting

a. Overview, b. Foot position (front view)
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3.3, FHUITFEOFBI O

3.3.1 Jik

B U< BA%E L7 BHITE O FBIE A G 2720, BEFME 5 4 (F#h 21.612.5 F,
B 169.4+3.9cm, {KEH 65.4+4.8kgf) Z#xtRIZ, AlkO7 1 ha—WIit-T, HEZE
ZT 3 HEOFEIT, THENOPBRE DT~ b A7 JHIRE O T & At R 2 F
L7-. 728, FEBRICES U I 1ot LT 72iil L REES2 5 2 CEHll 21T 7.

3.3.2 fER
BHENn=hy NAT7REEEAER 3.1 1T, 3 HEOFHIMEOIX S > 2 L8Rk
(coefficient of variation) THFT & 11%05 12%& 72> TV /-,

# 3.1 WIEOFHIM

Table3.1 Fluctuations between measurements

subject =1 Y = =4 a3

1*day (Hz) 16 2.2 2.4 2.2 2.4

o day (Hz) 20 1.2 2.0 2.8 1.4

Fday Hz) 20 1.8 2.0 26 30

Average (Hz) 127 1.93 213 2.53 2.67

=D 0.23 0.23 0.23 0.31 0.31
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3.4 PRECHERHMN & S SCRHE A O RIfR
3.4.1 Jik

EAENE 13 A4 OfRE (il 22.612.3 F, & 172.0%5. 5em, {KH 66. 06. 8kgf)
T, ARROFHTEHE > TEREMETHRO 72D D EREIT 7=, F—J&Ec>WT 3 |
WU 7= P E VT v A7 B ERE L.

Fo AU ST, BIRE OISR AEZFHAI L7z, SMCRHE L 1L, RRHE ORI
IO T RAINLT % M2 D) BT, — %I LY N7 U EOBEIRIZI T MP
BAIE2Y 156 FELL AN L COBIREEZ W D B8 KBFGECIE, RENDANRHEAE (FFidfs
HFHIBIET MT BIED ZFHH L7z, ZAUEEE 1 P gREh & 5 1 e REho 23 WP B
FONNAETHS (K. 3.6). SENFERNOOFHE Lic/e®, 5 EZIACEHT 5B
i FTERIEVE ™ 2 R U TR, A RIOMERE O RHE A I (8.5+13.2 ) Th
D, 156 FELLEE WIS RHE DRGS0 T 1 A DA Th -7

FER Tl D CRHIBF OWERE O R oEE 2, ©F4h AT &2 ATk LT

7B, FRICEELTUIA v 74 —b Rarvty M7, #RE ORE 25 CGEHIAZT-
7-.

4 3.6 SMSCREEAEOFHH
Fig. 3.6 Hallux valgus angle (MP)
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3.4.2 R

PR DOFIE L TG IR D I DOWRERS % 2 — 7 MaF s ERT—fHlE LT, 3.7 12
AUT. 0.4Hz TIHHERE 1LY —7 Y P2 +HDITBRETE TWD Z EDbnnd. L LA
Brm< 720 180z 2 Z 2 5H72 0 M OIRES/ NS 720 IBIERREHI 72 DRk 1030025 .
Wl D7 A L SRR B LR ESED 7T 7 o G & X, 3.8 (TRT. ZOKIT
35 —7y MNEEECTENEI 3 BIEH U 72 I AR A2 R LT 5.

THE MP BAEIOAMNAEE & 1 >~ A7 J8Jk & OFIREBIfR % Spearman ONENTFHBIFRE % H
W L7z, ZOfER, BEHE WP BAEIOANKAEE & 1 > b A 7 JEIEE & ORIZIZTIV A OFE
BABILR (r=-0.576, p<0.05) ARHHITZ (K. 3.9). S HIZERPOFZEZR LY, AR
W72 260F 5 &, SMNCAEEN 10 FEORERE A X, & LU CRHEOAEAATEE % VT )%
LTHY, RHEEmARE F IS UIADERFIXIZE A ERZIT o oTe. —F, S
DR ZIVIERE B(15 )1, RHEZEIh L C, R ThHE 2 LIAT L H I Lan
DIEA~OIPREE T HBMAAZT bz (K. 3.10). E6IT, ¥—F v MO &
KRBT ONTREBONK « HMGEE I L OV FEROWNAE - SMEiES) 72 & B8 L CTHREL
TWDZ EDBIEI N,
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Fig. 3.7 Target signal and the measured signal (sample)

a. 0.4Hz,

(— measured signal,

b. 1.0 Hz, c. 1.6 Hz,

d. 1.8Hz,

-— target signal)
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Fig. 3.8 Gain—frequency and phase—-frequency graph

a. Gain—frequency graph (subject A: hallux valgus angle

b. Phase— frequency graph (subject A),

10deg),

c. Gain—frequency graph (subject B: hallux valgus angle 15deg),

d. Phase- frequency graph (subject B)
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3.9 SNRHEME LTy NATEEEOBMRE (n=13)
Fig. 3.9 The relationship hallux valgus angle and cut off frequency (n=13)

3.10  RHEWNER & SMmRFOEE  (51)

Fig. 3.10 Pictures of adduction and abduction (sample)
a. Adduction (subject A), b. Abduction (subject A), c. Adduction (Subject B),
d. Abduction (Subject B)
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3.5. &%

ZHIVETRHEOJIEHANE, F& L THRTFIETITONTE 03, BMTORY 72 L ORI
I, BECRE R NN L S RETIHE, B0 0ESE LT, B
FRAT % N T ORI FIE A 1R LT

T =2 FHNOFBMEZ DN T, BHRO X5 ICEBREDY 1262 F & 722 o Tz, E 61T
FHE MP RSO EE L 7 > b A 7 JEH S & ORNZIFE WA OFBERIRAGED Sz, — i
NI RHEAE OREWFEITRHEOBRBRIR T 2805 L ST D Z 0 b, SMNRHEMH
EOF TITRFHEREN N LIZS W EWHED G L2, FHEBVE 13 4 GHEEREZTT -
TG, RHESMNKAE L 1 AT AR ORI TTI VA OMHBIRIR I 6 5 Z & MR TE
7-.

FHEOFET 5 IORE SRHMED b OEELT 5 72D120E, P Z+rcE@E LT
HIZR SIEHAIZAT 5 BB 573, DIVONDER L7eDiX, #—5y hOBRWE X IThHioE
TOMNTES EDHE D00 E VI R ThH o7, A, SAMNAERRKEWEITT > N4 7 EE
BN EDHERTE 2D, T A -JAERHED 77 71BN T RS 55 /LA 1572, 7F
MEBRIF D ©F AW L 0, AAAEDOREVEBRE TIX, ¥—7% v FOBErT 5 ERED
B 2D ERHEE R TI LD CEIE S L35, SOIAEREDEED &, BEo
W « A SGEEN S L OVFRRONEE - SMEEEN /2 & HENE LT3 L T D Z &g sh
fo. ZAUL, RHEOAEZEHNTHEIE, RHEEZSORE LTE I LER & Z L T\ % B
FCOEBENELND, E2R PR E 72 DA B0 TR e & L0 IEALIc e 1%L, SORe e
HRHEDN O ORRBEN R 72 5722 v MATEEENRLS 78 d EE 2 bivlz. Lo T,
JEB BRI % N ARRFEDIRE TR L - T, By AT L 7o R R EL v,
TERIT R TV e 728 LW BN 72 REFR O IEEERE D /3 FH0M T 2. 5 ATREMED RIS STz,

oI, MO T Z 7 X0, 1y AT RIS F TITAAER T T A AT e i
5. ZOHMELE LT, #REDMESOBE LA o T L CRAED M EFREL T D
AREMENNE 2 BTz, oM, Eifg (K. 3. 10) TRHEOEBNE N A L—ATH - - rE A
IZBWT S, FEE FHNIE ZAA TEDTHERE B I W THFEERICRD b T

L% S BITAFROMER O B 70 R A 0 L CATEOFEES N c& U, ZoFF
A £ =T, B IEHII ORI D HERER O RHEMEEREE L~ L O EN ATRE & 72 1),
UANEYT—a VBHEICBIT A RIED b L—=0 7R L LTS b I TE 5.
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AETIE, FBHEZTIECETHGE, TbbBBttoE&RlEE BEL T, L
SRR OBHEETHE TIE L T OO OFHT AT A 2% L. Zhut, 3#hter4olk
(ZRHEZ OR T, AAH IR AN IETRERICZ b T 52— 5y P 2E=Z TR LT
ZDE =y N OBEITERE L ORI XD BHE O/ I~D 1 ) & RERFITEHEIL,
Z D JERERHE T L CREMEE E R T 5 b O TH S, SNRHEEN OF CILERHEN
LI WEWIFED S LI, FEBVE 13 LI CGHEFEBREZIT - 7-MEER, BRI A
FEE Ty N A7 B OBITIIT WA OEBERR 1 H 5 Z L PR TE 2. SR ERDFNR
DYERE TP L CIGEER A T T DD 2 ENUETH S.

TE R THEOBIMEEREN T ML CE UL, ERR CORSRERTE L~V D80 U
Y F— g VBEICBIT S FL—= s R L LTOMHR ENHIETE 5.

-38.



FAE REMEIMAHIRAT LOBRRE

ARETIL, 1ERITEHAIREE T > 7R E DRI - B OREEHEET D720, HiE
D SIRT SO IREEZ ZHAIT 5 2 AT ADBZICOW TR T 5. 4. 1 filchiEoty
maaB L, 4. 2 EIITBERE LI RIEME MRS AT A2 8R L, 4. 3 FilCIIMRGEESR
BRJ7iE, 4. AFICEBREREZRR L, 4 SHEICES, 4. 6HICELDERT.

4.1 FLwic

BT TEIC K BDRHIMIE, A A A D 7 A5 TCLHWLNAFHAIFIETSHS. &
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n, ZOWRRIZEZIIFNT =2 LG SN TE LT, SaEERBORME NS, 20D
%, HERIIZOSIGIN ST M T DL, KENE R, SFREA DM
SEREEZ BICEYE L TP EOFRICER 7 n v =7 F)3TE, 1968 412 H. D. Eberhart,
V. T. Inman 2 XKD Sfz. BARTIL, 1938 FITIELN B 3 F % VT R )
AR L, HEEME SO T TN b NCRE L BMR R Z B 2> Tz %
D, SFESEREMFEEBENRE L, N A — Fh A TRBKAKERE, 3 RotEERE
Hri&iE e OB « MBICE > TR SESERFHUNTE L L 912> TV5.
JEEIIERT 2 /&30 2 TR, BEOBHEHC X DFR NI ORHIRe, A TRH &
L CREIEHROE T o 2 IO RIEE SRR E e 5. BLEREIZ WD &, &
HL S R 2 B RS CTRids TE 5. TOTFT — 4 D LEEIECEE A, SR &8
B ATRE T, AR OMNT T o, WIZ, WIKIEHCIE, SITRHCEEIC» DD
HNOKF ORI % 3IRIe~2 My (BigRSy, ARGy, EEMIZHHERE) L 20
TERS OREOMER A, L) THEREFRERIITHROND. ZRoTEMERTE LA b
FTHNUE, BEiT—2 v MOBEIR D2 HEN R T2 2 L bARETH L. 2L,
RESAEHIEEE Z WD &, RIEOESAMRIN ZRERI TRl C&, 207 — 4 & LT,
FEFR SO R EAMAIEE & OFEIIZES K & Wy, B TIRAZEE ) S HEHIS 2 O R E ERH B Oz
HIToH D D& VST HEMID /N Z — O EIFRZR E03 005, EBIT, BEROLEEH
HT 252 L HREETH D, 1987 (TSI Anf BEFRF O SR S 73 AT 2 1% )8, R Rl, Bieds, &
F870 & 10 SEICIXAY S 5 H1ED Cavanagh I L > TR &N, FTOREESMRSESF
7R REREEREIC BT DM R STV D, BRI ORI AN D A =B A T L
RIS 2 2 A TDEDNRHY, A v —NZ A TDbDITEHAG T2 BRE S U720 FI S
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P, REERRRIC Lo TEBEOME Y LEHIEAE L 25 7 U —T Rk, BEANELD EZD
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HXWRD OFIEED pressure & shear %7V o 7 &S 3THz T 2 ORI 284 L
TN, Zo%ek B 240, 2002 4~2006 FI2i% 16 [HOE % VT, 12 4 Ok
W5 D & 5 BEPR IR B DA E hisd DERORTEERD pressure & shear OFHEAFHIIL T D
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JRFTD 3 53 DR 2 \ CHAIE S EA TV D2, B ERICE T D EBOEFT ORI -
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i, ATETBICEB T 2O MLORESEHEZONRZ =L 2L b 207785, Zhp
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X 4.1 FHlEs OB

Fig.4.1. measuring instrument

B 4.2 FHARROE® - PEL
Fig. 4.2 Array of Sensor Unit
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Fig. 4.3 Composition of Measuring Instrument
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4.2.2 VY7 RNy T OBE

SRR EHED B DT — Z 1L Microsoft Visual Basic ZHWEUG L, FHMHEL R
v, 12 OB Y FRFICBIT D 3MAMOERT), DFY 12 F v RN GDT—F %
Yo TN T EALTEF LN OFRRL, KIS 2ER0 7 2 7 L IIFRRT 5.

EHR S OF — 2 IHMEBE DK T csv 77 AV E L TIRIFT D2 EBNARETH D, £,
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HIFOH T Z LI K W& PRI AER I ORT b bt O E T HLRICE) <
BIDORY MEZRGETRRTHIENTE D, TO—FEK A 4ITRT. 2L, H
DIEPEE BB TIDRT SV, SO RO E S HL R < o~
MTHD. iz, 7T v —h v 7 AOHE T~ R & (Dolly, Tumble, Pan, Zoom,
Tilt, Height) ZfP3Z &ickV, 4K - M, £ - AFE), L. TBEREZEBIR0

360 FEDOMBMNSIERIORY M ERD Z EEFREE LTND., a~wr RARZ V&L
REOBEH OB 2 4.512, 7077 50N EK 4.6 D7 a—F ¥ — MITORT. K45 X
D, 360 EOBBEMNOAER IO M ERTE L Z L &a7Rd. £, AU THRRE L
=7 a s NI L2 —/Uid Visual Studio 6.0, 0S (X Windows 2000 T# 5.
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Fig. 4.4

X 4.5
Fig. 4.5
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Visual Basic ‘ Start ‘

—

72ch Data is Taken into
Computer (1~1000I1z)

{

‘ Low-pass Filter

|

The Voltage is Converted
into the Strain

Calibration ’i

- Interference Correction .
Visual C++
= Unit Conversion (N)
&
v M "|  DLL Function
Time Series Data of - 72ch Measurement Data is Displayed || 3D Screenis |, (OpenGL)
72ch is Preserved . . . Displayed (Action Vector
. = The time series h is displayed
(csv File) ‘gl'ap Py } From Sensor
) FExpansion Element and Force
‘ Fnd ‘ Xl'ml d Center Point is
Reduction, Calcu:ated)
etc. of Screen

4.6 7' T LDt
Fig. 4. 13 Outline of Software
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B4 4.7 REOAE
Fig. 4.7 Position of Foot

X 4.8 SEBRJE ST

Fig. 4.8 Experiment Scenery
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4 4. 9 FEBREEAE
Fig. 4.9 Experimental condition

a. Posturel, b. Posture2, c. Posture3d, d. Posture4

-49-
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4.10  FFERINEE (No2)
Fig.4.10 Action Force (No2)

A: Posturel, B: Posture2, C: Posture3, D: Postured
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.1 f.2 f.3 .4

411a BHEREO 3 RITHEE (1)

a1t WA 1(E8N 1), a 2 WRE 1 (&84 2), a 3R 1 (L85 3), a 4 #BE 1 (&3 4),

b BERE 2, o #EBRFE 3, d MR 4, e HHBRF 5, £ WA 6

Fig.4.11 3D Image of each subject (sample)

a.1: subjectl(posturel), a.2 subjectl(posture2), a.3 subjectl (posture3), a.4 subject 1(posture 4),
b: subject 2, c: subject 3, d: subject 4, e: subject 5, f: subject 6
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1.1 1.2 1.3 1.4

4.11 b KHRERE O 3 RITHEE ()

g 11 BB TCEE ), g 2 B T(EEL2), g 3HRE T(LEL3), o 4 R 7(L8 1),
he BRBRE 8, it #EBRFE 9, j: #BRE 10, k: #EBRE 11, 1: #BREE 12

Fig.4.11 3D Image of each subject (sample)

g. 1: subject7 (posturel), g.2 subject7(posture2), g.3 subject7 (postured), g.4 subject 7 (posture 4),

h: subject 8, 1i:

subject 9, j: subjectlO, k: subjectll, 1:

-53-

sub ject12




X412 3K hL (KB4, #TRf)
a: WEERE 1, b: BERE 5

Fig.4.12 3D Image (Posture4, sample)
a : subject 1, b: subject 5
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Lo U CHIENIATo D E N BT, BIEEA~OMEN S HIZ8 %, 5§ 1 %X 1.5 TR LIZNET —F Ok
TAOHUEEBEIN, FHEAMNK OB OIED, FUEERET —F O T & RSN, RSN O 64 U
LEZLNT.

LEXY, RIEMESAMATHIS AT MIREITE ER 1% 3 kot~ 7 bLvospfifm e L CRHIT 5 2
EMTEDHI LR L. DI, DFERNHEBTOMBIF LY, HERITFHRINEEETSH - 7Zai i ol
N« [ZAOIRFEDE N ZHEE TE D7 MV D/ S — L DiE VIR TE 7.

4.6 FL®

ARETIL, 38/ A Y B 6 X4 E GF 24 f8) By Lie, RIEMESAMAZHNT AT L 2B% L.
ZOVAT AT, BRIEKHOEES), TAMNEZFHIT 2208 TE 5. IBIL, ZOMEERIKIC
< a7 b UCTHEBERICEE LS\ =R T 7 CTRRT H ZE N TE 5. 5B 12 4 x5 L
U= il B G R, MRS AT 2%, BAEE CTIEHIT 5 2 & 03tk 7= I < fE
MH% 3T FLOSATERE LCEHIT 2 Z 2N TE D2 AR LIZ. E5IC, DE e bR Tl
BV, TERITEHAREE Ch o TR DB - [BIFAOIRIEDIENEHEE TE D7 MGHiRE—
DIFENDER T X 72,
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FEHE BT —FIZE R LRI HERRERHE FE DB

ARFETIE, AEEOH THREFOZ VT —F OHEIMEICH T HLVICER LT, DIMA (Index of
Distal Transverse Metatarsal Arch) &£ fHTF 72 RIEERE T —F O E ERIRHE FEOBRFIZ W Tk 35
5. 1 BHICBHRICE A R&EZ WL, 5. 2 8IS TRZ LR EFEA IR Uiz, 5. 3 HildRHIZEER, 5. 4 &
BRIV TR, 5. 5HilcE L oERLE.

5. 1IXL®IT

FRERSCBIRE 22 E DRI OIS, FRRIRREDIR T L BIE LT, ST O LRI
L, BHIE (% 2) OFRSLEBORAEZAEL SELFRELE 8D Z LML TND S Jiigiliy, 2EHo
PCITR S ATEED DV, RO 2T LT WENLTH 5. Z OB TIICIE, BEEiE L
PREEDOBIRZ I ST D RENH Y, T OTZDITERARR TREICEHIT & S RS MOTERERFN 152 B %E
THLENEETHS.

JEERIE, METISEAONC LT, PUEES, AR 3 DICX Ay S, e SR AR L, P
PIBKE, hEERE, SMUBLMRE, JHRE, SCOEOKY, R es, A, hEvg, KE
BN SND, BEERIE EICEE LRVl 2 R L, Cha o7 —FEEsP. 7—F1, /)
FHN A BTSRRI > TR Y, 1, B, B KO OEREDMABG DS > TSN TN D,
ROT7—F%, K 5.1 OBABITRT K918, fit7—F L7 —FIIBlEns. fit7 —F I3t E T 4%
pRL, B - B SRR - MBS - 5 1 R K DRSS, D7 OEE PSR ERES & AT O 1
R TECRIEZE L TUREHEHIL TV D, — IS, RERIZZOMT —F DR T E2RT b0 Th 5.
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(a) J

(€)

X 5.1 &7 —F O]

a. BT —F (ZIKiE) , b WEGET —F , c. AiEFMET —F (AiAEE)
Ar BEE, Br BEUE, CiPAIBRKE, D RS, ESAMAERRE,
Fofitdl, GarhdE, H: H1vaE, 10 o es

Fig. 5.1 Arch of the foot

a. arch of the foot (plantar view) , b. medial longitudinal arch, c. transverse arch (anterior

view)

A: Talus, B: Calcaneus, C:Medial cuneiform, D: Intermediate cuneiform, E: Lateral cuneiform,

F: Naviular, G: Cuboid, H: First metatarsal, I:Fifth metatarsal
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W7 —F OERFTE L LT, 7—F @ (arch height), ®2WNE, FRREILREE (havicular drop)
72 E OIREFREEN B 0 1, R OBRIHME C L < AW D NS, BIEIEHT —F D972 Th 5 AiRRE DR
NG D S & AL 8 D UNISIAL CEAAIT 2 b DT, BEFIIEALESIALICBIT D ZDEERLIEHDTH .
BIREBIZDOUNT b, ST FREROIRIZ % 2 B DOEURHE (rear foot angle) A FHHIT 2 FHEA ML L TH Y,
ERPRAZ2 T RERHNIC L < AV BT A,

—J7, AR HHEET — T, B 1R EE (FEE), 52~5 PREFENLRY, Fo R aiHeTE
RET D, ZOEMIREORSNEHEZ, TRBEH TOMEBEITRS BHHLV 262, BMTOMEINIEE
& LTHIEER COMBELR L0 72 LNELR EN D DT, BT —F 28097 & R B EEER T Ofif
ERKREL AR, BHRERSORE AR ENETLTV. LR -> T, BUEHO (7 —Fofmnetd s 28
b3 % Z EDBERICKE L SNTWD. UL, BIEMORY —F fH I FEIIE, 7 —F 0 X5 2kl
SNTEERTIEN 2L, BURTIIRTRERSE 1 S OEFRRFMI T ENH 5 DB TH 5 1257,

ARFFED BRI, TERE Y 7223 MR HFREE D 72 WRITEERE T —F okt LT, & LTS T2 DIEHE
2 E EANZEHN C & 28T LW RS SRR A 2R T 5 2 L Th 5.

5.2 IREFIE

R OMERERTATICER U C, 1RO —F R OFHAIFEA Z O WA 5 Z LT L V. 0B I,
B, T Rv—27 OREPRERZ VDT oIS, {7 —FEmeHlREOZ v R~—7 R L LTHY
DILDFRRAE T ZEHAE L 0 Al L CEHLCTORHUNAIRETH 523, AETE T —F OTE R R R L
TORBECTITARN OBIET 5 Z LR TEARR. Fio, B XG0 C TEGATR A2 FW 537 53T
XD HH, B ORERABEE CIEEIZ I T /220, IS, ARREIERE IS 2 HE 4 55 72 DI
I, AL & NI DOZEEFHUT 2 MR H D03, WEROKET —F el AW D FFIESAT RS T, A2~
ORFEFEMELS BT —FICIIEZ 22\, £, BT —F MO 7= DI E#K L CRIEE TR 9 5 K8 % &
bED L, NEETHIMEZBIC WIER D 5.

Z 2 CAMIZETIE, Ml S AN D 8T —F OZERACHE B LIZRIE R —F O & &R
FIEARET D, BRI FESRELE UL, BT 7 V) Ui ECRIEEES 2 B sEstic B S (B
REIZI 0~12kef) OINEARZINERMZ, ZH5DONMEICK§T 8T —F OREE (L E, RIEOEEES
WRBHEBLXT [T —=FORNCT I OERLEZRRD.

R T DI FIEOREEORER & FHIOFIE, BLY, FHEFHEIILITDO LB Th 5.

5.2.1 HEEOWR
FEMAEEE, & RRESIREIEE, BEO, MEHAOT VXL T 4+ — A7 =LK ST 5.
BRI LB & DR, (RRENIAr, MBAE - RIS - BT T 00 L L, REBE NS
[RIAL, JERR 4 mRHE 1 EERED 66% & L CET 7 U WRO _BICEWCERRIL 72, ks, RROBRER, T
BT 34 ORI AFHI LT & 25, 340 IR s 65% Th -7t =
DFGE & Lz, X 5. 2 [HEB O & FHIISE & T
TR DBEIA ¥ F (EPSON G15-620) [ RIZ, #BRE OREMEICM A G HENT 7 U ARz E
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L7z, 727 VUROEBICIIMAAO LED 7 L—2 B0 7 ThoH. £ LT, WREDRERE IR SR
W LT A N— Y Fva B a—Z TR IAA TR 2 25@E A VERk L 72, X 3 IZ R EE{G D—f 2 7~ 7.
ZZIS, HITPRBEEEE S PREBHEHAFET A0S, HREREOMSEITIC S~ —h 2 L, £
72, AX X FTOREMZIESULT 5720127 7 U UROBRIC A E R Y (1T T 5. I 61T, SMLE T
% 72 OIZEHAIRE I X R M TR E T - TR L T-.

TUANT F— A7 = (AFREEY AR ASHED) ([CUNEELHEE LR 5, AEEIicAm 2Nz
L. feds, FHUT 72—, 7 AF v 7 (18mm X 44mm X 18mm) % HU O £, BRICHHSRS 285
WZIE Y VR — b (CHEBFERA AR 2 A5 U TN R OEFIE ORI 5 0 7=
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(b)

5.2 ZEEMERL & FHIILES
a. AHAES, b, )R IEGHR LS & A7 TR
Fig. 5.2 Measurement system and setting

a. A measuring scene, b. Measurement system
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(b)

(c) | (d)

5.3 JREHI{EO—F]

a. Okgf fafEEHE | b. 2kef fifEER, c. 4kef fifEERE, d. Skegf fiEKF

Fig. 5.3 An example of sole images

a. load:0kgf , b. load:2kgf,c. load:4kgf, d. load:8kgf

A: first metatarsal head, B: fifth metatarsal head ,C: second toe
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5.2.2 FHHIZm ha—v

AR A~OMEY, 5 2 FRFIEHS~OMEAN & L, INEEIT Okgf 7°5 12kgf & T 2kef M2 7 FEfH &
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ik L ole 777127y ML BEMBT 2T 7 A NVO—fFl%K 5. 412, ERULESMED 7 T 7 %X
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4.02+0. 04kgf, 6kgf T 6.03+0.08kgf, 8kgf T 8.00+0.09kef, 10kgf T 10.07+0. 16kgf, 12kgf T 12.04
+0. 16kgf & 72> THEY, EEMREIL 1. 1~2.5% & IEFIT/NSVMETH -7
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5.4 BEET T 7 7 A LD
Fig. 5.4 An example of concentration profiles
1.2
1 i - s == " ------ ’
fml * o A *
= 08 e
P2 o .7
" 06 .
E ’
'H" 4
K 04 Le
7/
4
02 .-
4
0 ‘ 1 1 1 1 1
0 2 ﬁ 4 6 8 10 12

DTMAfgiE  EE(eD

5.5 1EHULFESME Y Z 7 O—fl L DTVA 54

Fig. 5.5 An example of a normalized curve of integral profiles and the DTMA index
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5.3.1 FEBAHE
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JENL % & D, RBEEIE RN TS O— T OF TH 2~5 5 PREEH AR L, thFOFTE1HEE
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JEJE—, JEE——) CTHlid 5. ZoOiHEicsWT, FH, JEEE BICHE CAEksH 200 IEE T, &b
LINCRE RS Z LTV T EWVIREBZ T, 5 1 SIER 4 29 25EF] TIXATR AN & Ak b2 E
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5.3.2 SRR

F9°, FERTIEIC L HR1E AR IS R A X 5. 6 IO T. BEERE A, B, C OEHULEE R A T, B
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BFEBIX (£) 24, (1) W14 Th-o7z. #RE CIE34EBIC () HROHETH-7=. £1I12%
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Tr o __,.-92111111133::::"'5 A
° L-® e °
Hos t Lok A aE IS A
S NI -
506 [ |
E ', Y S B R B
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2 04 JR A C
CY
02 r
0 ( 1 . L : 1 1 1 1
0 2 4 6 8 10 12 14
N E = (kef)

B45.6 FEEEER (EFULEMES T 7)
Fig. 5.6 Result of experiments

# 5.1 WFRITEDHE 1FIFHEHER & DIMA fREE
Table 5.1 Comparison between the results of a conventional manual testing (manual evaluation of the

1st ray motion) and DTMA Indices for 3 subjects

HERE RE1 B®E2 1RE3 DIMARER

wBEA  (-) (=) (=) 28kef
wEEB (x) (+) (£) 34kef

#wEREC (+) (+) (+) 52kef
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