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Introduction

The reasons underlying the considerable interindividual dif-
ferences in running economy (RE) changes in shoes with
advanced footwear technology (AFT) (Hoogkamer et al.,
2018) are still largely unknown. Furthermore, the result
improvements in distance running in the years since AFT
was introduced have been greater for elite females com-
pared to males (Bermon et al., 2021; Mason et al., 2024). A
number of characteristics may be relevant for these differ-
ences and lower extremity muscle strength may be a con-
tributing factor.

Purpose of the study

The aim of this study was to investigate the relationship of
open-chain muscle strength in various isolated lower
extremity muscles and closed-chain leg strength in a
leg-press with differences between AFT shoes with high
energy return (ER) and a non-AFT shoe with lower ER.
This aim was designed to illuminate strength as a possible
factor for explaining discrepancies between females and
males in the performance enhancing benefits provided by
AFT shoes.

Methods

Isokinetic open- and closed-chain strength was assessed in
an isokinetic dynamometer (Isomed2000, DRFerstl GmbH,
Henau, Germany) in 30 high-level runners (15 female, 15
male) when running at 60, 70 and 80% of their VO2max
velocity on a treadmill in an advanced footwear technology

(AFT) shoe and a control, non-AFT shoe. The strength was
measured in the triceps surae, tibialis anterior, quadriceps
and hamstring muscles and in a closed-chain leg-press. The
difference in running economy (RE) between the shoe con-
ditions was correlated with the muscle strengths.

Results

No significant correlations were seen between RE improve-
ments in the AFT shoe compared to the control shoe in
open-chain isokinetic strength in isolated muscle groups,
however this improved RE correlated significantly with
strength in the closed chain leg-press at 70% of VO2max
speed for males and at 60 and 80% for females. Interestingly,
the correlation was negative for males and positive for
females (Figure 1). For females a stronger leg-press cor-
related significantly with an improved RE in the AFT shoe
at two of the three running speeds.

Discussion and conclusion

The result that strength has opposing results for males
and females adds further questions to what individual
characteristics provide the underlying mechanisms for
sex differences and interindividual differences in perfor-
mance enhancing effects of AFT shoes. The high rele-
vance of closed chain, leg-press strength with running
economy may indicate that total leg strength or maybe
stiffness can provide more stable prerequisites for utiliz-
ing the quite unstable AFT shoe characteristics. Such a
stability may not be provided with strong isolated mus-
cle groups.
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Figure 1. Figure description. Percentage RE improvement in the AFT shoe compared to the control shoe at three different speeds. Correlation coefficients
and p values: Male: 60%: r=-0.48, p=.069; 70%: r=—0.70, p=.004; 80%: r=-0.48, p=.084. Female: 60%: r=0.68, p=.015; 70%: r=0.45, p=.173; 80%:

r=0.66, p=.027.
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