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ABSTRACT

Recent advances in spiked shoe design, characterized by increased longitudinal stiffness, thicker
midsole foams, and reconfigured geometry are considered to improve sprint performance.
However, so far there is no empirical data on the effects of advanced spikes technology on
maximal sprinting speed (MSS) published yet. Consequently, we assessed MSS via ‘flying 30m’
sprints of 44 trained male (PR: 10.32 s - 12.08 s) and female (PR: 11.56 s - 14.18 s) athletes,
wearing both traditional and advanced spikes in a randomized, repeated measures design. The
results revealed a statistically significant increase in MSS by 1.21% on average when using
advanced spikes technology. Notably, 87% of participants showed improved MSS with the use
of advanced spikes. A cluster analysis unveiled that athletes with higher MSS may benefit to a
greater extent. However, individual responses varied widely, suggesting the influence of multiple
factors that need detailed exploration. Therefore, coaches and athletes are advised to interpret
the promising performance enhancements cautiously and evaluate the appropriateness of the
advanced spike technology for their athletes critically.



INTRODUCTION

In recent years, athletic footwear technology has evolved significantly, driven by advances in
materials and motion sciences. Most notably, this has led to improved distance running
economy (Knopp et al., 2023; Hoogekamer et al,, 2018; Barnes & Kilding, 2019; Joubert & Jones,
2022) and race performance (Hebert-Losier & Pamment, 2023; Ruiz-Alias et al.,, 2023). While
most of the attention has been on advanced distance running shoe technology, spiked track
shoes for short distance races have also evolved (Healy et al., 2022; Russo et al., 2022; Willwacher
et al., 2023). Traditionally, the design of these spikes has focused on maximizing traction and
minimizing weight (Healy et al, 2022). However, recent advances in spiked shoe design,
characterized by increased longitudinal stiffness, thicker midsole foams, and reconfigured
geometry, have sparked interest and speculation about their potential to improve sprint
performance (Healy et al., 2022). There is indirect observational evidence that advanced spike
technology can improve performance by approximately 0.5% or more (Willwacher et al., 2023).
However, while these potential improvements are intriguing, our understanding of how these
'super spikes' affect sprinting speed, particularly maximal sprinting speed (MSS), is still emerging.
Several studies have examined various shoe characteristics and their influence on performance-
related factors and biomechanics (Stefanyshyn & Nigg, 1997; Stefanyshyn & Wannop, 2016;
Stefanyshyn & Fusco, 2004; Willwacher et al., 2016; Nagahara et al., 2017; Lake & Smith, 2016).
However, these studies focused mainly on the effects of longitudinal bending stiffness. No study
has addressed the effects of differing cushioning material properties and sole geometries on
sprint performance and biomechanics. Consequently, whether and how the designs of recently
developed advanced spiked shoe technologies affect maximal sprint speed has not been
thoroughly investigated. Sprint performance, especially at the elite level, often depends on very
small margins. Therefore, even small improvements in MSS can have a profound effect on
competitive outcomes. This potential for impact highlights the importance of empirical studies
designed to investigate the effects of advanced spike technology on sprinting speed. Accordingly,
the purpose of this study was to provide an empirical examination of the effects of advanced
spike technology on MSS. In a randomized, repeated measures design, we assessed the MSS of
male and female athletes wearing traditional and advanced spike technologies. We hypothesized
that the use of advanced spike technology results in an increase in maximal sprint speed
compared to traditional spikes. By better understanding the potential benefits and mechanisms
of advanced spike technology, we can contribute to the understanding of how technology can
improve human performance.



MATERIALS AND METHODS

Participants

A total of 44 trained athletes (22 males and 22 females) participated in this multicenter trial
conducted at track and field training centers in Bremen, Hannover, Leipzig, and Leverkusen
(Germany). Male athletes had an average leg length of 87.6 £ 4.8 cm, body mass of 75.4 £ 9.0 kg,
and a 100m personal best time of 11.03 + 0.49 seconds. Female athletes had an average leg
length of 84.7 £ 3.3 cm, body mass of 60.9 + 5.7 kg, and a 100m personal best time of 12.5+ 0.7
seconds. To qualify for participation, athletes were required to have a minimum of 2 years of
competitive sprinting experience, be free from any musculoskeletal injuries or medical
conditions that could affect sprint performance and own a pair of advanced and traditional
spikes.

Experimental Procedures

This research followed a randomized, repeated measures design. Each participant performed
four ‘flying 30 m'’ sprints using two different spike shoes in a randomized order, with full recovery
between efforts. The ‘flying 30 m’ sprints represent a well-established training tool for developing
and evaluating MSS, aiming to attain the highest achievable sprinting speed while minimizing
velocity decrease over the sprint distance (Skoglund, Strand & Haugen, 2023; Haugen et al,
2019). Participants were familiar with the ‘flying 30" test modality, having routinely engaged in it
during training. Testing took place on indoor athletics tracks during normal maximal sprinting
training sessions. All athletes were in the preparation phase of training, in advance of the
competitive outdoor season. After completing their pre-competition warm-up program, each
participant performed four ‘flying 30 m’ sprints in total. Two sprints were performed using
traditional spikes, and the remaining two sprints were performed using advanced spikes. The
order of spike conditions (traditional and advanced) was randomized and counterbalanced
across participants to minimize potential order effects. All sprints were executed at maximal
effort. The run-up distance was selected by each participant, with a minimum requirement of 30
m. Advanced spikes were defined by features including a lightweight, compliant foam and a stiff
plate, in accordance with recent publications (Healy et al., 2022; Hebert-Losier & Pamment,
2023). Specifically, 34 subjects utilized the ‘Nike Air Zoom Maxfly' by Nike, while 10 subjects wore
the ‘Adizero Prime SP2' by Adidas. Traditional spikes consisted of Nike (‘Nike Zoom Superfly Elite
2", 'Nike Zoom Celar 5, ‘Nike Zoom Rival S9'), Adidas (‘Adidas Sprintstar’, ‘Adizero Finesse’) and



Puma (Puma Evospeed Prep Sprint) shoes. Flying 30 m times were measured using dual-beam
timing gates in Leverkusen, Bremen (Witty Gate, Microgate, Bolzano, Italy) and Hannover
(DLS/FO3, Sporttronic, Leutenbach-Nellmersbach, Germany) and single-beam timing gates in
Leipzig (TCi, Brower Timing System Draper, USA). All methods used in the study were approved
by the institutional research ethics committee, in the spirit of the Helsinki Declaration.

Data Analysis

Split times were recorded by the timing gates and subject data (i.e. anthropometric data, 100m
PR and spike type) were exported to R Statistical Software (v4.3.1; R Core Team 2023) and further

processed. MSS was defined as Vmean and calculated using the formula v = i—: with Ax being the

distance of 30 meters and At being the individual time to complete the distance (i.e. tryingzom). IN
accordance with the findings of Denny (2017), the best trial with the advanced spikes and the
best trial with the traditional spike was utilized to provide a more accurate representation of the
outcome.

Statistics

Scatter plots were formed with the individual difference (A) of Vimean between the two shoe
conditions (i.e. Advanced Spikes - Traditional Spikes) on the vertical and individual Vinean On the
horizontal axes, respectively, to generate a visual representation of each individual effect of the
type of shoe on the MSS. Furthermore, a hierarchical agglomerative cluster analysis (Everitt et
al, 2011) was conducted to determine homogeneous participant clusters according to their
maximum sprinting capabilities. The 'ward.D2' approach was used to cluster the data (Murtagh
& Legendre, 2014). The final number of clusters was determined using a combination of
computational and visual methods. Specifically, we computed gap statistics (Tibshirani et al.,
20017) and Hartigan index (Hartigan, 1975) to estimate optimal number of clusters (Charad et al.,
2014). In addition, the dendrogram was visually inspected to confirm the number of clusters
identified (Phinyomark et al., 2015). One-way between-group ANOVA was computed to test for
the cluster effect. When a cluster effect existed, post hoc tests with Benjamini-Hochberg
correction (Benjamini & Hochberg, 1995) were computed to identify differences in-between
clusters. The effect size was calculated using Cohen'’s d (Cohen, 1988). The following scale of
magnitude was used to interpret effect sizes: large effect for d > 0.8, medium effect for 0.5 <d
< 0.8, small effect for 0.2 < d < 0.5, and insignificant effect for d < 0.2. Moreover, Spearman test



(Spearman, 1987) was used to analyze the correlations between measured variables. The
significance level was set at p < 0.05.

Results

MSS increased by a statistically significant 0.11 ms™ (1.21%) when sprinters used the advanced
spike technology (p = 0.004), with 87% (n = 38) of participants improving their MSS. Significant
correlations were observed between AVmesn and sprinters' 100 m personal records (p < 0.001; r
=-0.45) as well as between AVpean and MSS (p < 0.001; r = 0.53). Individual responses to the
shoe interventions are shown in Figure 1. ANOVA revealed statistically significant cluster effects
(p <0.007) with MSS and AVmean becoming progressively larger from cluster 3 to cluster 1 (Table
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Figure 1: Scatter plot for MSS (calculated as the Vmean of ‘flying 30 m’ sprint test) and the
AVmean between advanced and traditional spikes condition. The individual data of male (n =
22)and female (n = 22) athletes are presented by triangles and cycles for each respective
cluster (blue: cluster 3; purple: cluster 2; green: cluster 1). The solid grey line indicates mean
difference; the dashed lines indicate fixed percentual effects of 0.0%, 0.5%, 1.5% and 2.5%; the
solid blue line represents the fitted linear regression



Table 1: Performance measures and number of participants in each cluster.

Cluster n Vimean A Vpean p-Value Cohen‘sd ES

m-s'] [m-s]

1 10 10.30 0.18 <0.0012> 1.7 large
2 17 9.32 0.11 <0.001% 1.2 large
3 17 8.34 0.06 <0.001b¢ 0.7 moderate

p < 0.05 indicates a Cluster effect

4denotes significant difference between Clusters 1 and 2
bdenotes significant difference between Clusters 1 and 3
“denotes significant difference between Clusters 2 and 3

Discussion

The purpose of this study was to provide an empirical examination of the effects of advanced
spike technology on maximal sprinting speed. Our investigation revealed that, by equipping
athletes with advanced spikes, MSS increased by 1.21%, translating to an average improvement
of 0.11 ms™ in mean velocity over 30 m. These results are in line with the observational study of
Willwacher et al. (2023), which proposed indirect evidence for improvements of 0.64 to 1.21% in
100 m performance. Furthermore, the findings of this study exceeded the results of Herrero-
Molleda and colleagues (2023), who reported an enhancement of 0.6% in 40 m-sprint
performance due to ‘super spikes'. Since our study demonstrated a connection between mean
sprinting speed and the improvements through advanced spikes, the overall lower performance
of female athletes could be a possible explanation of the minor benefits of the shoes in the latter
study. Contrary to previous research (Herrero-Molleda et al., 2023), which suggested that 'super
spikes’ might yield greater benefits for slower sprinters compared to their faster counterparts,
our findings indicate a contrary trend. We propose that athletes exhibiting higher MSS might
potentially benefit to a greater extent from advanced spike technology, a concept illuminated by
our observed correlation and supported by the following regression equation A = —0.469 +
0.063 - Vinean- AS Velocity increases, sprinters might take greater advantage of the higher capacity
of the advanced spikes to store and return elastic energy (Bergamini, 2011). Thus, the substantial
correlation observed between the change in mean sprinting speed (AVmean) and athletes' 100 m
race times can be partly explained by prior research in this domain. The utilization of the



clustering approach provides a deeper insight into the velocity-dependent benefits of wearing
advanced spikes, thereby offering novel information. Remarkably, the profound influence of
maximal sprinting speed (MSS) on 100 m performance (Haugen, Seiler & Sandbakk et al., 2019)
is underscored by the tiny margins distinguishing medal-winning performances (0.297%
between 3rd and 4th place) (Willwacher et al.,, 2023). In light of these intricacies, our results,
though initially surprising, assume a promising significance within the broader context of sprint
performance optimization. lllustratively, a single athlete's performance benefit of a 3.26%
through advanced spike usage, despite their already notable mean sprinting velocity of 10.75

ms’’'

underscores the substantial potential of the technology even among ‘highly-trained’
individuals. However, it is essential to recognize the complexities inherent in the utilization of
advanced spikes. Our study exposes instances where performance suffered, with six athletes
experiencing a decline of up to 1.32% in MSS. This emphasizes the individualized nature of
responses to the shoe intervention, yielding distinct, subject-specific outcomes in A of sprinting
speed. The diversity of these responses can be attributed to a range of factors, possibly including
differences in sprint kinematics and biological capacity. Anecdotal insights gathered through
conversations with the subjects and their respective coaches proposes that running in ‘super
spikes' alters sprint kinematics significantly and one has to learn how to interact with the ‘springs
beneath your feet’. As shown by Mendiguchia et al. (2021), it is possible to modify kinematics of
maximal sprinting. Therefore, altering body posture during sprinting could be one strategy to
getting the most beneficial effect of advanced spike technology. Biologically, it is hypothesized
that the alterations stemming from the utilization of advanced spikes predominantly emanate
from the impact of increased bending stiffness on the mechanics of the metatarsal phalangeal
joint (MTP). The increased dorsiflexion of the MTP joint during foot touchdown triggers the
absorption of mechanical energy. Adjusting the rigidity of the sole can restrict the dorsiflexion,
subsequently minimizing the dissipation of energy (Healey et al, 2022). Furthermore, the
increased longitudinal stiffness of the spike shifts the point of force application toward the distal
region of the foot, thereby resulting in an extended lever arm at the ankle joint (Willwacher et
al., 2013; Willwacher et al., 2014). This alteration in the lever arm has the potential to amplify the
efficiency of horizontal force application, as suggested by Willwacher et al. (2016). In order to
fully utilize the advantages of an increased longitudinal bending stiffness and higher lever arms
at the ankle joint, a profound level of strength within the plantar flexor muscles is needed. Failing
to meet this requirement could potentially lead to adverse effects on performance (Willwacher
et al, 2016). Consequently, this implies that the extent to which an athlete can capitalize on the
advantages from advanced spike technology remains highly individual and determined by



multiple aspects. As a result, it is crucial for coaches to be not misled by the promising
performance enhancements linked to advanced spikes. Instead, they should critically assess
whether their athletes possess the necessary sprint kinematics capabilities and meet specific
strength thresholds to effectively leverage the benefits of wearing such footwear and handle the
associated increased demands.

Despite the strengths of our study, certain limitations warrant consideration when interpreting
the results. The multicenter approach, while advantageous in recruiting participants across a
range of training centers and performance levels, introduces variations due to non-standardized
timing systems. These variations may contribute to measurement errors that need careful
acknowledgment. However, at each center, the comparisons between spike conditions were
performed with the same timing system. Furthermore, it is important to note that the findings
of this work are specific to the tested athletes. While our approach aligns with recommendations
(Healey et al., 2022) for quantifying the effects of footwear on sprint performance by measuring
speed outcomes in all-out sprinting efforts, this procedure comes with the limitation of day-to-
day performance variability. Nonetheless, these results offer valuable insights into the practical
applications of super spikes in everyday training and the potential performance enhancements
that they might offer. Given the velocity-dependent effect observed with super spikes, future
studies should explore their impact on other aspects of the 100 m race, such as the block start,
acceleration, and speed endurance. Incorporating spatiotemporal data and investigating
different movement patterns could shed light on the mechanisms underlying the observed
performance enhancements when utilizing advanced spike technology.

Conclusion

In conclusion, our study demonstrates that advanced spike technology leads to a statistically
significant increase in MSS by 1.21% on average, with 87% of the participants experiencing
improved MSS with the use of 'super spikes' compared to traditional spikes. Cluster analysis
suggests velocity-dependent benefits, favoring athletes with higher MSS. However, individual
responses vary widely, emphasizing the need for a critical assessment of the suitability of
advanced spikes for each athlete. Future research should explore the underlying factors
contributing to the individual variability and optimize the use of this technology to improve
sprinting speed.
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