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Abstract

Background: Ethylene and vinyl acetate (EVA) and polyether block amide
(PEBA) are recently the most widely used materials for advanced footwear tech-
nology (AFT) that has been shown to improve running economy (RE). This study
investigated the effects of these midsole materials on RE and biomechanics, in
both fresh and worn state (after 450 km).

Methods: Twenty-two male trained runners participated in this study. Subjects
ran four 4-min trials at 13km-h~" with both fresh EVA and PEBA AFT and with
the same models with 450 km of wear using a randomized crossover experimental
design. We measured energy cost of running (W/kg), spatiotemporal, and neuro-
muscular parameters.

Results: There were significant differences in RE between conditions (p =0.01;
n*=0.17).

There was a significant increase in energy cost in the worn PEBA condition com-
pared with new (15.21+1.01 and 14.87 +£0.99W/kg; p <0.05; ES=0.54), with-
out differences between worn EVA (15.13+1.14W/kg; p>0.05), and new EVA
(15.15+1.13 w/kg; ES=0.02). The increase in energy cost between new and worn
was significantly higher for the PEBA shoes (0.32+0.38 W/kg) but without sig-
nificant increase for the EVA shoes (0.06 +£0.58 W/kg) (p <0.01; ES=0.51) with
changes in step frequency and step length. The new PEBA shoes had lower en-
ergy cost than the new EVA shoes (p <0.05; ES=0.27) with significant differences
between conditions in contact time.

Conclusion: There is a clear RE advantage of incorporating PEBA versus EVA in
an AFT when the models are new. However, after 450 km of use, the PEBA and
EVA shoes had similar RE.
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1 | INTRODUCTION

Advanced footwear technology (AFT) such a s the
“Vaporfly” series of Nike or similar shoe models of other
companies is characterized by a very light shoe mass, a
curved carbon fiber plate embedded in the midsole to
increase the longitudinal bending stiffness (LBS), along
with more resilient and compliant midsole foams to pro-
vide cushioning and energy return. It is known that the
amount of cushioning material in the shoe,”* and the
increase of LBS with a curved carbon fiber plate can in-
fluence running economy (RE)** and performance”’ ac-
companied by slight biomechanical changes.>*

AFT usually use different methodologies to increase the
LBS (full or partial and flat or curved carbon fiber plate) and
different midsole cushioning technologies. However, it has
recently been shown that midsole material may be of greater
role than increased LBS in improving RE in AFT® showing a
higher energy return form compression than form bending
of the midsole.” The most used midsole foams in running
shoes are ethylene-vinyl acetate (EVA), thermoplastic poly-
urethane, and polyether block amide (PEBA). Hoogkamer
et al.'® analyzed the mechanical energy return of these three
midsole materials, which was 66% for an EVA midsole with
air bag, 76% for a thermoplastic polyurethane midsole, and
87% for a PEBA midsole. Thus, PEBA which is less dense
and lighter than traditional foams''! preserves more me-
chanical energy from each footfall. Low-density foam (i.e.,
PEBA) allows for adding more cushioning material in the
midsole without adding mass and thus allowing for a taller
stack height (now limited to 40mm for competition shoes)
compared with other, traditional, midsole foams (thermo-
plastic polyurethane or EVA). As a result, when comparing
RE between different models of AFT, the best results have
been observed for models using PEBA midsole foam as op-
posed to traditional materials (EVA or thermoplastic poly-
urethane)lz; however, due to the low density, PEBA could
suffer greater wear of the material with use during the run.

Each running shoe model has an approximate average
life depending mainly on the midsole material.”> Cook
et al."* tested a range of different running shoes (differ-
ent compositions of EVA) in terms of continuous ma-
chine-simulated running distance. They found that, on
average, the shoes retained approximately 67% of their
initial shock-absorbing capacity after 160-240 km, but less
than 60% after 400-800 km. Shoes were also tested at sim-
ilar velocity after having been worn by volunteers during
normal training, which showed smaller changes in ini-
tial shock-absorbing capacity (~30% less at 480km) than
machine-simulated running distance testing.'* Similarly,
Escamilla-Martinez et al."® found that the EVA midsole
shoes started to deteriorate at 350km by evaluating plan-
tar pressure distribution. Moreover, Kong et al.'” suggested

that slight modifications in the mechanical characteristics
of shoes result in kinematic changes after about 320km
of running.

Importantly, mechanical tests do not predict shock
during actual running because of neuromuscular adap-
tation.'>® There are several studies that analyzed the
effect of shoe use on biomechanics in traditional run-
ning shoes,*™ but there is a lack of studies evaluating
the effects of shoe use on RE.'> Moreover, there are no
known studies that evaluate the effects of wear of differ-
ent midsole materials on RE for AFT. Thus, the objective
of this study was to evaluate RE and biomechanics in
new and worn AFT of different midsole materials (EVA
vs. PEBA). We hypothesized that PEBA midsole would
have better RE than EVA midsole when both conditions
are fresh; however, the PEBA midsole would suffer more
wear after 450 km, which could negatively affect biome-
chanics and RE.

2 | MATERIALS AND METHODS

2.1 | Participants

Twenty-two male runners participated in this study. The
inclusion criteria were the following: (1) participation in
a running training program for at least 3days per week
during the previous 6months without injury and (2)
having a men's US 9 shoe size. Exclusion criterion was
inability to run at 13km h™' while below the onset of blood
lactate accumulation of 4mmol L™ with respiratory
exchange ratio values below 1.0 during all the tests.
Participants were recruited from different teams in the
same city during the winter after the cross-country season
had ended by contacting their coaches or contacting
them directly. Data collection was conducted during
the outdoor season (May-June). During the screening
process, participants were asked about their foot size,
previous injuries, training days, and 10-km time.

Prior to the study, all participants were informed about
the testing protocols, possible risks involved, and were
invited to provide written informed consent. The study
was performed in accordance with the principles of the
Declaration of Helsinki (October 2008, Seoul), and the
experimental protocols were approved by the local ethics
committee.

2.2 | Shoes characteristics

Four different prototype shoes conditions were manufac-
tured (On running) specifically for this study and tested:
(1) a new AFT with EVA midsole, (2) an AFT with EVA
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midsole with a use of 450km, (3) a new AFT with PEBA
midsole, and (4) an AFT with PEBA midsole with a use of
450km. Shoe characteristics are presented in Table 1, and
all experimental conditions had a similar curved carbon
fiber plate with similar LBS properties. The shoe wear pro-
cess was carried out by one of the researchers. The shoes
were worn by running at an average speed of 13km/h on
asphalt. The 450km were done in 40 sessions with an av-
erage of 11.25km/day. Both shoe models (new and worn
conditions) were identical in the composition and char-
acteristics (last, upper, color, and shape), with the aim to
control a possible placebo effect.!”

None of the tested shoes differed by more than 9g.
Even though additional shoe mass is known to deteri-
orate RE and running performance by around 1% per
100g,>'® previous research suggests that changes of up
to 50g do not affect performance at high running inten-
sity."” The LBS of the shoes was determined by a three-
point bending test on the complete shoe (including shoe
upper)’>* where the forefoot of the shoe was placed
on a custom-made structure with two supporting pins,
80 mm apart, to a material testing machine that measures
force and displacement (Microtest, S.A., Madrid, Spain)
(Figure 1). The machine was set to displace the center
point of the forefoot 20mm vertically downward at a
speed of 4mm/s, at which point it returned to its orig-
inal position in the same amount of time. This was re-
peated 10 times for each shoe condition. The slope of the
force-displacement curve (i.e., stiffness) was determined
for all 10 loading cycles. The stiffness values were first
averaged between 80 and 90% of each loading curve (i.e.,
linear portion of the force—-displacement curve) and then
across all 10 cycles. The shoes' hysteresis (i.e., lost energy)
was determined as the difference in mechanical energy
that was stored during the loading phase and that was re-
turned during the unloading phase. The lost energy was
represented as a percentage of the energy stored during

TABLE 1 Shoe characteristics,

comfort, and experience. . .
Characteristics

Midsole material
LBS (N-mm™)
Energy return (J)

% Hysteresis

Mass (g)

Heel stack (mm)
Forefoot stack (mm)
Heel-Toe offset

Note: Mean +SD.

the loading phase. Note that this represents the energy
lost in bending, not in vertical compression.

2.3 | Design and methodology
STROBE statement checklist*? was performed. These
recommendations, collected in 22 items, describe the
proper way of reporting the title, abstract, introduction,
methods, results, discussion, and funding.

The effect of shoe use on RE and biomechanics was
evaluated using a randomized crossover experimental de-
sign. Each participant visited the laboratory for a single
visit (under controlled environmental conditions: 550 m
altitude, 20-23°C, 35%-37% relative humidity) in a non-
fatigued state (no intense exercise in the previous 48h).
During this session, RE (oxygen and energy cost measured
at metabolic steady state at a specific speed), biomechan-
ics (spatiotemporal variables), and neuromuscular param-
eters (leg stiffness) were assessed with four shoes models:
new and worn (450km of use) EVA and PEBA shoe mod-
els. The sequence of the shoes was randomized for each
participant using a random number generator.

First, anthropometrical variables were measured.
Height was measured to the nearest 0.1 cm with a portable
stadiometer (Seca, Bonn, Germany), and body mass was
measured to the nearest 0.1kg with a portable balance
(Seca, Bonn, Germany), while barefoot and wearing light
shorts.

Then, the participants tested all the shoe conditions,
but they were not allowed to manipulate the footwear
at any time and were fitted by the researchers. Prior to
beginning the RE testing trials, all participants com-
pleted 10 min of jogging as a warm-up in their own
shoes at a self-selected pace slower than 13km-h™".
Participants then completed 4 x 4 min trials at 13kmh™*
with each shoe model. This speed was selected so that

New EVA Worn EVA New PEBA Worn

shoe shoe shoe PEBA shoe
EVA EVA PEBA PEBA
353+14 239+1.1 355+1.8 21.6+1.3
4.39+0.02 3.93+0.05 4.83+0.14 3.64+0.18
26.0+1.3 39.5+0.6 24.7+0.8 424+1.1
234 231 226 225

39 39 38 38

31 31 29 29

8 8 9 9

Abbreviations: EVA, ethylene and vinyl acetate; LBS, longitudinal bending stiffness; PEBA, polyether

block amide.
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FIGURE 1 Setup of mechanical stiffness test on running shoes.

participants were able to run below of the respirato-
ry-exchange ratio (<1) to ensure steady-state oxygen
uptake (VO,) values and also confirmed by blood lac-
tate measures (values below 4 mmol). At the end of each
trial, participants rated their perceived shoe comfort,
acute muscle soreness and rating of perceived exertion
on the visual analogue scale and rested 10 min before
the beginning of the trials with the other models. All
run testing was performed on a motorized treadmill (HP
Cosmos Pulsar, HP Cosmos Sports & Medical GMBH,
Nussdorf-Traunstein, Germany) that has a stiffness
value around 300 kN/m.? During the RE trials, respira-
tory variables were measured using a gas analyzer (CPX
Ultima Series MedGraphics, St. Paul, Minnesota, USA),
which was calibrated prior to each session (CO, 4.10%;
0, 15.92%). VO, values collected during the last 60s of
each 4min bout was used to determine RE as oxygen
cost of running.** The energy cost of running was cal-
culated (Wkg™") following previous calculations®>*® and
it was the main outcome. Blood samples were collected
from the fingertip in the final minute before finishing
the stage for blood lactate determination (Lactate Scout,
SensLab GmbH, Germany).27

Main spatiotemporal outcomes during the gait cycle
(contact time, step frequency, step length, and flight time)
were measured for every step during treadmill running
using an optical measurement system (Optojump-next,

Microgate, Bolzano, Italy) during all the running bouts,
with a sampling frequency of 1000 Hz. Complementary,
leg stiffness and vertical oscillation were estimated using
a Stryd® device with a sampling frequency of 1000 Hz.
The device uses a triaxial accelerometer that has shown
an adequate reliability and excellent validity of these
measures evaluated and reported by Garcia-Pinillos
et al.?® The Stryd® device was paired with a Polar® watch
(Vantage M GPS system; Polar, Kempele, Finland) and
the information was analyzed using the Stryd Power
Center program available on the web and mobile ap-
plication. Data were recorded, and the final minute of
each RE trial was averaged for subsequent analyses. The
1-min period provided well over the 25 steps recom-
mended for running mechanics measurements to distin-
guish running technique between people.”

Rate of perceived exertion from 0 to 100, shoe comfort
and acute muscle soreness while running with every shoe
condition were recorded using a visual analogue scale.*
The questions were, “how comfortable were the shoes?”
and “how much acute muscle soreness do you have?”
The corresponding anchor points for these scales were
0—“Not comfortable at all” to 100—“Maximal comfort”,
and 0—“Absolutely no muscle soreness” to 100—“Severe
acute muscle soreness”, respectively. Shoe comfort and
acute muscle soreness were measurement once with each
condition.*
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2.4 | Statistical analysis

Statistical analyses were conducted using SPSS 24.0 (SPSS
Inc., Chicago, IL) for Mac. Data were screened for normal-
ity of distribution and homogeneity of variance using a
Shapiro-Wilk Normality Test. Repeated-measures ANOVA
was conducted to compare shoe conditions. When a sig-
nificant main effect for shoe was observed, a Bonferroni
post-hoc test was performed. Complementarily, a paired
t-test was performed to evaluate if the difference on RE
between new and worn conditions was different between
the two shoe models with different foams. Effect sizes
were measured using partial eta squared in the ANOVA
and values of 0.01, 0.06 and above 0.15 were considered
as small, medium, and large, respectively’> and Cohen's
D was used to compare between worn and control condi-
tions with values of 0.2, 0.5, and above 0.8 were considered
as small, medium, and large, respectively.** Significance
level for all analyses was set at @=0.05.

3 | RESULTS

Twenty-two male runners (mean+SD: 28.3+5.2years;
65.2+5.4kgand 168.0 +34.9 cm) volunteered to participate
in this study. All 22 were eligible and completed the full
protocol. The average blood lactate at the conclusion of
all conditions was 1.98+0.92mmolL™" and was below
4mmol L™" for all subjects included in the final analysis
(Table 2). Respiratory-exchange ratio remained below
1.0 across all trials for all subjects (0.83 +0.05, 0.84 +0.06
for new and worn in EVA conditions and 0.84+0.05,
0.83 +0.05 for new and worn in PEBA conditions; p=0.26;
n’=0.05). There was no indication of any substantial
VO, slow component, as oxygen uptake differed by a
nonsignificant 0.32% on average between Minute 3 and
Minute 4 (p=0.64).

Table 2 shows the results of the variables analyzed
during the study for each shoe condition. Results of the
ANOVA test revealed that there were significant differ-
ences between conditions for the main outcome (RE), ex-
pressed as energy cost and oxygen cost (p=0.01; n*=0.17).
The Bonferroni post-hoc showed that there was a signifi-
cant increase in energy cost (worse RE) in the worn PEBA
condition in comparison to the new PEBA condition
(15.21+1.01 and 14.87 +0.99w/kg; p=0.02; ES=0.54). RE
was similar between the new (15.15 +1.13w/kg) and worn
EVA (15.13+1.14w/kg) conditions (p=0.47; ES=0.02)
(Figure 2). There was a significantly larger increase in
RE between new-worn conditions in the PEBA condi-
tion (0.32 +£0.38 w/kg) in comparison with EVA condition
(0.06 £0.58 w/kg) (p=0.01; ES=0.51). Moreover, RE was
lower (better RE) in the new PEBA condition than the

new EVA condition (14.87+0.99 and 15.15+1.13w/kg;
p=0.02; ES=0.27).

Regarding biomechanics outcomes, there were signifi-
cant differences between conditions in step length (p <0.01;
n*=0.25), step frequency (p=0.01; n*=0.14), and contact
time (p=0.01; n*=0.28) without changes in the other bio-
mechanical variables (p>0.05). The Bonferroni post-hoc
test showed that there was a significant increase in step
length in the worn PEBA condition in comparison with
the new EVA condition (1.12+0.20 and 1.10+0.19cm;
p=0.03; ES=0.11). Step frequency significantly increased
in worn EVA condition in comparison with the new EVA
condition (163.3+6.5 and 162.1+6.5step/min; p<0.03;
ES=0.18) with no differences between PEBA condi-
tions (p>0.05). Contact time was lower in the new PEBA
(0.257+0.033s; p=0.04; ES=0.14) and worn PEBA condi-
tion (0.257 +0.033s; p=0.02; ES=0.14) in comparison with
worn EVA condition (0.262+0.036s). Vertical oscillation,
flight time, leg stiffness, and subjective acute muscle sore-
ness, comfort, and rating of perceived exertion scales did
not change between conditions (p <0.05). Heart rate did not
change between footwear conditions (p=0.11; n*=0.10).

4 | DISCUSSION

The objective of this study was to evaluate the effects on
RE and biomechanics in a new and worn AFT of different
midsole materials (EVA vs. PEBA). The results of the
present study provide new data about changes on RE and
biomechanics when wearing new AFT of different midsole
materials (EVA and PEBA) and after 450 km of use during
real road running. Fulfilling our hypothesis, the main
finding was that the worn PEBA shoe model had a 2.28%
worse RE compared with the same new shoe model, while
there were no differences between new and worn EVA
shoe models after 450km of road running. There were
minor modifications on running biomechanics using both
worn shoes conditions compare to new shoes conditions.
Moreover, the PEBA shoe model improved RE a 1.88%
together with a reduction in the contact time compared
with EVA shoe model when the shoes were new.

Several studies have investigated the changes in the
cushioning characteristics of running shoes, either in
running'***** or in mechanically simulated tests.'** To
our knowledge, there are no known studies that eval-
uated the effect of shoe wears on RE or performance.
Wang et al.** suggested that running shoes show a
greater loss of shock absorption during mechanically
repeated tests than kinematic analysis during actual
running so that tests during actual running can provide
more ecological information. Our study evaluated RE,
which is a strong predictor of running performance in
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FIGURE 2 Running economy (Wkg™") at 13kmh™". Bar graphs represent mean values and lines represent the individual trend with
each shoe condition. *p <0.05 during post hoc comparisons when main effect of footwear significant (n=22).

trained runners.'® Our RE results suggest that in AFT,
PEBA midsoles suffers greater degradation than EVA
midsoles over 450 km of road running with a similar pat-
tern of RE deterioration among all runners when com-
paring the worn-PEBA condition with the new-PEBA
condition, while the worn-EVA condition had a wide
variability among participants compared with new-EVA
(Figure 2). This may be due to the different composi-
tion of the material. PEBA is a polyether, which is less
dense and therefore lighter material than traditional
EVA, that achieves a higher energy return.'® In our
study, the PEBA and EVA condition had a similar shoe
mass, so the differences between conditions had to be
due to the difference between materials and the higher
energy return of PEBA compared with EVA.'” The PEBA
condition ceased to improve the RE after 450 km. This
may be because PEBA being a less dense material the
compression and the wrinkling between the air cells
that compose the material could be greater,’ showing a
slightly greater difference in energy returned to bending
between the new and worn condition in the PEBA con-
dition than in EVA (Table 1).

However, of all the energy return that materials achieve
in mechanical testing, only a limited percentage of me-
chanical energy return is found to be used to improve
RE.*3 Energy return sometimes occurs at the wrong time,
frequency, location, and direction during running, thereby
compromising the ultimate effect on performance. Have
been showed that the magnitude of mechanical energy

return of midsoles in traditional running shoes with mod-
ified LBS (48.2% vs. 62.2%) had no effect on RE in shoes of
equal mass.”’ Therefore, although PEBA midsoles have a
higher energy return than EVA midsoles, it seems that not
all the differences between the shoes can be explained by
the difference in energy return and could possibly also be
due to the interaction between the midsole material and
the embedded curved carbon fiber plate.*® Based on a re-
cent meta-analysis by our research group, footwear with
a curved carbon fiber plate and with the plate embedded
in the midsole improved RE more than footwear with flat
plates and stiff insoles.* It could be that an embedded plate
is more effective in PEBA than EVA foam.

Kong et al."® investigated the effect of shoe degrada-
tion (new and worn running shoes) on running kinetics
and kinematics measured using a force platform and
video motion analysis. They found that as shoe cushion-
ing capability after about 320 km of running decreased,
runners modified their running biomechanics to main-
tain constant external loads. Although our study did not
measure kinetics data, our results are in concordance
with the modification of running kinematics when the
AFT is worn.

Runners tend to adjust the kinematics to reduce the
impact force during running, typically increase leg stiff-
ness, when running on compliant surfaces and decrease
leg stiffness on hard surfaces.”* The differences in leg
stiffness are primarily due to reduced contact time*’ pro-
duced by increased ground impact forces*' and muscle
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activity,42 which are also related to improvements in
RE.* The LBS test showed that the worn conditions of
both materials were more compliant to longitudinal
bending; however, it was not enough to make a signif-
icant difference in leg stiffness, although a decreasing
trend is shown for both materials in the worn condi-
tions (Table 2). Thus, the slight changes in running kine-
matic as increased step length and reduced contact time
in PEBA conditions in comparison with EVA condition
could be the small mechanisms causing the higher effi-
ciency in the new PEBA condition. It is known that in
runners of similar level (with shoes of similar LBS) less
contact time is relation with better RE, characterized by
earlier propulsive subphase and more economical energy
transfer during the propulsive.**

Moreover, the worn EVA condition showed a signifi-
cant increase in step frequency in comparison with the
new EVA; however, the worn EVA condition and the
new EVA showed similar RE. It is known that the best
strategy to limit the negative effects of excessive vertical
oscillation or excessive stride length on RE is to increase
the stride frequency,”* thus achieving the same dis-
tance with more steps and maintaining the same run-
ning efficiency, as opposed to increasing stride length
to maintain running speed, which would mean greater
muscles activation and also increasing the braking phase
worsening the RE.

Surprisingly, despite differences in RE between the
new and worn PEBA conditions, there were no biome-
chanical changes between conditions in spite of a 39%
reduction in LBS and of the increase of energy lost by
hysteresis from 25% to 42% after 450km of real road
running in new PEBA versus worn PEBA condition.
Previous studies have shown a reduction in shoe shock
absorption capability after 240km'* and 500 km.*® Thus,
the worn PEBA condition in the present study may have
become less “bouncing” with use, resulting in a loss of
shock attenuation capacity and a loss of rebound effect
for the runner. However, it seems that the change in the
properties of the worn PEBA shoes does did not cause
kinematic changes. Thus, we can assume that the worse
RE with the worn PEBA condition is due to the adjust-
ments the runner has to make in order not to change his
running biomechanics.

Regarding the subjective measures, there were no sig-
nificant differences between the new and worn conditions
for both materials. The higher LBS levels of the new con-
ditions compared with the worn conditions did not result
in greater discomfort, muscle soreness and rating of per-
ceived exertion for runners. Overall, consistent with previ-
ous research,” where changes in comfort at the foot/shoe
interface did not result in changes in RE or significant
changes in biomechanical variables.

4.1 | Limitations

The present study has several limitations. The total running
distance was 450km, a longer running distance was not
considered because of time constraints. The midsole char-
acteristics of AFT, especially of EVA midsoles shoes over
distances greater than 450km remains unknown. Several
studies indicate that the collapse of air cells*® and the wrin-
kling of cell faces® affect the shock absorption capacity of
the EVA running shoes, but perhaps the combination of
EVA and carbon fiber plate results in a longer life of the
EVA midsole. Stiffness and energy return measures for
compression, rather than just for bending, would have al-
lowed to further explore differences between the foams and
the effects of wear. Furthermore, not all PEBA or EVA mid-
soles from shoe companies have the same characteristics.
Importantly, the EVA and PEBA shoes evaluated in this
study were separate shoe models, but with similar midsole
dimensions (Table 1). Therefore, the results of the present
study should not be generalized across other shoe types. The
mechanical LBS test conducted in our study was performed
at similar speeds from previous studies**’ but substan-
tially slower than bending speeds observed during running.
Moreover, this study was done only with male runners and
only at one velocity. Hence, it is possible that the present
results are limited to male runners of similar competitive
levels because it is known that lower limb strength levels
and the contact time that the runners have during treadmill
running may affect the optimal LBS between subjects.”®*

4.2 | Perspective

Most major running shoe companies now have a new
style of road racing shoe with a thick lightweight mid-
sole and accompanied by a carbon fiber plate that in-
creases the LBS of the shoe like the ones used in this
study. Therefore, these results generate important new
knowledge for the footwear industry. General recom-
mendations for shoe life range between 400 and 500 km
for racing shoes, such as AFT. However, our results
demonstrate different changes in AFT with PEBA and
EVA midsole properties after 450km of road running,
leading to changes in RE and minor kinematic adap-
tations. Therefore, our results suggest that shoe com-
panies can create AFT with EVA midsole for use in
training with a longer shoe life, and design AFT with
PEBA for use only in competition to achieve better RE
results. However, future studies should compare the
wear process in shoes with PEBA midsole with a car-
bon fiber plate to increase LBS and without carbon fiber
plate to analyze the influence of the element to increase
the LBS (carbon fiber plate) on AFT wear. In addition,
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since there is recent discussion about the possible risk
of injury when using AFT,**° future studies should also
investigate the influence of using AFT with EVA and
PEBA midsole and their corresponding worn conditions
on the risk of injury.

5 | CONCLUSIONS

There is a clear RE advantage to incorporating PEBA
versus EVA along with a curved carbon fiber plate in
AFT. However, the PEBA midsole experienced greater
wear over 450km and worsened RE compared with the
new PEBA condition. While for the shoes with an EVA
midsole, RE was not affected when the shoe was worn
for 450km. However, there were minor spatiotemporal
modifications on running biomechanics using worn shoes
conditions compare to new shoes conditions.
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