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Biomechanical analysis of human foot using the computer graphic-based model during
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ABSTRACT

The purpose of this investigation was to study the kinematics of joints between foot segments based on computer graphic-
based model during the stance phase of walking. In the model, all joints were assumed to act as monocentric, single degree of
freedom hinge joints. The motion of foot was captured by a video collection system using four cameras. The model fitted in
an individual subject was simulated with this motion data. The kinematic data of tarsometatarsal joints and metatarso-
phalangeal joint were quantitatively similar to the previous data. Therefore, our method using the computer graphic-based
model is considered useful.
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ojltl. 8 WAHIF L= subtalar, midtarsal, tarso-
metatarsal, intermetatarsal, metatarsophalangeal, inter-
phalangeal F-olt}h. & H3AS FF7xe 2t #¢
9 &AL AHE}A HEdcd B ogs
£o. 23 &9 7+ BHL eversion, abduction,
dosiflexion o] EHFH &F ¥HY HH
(pronation) ¥ inversion, adduction, plantarflexion 5-°]
Egd 21 (supination) ©o] ot olzigt &3
do] dojd w, Z+ FHL JEQE EFHA &
A& Holsd, olRE AFHLZ FASIs AL
AAkele] Wt ZZAA (musculoskeletal system) ol
Anjo] A7 g TEEE HEZ ol4E F Yot
(13).

ol 717283 (kinematic), +E A (kinetic) 3
g 5k, AA Zhsegment o SAYL HE5HH
o2 ojsists o] "asirh e, AA L &
el 2AYL s HEFSD 0BT IYE =

F o 2T 1y ¥ 4 %ok a2, yFEEY 2

n3ds 9

g FHHor Yy YL HME
g e =HA &y} Pandy (11) & Siegler
& o] BERAn ey o At Al
SEaA K& 2 Ader FRH7 §)
Ag &9t £3, Bumns (1) & Mann (8) 5 A4
H HIo dEstH w3 Al @ 7|5 & sAsan
2 stk iR E] o]lH AFES WL | FEH,
ETHoR HAFHY HASE A EPE ¥D
olyel, 344 2ddel Axx et

Scott I} Winter (13) © #9| #AE FHsx 7]
&9 TE AdFAEY HEEH (5 E uPLE B
M9 rigid segment & 8 702 monocentric, single-
degree-of-freedom joint &2 TAE oI 324 % 29
& AR, o] RWE B O 2 video collection
system 3} force plate & ©]&3lo 2} #Ho gAY
%} netmoment & FHH 2 AR

B dFoM e 4 di9 Fholztg o1 8§ video
collection system 2 ZA® skin marker T} 37t
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8} (anthropometry) 202 UX3}= AFH ¢ 2
& T3 2o Z BHe £IYYE AFHLE
E@3hE 71784 doigE AAstnA Aok

2. 84 =29
21 &

B dFgA AAG 2 29I Scott I} Winter
(13) o 298 FAAIA 9 segment, 10 monocentric,
single-degree-of-freedom hinge joint 2 FTAHS
(Fig.1). ™9 Z+ segment = =5 7] (rigid body)
2 2493 HAo

Talocrural(ankle) joint = talus &} leg Abo] 2] 32
T2 @ & A 3. 183 talocalcaneal (subtalar)
joint = talus 9 calcaneus ¢ 4% I ALFE ob7
AT @4, 6). AA SALDANA BHEEL synovial
joint ©]31 plane type ©] 22 hinge joint & &2 )}
= tag (2, 7, 15). 28U B3 A] segment S
A& Z+-&% (angular motion) &
single-degree-of-freedom joint 2 Y & F Qo1
w3 A (12). WekA talocalcaneal ¥} talocrural joint
2 Z7 hinge joint B EE¥ 3HATH Calcaneo-
calcaneus <} navicular 9] 22 US
Hojgct. F segment 2 A E gliding I rotation
9] $¥ol 7s8ltl.  Calcaneocuboi & 9
inversion 3} eversion 2 % & 7A@ (10).
Intermetatarsal joint © %< ligament £ 9 bone
segment S0l 98} ZA8tA] FE&E0] Qlo} HA §
de A Qi ol Z RAEL FWAF 0}
the] Fo olal £Fo] M He o] wst
(9). Tarsometatarsal joint 52 gliding £+
222 rolling 52 BEFAQ ol YoJi mid-tarsal
segment 2t 5HAYA £FL vk HI AT (10).
oleldt H@A-2 W HJFA g AW
metatarsal head 7} X A3 HZ3}AA tarsometatarsal
joint ol €F& FET} 3) £, BYPA| FEF
3t 221902 plantar-dorsiflexion #o]t} (5). whehA
tarsometatarsal ¥ mid-tarsal 2] -2 hinge joint 2
298 Aok (Fig). 2 9 2@sg #iE
interphalangeal joint &} metatarsophalangeal joint <= %
9o &% 7t Wit wwiEER Al
(3)-

navicular joint ¥

322 monocentric ,

Fig.1. Dorsal and Iateral view of the proposed model of human left
foot -only hinge joint axis
TC-talocrural, TCN-talocalcaneal, TN-talonavicuiar

1, CC-calc: boid

T-tarsometatarsal, MP- hal

2.2 XA ZEA (local reference frame) 2 A 2|

FUWHE segment & T3 BAHES W FAQ
o] &3 ARG kA Argel 2o wiwrt gwlst
At wEx] B AP E o] 2 segment o
8 AGFAHXA (local reference frame) & A 93t
olEL 7FLoE ZE HoHE ZZ AA s
(Fig.2).

Zr A AEAY 939 HX= FA9 XY
2 A2 Zooe). B2 AGHEA A 9

Fig.2 hinge joint axis and the description of

local reference Frame
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oA metatarsal segment 2] 23 YE YEhAE AR
9] X % segment Z°] 3k, hinge joint 2] & U
2 z%0=2 A9 §t} Talonavicular, calcaneocuboid ,
talocalcaneal segment == Z & hinge joint &3
2] A7l ek YZ(anterion) 2 FEATh Y
=2 lateral view ol A 912 3t} (Fig.2).

239 & 299 F42 ZF #Y vertex 9
edge 2] HuE7} Eojgle YL oz 74
3} Al7)3 ol B AEstY WA %z wEoFT
olg A wEol3 Z+2}9] segment & skin marker 25
B 30zl A8E vy A AAMEAS
H ARE YT olEL 71202 scaling HATh

3. 28 A o 2HEE
31 2HSH AF

AEe 4 el (D FtegtE ol g5t B A
dto] F2ZH(stance phase of walking)E<t 11 719
skin marker 59 FH3e AJL HAHsAG
(Fig.3). oI5 & 8 /= 7 segment Eof &}
Hago] Ax yer] 3 A AAHA AL H
A et ZR(medial), FHWZH(lateral) EAlW
(malleolus) & &AZE tibia o ¥, 7ldaE
3 950 F4L vt Ho|Z(60HZ) Z}
Z+ AFE 2 o] 5L thA] KWONID 2t 4 T2
ol o3 30 HE=2Z =Pt ol g HHY 7]
#o] =+ #¥H(global reference frame)E #A 2
7198 12 79 marker 7t EoilE 7HE(0.6m),
AZ(0.6m), F°1(0.4m)2 A E(control box)<
Al g3k, KWON3D += DLT(direct linear
transformation) 2] & o} &3ty 2z steere] G4
€ %38} skin marker 2] HIEE FAPgoz A+A
3ttt (Fig.3).

Marker
X Y.z

b

carhera 3

Fig.3 video collection system used four cameras

-coordinates

Marker & 2429 Z} segment 9 &3 Y-S vehl7)
A 2E seguent o F-AHAL, HF-2 FA%
LYol i LAE Fol7] st wo EEH
of Rz}, oju HRGY o FU oAy
the 7 segment €9 £3Aol & BH H £ 9

3.2 2M d|o|Et

712 FHBAANA ZHE 24 skin marker 2} 3 3
¢ HAELS HAFY L =2d9 F719 7Ee] "ot

i sy

The Y coordinate of skin marker

04 3
Took (ser)

The Z coordinate of skin marker

Fig.4 the trajectory of skin marker in the space
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Skin marker ®] X/ ©|o]E]= cubic spline YO.2 B
7t (interpolation) ¥ F, o] FHEL Aol uwel Al e —
guold @ w Z2 99 goz AHA R el
(Fig4). dlol6e] AFAHE Fol7] AslA APAH
71E AFANN SHE #E 4 3] HEdA ALE
gt oA FES X, v, 29 &4 "*ﬁoi 374
A ARE 28A H1 33 AFES gt FHE
299 marker 0] we}t %3-]»%103/“] A B3
Al wol gAdFE e FRE & F YU
(Fig.5).
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Angle (dey

4. AMlE8o|Mnt Aot ’ o 1o '
Trne fsec)
The rotation of tarsometatarsal joint

Algelo] 42 0.9 Z(hill-striking FE] toe-off 7}4])

B9k 200 step ©.2 o Fo| k. A& Fhlers} wiy) e
o HolZalA et Zage] $E 60 ok mA
2 cubic spline o 9Js] B3IF o] 200 Tade 00/

E#g SHEC. AEHAAA e 3L & 1
Ql & 4 Jn aRE A APy ZSENY
g & F AU (Figs).

ARG Fed e ma g " R SR
A Asst vimste] FFE mdo] AF An \/\/\/\/ .

tarsometatarsal 2} metatarsophalangeal joint °}X4] %5

Angle (rieg)
a3
=

(deg) A=Y 207} AT (Fig.6). ol AL 7H2A 9] Y 0 N s

BYPEAM W& AojdsE AT tarsometatarsal

BAHY A &AM o= gliding =} sliding The rotation of metatarsophalangeal joint

& wdod nHEA £ o)fo 7AFIE T Fig.6 simulation results

tl. Tarsometatarsal joint &= A the} F9| segment &

o] 9]&] mid-tarsal segment 9} 7}3IA A& A 5. 48

segment & 232 Yo mid-tarsal WA LAY

g vd Aeg 7jgHAT 2doAMEs g FHA o] AIFAQ segment 9 AUS 7|7 H L

9k 9tt}. Metatarsophalangeal @A 9] 23 AL flexion 2 J7edte EA4s 483 Uyt Qo gyo=z

3} extension 7 olU g} adduction ¥} abduction FE3F A3 o] TIHAE Aolst= "]7374]9] o] o]}

gl s|ojof gt 7€} GE ol ®Wigo] AW J)FFH LRAAo]
A w3} BAY Aog BTk B APANE

O

2ol £5& BIY 2US Fako THHe=

9] Segment £2| Bt A&E 7|78 HolH
g @7 AsiMe #2289 E3HA 58 Ve &
F A A 7Y skin marker & FE 5o 2}
segment & T} AFLe YL ZHsE o ¥

23t}
% 7|

2 d7e 47Rden 4AdTY Jh0s
SanEY.

Fig.S the motion of computer foot model
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