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Biomechanical Gait Analysis and Simulation on the Normal, Cavus and
Flat Foot with Orthotics
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Abstract

The foot plays an important role in supporting the body and keeping body balance. An abnormal
walking habit breaks the balance of the human body as well as the function of the foot. The foot
orthotics which is designed to consider biomechanics effectively distributes the load of the human body
on the sole of the foot. In this paper, gait analysis was performed for three male subjects wearing the
orthotics. In this study, three male subjects were selected. The experimental apparatus consists of a
plantar pressure analysis system and digital EMG system. The gait characteristics are simulated by
ADAMS/LifeMOD. The COP (Center of Pressure), EMG and ground reaction force were investigated.
As a result of gait analysis, the path of COP was improved and muscle activities were decreased with

orthotics on the abnormal walking subjects.
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Table 1 Anthropometric data of subjects
Subject Height(cm) Weight(kg)
Type 1 173 63
Type 2 180 64
Type 3 168 69

Table 2 Anthropometric characteristics for Korea
male in twentieth’”

Percentile
(%tile)
Stature(cm) | 166 | 170 | 174 | 177 | 180
Weight(kg) | 58 63 69 75 82

10 |" 25 50 75 90

Bleaps femoris

Gastrocnemius

Fig. 1 EMG(electromyogram) sensor attachment
location
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Fig. 2 Experiment of plantar pressure and EMG
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(a) Static plantar pressure of
Type 1

Type 1

(b) Foot scan of

(c) Static plantar pressure of

Type 2 Type 2

(d) Foot scan of

(e) Static plantar pressure of
Type 3

Type 3

Fig. 3 Distribution of plantar pressure

(a) Cavus foot orthotics
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(f) Foot scan of

(b) Flat foot orthotics
Fig. 4 The orthotics for the subjects



flo ®z

xE UrE‘rHJE} Fig. 5914 vel=
Xé%isMAM COPY ¢o|Z oz 1

N

(a) COP without orthotics (b) COP with orthotics
of Type 1 of Type 1

N7 XN oy
) N

w7 e MJUHH COP9] ] 5 HoE

Type 13 22 259 A$ Fig. 5@l A 2z

FHA719] FHe v FFE wol} )

PA7IHE AAHoz Ae AXHo] nge] oto

2 olEH gt AL B} T = 9t o= (c) COP without orthotics (d) COP with orthotics

ALY 2Fow s 4 F4o] HEa of Type 2 of Type 2

dez FFEHe Aoz BdEnh Fig shE &

2% 2XE2~ L T AR 29t 24 A

Folnt. FB34A] ARE A9wrd Wk Pl

AL QAo W 2 dehd AL A

AT # Yotk olHF @Ye axg eaEs)

el gETAS Mo oA dug

geo Bl 4 g} (e) COP without orthotics (f) COP with orthotics
T2 7w AR .

of Type 3 of Type 3

o = 7+ olzk X ok7} 2}ol =
o1 . e = ]01]31 ke A J o Fig. 5 COP during walking without orthotics and
X]ul % o & o =1 = Ao
AL A R core vee 3 with orthotics on the subjects
Ads 2 NG FAL 4 Yo} o= 9

= 2
FAE HAAA AARYS st 9ee ou Table 3 Names and functions of measured muscle
T} Fig. 5(d) 2282 g I Itz Ax Name Function
T W FAol AgsiA ke AR 93 Biceps femoris Thigh extension
A A AMe wgte] ¢tow ojgd L B Vastus lateralis Lower leg extension
& 9tk olgE FAL a 29 oxme sl GA (.}a'str.c)cnemu.ls Knee ﬂex1on', Plz}ntarﬂexmn
Tibialis anterior Dorsiflexion
AolAE dufete] gFAe o388 oz A
TAA AR Yo oGS WA= AoT 1o

Z DU .
- Fig. 6& <4% &4 AXE A3l 9o »
Type 39 Z%- Fig. 5()olA & 4 5ol ¥ BF7] Eote] 7% FEEZ JEh Te ol
g o) &) A TQ&\_ REAl coprt 4ol corr o} T REFE|e] AL E= e AL
oetez HEE NS 2 5 9o ayy o o BEH FAZ vo]HE RMS(Root Mean
4y eadad Agdta B 51 g=AL Square)®] Wl o @ UERIATIY Table 3o 1.
‘%E}‘ﬂi Fig. 5(1)01]/\1{— COP7} /¢ rae] copst WA ZHE AN 9 2o WA o

o L a2 vERA 34\0] =3
Ad Type 29 7% Fig. 6(c)= BA HPHJAA &

wel Aoz wergn, 59 BEE adze vopd Aol 95



Orthotics #-8°f W& A} 2% H

3 1

1) 0 1

A 7](Heel contact)e] THEFZL, 4ZHY3,
SAETol ATt FULVI(Mid stance)©ll
qEFAH2, dSsEes, $FFIS HAY 89
AEE L guA o] A ETh aela wvle
E97(Toe ofpol 45 w317 Hsh ohr] 4A
Foo]l FAHIE T FGZVI(Mid  swing)E]
N E T2 HeTol #AsEE A&
B ok o3 @4 K 39 RPN K
2o AgEe A £ 5 vk

Fig. 6% ®0F vl&3s] RS @ Type 19]
REAE ALYPL uf, TR FHEE KW
LAHAE &I GgS Wk vustd gy

d]

o

Loy

214
=

rsi'

lo o

FI

=1

‘I‘QEH:L SHaT, dAFTIANM AA PR

=T wold g B F Uk wkde] Fwx
EL% AAH o 18 & FAHEE el

Type 29] 2E2E 283 Fig. 6(d)

Pl & #
o g #getr] A
ol AAE de 8EF 8
| BYA K9] A2 5 A

ke & vepith
Fig. 6(e)lA et o] HE Type 32 Fig
6(a), (0t HlALFHUE W exExE FL3Y)
Aol 259 B4s Awrt 257 A4Pe @
Bt} AAQHow & o} .
& BEA o] 93 gAY dun 2§
o] MZE RH} o] BrvE A& YEhith
Fig. 6(f)oll A&} zro] Ak

flo
poty
tio

o
B
30
o
2
rir
o

| exgAE ZLsn
@ ST dqEFZUe, 95Ees, AT
Al 259 843 Amrt yelAn AHEaRE
Bt ol& Type 19 £8 QREAE o]g
& MdaRe vxg A9E Yepdoh £ 3
O gl AEA e 28R} HAAHer =2
Al et ol aE s Faoz QA
2F Wi BT Ry BHESL {Ie 488
e Aol & o B2 g5¥S ¥a= g
o= Aot olyd Axe 2xEro 47
e w2 ASHm #™-be] gldm S A

(2006)'7= AN &k T,

2.2.4 Gait Motion CaptureS O| &5t HA:E N
Fig. 7 125 frame/sec®] Motion Capture A4S

o] AAAEA ZPEA 9 AEH oA 1119

N S B - R T T Ted  Fod WAL Bl e M el
omex  Vw dame o off  wwmg  cowat  comat % same  of  oF  wep  conaw
.
= Biceps femoris (LIS T2 pot Biceps femoris (RSl S 24 2)
o =
or W 0 W
S G

Vastus lateralis (&S 22)

4
g

355 .888¢

z% 3

o ¢l
3

RMG

Gastrocnemius (BEA2)

0
5

Vasts lateralis (il/vf;) bood
@ ol

e @ -] o

o

P

w0

.. 5} 0
Gastocnemus (SEX2)
- ™.

{

2

(a) EMG data without
orthotics of Type 1

(b) EMG data with
orthotics of Type 1

LA T S R LR S M = a3
O comser s wmce S b e wwn
% Biceps femoris (CISI F2212) Biceps femoris (0l T2 2)

e 3 o5
Vasts lateralis (2| 553 22)
AV

5 B3 Yy
Gastrocnemius (BUXIZ)

Aams

o
b

kn B2 @ £ 37 Vo

ﬁt/\ Tibialis anterior (2 23) a?f E\_,V.._\ Tibialis anterior (2 22)
B = &
i R

P

%o £ T 3 e T £ 37 o iy =
ot cycle 1 paitcyen

(c) EMG data without
orthotics of Type 2

(d) EMG data with
orthotics of Type 2

|

LS i

oo wing ot
b ped <25,
. Biceps epors QESTZAD) X Biceps femots (XEZZAD)
0 pes
o o ot o5 o RN oz ™ 3 s T
foed yasts biemlis QARS8
g o
g
& oo 5 5 ES o8 s & 0 s E
05 e
00 = 2
E o g N o7 o
5 az =
= Tk i 1252
=P\
o

&

W o5 5
* gait cycle *ganceie

(¢) EMG data without (f) EMG data with
orthotics of Type 3 orthotics of Type 3

Fig. 6 EMG data during walking without orthotics
and with orthotics on the subjects

ol g3te S4W GARIFIIe A, ¥,

287 HR RN ZAEg et om 7 2
Aol 7% e ARA AN 45 W

A et 22 tFe gduaFy)
5 12 BN, AA(-)2> eLag2e nF

£l g azol, HH(E eagiY F
o we Yot YARPoA nHPL
BAFY) F G A T ME 3o f-7k
Azt7)7k B
7] Aol Huf AR =g ?‘&E}“” sHde 1y
13 10] x%x%o]] o]
Ae] s

i=}
17719 215l FRE F F A4

fl



1120 o] =

N
Degree ¥
p

80 8.2 o4 o8 %8 x4
1 gait cycle

Fig. 7 Kinematic curves of hip, knee and ankle for
walking without orthotics(---) and with
orthotics(—) of Type 1
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Fig. 9 Kinematic curves of hip, knee and ankle for

walking without orthotics(-—-) and with

orthotics(—) of Type 3
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Fig. 11 Analysis model of LifeMOD"™ with musculo-
skeletal and position of input
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(2) Heel contact during the stance phase of walking (b) Foot flat during the stance phase of walking

(e) Toe off during the stance phase of walking (f) Mid swing during the swing phase of walking

(g) Heel contact during the swing phase of walking

Fig. 12 Gait simulation of Type 1 subject by ADAMS/LifeMOD
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