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| Abstract |

Purpose: The purpose of this study is to compare lower extremity muscle activities and ankle joint angles between different
foot strike patterns (forefoot strike, heelfoot strike) during stair ascent walking.

Methods: The subjects of this study were 22 males who walked in each foot strike pattern on ascent stairs at a speed of 85
beats/min. During stair walking with the two types of foot strike patterns, the muscle activities of the rectus femoris, tibialis anterior,
medial gastrocnemius, hamstring, and gluteus medius were measured. Additionally, ankle joint angles for inversion, eversion,
dorsi flexion, and plantar flexion were recorded. Each participant underwent the experiment three times, with the foot strike pattern
randomized. Results were averaged according to the foot strike pattern.

Results: Significant differences in ankle angles were observed across all phases according to foot strike pattern. Muscle activities
in the lower extremities showed significant differences in all phases except the swing 1 phase. Moreover, differences in foot
movement trajectory were noted depending on the foot strike pattern.

Conclusion: Walking on ascent stairs elicited differences in lower extremity muscle activities and ankle joint angles
based on foot strike pattern. These findings can serve as foundational data for selecting a suitable foot strike pattern

tailored to individual patient conditions when training patients in walking on ascent stairs.
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Table 1. Anthropometric data

Variable Age(yr) Height(cm)  Weight(kg)
Adult(n=22) 24.64+2.65* 174.45£4.79 74.18+10.66
# Mean+SD

Atear] Al A2
F7H12 223 39 9%
+ <Table 2>3} 2t} 2|%]

A =7 A= 13.3141.22°, T2 7.85+1.03°% A=
] /\] HI—E H]Jil—tﬂ;ﬂ_,] 7]‘_‘:._7]- 574]14 o _Pl_gq :_}
°1% LHERHIENp005). 4731 19] 2t s
5uY 4l AE 1528+1.22, T 12.99+1.06°=
HAZZFA] A e H=338 0] 27 EAA o2 &

Apo] 2 LFER Ackp<0.05). Lol 2] wHE: o)
e Ao fofRt o)t UeptAl ket
(p>0.05). Z| A FE7F 20] A} 2B upAH A 2k vt
HZ 1041£1.30 ©, T 524+095°% AZ2A] A] W=
ulgge] Zhwst BAROR ofat Hol2 veh)
THP<0.05). W WHE1e 2= A= 10.27+1.54°,

s
T

S)
<y

ﬁiolﬂ

¥



FO
ol

Z, PZ AT LY M2 0Kl ZZYT U5 2T Hlu | 35

Table 2. Comparison of ankle angle on all phase during stair ascending between the group

Variable Forefoot Strike Heelfoot strike t )4

Plantar flexion -4.53+1.45° -3.79+0.80 0.53 0.60

Dorsi flexion 15.28+1.22 12.99:1.06 2.36 0.03"

Stance phase 1 .

Eversion 13.31£1.22 7.85+1.03 -4.55 0.00

Inversion -1.43+1.30 -0.51+1.16 -0.75 0.47

Plantar flexion -2.34+1.44 -0.85+0.75 1.14 0.27

Dorsi flexion 10.27+1.54 4.34+0.79 4.62 0.00"

Stance phase 2 ) .

Eversion 10.41£1.30 5.24+0.95 -4.48 0.00

Inversion -2.57+1.47 -1.30+0.97 -0.78 0.45

Plantar flexion 19.30+1.86 10.79+1.38 -5.27 0.00"

Dorsi flexion 3.30+1.37 4.92+0.91 -1.44 0.17
Stance phase 3 .

Eversion 3.62+1.41 3.04+0.96 -0.40 0.69

Inversion 19.61£2.54 20.69+1.83 -0.47 0.64

Plantar flexion 22.36+2.04 11.25+1.74 -11.00 0.00"

Dorsi flexion 5.02+1.48 10.79+1.26 -5.26 0.00"

Swing phase 1 .

Eversion 0.19£1.58 3.08+1.68 2.81 0.01

Inversion 23.09+2.03 19.62+1.79 1.72 0.10

Plantar flexion -3.61+1.49 -7.62+1.09 -2.70 0.01"

) Dorsi flexion 12.4241.35 14.79£1.08 -2.93 0.01"
Swing phase 2 )

Eversion 6.96+1.18 6.98+1.15 0.01 0.99

Inversion 1.13£1.50 0.75+1.66 0.30 0.77

Unit : °, ® Mean=SE "Significant difference on all phase during stair ascending between the group, «p<0.05
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Table 3. Comparison of muscle activities on all phase during stair ascending between the group

B e |

o X2z
,-,_—i,—-Z}X

T Z Z

= A2
o FZ
'1"—'—?31]—

HZZR] A] 553.49+106.09

Al AR SR Fogt ApolE U $lTh(p<0.05). %
R Lo A= HZ2A] Al 606.66+105.39
A] 30122456082 AZ24A] A] EAH o7 99
o]& UEH U tHp<0.05). Hrhef ol e 52}
2] Al 206.91+39.62

O FEZ
B ‘F"‘J‘TZ}

| Al 119.38+11.02%
22 A SAHCR [ Aole e
(p<0.05). F<=oflA]
Z27] A] 15346420832
oIzt Aol & HEF A TH(p<0.05). A|A]4-2t 2] A}

A Lol A=

| Al 119.59+13.23, &
A A BAROE §

Variable Forefoot Strike

Heelfoot strike t P

Rectus femoris 253.92433.97* 300.26+31.26 -2.32 0.03°

Tibialis anterior 186.34+17.10 273.48+29.57 -3.63 0.00°

Stance phase 1 Gastrocnemius 606.66+105.39 301.22+56.08 4.01 0.00"
Hamstring 206.91£39.62 119.38+11.02 2.39 0.03

Gluteus medius 119.59+13.23 153.46+20.83 -2.16 0.04"

Rectus femoris 369.01+46.94 351.00£60.73 0.29 0.77

Tibialis anterior 171.41£24.55 215.70+39.27 -1.17 0.26

Stance phase 2 Gastrocnemius 553.49+106.09 236.14+73.67 3.30 0.00°
Hamstring 387.42+74.30 247.12+36.90 2.47 0.02"

Gluteus medius 156.56+20.95 161.70+13.41 -0.26 0.80

Rectus femoris 552.31£177.22 488.18+127.39 0.29 0.78

Tibialis anterior 241.30+40.40 308.40+£73.24 -1.16 0.26

Stance phase 3 Gastrocnemius 243.71426.50 130.02+12.90 421 0.00"
Hamstring 419.26+56.80 378.94+57.28 0.81 0.43

Gluteus medius 204.13+29.69 195.40+25.73 0.45 0.66

Rectus femoris 376.66+105.18 433.07£101.66 -0.41 0.68

Tibialis anterior 234.94+35.34 342.04+57.07 -1.94 0.07

Swing phase 1 Gastrocnemius 377.08+102.20 247.85+48.12 1.82 0.83
Hamstring 306.08+52.36 289.43+35.28 0.34 0.74

Gluteus medius 186.04+24.64 189.20+20.90 -0.21 0.84

Rectus femoris 292.89+64.98 618.87+144.01 -2.21 0.04"

Tibialis anterior 273.40+20.12 407.17+48.48 -3.14 0.01°

Swing phase 2 Gastrocnemius 282.13+£51.56 347.25+48.18 -1.22 0.24
Hamstring 156.61£22.02 154.62+£25.24 0.10 0.92

Gluteus medius 152.93+£26.43 207.54+38.63 -1.78 0.09

Unit: %RVC, *MeantSE *Significant difference on all phase during stair ascending between the group, *p<0.05
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Fig. 1. Forefoot strike pattern.
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