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Abstract 
 
Purpose: Advanced footwear technology is prevalent in distance running, with research 
focusing on these “super shoes” in competitive athletes, with less understanding of their 
value for slower runners. The aim of this study was to compare physiological and 
biomechanical variables between a model of super shoes (Saucony Endorphin Speed 
2) and regular running shoes (Saucony Cohesion 13) in recreational athletes. Methods: 
We measured VO2 peak in 10 runners before testing each subject 4 times in a randomly 
ordered cross-over design (i.e., Endorphin shoe or Cohesion shoe, running at 65% or 
80% of vVO2 peak). We recorded video data using a high-speed camera (300 Hz) to 
calculate vertical and leg stiffnesses. Results: 65% vVO2 peak was equivalent to a speed 
of 9.4 km·h-1 (± 0.4), whereas 80% vVO2 peak was equivalent to 11.5 km·h-1 (± 0.5). 
Two-way mixed-design ANOVA showed that oxygen consumption in the Endorphin 
shoe was 3.9% lower than the Cohesion shoe at 65% vVO2 peak, with an interaction 
between shoes and speed (P = 0.020) meaning an increased difference of 5.0% at 80% 
vVO2 peak. There were small increases in vertical and leg stiffnesses in the Endorphin 
shoes (P < 0.001); the Endorphin shoe condition also showed trivial to moderate 
differences in step length, step rate, contact time and flight time (P < 0.001). 
Conclusions: There was a physiological benefit to running in the super shoes even at 
the slower speed. There were also spatiotemporal and global stiffness improvements 
indicating that recreational runners benefit from wearing super shoes. 
 
Keywords: endurance, energy cost, marathon, recreational athletes, technology, 
stiffness, running kinematics  



Introduction 
 
Distance runners have sought for many years to find new and effective approaches that 
enhance performance in competition and, through the dissemination of sports science 
research, have benefitted from improved understanding of training methods,1 dietary 
approaches2 and pacing strategies.3 Advancements in running shoe technology have 
developed since the 1970s4 when increased interest amongst recreational runners led to 
the big-city marathons that are now held. Although important requirements of running 
shoes have always been to provide protection, comfort, and durability, while 
considering shoe weight, price and even fashion,5 more recently a new type of running 
shoe has been designed to improve performance to a greater extent. This advanced 
footwear technology includes elements such as increased midsole thickness, new 
midsole foams, long stiff midsole plates and curved outsoles.6 These new types of 
running shoes have been described colloquially as “super shoes” and have prompted 
World Athletics, the governing body, to instigate regulations on the construction of any 
running shoes permitted in competition (with separate regulations for road shoes and 
track shoes). These regulations included a limit on the maximum thickness of the shoe’s 
heel and the number of plates or blades permitted inside the midsole.7 
 
From the onset of the release of the first super shoes, a consistent finding in running 
research has been that running economy, the steady state oxygen uptake below 
intensities associated with the second ventilatory/lactate threshold,8 is improved by 
wearing these shoes.9,10 Differences in efficacy were found between brands and models 
of super shoe,11 but the overall consequence of the proliferation of the advanced 
footwear technology has been an improvement in finishing times in running events 
where minimizing energy cost is a key factor, from 5 km to the marathon.12 Indeed, 
Bermon and colleagues6 showed that elite men gained a 1.2% decrease in marathon 
race times between 2016 and 2019, with elite women having an even greater 
improvement of 2.0%. However, not all athletes are positive responders to this new 
technology (i.e., they are non-responders10), with findings that the super shoes do not 
work so well at a set slower speed.13 The focus of much previous research on the effects 
of super shoes on running was on elite or well-trained athletes,6,9 but research has shown 
that the greatest proportion of male New York City Marathon finishers take between 
3.5 – 4 h to complete the distance, with the greatest proportion of women taking 4 – 4.5 
h.14 It would thus be beneficial to inform this standard of recreational runner of the 
potential value of super shoes before adopting their use in training and competition. 
Furthermore, given the range of times achieved by marathon runners, basing test speeds 
on the lower and upper ranges of the typical percentage of velocity at maximal oxygen 
uptake (vVO2 peak) used by marathon runners (~65-80%)15 would apply more directly 
than a set speed to the individual abilities of each athlete. 
 
Research shows a lower energy cost in athletes using advanced footwear technology 
(so called “super shoes”), but this has mainly focused on well-trained runners. 
However, as a great proportion of runners are recreational athletes, recent studies on 
slower runners running at marathon paces16,17 have been useful in laying a foundation 
to understand how these runners adapt to super shoes. In comparisons between models 
of super and non-super shoes, metabolic and performance differences were found16 as 
well as kinematic and spatiotemporal changes.17 Given that there was great variability 
in running economy changes to these footwear, further investigation was 
recommended16 and it is still not clear how such super shoes benefit recreational 



marathon runners at slower paces. A focus on extending previous research on super 
shoe use in recreational runners16,17 is therefore important regarding those factors 
relevant to reducing energy cost. In particular, greater leg stiffness has been found to 
be associated with better running economy18 and might be a key factor affecting the 
efficacy of the super shoes. The aim of this study was to compare physiological and 
biomechanical variables between a model of super shoes (Saucony Endorphin Speed 2) 
and regular running shoes (Saucony Cohesion 13) in recreational runners. Given 
previous research findings, we hypothesized that energy cost would be reduced, and leg 
stiffness increased, in the super shoes at two individual-based running paces. 
 
Methods 
 
Subjects. Five male and 5 female physical education students (age: 23.3 y (± 1.1), 
stature: 1.66 m (± 0.04), leg length: 0.88 m (± 0.02), mass: 57.1 kg (± 3.8), body fat: 
16.3% (± 1.4)) participated voluntarily. Written informed consent was obtained from 
all subjects before participation. This study conformed to standards from the latest 
revision of the Declaration of Helsinki and was approved by the local research ethics 
committee (Research Ethics Committee of the National and Kapodistrian University of 
Athens, School of Physical Education and Sports Science). All subjects were 
experienced in treadmill running and none exhibited any lower limb injury in the 
previous 6 months. 
 
Shoes. At the time of testing, the most up to date models of the shoes were used. The 
Cohesion 13 shoe (Shoe A) had a standard mass of 252 g, a heel height of 29 mm and 
a heel drop of 12 mm; the Endorphin Speed 2 “super shoe” (Shoe B) had a standard 
mass of 227 g, a heel height of 35.5 mm and a heel drop of 8 mm. As well as the 
Cohesion shoes being relatively affordable, the Endorphin Speed 2 shoe (and its 
successor model) would be considered inexpensive compared with other super shoes 
on the market (https://runrepeat.com/uk/saucony-endorphin-speed-2), making it more 
appealing to recreational distance runners. It is also on the World Athletics approved 
list for shoes used in road and cross country competitions (but not track);19 its advanced 
footwear technology features include a full-length nylon plate and PWRRUN PB Peba-
based lightweight cushioning (https://runnerslab.com/saucony-endorphin-speed-2-
review/). 
 
Design and Methodology. We measured subjects’ statures and body masses before 
testing, as well as body fat percentage using thickness of the biceps, triceps, suprailiac 
and subscapular skinfolds, measured with a Harpenden Skinfold Caliper. After a 6-min 
warm-up and 5-min rest with self-selected stretching routine, the participants began the 
incremental treadmill test from a submaximal running velocity corresponding to 50-
60% VO2 peak. We increased the running speed by 1 km·h-1 every 2 min until 
exhaustion. We performed gas collection during the last 60 s of each 2-min stage to 
attain steady state VO2, using the open circuit Douglas bag method. The subjects 
breathed through a low resistance 2-way Rudolph 2700 B valve. The expired gases 
passed through a flexible tubing into a 200-L capacity Douglas Bag. The concentration 
of O2 and CO2 in the expired air was measured using the 17620 and 17630 Vacumed 
O2 and CO2 analyzers, respectively (Ventura CA, USA). We measured expired air 
volume by means of a dry gas meter (Harvard). The gas analyzers and the dry gas meter 
were calibrated regularly using standardized gases (15.88% O2, 4.95% CO2 and 100% 
N2) and a standard airflow with a 3-L syringe, respectively. Barometric pressure and 
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gas temperature were recorded, and we calculated gas exchange data (VO2, VCO2, VE 
and RER) using the computations of McArdle et al.20 when VEatps, FECO2 and FEO2 
are known for each workload. VO2 peak value was determined as the highest VO2 
reached during the incremental test. Additionally, the velocity at VO2 peak (vVO2 peak) 
was determined as the lowest running velocity that elicits a VO2 equivalent with VO2 

peak during the incremental test. Heart rate was monitored continuously using a Polar 
S710 monitor (Kempele, Finland). 
 
To test the study hypothesis, we tested the subjects 4 times in a randomly ordered cross-
over design (i.e., Shoe A or Shoe B, running at 65% or 80% of vVO2 peak) on 4 separate 
days (with a 48-h interval). All subjects completed 2 familiarization sessions, separated 
by 24 h, dedicated to accustoming them to running with both types of shoes and the 
testing procedures. For each testing session, subjects first performed a 5-min warm-up 
run on the treadmill (Runrace 1200, Technogym, Gambettola, Italy) at 50% of vVO2 
peak. After a 4-min rest period, participants ran on the treadmill for 5 min at 65% or 
80% of vVO2 peak at their self-selected step frequency and length, wearing either Shoe 
A or B. The mean vVO2 peak was 14.4 km·h-1 (± 0.6); therefore, for these subjects, 
65% vVO2 peak was equivalent to a running speed of 9.4 km·h-1 (± 0.4), whereas 80% 
vVO2 peak was equivalent to 11.5 km·h-1 (± 0.5). Respiratory Exchange Ratio values 
ranged from 0.82 - 0.98 whilst running at 80% of vVO2 peak. 
 
We recorded video data using a Casio EX-F1 high-speed camera (Casio, Tokyo, Japan) 
operating at 300 Hz (shutter speed: 1/1250 s) placed 1 m behind the treadmill, 
perpendicular to the frontal plane, at a height of 0.40 m.21 The zoom was adjusted to 
obtain a limited area of shoe-treadmill contact. We collected the video data during the 
last 30 s of the first and final minutes, with VO2 measurements collected only during 
the final minute. We performed all testing procedures at the same time of day (between 
16:00 and 20:00) to minimize the effect of circadian variation on performance.22 During 
the testing period, we asked subjects to halt any other sport activity and avoid alcohol 
and caffeine intake. The laboratory facilities were well lit and kept under stable 
environmental conditions. 
 
For the calculation of vertical and leg stiffnesses using the method of Morin et al.,23 
which involved the calculation of vertical displacement of the center of mass, leg 
compression (change in leg length) and maximum vertical force, we recorded and 
averaged the flight and contact time of 10 consecutive steps (starting 3 s from the 
beginning of each 30-s trial). Leg length was calculated as 53% of standing height.23 
We used Quintic Biomechanics v21 software (Sutton, United Kingdom) for the analysis 
of all recorded steps. We obtained contact and flight times according to regular 
procedures.21 
 
Statistical analysis. Results are reported as mean ± 1 SD. We conducted 2-way mixed-
design analysis of variance (ANOVA) (shoe × running speed) on the oxygen 
consumption and heart rate measurements, whereas we conducted 3-way mixed-design 
ANOVA (shoe × running speed × time elapsed) on the spatiotemporal and global 
stiffness measurements. We calculated effect sizes for differences between shoes 
during both 1st (biomechanical variables only) and 5th minutes and between timing 
periods using Cohen’s d, with the threshold used being trivial (d < 0.20), small (0.20 – 
0.49), moderate (0.50 – 0.79) or large (> 0.80).24 Alpha was set at 0.05 for all statistical 
tests. 



 
 
Results 
 
Oxygen consumption in the Endorphin shoe was 3.9% lower than the Cohesion shoe at 
65% vVO2 peak, with an interaction between shoes and speed (P = 0.020) resulting in 
an increased difference of 5.0% at 80% vVO2 peak (Figure 1). Heart rate was also lower 
in the Endorphin shoe (P = 0.005), although there was no shoe × speed interaction for 
this or any other measured variable (Figure 1). Regarding global stiffness 
characteristics, peak vertical force, vertical stiffness and leg stiffness were greater in 
the Endorphin shoes (P < 0.001), with peak vertical force and vertical stiffness both 
increasing with speed (P < 0.001), although leg stiffness did not (Table 1). Individually, 
all subjects had lower oxygen consumption wearing the Endorphin shoe (range at 65% 
vVO2 peak: 0.6 – 7.1%; range at 80% vVO2 peak: 1.0 – 9.1%), with all but one having 
an increase in leg stiffness at both speeds (Table 2). The change in leg length was less 
in the Endorphin shoe, with small differences found at both speeds and during the 1st 
and 5th min of testing (P < 0.001); overall, the change in leg length was greater at the 
faster speed (P < 0.001) (Table 1), but there was no speed × shoe interaction. The 
Endorphin shoe condition had shorter step lengths, higher step rates, shorter contact 
times and longer flight times (P < 0.001); all these variables changed with increased 
speed (P < 0.001) (Table 1). There was a small decrease in flight time between the 1st 
and 5th min of testing (P = 0.026, d = 0.24), but any other differences were trivial. 
 
Discussion 
 
The aim of this study was to compare physiological and biomechanical variables 
between a model of super shoes (Saucony Endorphin Speed 2) and regular running 
shoes (Saucony Cohesion 13) in recreational runners. We first hypothesized that energy 
cost would be reduced in the super shoes, which was supported by our findings, with a 
3.8% reduction in oxygen consumption at the slower mean test speed of 9.4 km·h-1 and 
a 5.0% reduction at a mean speed of 11.5 km·h-1. These improvements are similar in 
magnitude to those found in previous research on faster athletes,10 and show that even 
recreational marathon runners (3.5 – 4.5 h for the marathon) can benefit from advanced 
footwear technology. We also found that heart rate was lower in the super shoes, 
although the effect was smaller, but which could be an important physiological factor 
over a long-distance event like the marathon. Although not all subjects responded 
equally well, as in previous research,11,13,16 each one experienced a reduction in energy 
cost in the super shoes; as previous research on another brand of super shoe found that 
gains at 10 and 12 km·h-1 were much lower than at 16 km·h-1,13 it is possible that some 
shoes are more suited to providing an energy cost benefit at slow speeds, and others at 
faster speeds. Previous research that also used a testing speed of 80% vVO2 peak found 
similar values for VO2 in Saucony-brand shoes (recreational men: ~45 ml⸱kg-1⸱min-1)16 
and showed the applicability of our results to a wide range of running abilities. The 
breadth of super shoes now available19 means that a great number of models are 
available to runners, although the recreational runner is unlikely to be able to try all 
options because of cost and lack of availability. Equally, elite athletes who are 
sponsored by a particular shoe manufacturer might be limited in their choice of 
footwear. The present research complements previous work6,12 that show a relatively 
consistent benefit of super shoes, even at slower speeds, but runners should note that 
protection, comfort and durability are still important in one’s choice of footwear.5 



 
Given the decreased energy cost of the super shoes, the small to moderate increases in 
leg stiffness that we had hypothesized would occur support the suggestion that there is 
a link between leg stiffness and running economy.18,25 As the subjects in this study were 
tested over a short 4-day period and did not undertake any type of training intervention 
that could have improved leg stiffness, the changes found can be attributed to the shoes 
worn (which were worn in a randomized order). As the leg stiffness in this study was 
measured not directly but using a model that is predominantly determined by the 
proportions of contact and flight time,23 it is important therefore that the leg stiffness 
values are understood to represent the lower limb plus the shoe (i.e., there might have 
been no extra stiffness contribution from the lower limb itself). As has been found 
before in similar research,26 leg stiffness is usually maintained despite changes in speed, 
unlike vertical stiffness, and so the difference between regular and super shoes in these 
subjects was consistently between 4.6 and 6.3%. There were small differences in leg 
compression between shoe conditions as there was less change in leg length in the 
Endorphin Speed 2 shoes. Although it is possible that this arose from changes in lower 
limb joint angles (e.g., at the knee), it is likely that some of the difference arose from 
the mechanics of the super shoe’s midsole material and height. The increase in leg 
stiffness (or, possibly described more accurately, lower limb plus shoe stiffness) from 
wearing the super shoes is thus the underlying biomechanical benefit that arises and 
should happen across long-distance running paces in improving performance. 
 
The change in spatiotemporal variables that made this improvement in leg stiffness 
possible was the decrease in contact time, with small to moderate decreases during each 
stage of testing at both running speeds. The corresponding small increases in flight time 
that occurred were not of the same absolute magnitude, meaning that small increases in 
step rate occurred (although not during the 5th minute at the faster speed). The 
differences in step rate that did occur corresponded to decreased step lengths, but 
ultimately it was the decrease in contact time that was the key link to better leg stiffness. 
This was not surprising given the previous links made between shorter contact times 
and running economy,27 and because longer contact times have been found to occur 
when distance runners fatigue.28 The subjects in this study ran for 5 min at each speed 
in each shoe, similar in duration to other previous research on super shoes9,11,13 and 
therefore there was no discernible fatigue that occurred. Indeed, the only change that 
occurred between the 1st and 5th minutes of testing was a small mean decrease of 0.004 
s in flight time, which showed that any effects of the super shoes occurred as early as 1 
min after commencing running. However, leg stiffness does tend to decrease with 
fatigue, with a resulting increase in energy cost to maintain speed (or a decrease in 
speed),29 and so longer testing protocols (30 – 120 min) that measure the role of super 
shoes in preventing the reduction of leg stiffness would be informative to distance 
runners, regardless of standard. 
 
In our study, we used speeds that were directly related to the ability of the subjects 
rather than set speeds as have been commonly used in previous studies. We took this 
approach by using percentages (65% and 80%) of the velocity at which VO2 peak was 
achieved to avoid having subjects run at a pace that was unrealistic for their ability (if 
maintained over a much longer exercise duration). The results found therefore represent 
the typical range of physiological effort involved in marathon running for recreational 
athletes, have been found to provide a sound basis for testing super shoes,16-17 and could 
be a robust approach for longer testing protocols in future research. In addition to longer 



single testing protocols, longitudinal studies could be beneficial with regard to 
understanding the long-term impact of using advanced footwear technology with 
respect to both improving performance (mechanical changes to the lower limb muscle-
tendon units, for example)13 and the risk of injury.30 This would be particularly useful 
if in-vivo testing of muscle-tendon units were used in conjunction with the modelled 
estimations23 of leg stiffness. One limitation of our study, and other research on super 
shoes, is that the cost of the footwear and the sheer quantity of models available (> 30 
manufacturers have shoes approved by World Athletics)19 preclude an evaluation of 
each shoe or a comparison with all others. We also did not control for shoe mass as we 
did not add any mass to the lighter shoe to match the heavier shoe; the comparison 
between shoes was intended to represent their normal condition and therefore includes 
the potential effects of different mass on physiological and biomechanical variables. 
The purpose of this study was to measure changes in running economy and associated 
biomechanical factors, rather than conduct material testing of the shoes used. Future 
studies that examined, for example, in-vitro mechanical differences between the nylon 
plate used in the Endorphin Speed 2 super shoe tested and other materials (e.g., carbon 
plates) could help explain some of the differences between study findings. 
 
Conclusions 
 
In conclusion, the results of this study show that there were physiological and 
biomechanical differences between a pair of super shoes (Saucony Endorphin Speed 2) 
and regular running shoes (Saucony Cohesion 13). The most important finding was that 
oxygen consumption, and therefore energy cost, was reduced in the super shoes and 
this could be important in reducing finishing times over long-distance events, such as 
the marathon, where running economy is a determining factor. The subjects in this 
study ran at two paces, based on vVO2 peak, which would equate to marathon finishing 
times between 3.5 and 4.5 h. This range of times represent the performances of more 
recreational marathon runners than any other and supports the use of super shoes in this 
standard of athlete. There were few shoe × speed or shoe × testing time interactions, 
showing that the performance benefits of the super shoes were present both at slower 
running speeds and very soon after commencing running. 
 
Practical applications 
 
There was a physiological benefit to running in the super shoes as oxygen consumption 
and heart rate were lower than in the regular shoe. The difference in oxygen 
consumption was 5.0% at the faster speed (11.5 km·h-1), but nonetheless there was still 
a 3.8% advantage at the slower speed (9.4 km·h-1). There were also spatiotemporal and 
global stiffness benefits to wearing the super shoes, especially in terms of leg stiffness, 
indicating that recreational runners can gain performance benefits from using advanced 
footwear technology.  
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Table 1 Mean values ± SD, percentage difference and Cohen’s d for all analyzed 
variables for each shoe during the 1st and 5th minute of running at 65% and 80% of 
vVO2 peak. 

 Speed @ 65% vVO2 peak Speed @ 80% vVO2 peak 
Time (min) 1st 5th 1st 5th 
kleg (kN∙m-1) 

Shoe A 
Shoe B 
Δ%; d 

 
6.70 ± 0.63 
7.12 ± 1.00 
+6.3; 0.50 

 
6.70 ± 0.76 
7.01 ± 0.90 
+4.6; 0.37 

 
6.75 ± 0.86 
7.11 ± 0.83 
+5.3; 0.43 

 
6.65 ± 0.99 
7.03 ± 0.88 
+5.7; 0.41 

kvert (kN∙m-1) 
Shoe A 
Shoe B 
Δ%; d 

 
16.92 ± 1.16 
17.38 ± 1.31 
+2.7; 0.37 

 
17.12 ± 1.07 
17.68 ± 1.39 
+3.3; 0.45 

 
19.24 ± 1.11 
19.67 ± 1.01 
+2.2; 0.41 

 
19.18 ± 1.18 
19.49 ± 1.01 
+1.6; 0.28 

Fmax (kN) 
Shoe A 
Shoe B 
Δ%; d 

 
1.07 ± 0.07 
1.09 ± 0.08 
+1.9; 0.27 

 
1.06 ± 0.08 
1.07 ± 0.08 
+0.9; 0.13 

 
1.16 ± 0.08 
1.18 ± 0.09 
+1.7; 0.23 

 
1.15 ± 0.10 
1.18 ± 0.09 
+2.6; 0.32 

Δy (mm) 
Shoe A 
Shoe B 
Δ%; d 

 
63 ± 3 
63 ± 3 

0.0; 0.00 

 
62 ± 3 
61 ± 4 

–1.6; 0.28 

 
60 ± 3 
60 ± 3 

0.0; 0.00 

 
60 ± 3 
61 ± 3 

+1.7; 0.33 
ΔL (mm) 

Shoe A 
Shoe B 
Δ%; d 

 
160 ± 13 
155 ± 17 
–3.1; 0.33 

 
160 ± 15 
154 ± 16 
–3.8; 0.39 

 
174 ± 18 
168 ± 16 
–3.4; 0.35 

 
176 ± 21 
170 ± 17 
–3.4; 0.31 

CT (ms) 
Shoe A 
Shoe B 
Δ%; d 

 
307 ± 14 
299 ± 17 
–2.6; 0.51 

 
308 ± 13 
302 ± 16 
–1.9; 0.41 

 
269 ± 12 
263 ± 11 
–2.2; 0.52 

 
272 ± 15 
264 ± 11 
–2.9; 0.61 

FT (ms) 
Shoe A 
Shoe B 
Δ%; d 

 
66 ± 8 
70 ± 14 

+6.1; 0.35 

 
63 ± 10 
64 ± 15 

+1.6; 0.08 

 
86 ± 12 
90 ± 11 

+4.7; 0.35 

 
84 ± 13 
90 ±11 

+7.1; 0.50 
SL (m) 

Shoe A 
Shoe B 
Δ%; d 

 
0.93 ± 0.03 
0.92 ± 0.02 
–1.1; 0.39 

 
0.93 ± 0.02 
0.91 ± 0.03 
–2.2; 0.78 

 
1.09 ± 0.03 
1.08 ± 0.03 
–0.9; 0.33 

 
1.09 ± 0.03 
1.09 ± 0.03 

0.0; 0.00 
SR (Hz) 

Shoe A 
Shoe B 
Δ%; d 

 
2.68 ± 0.07 
2.71 ± 0.07 
+1.1; 0.43 

 
2.70 ± 0.07 
2.74 ± 0.08 
+1.5; 0.53 

 
2.82 ± 0.07 
2.84 ± 0.07 
+0.7; 0.29 

 
2.82 ± 0.07 
2.82 ± 0.07 

0.0; 0.00 
kleg: leg stiffness, kvert: vertical stiffness, Fmax: maximum ground reaction force, Δy: 
vertical displacement of the center of mass, ΔL: change in leg length, CT: contact time, 
FT: flight time, SL: step length, SR: step rate, Δ%: percentage difference between the 
shoes, d: Cohen’s d 

  



Table 2 Individual values and percentage difference for VO2 and kleg for each shoe 
during the 5th minute of running at 65% and 80% of vVO2 peak. 

 Speed @ 65% vVO2 max. Speed @ 80% vVO2 max. 

Subject (sex) VO2 
(mL⸱kg⸱min-1) kleg (kN⸱m-1) VO2 

(mL⸱kg⸱min-1) kleg (kN⸱m-1) 

1 (male) 
Shoe A 
Shoe B 
Δ% 

 
39.2 
37.1 

–5.3% 

 
6.1 
6.5 

+5.7% 

 
42.8 
39.9 

–6.8% 

 
5.9 
6.4 

+8.2% 
2 (male) 

Shoe A 
Shoe B 
Δ% 

 
42.3 
40.5 

–4.1% 

 
6.4 
6.8 

+5.5% 

 
48.5 
45.7 

–5.7% 

 
6.3 
6.8 

+8.0% 
3 (male) 

Shoe A 
Shoe B 
Δ%; d 

 
39.5 
39.3 

–0.6% 

 
7.1 
7.4 

+5.3% 

 
49.6 
48.0 

–3.1% 

 
6.9 
7.4 

+7.9% 
4 (male) 

Shoe A 
Shoe B 
Δ%; d 

 
39.5 
36.7 

–7.1% 

 
6.7 
6.9 

+2.7% 

 
44.0 
41.8 

–5.0% 

 
6.6 
6.4 

–2.8% 
5 (male) 

Shoe A 
Shoe B 
Δ%; d 

 
41.2 
39.4 

–4.4% 

 
6.5 
6.9 

+5.5% 

 
49.9 
46.8 

–6.2% 

 
6.4 
6.9 

+8.0% 
6 (female) 

Shoe A 
Shoe B 
Δ%; d 

 
39.7 
38.4 

–3.3% 

 
8.3 
8.7 

+4.8% 

 
45.6 
42.5 

–6.7% 

 
8.0 
9.1 

+13.7% 
7 (female) 

Shoe A 
Shoe B 
Δ%; d 

 
38.4 
38.1 

–0.7% 

 
5.8 
6.3 

+7.7% 

 
47.4 
47.0 

–1.0% 

 
5.9 
6.4 

+8.5% 
8 (female) 

Shoe A 
Shoe B 
Δ%; d 

 
36.4 
34.2 

–6.0% 

 
4.8 
5.1 

+4.8% 

 
42.3 
40.8 

–3.5% 

 
4.3 
5.0 

+15.2% 
9 (female) 

Shoe A 
Shoe B 
Δ%; d 

 
40.1 
37.6 

–6.3% 

 
6.3 
6.8 

+7.7% 

 
47.1 
42.8 

–9.1% 

 
6.5 
6.9 

+6.6% 
10 (female) 

Shoe A 
Shoe B 
Δ%; d 

 
38.5 
38.1 

–1.0% 

 
6.9 
7.4 

+7.4% 

 
45.6 
44.2 

–3.0% 

 
7.2 
7.6 

+6.3% 

kleg: leg stiffness, Δ%: percentage difference between the shoes 

  



Figure 1: Differences in oxygen consumption and heart rate between regular shoes 
(Cohesion) and super shoes (Endorphin) at 65% and 80% vVO2 peak. 
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