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Development of an Active Controlled Ankle-Foot-Orthosis for Paralysis Patients
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Abstract - In this study,

we developed an active controlled ankle-foot orthosistAAFQ) which can control

the

dorsiflexion/plantarflexion of the ankle joint during gait to preveni foot drop and toe drag for paralysis patients. To
prevent dropping foot after heel strike, ankle joint was actively controlled to minimize forefoot collision with the ground.
It was also controlled to provide toe clearance and to help push-off during late stance. The 3D gait analysis was
performed on two healthy subjects equipped with the developed AAFO to compare with the nommal gait and the
conventional AFQ gait. In the developed AAFQ gait, differently from the conventional AFO gail, significant push-off was
observed during pre-swing and the maximum flexion moment during pre-swing phase was similar to that of normal

gait. A remarkable dorsiflexion also occurred during initial swing.

These results indicated that the developed AAFO

could have certain clinical benefits to prevent foot drop for paralvsis patients. compared to conventional AFOs.

Key Words

A7 A
ol B3

716l gho] X\“&"ﬂ
(toe drag) 4& HolA dr} o] 1
vhH] A 314 B @ (circumduction gait) & 3F
A Hol B& R o x duA 227 24 E7hEE
o HEEH RYPFFS HolA doH1].
olelgt win] Bzle) YL FALHoT Mz A
Ao g datx] HZE7|(ankle foot orthosis)?t AR o)
¢t Lehmann ¥[2]& §7Z7)(swing phase)e] #3}4:7} 9]
Ad 2o WS Boby, 47926 2854 23 3
A(push off)S &= Avnly] =Y 2o wjANHe Byo
e EXES 98 Fkad delx marzh gasidn
F4std k. Carlson 5[3]1& 40} HAulualE gaos
GEtA] Hzrle) A4 A .32 wwd 237 g4 w2
4ot 27102719 Ag RdEs FleAn vy &9
B (step length)ol FAHA ko] Fzrziz)e 2v]9l

=

=

P

R |
WJEWREE RRAHEB AR BTSN W7
EH R REAERS BTAMN BLga
R JEHREIE: (RIEAIEXE BTEA HH - T

Foot drop, Toe drag. Active controlled Ankle-Foot-Orthosis, Gait, Paralysis

7714 wENY dgL
71E AFOY &4
AFOS] #Endg
e a7t A=
¥ deA RxrE hds
EJ,PHOE A ArA o] isgo
:L‘c‘i‘%

stttk A ol
s HAAR-7|AH o=
3} 3171 7H“‘°ﬂ

188

4]
o

Z] -'19211
2o} %M}i
F83% ROM(range of motlon)c’] =S A Fo}
7&’2}1“‘34 & Aolg Hyoh
E AFoMy Bx7] e B RYFU|E &8
o ByF7le wel GE FHe wZ/HEFE Ao %
3 @3lx] HZE7|(active ankle foot orthosisi AAFO)E 72
sta, Ay BAEM AAYs 5 713 dul EepxE
AFQ$} AAFOE vl s},
2.

2 E

chstx] & =7|(Active controlied AFO)

% %1101‘2 T Aliﬁ 6}
%TJ AEFAE *‘]2—}3}3&
B9 BUEY i ZEHY
I DC EZE(RE30, #<&EH,
UJr ol &A%}

A o 3k w4l

)
ol F ¢

r S

193



5% d8x B 2Z7)(AAFO)

22 2957 A& L22F

A& BYPF7) AEL 938, 29 29 4o}, AAFO9] v}
DRI LN, AH FEHEITF, OAA FE2IA, THF
)l FSR(force sensing resistor) FSR AA(MA-152,
Motion Lab Systems Inc, 9|2)5& a3t w3 e
W Ze 2 ES ALEe BIPFINE P EIAGG]
T §27) o|F 2HFA e AN HZ (TO = HO)
T2 RHAEFFHR 7] o]F BRE AM7L HF (HC = FF)
T3 #utE A7) o] F wEFA 9 AA Al (FF © HO)
T4 HHZEYY] olF 2E AM A (HO = TO)
T5: 293259 & oA 2 A4 2 (HO = FF)
(HC: Heel contact; FF: Foot flat; HO: Heel off; TO: Toe off).

]
1% 2. FSR dA e 23 9%

etu 2|

oM

23 2§ Hoj

I3 32 HYPFre WE AAFOS FEE AE M4}
3 90 §F5£E479 DIdNE & FERY do|& a4
A AZo] YoUxE 39w, FUYL7g @NYGNA
D2AME FEHE do)E F/AA ®wFe] dUxE 3
Atk AH2Z7) 7 D3N E A3 BE JZo] 8FHR
2 75 ZolE AUELEE ZaAAY #4719 D4el
MeE g 495 JA7A o] B R d-E FE
wiZe] A= E A3}

Swing Phase

.4t . Mid Terminal:
Swing Swing. Swing

a9 3. BF7)e mE AAFOS TEH Ao

24 REEA AE

MeE F5Y 9 HEIN(AAFO)S 9w Eetad @
A HZI7(SAF0)Q Asg dlmsly] ¢t 299 149
Aoagzag #PAE AFstzn AxY FREA Ax9
(Vicon 612 system, Vicon, USA)E ol&3d HIPFAE
Y39t YT AFRA WM G BEzx7E AE
A @ ARy 7|FEe dw ZTetaE @A REVIE
#e¢ By 23 AL BelA 127 E AL g F
3 2F9 ByS ANSGY (29 4. 3R #He $FEA
S BA43517] 918 plug-in marker setol wek F 1674} b
ARtAE B4 Bof BREATE (298 4). £ FFAR
(AMTI, v]=2)& Ap23te) B8 A] XAudas 4390
7t Byzd el $2F A5 S AW T F 539 wEA
& NP3

(b) AAFO gait
a9 4. 349 EEA: AR, SAFO B3, AAFO 23

(a) SAFO gait

3. 88 2 &9

3.1 AAFO 2E 3 X5 Hof

Med AAFOS TFEE9 REH 3AFLE Aojsie ¥ 13
Zol 2E2uAL Aol 4= UATh FRAYNA RHE 18
3] AIACWIAA TFR Zolrt A7 Ha o 215°9
HAYAZo) o]FolHT. E£F, FHPAHANY 259 103 §
HCCWIAA F3R9 Zol7t AHuzl € o ¢ 11.9°9
Aol Fo] Yoisith HAA ROME o 334°2 HAR Y9
WEFY ROMS oF 25°¢] wd] FE3 T ROME AT
7 A

194



E 1. AAFO 25339 A9 715 ¥9l

Max. Max. Max.
ROM Plantarflexion | Dorsiflexion
Ankle joint | 5335 + 136 | -2146 + 136 | 1189 + 1.03
angle ()
Motor rotation
2
(number) » 18 10
32 wEEY SE54

a9 58 A 7bX 23] iy $EAAEY w2/ E =¥
& WERITh SAFO H#e A9 Az ROMel o 10°2, A
g o] wig] HE@Ael o] g HUh E
AAFO E89 AH§ BPFY] F dA ROMol o 25°=
AARYT FAL TR B3 35 dHE fA1E
t}. o]x SAFQol & AAFO7F AAR S 717t Hae
FEZE F AL 9ok

I8 62 A A Hgo) E LEAA wE/AE 2
Eojrt, AARPY A9 AfFzr)d o 1TN-mkegd Hoh
AZEHNEE B SAFOY A% Hd AFEWES
1IN-m/keg2 AR89 o 65%9 A7 EET AAFO
A% 4 20N-m/kgo s FAEPe F 118%9] A7 HIA
t} ol= HHF push-offE 8] AAFO/E 83 A 2o

EE

BYNY ¢ Aee ol

=

Dorsiflexion {deg)

Gait Cycle (%)

295 $2HAE 2R

25
~ Normat
o 2
x ~ o = SAFO
£ s —— ARFO
z
s L A
.g 1 i i i
2 3
‘Ef 05 T *
c e H
= ¢ g
- +

-05

0 20 40 60 80 100
Gait Cycle (%)
a4 6 2ERY RdE
25
Normal
B
G e AOEO
x
x
k=4
:
o
o 20 40 0 8 100

Gait Cycle (%)

L 0SB UE

g 78 A A wge o 229 A E(power)o]
ok ARy Fe¢ ARZ F 1LTW/kegd HdY &S
B SAFO B89 A% oF 04W/kg, AAFO 289 3¢
oF 1W/kgel AW YEL HATh o]k SAFO B vl
oF 25818 AgolAT AAHE) vElH o 06wl UG
Baa Agzrie AE A FERY £2& o ¥4FE 48

4ol 988 & 5 YA

St

Me B Frld we 42 ade] Ag 9 afF

g Mdste Adndg 9
weoke}h st
] HERY A
8 AFOQ 23
15-2t71o] sl o]
@atx] HEU|E
(push off)o] A
F4719 HEY
94 2= d4

L%
[

z o2
y ol
okt
o
v
59
H
BN
N,

.
H

% ol{; N e
o
Eoﬁ?‘d
o B
B
2 ‘,
59
;é’ A
TR
H <
1@2
ru&’i
)
>
Ty
f;": 10,

o] A (push off)3} =7
& 5 glont, A
719771 of 83
710 #lge] dojdoeZ
71 HA7] gt
b 4 glsdd agln

Baolx wAlE Hoj A2
W SElaE oA BHERVISH umE £

¥ 2¥Ide & F UMYk B
TR HEZE BEA A

o N
o o
2
e o
o
ok

2
2
rr
a2
™

2
ao‘é
"}J B
C o o

2
v
H e
B
S

> o
N

P

243

H

(toe drag)

Lol

o -
o
B
el

(foot drop) H @A B

~
o oo O E v i

R ox (& ol
o i to im oft

o

2
f
ok
h)
Ho
S
>
o
2
i
=8
e,
1o
X
i
we
=
i
o
[
o
>,
fins
+
paa

E d7e ndRAR e s7)eR S ARI02-PI3-PGE
-EV03-0004)8l A el €jdte] o] Fojxl Zgl

[

P oo o=

o

[1]1 243, AU, 1%L, "Aopy] Aol A Plastic Ankle
Foot Orthosis(AFO)9} AH&", digk&e]erz] =], A
84, pp. 50-54, 1984.

[2] Lehmann, J., Condon, S., deLateur, B., Price, R., "Gait
abnormalities in peroneal nerve paralysis and their
corrections by orthosis @ A biomechanical study,”
Arch Phys Med Rehabil, vol. 67, pp. 380-386, 1986.

[3] Carlson, W., Vaughar, C., Damiano, D., Abel, M,
"Orthotic management of gait in spastic diplegia,”
Arch Phys Med Rehabil, vol. 76, pp. 219-225, 1997.

4] ¢+&3, "Zate B E AT F5F 9 1279
A 2 Hr A TR AA=E, 9-13, 2005.

[5] Seung Chan Ahn, Sung Jae Hwang, Sung Jae Kang,
Young Ho Kim, "Development of a portable gait phase
detection system for patients with gait disorders”, J.
Biomed. Eng. Res., vol. 26, no. 3, 145-150, 2005.

195



