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Effects of Different Habitual Foot Strike Patterns During Running
on Achilles Tendon Morphology and Mechanical Loading

ZHANG Xini'*, DENG Ligin®, XIAO Songlin®>, FU Weijie’
(1. Faculty of Sports Science, Ningbo University, Ningbo 315211, Zhejiang, China; 2. School of Exercise and
Health, Shanghai University of Sport, Shanghai 200438, China)

Abstract: Objective To investigate the effects of different foot strike patterns during running on Achilles tendon
(AT) morphology and mechanical loading. Methods Fourteen habitual rearfoot strike runners and 14 habitual
forefoot strike runners were recruited. Morphological characteristics (tendon length, cross-sectional area, and
thickness) of the AT were collected using ultrasound imaging. The AT loading characteristics ( plantar flexion
moment, tendon force, load rate, impulse, and stress) of subjects wearing cushioned running shoes while
running at a speed of 10 km/h were collected and calculated using a three-dimensional force measurement
treadmill. Results Compared to habitual rearfoot strike runners, habitual forefoot strike runners showed a
significant increase in peak plantar flexion moment of ankle joint, AT peak force, average loading rate, and peak
loading rate ( P<0.05). However, the differences in AT length, cross-sectional area, and thickness between the
two groups were not statistically significant ( P>0.05). Conclusions Long-term forefoot strike patterns can
adaptively enhance the mechanical loading characteristics of the AT during repetitive stretch-shortening cycles.
Key words: Achilles tendon; forefoot strike; rearfoot strike; foot strike pattern
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Tab.1 Basic information of the subjects
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Fig. 1 Measurement process of Achilles tendon length and
cross-sectional area (a) Position of the medial head of
the gastrocnemius muscle at its conjunction with the
Achilles tendon, (b) Ultrasound imaging of Achilles

tendon cross-sectional area
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Tab.2 Differences of ankle kinematics and kinetics between two groups of runners
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JEfiHb AR/ () 13.4+3.2 -4.5+3.1 <0. 001 5.709 [15.528; 20. 421]
W A/ (°) 15.13.5 11.4%6. 1 0.057 0. 744 [-0.122; 7.621]
B WA/ (°) 12.66.0 17.5+8.9 0. 098 -0. 645 [-0.967; 10.809]
KATIEB B/ (°) 27.7+4.6 28.9+5.0 0.525 -0.250 [-4.912; 2.569]
P S I/ (Nom-kg™") 0.5+0.4 0.10. 1 0.011 1.372 [0.074; 0.528]
BRI/ (N om-kg™") 2.8+0.3 3.5+0.4 <0.001 -2.155 [-0.991; —0.466]
SR /[Nom- (kg-(°) '] 0.100. 03 0. 10+0. 02 0. 356 0. 355 [-0.010; 0.028]
UM/ (W -kg™") 10. 4£2. 1 13.2+2.4 0. 003 -1.237 [-4.595; —1.051]
2.2 REMEF P=0.540,d=-0.235) FIHBEIEIE (1,6, = -0.778,
S XS TR BRI B (15 = —0.474, P = P=0.443,d=-0.294) (N Z R LHIT ¥ B XL (P>

0.640,d=-0.179)  ERBERE B R (¢, = -0. 621,

®3 MABRERBESFER

0.05), W3 3,

Tab.3 Morphological differences of Achilles tendon between two groups of runners

S SRR (n=14) SIS (n=14) P Cohen’s d 95% E {5 X [1]
FRAE K/ cm 19.8+3.0 20.3%2.5 0. 640 -0.179 [-2.670; 1.670]
R A R 17T B/ mm® 61.0+5.4 63.3%9.6 0. 443 -0.235 [ -0.462; 0.248]
PRIEE T/ mm 4.8+0.2 4.9+0.6 0. 540 -0.289 [-8.347; 3.761]
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Fig.2 Differences in loading characteristics of Achilles tendon between two groups of runners (a) Foot strike angle,

(b) Peak plantarflexion moment, (c) Peak force of Achilles tendon,

(d) Average loading rate of Achilles tendon
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Tab.4 Mechanical differences of Achilles tendon between two groups of runners during running
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