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Effects of Foot Placement on the Lower Extremity in the Swing Phase during Stair Ascending:

Implications for Transfemoral Prostheses
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Abstract: The purposes of the present study were to (a) elucidate the effects of foot placement, as part of stair ascending
strategies, on the leg motion of able-bodied subjects and (b) investigate the effectiveness of these strategies on transfemoral
prosthetic leg swinging during stair ascending in a computer simulation. In the experiment, 2 different strategies were
conducted with able-bodied subjects: the full-foot contact (FFC) and half-foot contact (HFC) strategies. HFC made knee
flexion less and joint moments smaller than FFC. These results suggest that HFC causes the leg swing to have more inertial
motion. In the computer simulation based on the results, various inertial properties of a transfemoral prosthesis were
examined. Only with HFC, specific inertial properties allowed the prosthesis to avoid colliding with stairs. These
simulation results suggest that with natural motion, transfemoral prostheses without assistive devices could allow

successful leg swing with the HFC condition and appropriate inertial properties.
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Fig. 1 The stairs and global coordinate system used in the
present study
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Fig. 2 Foot placement strategies for stair ascending: full-foot
contact (FFC) and half-foot contact (HFC).

PEBtA B0 222 LB e L. PEBA BT 2 flds
D EEBEMALE O FIGIZ L » TiThh -, BIEROEE %
BT C B4 5 7 A2 FFC (full-foot contact) & L, K
Mo A HLRIEORT g 2 #EM T 5 5% HFC

(half-foot contact) & L7z (Fig. 2). H-EEMEOWEEIT
DRI, HEBRBMEILEEERE CHBELTo. T ORE
OWFH Z FBICEER M 2 FZHRSME Z L ITRE L. AT
T EIT A NVA da ) — ADFIZ L o THR S,
KL bICHE CAM T, EBRSINE ORI D
AICH D Ie7e e, FABEPIIES VWIS L. BHKE
BT S B OB RAE & Figk LT,

2-3 TRUNERE L U

TR B R (REEF, B, SR, B, 5P EE,
DFEEL) IZWET — 7 RN~ — B B L. Kt~ —
D IWRITCIERER 6 BDONATIZELDE—Varxx 7T
¥ A7 A (Mover-tr/3DS, Library #£5Y) A F W CTioékL
2. ¥ 7V 7L — NI 100Hz & L7,

T — X DT Fig. 11T D x-y F@EIC L D 2 %ot
FENT 24T o 7=, BWET — &1L, 2 BRBICH BN L T
MHWICHREBA 4 BEHICHEMT 5 ToOAMOED %

(Fig. 3) ZEATOMGRE Lz, JEEET — &% 8 Hz DK
JAEE T4 RDAZ =T =R T g V2 —F T, (T
NOEN L DI FIR{E Lz,

W I 1T B D FE 5 & BerE & DKk X OV EE RS
Fig. 31T L2 7 VT T RELTERLE.

THIERIR, TR L OVEEIC L o> TR SN DRIE YD

,
™, Right leg
‘\.-_H.

4th step

3rd step

2nd step

Fig. 3 Definition of toe clearance
A variable x3 is the horizontal distance to the third step; y3 is
the vertical distance to the third step; x4 is the horizontal
distance to the fourth step; y4 is the vertical distance to the
fourth step.
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Fig. 4 Definitions of the thigh, knee joint, and ankle joint
angles
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Table 1 Temporal characteristics of stair ascending

FFC HFC
Mean SD Mean SD
Cadence (s) 0.84 0.09 0.80 0.06
Stance time (s) 0.77 0.07 0.80 0.06
Swing time (s) 0.43 0.06 0.45 0.05
Gait cycle time (s) 1.20 0.12 1.25 0.10

Table 2 Spatial parameters of the toe trajectory

FFC HFC

Mean SD Mean SD

X3 (m) 005 002 * 007 002

v3 (m) 009  0.03 0.09 001

x4 (m) 020  0.04 017  0.03

v4 (m) 006  0.02 0.05  0.00
dm;ﬁggﬁ;ﬁknﬂ 059  0.02 059 0.02
Vertical 034 0.02 035 0.0l

displacement (m)
Length of trajectory

0.82 0.03 * 0.76 0.02
(m)

* Significant difference between FFC and HFC (p < 0.05).

1147
— FFC HFC

085 ’-—--—-

068

034

Vertical position (y component, m)

2nd stop

b3 04 05 06 07 08 08 1 11 12 13

Horizontal position (x component, m)

Fig. 5 Trajectory of the toes during the swing phase
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Fig. 6 Trajectory of the leg offset in the FFC condition
The position of the leg in the HFC condition was offset
compared with the position of the greater trochanter in the FFC
condition. The thick and thin lines indicate the FFC and HFC
conditions, respectively. GC, gait cycle; SW, swing phase.
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Fig. 7 Joint moment at each joint during the swing phase
Thick line, FFC; thin line, HFC.
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Fig. 8 Inertial properties of the prosthesis
r is the distance from the knee joint to the center of mass of the
prosthesis. The dots indicate the inertial properties that allowed
a successful leg swing with the HFC condition in the computer
simulation.
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