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BYPFALE 1947] FHrEE AAHA A7)
H 3 F(gait analysis)= A IsHE F2 T AAtE o, AFEe Axrle, A gz
2 gt Ag 9 s Ed BPHSE Agsto ete] 2719 1A ATERE FH o 53
AAe FEH FE5QAT BAE HHR &&= § g 54 wye B8 e 24 2 mddyst
o2 Ao = 4 gty dyte] A F ) 2 Es] wdste gk WA RaEAe Qg
vt d deEel g5 oz FeolaFe 3 &8t g ojEitgt ofEl EExan, AHTE, A
L AR, Fobrlel 2E (walking) & 871 Sl@ o)uet FolxAd NAPS AE =i go
A gsgol ot UAl ol I B AFwokoll A 4 B o] F &3 o]&of e A

etAl  AAHA  (neurological  system), =5 A o] Zy}ala vt
(muscular system), =Z 7] (skeletal system)2] A§E] 20471 A AAHeR %A 323
&2 (physiological) && o] g Ayolnz, < sl a glon k= A, asda
A ANBLEZAAZE Ay, AlL, w3} Fog &£ 3 2 w4 AE ¥ dxwy ZL 4y 9
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engineering)S o] &3 spx] o) x| sfEI Yl QlojA
Al ko olell Al A Mael +H A7 &
o] A Al gk HH A W G oo

HEPH 1=K M . o] A x]o] h= ‘LLJ]_ 7"”

shA] o] xl 3= S ELEEA A R]of] oFte] iE W i
%) o) 2 (transfemoral & transtibial prostheses)i: W-5f

2 o3 lon olF thE He# ol ¢ltransfemoral
amputee)©] &&= g2 ek (stump) 2}
A AsrA Qe o] A ol f 1 vheki-e] g8
of#efl sty FEHF AT sk iy A
(femoral socket), VA F-5o] HgE hMslsz 9
T4 ¥ H(artificial  knee), ¢!& 8 E(artificial tibia),

olyut g 9l Whanificial ankle and foot) & &
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A& AL dagelde] By diEeAe] z}
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2. -7 Moy oiEeix @& 3B UiE
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z'sgoﬂ T 3},_‘; ré_isgb:?:} o] 13}0;] g] Z o]

=} =N
1'['

o] 2] A] ~~El(prosthetic system)s W3k 21 A
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1
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Ha olwgel oy na
of EA7F §i ARER HAo) Hom Hu
A% doly 52

@2pe) w5 7] 52
A3 gtelok Ao Foig gEAGAE 290
2 912 A9 olE= 54Aﬂ A% 58 kg, ANFE
165 cmo] 3 AR 9= 92 wriRo @o]f_%
rolm AEle dmdnh H32 BY uvole 3

A, AF 68 kg, AFL 172 ecmo}iL ﬂc}‘ﬂ«ﬂb

#FZ, dady-o) Ziol= Fholn ey I
AEAl 243 g9 FH AL 4183 (quadrilateral)
galol F&2 A7(suction socket)o.F I 7z}l
A 7h HEe geE A dEEwRbe]
A& AbegE JAFEHREL AT
A7)/ 2H7] A A AR
gAY ?liol’k?%é% AH&3tin), ol $HA

% alA FFHeR gz
. EHEV*WZ}E;OHHI AEH 2
®H 37k FF 5 7HRE &
A 7k

BEAL AAslel AEPE REAGD
KR
=2

>
Z
32 1
:1

2 AT ALgE °]:’1“L£4@% 2 g 8}
&1 2 (KOREC) | A NEE Ao oHE 4
(multi-axis o= 2 (single-axis

ankle mechanism),

mechanism), F-Z 2 (fixed-axis ankle
mechanism)©] t}. ‘Fig. Aol A8
EAYE HAE 7
ol AgH sl A ]“3,
*+50] A & = < (plantarflexion) 3}
(dorsiflexion)Rto|  F&FT} thE L
(plantarflexion) 3} Hl| 2 & 2 (dorsiflexion), 81h)
(inversion) ™ 9] ¥k(eversion) & 0] 7FHEdhA A A E
ol ol thFale AFHEANHLE PHFe] #H
Z+g A%slE F A (cushion)F9] 2HS F3 A
‘:}1]' MRSl RS WA 2HE 4 Ah
_/] o]._x.uLE_\,}xéq, 61-7)“ 7= );‘:] oﬂ \;Hsﬂ
NGTFAT LA i ol X A g
(energy storing foot)S AF&-3}%1c},
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control transfemoral prosthesis)®|T} 71& Ak 7]
=& AMEE JAFEHE qEHAT /FAviRkE
Aol & & Aot EFAAE gFgA = ¢4zl
MR FAAT AR £3E FF 9 JHEF
< 7VeskA e

AEHAE Fig. 290 Zol 4 IS
(piezoelectric force plate), &A1 7)o 2h(infrared

camera) 6T, 25mm WrAMRRA | cCD FheEl 29,
VCR, Hlo]¥ AR (VICON 370), HFHE Fo
AFEEQYE BRE AR VICON 370 AlAE

of dZ= A7IH oz dH HEFE Folglo
. A X Z2AEHE YE HolEHEL VICON
370 dlolE 2EoldE T AFEHE Mddg

o SRl ge dEe dHeAE Fol/] 4
stol 7BQld 53) o) WA Fig 32 EF

Ay dEx A& gE PR AEE sl
938 &S R Zrh RegRA AHS 317 9
ate] Aol gtz AAE 5 v WAWEA
(reflective marker)& I @zte] A&, A A%
=5, 95 dEY, A9 55, F9F5 BIE
-5 ) 295 Bt #9F UEHEFd R
ZAsta d&AHgde] e B (walkway)E R s
55 sglvh Ad T 42 EEE st
T2k, Hejdztvele A Ao RaEo] gl vkl

o] AA aFo 9% 7(]‘51&”:‘%’}”"3(ground reaction
force)e AAZro 2 Ay sl FAFE A3
th A el sfFsHA 32y %’*75 +5& 7t 4t
AbebA o) 32kl #ERHFE JFlD(Cardan) 2 EE
AL&-ste] AL E A

EsrAOlE ulE R &gzl
"] 27 YW ghee] H4HAT A
Z3 A 2~EL VICON 370 Al Agly
B3 oolele} A UiFgrEe] &7 A
AHRow, A7 e AdH-(anterior)9t ¥
& (posterion | A FHFE7F HAHH AT Aol
ALg%l kel AlA = Tekscan A (South Boston,
MA, USA)Z 110mm x 110mm x 0.lmm2| 7}=
370, A= 43709 SERA Az de WEY
2= 8 efe] FSR(force sensing resistor) 414 ojt},
Aol A AREE G A E AEF A ¢
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Table 1 Variation of normal subjects participated in
this experiment

Group Nuglfber Age Height | Weight
and Sex Subject (cm) (kg)
20, 22 | 5 | 638
Male 57 (191 - | 11355 (53
28.2) : -79.5)
20 22.7 160.1 52.7
Fomale 37 (2001 | (1521 - | (443 -
¢ma -28.7) 169.5) 64.6)
2| e | gos | s | (0%,
ale -33.9) 175)
40, Male 1 47.4 168 57

(a) Fixed
Fig. 1 Ankle prostheses used in this study

(b) Singie-axis (c) Multi-axis
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Fig. 2 Schematic diagram of experimental devices
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Fig. 3 Experimental setup of a
transfemoral amputee using the total
control type artificial lower-limb for gait
analysis

V Knee F};x {Extension
| —+— NORMAL
3~ﬂ—» fixed
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1w single
b multi
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100

Fig. 4 Knee flexion (+ sign) and extension (- sign)
behavior of transfemoral amputees using the
total control type transfemoral prosthesis for
various ankle prostheses
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Fig. 5 Ankle plantarflexion (- sign) and dorsiflexion
(+ sign) behavior of transfemoral amputees
using the total control type transfemoral
prosthesis for various ankle prostheses

Fig. 6 FEAAE HEHgAE

5
AGATE FEA, BEA, GEAe AFUEHY

56

AHEetal BEsigle oo AR wnbey
wol #vh 447l 27|18k 27 AdiAwnk
=& 932 A, B tHaHH ANOVAE ZAS 4

7t JAFREALL AT Aozt UMK =
38 4 zqu] I I P

1
2o] o

Vertical Force

—— NCRMAL |
—=—fixed ‘
’f'S\‘I'\ﬂ'E;‘
el

Newtons

i v S R A R,

0 10 20 30 40 50 60 70 80 90
% Cait Oycle

Vertlcal force behavior of transfemoral
amputees using the total control type
transfemoral prosthesis for various ankle
prostheses
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Table 2 Relative knee flexion-extension in the
stance phase. The p-values of two
sample t-test between the fixed and
multi-axis types for the subjects are: A
= 0.001; and B = 0.053.

Ankle Subject A Subject B
prosthesis (DegreexSD) (DegreexSD)

Fixed type

(n=5) 7.85+1.02 5.33+1.50
Multi-axis
type (n=5)
Single-axis
type (n=5)

Normal 13.444.11
subject

3.24£1.55 3.46+1.23

® SD: Standard deviation

Table 3 Maximum knee flexion in the swing phase.
The ANOVA p-values between the ankle
types for the subjects are: A = 0.001; and

= 0.089.
Ankle Subject Subject
prosthesis A(DegreeSD) B(Degree+SD)
Fixed type 74.6242.30 72.88+2.40
(n=5)
Mult1-al<15 74.75+0.67 74.33+1.86
type (n=5)
Single-axis 69.20+2.44 70.68+1.86
type (n=5)
Normal 55.45+13.21
subject

@® SD: Standard deviation
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A8 RHp = 0.000). A7 FubRe] gy
Hagb# el Algtel tigh ®iski: F-&Fale) 499
A veson A gEA e A9 |
ghelo 2 whojth. ANOVAZ T 7 §Jzhr] A7)
of il &% bl gy
g zbolE BATHp = 0.000). webA & 3
whE A ulgk ¢jzhvlAl "HarsrEle] AR o
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Table 4 Maximum ankle plantarflexion and
dorsiflexion in the stance phase. The
ANOVA p-values between the ankle
types for the subjects are: A = 0.001;
and B = 0.000.
Subject Subject
Ankle A(Degree£SD) B(Degree+SD)
prosthesis | plantarfle |dorsiflex | plantarfle |dorsiflex
xion ion xion ion
Multi-axis 4.49 21.45 3.57 15.68
type (n=5) | +0.80 +1.03 +0.60 +0.27
Single-axis 12.79 25.66 5.38 18.56
type (n=5) | 148 | £0.94 | +0.51 | +0.68
Fixed type 4.14 11.87 5.32 16.75
(n=5) +1.05 +0.66 +1.08 +0.54
Normal 3.51 12.05 3.51 12.05
subject +1.21 +4.21 +1.21 +4.21
® SD: Standard deviation
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The ANOVA

0.957; and the

phase
the

PO

194
+1.19 | £1.50

Aol Ale]

0.000.
and

=
=

MS

The ANOVA p-values of

stance

747)
0.000;

o
0.000.

-

the

FF

in

97715}

IC

stance phase for the fixed type ankle joint
p-values of socket pressure between the

socket pressure between the events in the
single-axis type ankle joint are: the anterior

are: the anterior pressure

phase (kPatSD).
posterior pressure

pressure

Ankle

pressure
prosthesis

=
events

T

Table 5 Transfemoral socket pressure in the stance
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gl
=

1.73
1.34
1.59

1.73
243
1.46

initial contact, FF:
SECETER

19.2
+0.31
1.40
26.80+|22.94+ |23.28+| 32.06+ | 34.42+
1.51
22.65+|29.65+ (28.90£| 24.05+ | 22.02+
1.17
o)
X

P

3.16
51
1.16
1.48

16.64=+( 17.84+

4.22
28.54+(35.8+5.{39.66+| 30.06+{29.14+
1.52
0.68
1.12
standard deviation, IC:

Post

10) | Post

Single- Ant
=10)
® SD:

Fixed | Ant
type

(n
axis
type

(n

foot flat, MS: mid stance, PO: push-off, and TO:

toe-off, Ant: anterior, Post: posterior
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ulaste] @A vk A dHbRe) qrEE A AR os A iR UL AF
HEH FFH29 Z5-¢ Hlu’o}ai 6&2161 Fou, & A A8k, X—JEH%QJ A& ahA Aol dgsie,
53 SUAAVFE A yEsEe 348 F naF a4 "o NS KA Q)
7ysto] wbrbebERvle] Hulw ﬂ7}ﬁh4 w2} A o 7bEd B F9e HE BA dd, ¢y
A JQITUENEE A8 P9, A g A G stalAe g8 Hrg FabAH, JT
off 2t&ahe Flo] FFH2e] vldte *—101 =09 & A SFellE 1 7EE ASHATIA REH
N7 FEAe] dFo] M Frievt U HHe] oz Ao gt UM
SEH7|E F542 s8]l A He] Ho 9 ArgEal e B A S F Quadrilateral  Socket
= wE)] gE e %f“‘?‘ol ool g {717 (AHEE A7) Ischial Containment Socket(ZHE 2
& #4798t o ’\ﬁ ko vl el 4 X3 AA)E E F d2™ olF Quadrilateral
b el o)dk glo] Nahum A&zl e Socket2 1950t FE] A& H o] gfon 479
bl e F7hAl 71 Aupg vpebvboh A9F= HE iR d9Fote] WA HES 4
BgAoly WAl Az 2 Frbo)l A W wel o, Azl Fapr na e
o] 71Ae rosleln hE Evkate] BEAl A oh,:g— A A8k g FEolrh A TR
AT 7)o FE3el7) el At 2 YHy= ##F 7 H(ischial tuberocity) ¥} EHET;
wrehwkskyl 718 dzolser HAakelel &t (gluteus maximus)2] Ax-o} HHslx low,
a5 9 AE AE 203 A A A FuR o] Y- £ (hamstring) ¥} 2] z%ig 14
Hga dugwrgyde] avHul A pelqel kel Fxel stk &l FURe welw #Awd
= AR 7)ol i 7oA thE kAol A H(ischial tuberocity)®] 3l ojsf AFHH. &
Aakelel WAl AR AWt a Wil Jha A AR R golEth BE S em HE A
FARSE 2 Rg flete] FHE diEHe A ¥ Ao Fo o)=mo @ o8 A (rectus
ZaelFurE o) xdto] 7}A HEE Ao WS femoris) & 918+ FHE S8 FFol Urk A
t}, 9] FE = kel vl polE: Holw FE
vhbe) A9 kS Foishyl 98 R 9
3. AMHER HIBHE-HEX] HEHE HEB A Aels SV 4 vk B 47 8
3t e ACHXle] RY BN oF TS wold zhz SN UHHA 718
A glon ol oF 1059 YghR AL Fofs)
3.1 MEB 71 Hgoltt. A7l UEHHe AdH dastA
o) ¥] & vk xH(transfemoral amputees)oll Al 4 A2l AA o] Yo, 4zt7l st guby sl A Yy
o] Bae Yt gl HYs ot 2 oA WHo e HAeg WwAde 98-S vl
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