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Foot and Ankle Kinematics in Walking with Various Types of Shoes
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Table 1. Physical characteristics of subjects
Males Females

Mean(S.D.) Mean(S.D.)

Age (yr) 22.0(0.8) 21.6(1.3)
Height(cm) 171.5(2.6) 161.9(5.3)
Weight(kg) 64.9(3.5) 56.0(2.2)

PRONATION

SUPINATION

Figure 1. Rearfoot anglar displacement from a
sélected subject biginning at heel strike
and continning for heel off. Parameters
measured from this data are: A) touch-
down angle, B) maximum pronation angle,
C) heeloff angle, D) totdl rearfoot move-
ment, E) time to maximum pronation, F)
total heel contact time, G) relative time to
maximum pronation.

Table 2. Characteristics of test footwear for males
Marathon Jogging Leather Geta Atuba
shoes shoes shoes
F -sol
rontfoot-sole 1.0 2.0 0.9 5.0 7.7
thickness(cm)
Heel-sole
2. R . . R
thickness(cm) 0 3.5 3.0 5.0 7.7
Heelheight(cm) 1.0 1.5 2.1 — —
Heelwidth{(cm) 6.8 8.1 8.1 11.9 10.4
Weight(g) 165 350 450 215 330
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Table 3. Characteristics of test footwear for females

Lowheels Highheels Marathon Geta
shoes
Frontfoot-sole . . 1.0 45
thickness(cm) : ’
Heel-sole
thickness(cm) 3.5 7.5 2.0 4.5
Heelheight(cm) 3.5 7.5 1.0 —
Heelwidth(cm) 1.8 0.9 6.9 8.0
Weight(g) 175 170 175 155
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Ths (H1), fEREER

A) Touchdown angle (TA) : E BT % B
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B) Maximum pronation angle (MPA) . #23s
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C) Heel off angle (HOA) : EARY HBENL S
BT XLV ARMA,

D) Total rearfoot movement (TRM) : MPA
6 TA 2512 AE,

E) Time to maximum pronation (TMP) :
et & BNARKIZ 7 B T TORERL,

F) Total heel contact time (THCT) © BE#eit
& R 3 TORERL,

G) Relative thme to maximum pronation
(RTMP) : THCT iz %9 5 TMP m &

H) Pronation during standing (PS) . SLA7KF
DT X v AMEA,

1) Stride length (SL) : 10¥ M S%» 6 &
WL EHA 74 PR,
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Table 4. Mean values of measured parameters for each footwear for males

Footwear
Barefoot Marathon Jogging Leather Geta Atuba F value
) Shoes Shoes Shoes
Touchdown angle (deg) —3.7 —2.7 —-1.7 —3.6 —2.4 —1.1 1.334
(5.7 (4.3) (5.8) (3.7) (4.4) (5.1)
Maximum pronation 7.6 6.6 7.3 6.7 7.0 6.4 0.533
Angle (deg) . (3.2) (3.5) (3.5) (3.2) (3.3) (2.9)
Heeloff angle (deg) 1.5 —-5.3 —5.2 —-1.2 0.0 —-1.9 4.920*
(6.5) (8.2) (7.0) (6.9) (5.2) (6.8)
Total rearfoot 10.6 9.8 8.6 9.9 8.5 7.2 1.652
movement {(deg) (4.8) (5.1) 6.6) (5.3) (5.3) (3.9)
Time to maximum 169.3 147.6 153.2 203.1 168.7 171.0 0.911
pronation (ms) (91.1) (88.6)  (127.2) (123.2)  (108.9) (121.4)
Total heel contact 437 .4 438.5 471.8 509.5 494.0 477.3 8.031*
time (ms) (58.4) (43.8) (44.7) (32.9) (56.1) (86.3)
Relative time to ) 38.6 34.2 29.0 42.0 33.2 35.1 1.267
maximum pronation (%) (17.1) (19.4) (21.9) (21.5) (23.9) (26.1)
Pronation during 5.2 5.9 6.4 5.3 5.1 4.1 0.437
standing (deg) (4.4) (5.1) (3.2) (2.6) (3.7 (3.5)
Stride length (cm) 54.9 57.2 58.7 61.4 56.3 54.6 3.453*
(5.5) (4.9) (4.8) (2.6) (4.1) (3.6)
Numbers in parentheses are standard deviations. .
% Significant differences (P<0.05) were observed between footwear.
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Figure 2. Model curve of rearfoot angular displace-
ment for each footwear for males. (Abso-

lute time)
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Figure 4. Model curve of rearfoot angular displace-
ment for each footwear for females. (Abso-
lute time)

Table 5. Mean values of measured parameters for each footwear for females
Footwear
Barefoot  Lowheels Highheels Marathon Geta F value
Shoes
Touchbown angle (deg) —3.2 —2.9 —3.2 —2.7 —2.8 0.034
(5.7 (5.7 (5.6) (5.2) (6.7
Maximum pronation 6.2 6.6 4.1 6.5 5.6 3.883*
angle (deg) (2.5) (3.0) (3.5) (2.2) (2.7)
Heeloff angle (deg) —1.9 —1.5 —-3.3 —4.8 —3.5 0.878
: (6.6) (7.3) (7.0) 9.2) (7.9
Total rearfoot 9.9 8.8 7.1 9.8 8.3 2.486*
movement (deg) (3.5) (3.7 (3.9) (3.3) (6.1)
Time to maximum 188.7 152.1 195.4 161.0 194.3 0.586
pronation (ms) (136.7) (112.2) (167.5) (132.4) (168.0)
Total heel contact 440.7 435.1 469.5 407 .4 429.6 2.283
time (ms) (74.0) (70.5) (56.9) (98.0) (98.3)
Relative time to 42.7 27.1 33.7 32.3 39.8 1.297
maximum pronation (%) (33.6) (21.3) (29.9) (27.7) (34.2)
Pronation during 5.7 3,7 2.3 5.2 5.6 0.676
standing (deg) (4.1) (6.9) (5.3) (5.8) (5.7)
Stride length (cm) 51.7 52.6 50.7 53.7 51.6 0.436
(6.1) (5.6) (5.8) (5.1) (4.5)

Numbers in parentheses are standard deviations

* Siginificant differences (P <0.05) were observed between footwear.
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Figure 5. Model curve of rearfoot angular displace-
ment, for each footwear for females. (Rela-
tive time)
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