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Knee Joint Control of New KAFO for Polio Patients Gait Improvement

S. J. Kang (Dept. of Biomedical. Eng. Yonsei Univ.), K.H.Cho (Dept. of Rehabilitation Medicine Chungnam
National Univ.), Y. H. Kim(Biomedical. Eng. Dept. Yonsei Univ.),

ABSTRACT

In the present study, an electro-mechanical KAFO (knee-ankle-foot orthosis) which satisfies both the stability in stance
and the knee flexion in swing was developed and evaluated in eight polio patients. A knee joint control algorithm suitable for
polio patients who are lack of the stability in pre-swing was also developed and various control systems and circuits were
also designed. In addition, knee flexion angles and knee moments were measured and analyzed for polio patients who used
the developed KAFO with the three-dimensional motion analysis system. Energy consumption was also evaluated for the
developed KAFO by measuring the movement of the COG (center of gravity) during gait. From the present study, the
designed foot switch system successfully determined the gait cycle of polio patients and controlled knee joint of the KAFO,
resulting in the passive knee flexion or foot clearance during swing phase. From the three-dimensional gait analysis for polio
patients, it was found that the controlled-knee gait with the developed electro-mechanical KAFO showed the knee flexion of
40°~45° at an appropriate time during swing. Vertical movements of COG in controlled-knee gait (gait with the developed
electro-mechanical KAFO) were significantly smaller than those in locked knee gait(gait with the locked knee joint). and
correspondingly controlled-knee gait reduced approximately 40% less energy consumption during horizontal walking gait.
More efficient gait patterns could be obtained when various rehabilitation training and therapeutic programs as well as the
developed electro-mechanical KAFO were applied for polio patients
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Fig. 1 Wrap spring clutch
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Fig. 3 Gait analysis
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(a) Normal gait (b) Controlled-polio gait
Fig. 4 Knee flexion angle of normal gait and
controlled —knee gait in polio patients

22RAL 1AF locked-knee gait ¢ A$
(Fig 5), B8F7] 2wtel] AHA FEE@Ho] A
AAFHRO0 )2 FA, BF 1A dFo] A
9 = B AS 7247 2ot EEE 3]

st 3¢AE gg) FHE Y (circumduction)s F 7,

A7 dEo= 7)go 7.

F47)] B¢ FERHY 2L F=IEF A
o8 7$(controlled-knee gait) §2t7] H9 ¥
FAe FFol Aol vlaiME A2 gtolAqt 45
E A5 BEHAF FFo| F47] e $ASA
tHFig 5). =¥ F77 ¢ 2AstE #F A9
M FF3] ZAET. BIA HFH F
HolFE olfsly & RYPFI] LY 71AF ¥
£ AWM Zol ANE F Ut

P =0.24xCx(mgh) )

A7N me ARke), g8 FHEEW/SY,
h £ 3 o)J5¥9(m), C £ £%5(step/min), P
E 71AA o Ekeal/min)elth.

429 2PRML B3td FHE AFH +
AolxAZYE & A locked knee gait 9
controlled knee gait Ale] 4§ ztz} 3.57+0.7

-134 -

KNEE FLEXION KNEE FLEXION
!! _
i
| - PN
i g En TR
- { _é ‘s‘lo [ \\ i
i 3 kB
4 Yo = Quw i
(I \
0 T T T ‘I l: T L] ~ X
a 2 4 L » . o 2 4 [ ] »
GAIT CYCLE (%) GAIT CYCLE (%)




(kcal/min), 2.09£0.3 (kcal/min)o]c}. wtghA] g
g 7533 AdAAs 7€y 2AY Bz
g uA A2 41% FaALE ¢ F Ut

Knee Angle (locked knee gait)

Angle (degree)
3

4 6
Knee Angle {controlled knee gait)

Time(s}

A A A

Angle (degree)

” ,
2 Timefs) 4 8

Fig 5. Locked knee gait and controlled knee gait for polio
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