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A Comparative Study of Gait Characteristics between Single Axis Foot and Energy
Storing Foot for Sports in Trans-tibial Amputee
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This study examined the differences in spatio-temporal parameters, joint angle, ground reaction
force(GRF), and joint power according to the changes of gait speed for trans-tibial amputees to
investigate the features of the energy-storing foot for sports. The subjects walked at normal
speed and at fast speed, wearing a single-axis type foot (Korec) and an energy-storing foot for
sports (Renegade) respectively. The results showed that Renegade yielded faster gait speed as
well as more symmetric gait pattern, compared to Korec. However, as gait speed was increased,
there was no significant difference in kinematics, ground reaction force, and joint power between
two artificial foots. This was similar to the results from previous studies regarding the energy-
storing foot, where the walking velocity and gait symmetry have been improved. Nevertheless,
the result of this study differed from the previous ones which reported that joint angle, joint power,
and GRF increased as the gait speed increased except spatio-temporal parameters.
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2.1 AR
Table 1 General characteristics of subjects
BKA
n=4
Age (yrs) 37.00£1.73
Height (cm) 175.50+6.14
Weight (kg) 77.23+5.22
Stump length (cm) 14.50%4.95
Prosthesis use (yrs} 9.00+5.66
Socket Type
. P 22
(Silicon/General)
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Fig. 1 Renegade Prosthetic Foot (RS1), Freedom
Innovations Inc., USA

Fig. 2 A figure of attachment to lower extremity with
reflective marker in trans-tibial amputee
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Table 2 Self selected normal and fast speeds and step

length ratio

Speed (m/s) Step Length Ratio”

Korec Renegade  Korec Renegade
NS
MeantSD  1.1240.05 1.36£0.09 1.13+.04 1.07+.05
p-value  <o0l 005
FS
Mean+SD  1.60£0.07 1.67+0.07 1.12+.07 1.07+.06

p-value .010 .017
" step length of prosthetic side / step length of intact side
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Table 3 Ankle, knee and hip joint angles on the prosthetic side at normal and fast speeds

Ankle Dorsiflexion (%) Knee Flexion (°) Hip Extension () Hip Flexion (*)
(Terminal Stance} {Mid Swing) {Terminal Stance) (Terminal Swing)
Speed Korec Renegade Korec Renegade Korec Renegade Korec Renegade
NS§
MeantSD  22.77+1.36 21.86+2.44 80.8542.33 82.33%6.59  -6.03+1.55 -6.43+2.36 45.0013.06 49.27+5.24
p-value 222 465 595 .019
FS
Mean+SD  23.81+1.69  22.11+2.37  86.97+4.87 83.85+7.27 -7.82+34  -7.0212.49 50.7825.10 51.68+5.34
p-value .020 172 241 .625
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Table 4 The normalized vGRF1, vGRF2 and apGRF2 on the prosthetic side

vGRF1(N/kg) vGRF2(N/kg) apGRF2(N/kg)
(Initial stance) (Terminal Stance) (Terminal stance)
Speed Korec Renegade Korec Renegade Korec Renegade
NS
MeantSD 1.09+.05 1.17+.04 1.02+.06  1.02+.05 .16+.03 .18+.02
p-value <.001 948 039
FS
MeantSD 1.34+.06 1.30+.04 1.06+.08  1.00+.07 23+02 .22+.02
p-value .075 053 131
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Table 5 Ankle and hip joint power on the prosthetic side at normal and fast speeds

Ankle Power (W/kg) Hip Power (W/kg) Hip Power (W/kg)
(Terminal Stance) (Initial Stance) (Pre Swing)
Speed Korec Renegade Korec Renegade Korec Renegade
NS
MeantSD .79£.10 1.21+.34 1.00£43  1.12+.40 .82+.25 92+21
p-value .004 557 392
FS
MeantSD 1.10£.18 1.21+38 1.96£.69  1.98+.75 1.27+12 1.39+.37
p-value 367 938 275

3.3.2 23 8 (Joint Power)

EAHI] 3 PL Table 5 2F 2T 2wy
A7t7] HERH P2 BE dEo]A Renegade 7}
TBA F7FE ATHp=.004). 2} WE Z Lo
Me FAHeRE Frtegled, BAXHCRE
9]3]'7‘]1: S THp=2367). AbH AN 7jE o
YA A4% de BE 259 weE 48 5%
S8d 3ol o f9% ThE Bt agy
2 AFgAE 2E24 AR AgE do] o
SE7F Frhge wel sH02 FrlEle 3§
FAT, BE ZERT wE AgN LEwd
ol o A FUMEe] wA Egdh oe
QA AN AAF FEAE Are} FAFA
Fogg dyEHY, 2F¥=g R [AF e
ANE ZFret Aol degEt Atz HT)

247 2719 AFHF7] R P& 2% Z
3 w2 dgoA XH O Renegade A ZF
7FEglent 74zt AR {9F Aol E e
WA= Fdth 71E9 A Agy @
#HAHH n#A o] duk o] njs
e o] dAvd TV AEs
F=E Q133 Renegade = °|F w3
g &n7t SR Bsia g
A 3ol g fo3t T7HE YeERRA

ol 7IE AvA AZY L ~xxg
A AEE Lo AojFom Holw IA ?i
¥ 2 oA AFY Lo taplelu Zﬂ’é
540l 71& AR Ay Lol o)z
Uetvte 4732 d48Th

B A7e ddA 7 A @&5%E v
dATeEE AFHe] o, g A2xxg dFd

T W7HAE AEEte] 4¥ AFo|ng BE &
gz% QlFwe] Exow Autsl sr)e

T,
=

ju]
e

otz
32 o

J}U
|
30, Koag o o me
waéﬂmﬂr
S DDA

S o o T

=
T Aolw, w7159
19l W )59 &

B2 gagel 7

Wby §F s A¥aE dux A9y 8
k L

548 g % 4
% sojok & 3loltt,

4. HE

24 Tt— 3tE duAss e &
MAA A%% ;} gl gRrEQl 2y Al )
B 5 1% Fobid 31k sl
AT AY 2T=E JuA AFF ¥ AEA
BT D mE ZFdA 25 L Fed
Hlg B8 £xo F7het 2ok A 23
S T AR et B3 27 447 453
@_4 e F5 A=e e ZEAN 2xxg
A AZE ol FoshA gadglon, <3
A3} a3d s 7ok g 73 AolE B

o4 gkske.

lo =2 r1r

BE Agold 27 42V £4 ARwdes
AF AWurEEe fosA ST, wE
Agolq 5 AWurds A% Adgwde
FAHoR Pasts ZRe HERon 28w
2 Pel wBE Y= T L {9 Aol B
wolA ggith ol J1E AUA AFY Tl &
A 24 Yol B Ad AT ge 9
T AT, 2e AUX AFY Be| SaHAW

A7) S 9 AFY 2¥=g B HEAY ¢
AL F keel A9 A Fol olHF AolE
¥ ez Azhdo

B dre A deAE A% 2228 2 )
ol 9lo] Hrh A g2 AFTE Ao,
AHE O ®e stE AgAE dides ATt o



ok

Y UZEX M 26 H 25 pp. 126-132

February 2009 / 132

Soldel @ Ao Alrdn.

* 7

# =Fe EASBRRY 22 AYU)E
Aol oA FUAGAENFE Ad wol
ATHAEFHTFAYNE 42008-3)

1. Sanderson, D. I. and Martin, P. E., “Joint Kinetics in
Unilateral Below-Knee Amputee Patients During
Running,” Archives of Physical Medicine and
Rehabilitation, Vol. 77, No. 12, pp. 1279-1285, 1996.

2. Czemiecki, J. M., Gitter, A. and Munro, C., “Joint
Moment and Muscle Power Output Characteristics of
Below Knee Amputees During Running: the
Influence of Energy Storing Prosthetic feet,” J.
Biomech., Vol. 24, No. 1, pp. 63-75, 1991.

3. Lehman, J. F., Boswell-Bessette, S., Dralle, A.,
Questard, K. and deLateur, B. J., “Comprehensive
Analysis of Energy Storing Prosthetic Feet: Flex Foot
and Seattle Foot versus Standard SACH Foot,”
Archives of Physical Medicine and Rehabilitation,
Vol. 74, No. 11, pp. 1225-1231, 1993.

4. Graham, L. E., Datta, D., Heller, B. and Howitt, J.,
“A Comparative Study of Conventional and Energy-
Stroing  Prosthetic
Transfemoral Amputee,” Archives of physical
medicine and rehabilitation, Vol. 88, No. 6, pp. 801-
806, 2007.

5. Freedom Innovations, LLC, “Product Information
Guide,” Freedom Innovations, LLC, pp. 87-94, 2008.

Feet in High-Functioning

6. Jaegers, S. M. J. H., Arendzen, J. H. and De Jongh, H.

J.,, “Prosthetic Gait of Unilateral Transfemoral
Amputees : A Kinematic Study,” Archives of Physical
Medicine and Rehabilitation, Vol. 76, No. 8, pp. 736-
743, 1995.

7. Nolan, L., Wit, A., Dudzinski, K., Lees, A., Lake, M.

“Adjustments in Gait
Symmetry with Walking Speed in Transfemoral and
Transtibial Amputees,” Gait & Posture, Vol. 17, Issue
2, pp. 142-151, 2003.

8. Postema, K., Hermens, H. J., De Vries, J., Koopman,

and Wychowanski, M.,

H. F. and Eisma, W. H., “Energy Storage and Release

10.

11.

of Prosthetic Feet. Part 1: Biomechanical Analysis
Related to User Benefits,” Prosthetics and Orthotics
International, Vol. 21, No. 1, pp. 17-27, 1997.

Arya, A. P, Lees, A., Nirula, H. C. and Klenerman, L.,
“A Biomechanical Comparison of the SACH, Seattle
and Jaipur Feet Using Ground Reaction Forces,”
Prosthetics and Orthotics International, Vol. 19, No. 1,
pp- 37-45, 1995,

Wagner, J., Sienko, S. E., Supan, R. and Barth, D.,
“Motion Analysis of SACH vs
Moderately Active Below-Knee Amputees,” Clinical
Prosthetics and Orthotics, Vol. 11, pp. 55-62, 1987.
Barr, A. E. and Siegel, K. L., “Biomechanical

Flexfoot in

Comparison of the Energy Storing Capabilities of
SACH and Carbon Copy II Prosthetic feet During the
Stance Phase in a Person With Below-Knee
Amputation,” Physical Therapy, Vol. 72, No. 5, pp.

344-354, 1992.



