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A Study on The Assessment Method of Gait Analysis for Ankle
Assembly Using Ground Reaction Force

Sung Min Kim®, Sung Jae Kim', Ha Suk Bae™, Byoung Cheol Choi

ABSTRACT

In this study, ground reaction force(GRF), absolute symmetry index(ASI) and coefficient of variation(CV) of
fixed, single-axis and multi-axis prosthetic ankle assemblies were investigated to show the biomechanical
evaluation for above knee amputees. In the experiments, 37 normal male volunteers, two male and two female
AK amputees were tested with fixed, single-axis and multi-axis prosthetic ankle assembly. A gait analysis was
carried out to derive the ratio of GRF to weight as the percentage of total stance phase for ten points. The
results showed that fixed-axis ankle was superior to the other two ankle assemblies for the characteristic of
forwarding and breaking forces. Multi-axis ankle was relatively superior to the other two ankle assemblies for
gait balancing and movement of the center for mass. single-axis ankle was relatively superior to the other two
ankle assemblies for CV and ASI of GRF.
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Fz3; = second peak. vertical ge AEsdA oje BEHFIL 23y 34
Fy) = braking peak. anterior-posterior 22 &40 g #AY AFE spse ¥y 9k
Fys = propulsive peak. anterior-posterior oA W= A Was ol 2Eu mae <z
tz), tzz, tz;, ty), ty; = relative times of the above o AAT BATo| £2BHOT ALHE ne 2

force parameters
CV = coefficient of variation
ASI = absolute symmetry index
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Fig.1 type of ankle assemblies (a) fixed-type, (b)
single-type, (c) multi-type
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Fig.3 Normalized Ground reaction force data using
Fourier series
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Table 1 Comparison of ground reaction forces mean
value(SD) unit: % Body weight
Augy g n3Y 59 959
Fz; 106.6(18.2) 114.3(50.3) 110.2(45.4) 110.3(44.3)
Fz; 77.4(12.5) 83.9(28.9) 81.4(29.1) 85.7(32.7)
Fz; 108.9¢(16.5) 106.2(41.5) 106.9(39.8) 105.5(38.4)
Fy, 16.8(4.6) 11.6(7.3) 13.5(6.4) 14.3(7.0)
Fy; 20.0(3.6) 13.7¢5.6) 14.6(6.1) 14.3(5.9)
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Fig.4 Normalized vertical force of GRF pattern
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Table 2 Comparison of absolute symmetry index of
GRF between normal and ankle assembly
types Unit: %

Adebdy ZP 1AHY 9FY 0 95¥
Fz) 1.59 16.9 9.4 6.8
Fz 532 35 2.5 3.7
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Fy; 0.47 4238 31.8 172
. 0.37 493 45.6 38.2

33 o ffAx X[
33.1 X|pud AT

Z} oA AE B 3E 3R 9 Gl FHE¢
& 3HAE AEekdy dAEE 47 359 H
S, Fz2 A 1.59%, 2ZY 169%, 353
9.4%, FEY 6.8%Z &Y d4FYo] A 3§
FEQA 10% °J3t oo ddHez dEFF o
WA =7 7Y £ Foe AU ZE A7}
10%IHR e 15 dF o] 25%E FUFHoz
3o, F2 EYPD dF o] 7EX ol
9] & YeHINE I2F 95 o] 6.2%=2 Y
o2 5.

AFZe dAEE Y AFFHE ZF 7]
TAE Holgom dEFo] g Ao H&
ez $53 )

HAH o2 d&yo] Juyqdoz 943 iy
2 Uit (Table 3 FX)

L
i

201



AR ARA -

CEEREEEE

54U A 42028 AsE

332 XA WMAD] s

7t A A& 8 e AU FF
SAE A @ubde o] AN QA EE F3F9
B, 22 AAAE AL BE YA} 71EA
& ¥ojon Jd oz n4dgo] +4% A=
£ HolH, tnpE AP gFFo] 7|EX o
on 1 F nAFP] 12%2 AdAeE $+Fe
, tzae BE A7t 7]ER] ool thE o] 4
Hog Syt

AFZY JAEE ty 2

PRI tyse BE A7} 7]EA WL 2F UF
o] 02%E AdAHoz 7 538t

AAH o7 uAYPo] AHoz 453 A
5 YERAY (Table 4 23

Al dAE A F$F 34, § g4A& &
£33 g9 Ag3A Fe gajol B A JEY
T 9 A7 BAAT] Aol Z|EA] oW,
ddHez 7t 2L g AFEY e, A
EA4do SS 4o

2 9

@5Hol 7]—?7‘4 | f

34. HEM A
3.4.1 X|diuHo| HEM A=

A4 A7 H @z 7+ AR HEA
& AARIT 7} 9 ABE Table 59 YJeELHTE &
zl% z]u:]a]-ma_,] MH.‘O: Z—]/\]—Olo x-]]g]z‘s]— rE
«lzloﬂ ol WEA Ao 715k 12.5% ©ldl
FA & Yehgdod, A%% Aankdy Ay
98 HEo] 7]1FA] oluy g-& YeERAT
AR eg FAN Aty HAFHLE &
%go] AHog ¥ g& el gt

o &

3.4.2 X|Sidi o] WMA7| HEM AlF
Aol FqF Az B Awnhdy BYA7)
o] AEAHLE BEA 74 AEE Table 69 e}
ok A% Auhdy 247 s 23J Y
2,5 A Ayl WEAH A5 JEuY
12.5% ol el +2& Yetdlen, 55 gt
g AEL UEEH 9F5Y JEe] 71EA oY
o & vdedidich AU MEA AFe
tys & AE BE GEo] 7|EAE Holgrh
AAH o2 gzt b A Hetdy By Aj7)9f ¥
FAL ©EYo] Auyez @2 g vUeEdx
ek
B =

AF3AH ATe

O

g R4 A E FAY A5 9+ U
AQ7ME el @4 Huse Aoz ¥
Ao WF R BEYe] $5EE BAZT

Table 3 Comparison of coefficient of variation of time
parameter among ankle assembly type

Unit: %

A1k 34 1ARY 0% @43
tz; 17.3 115 25 1.7
122 19.3 12.9 0.9 1.3
[74] 12.4 10.0 0.6 1.7
tyr 324 20,6 11.9 8.3
32} 2.1 2.5 1.3 0.6

Table 4 Comparison of coefficient of variation of time
parameter among ankle assembly type

Unit: %

Az A4 1A &y $%y
74} 17.3 11.5 25 1.7
tz; 19.3 12.9 0.9 1.3
23 124 10.0 0.6 1.7
37} 324 20,6 11.9 8.3
tys 2.1 2.5 13 0.6

Table 5 Comparison of coefficient of variation of GRF
between normal and ankle assembly types
Unit: %

ARddd A 2Ry oEY u3d
Fz; 17.1 38 2.3 2.3
Fz; 16.3 23 2.7 0.9
Fz3 15.2 20 14 0.8
Fy: 27.5 425 10.7 8.9
Fy; 18.2 20,8 5.3 7.3
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Table 6 Comparison of coefficient of variation of time
parameter among ankle assembly type

Unit: %

AZr A3 233 uE3 uiy
tz; 17.3 11.5 2.5 1.7
tz> 19.3 12.9 0.9 1.3
1z3 12.4 10.0 0.6 1.7
tys 324 20,6 11.9 8.3
s 2.1 2.5 13 0.6

4. E9|
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