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DEFINITIONS

Sprinting — a high-intensity, short-duration running activity characterized by
maximal or near-maximal effort. It is a fundamental component of many sports,
requiring rapid acceleration, high maximal velocity, and efficient neuromuscular
coordination.

Acceleration Phase — the initial phase of sprinting where the athlete increases
velocity from a stationary or low-speed position. It is characterized by longer ground
contact times, a pronounced forward lean, and high horizontal force application.

Maximal Velocity Phase — the phase of sprinting during which the athlete reach-
es and maintains their top speed before deceleration occurs. This phase relies on
extremely short ground contact times and high vertical stiffness.

Ground Contact Time — the duration (in seconds or milliseconds) that the foot
remains in contact with the ground during each step. Shorter contact times are asso-
ciated with higher sprinting velocities and efficient force production.

Flight Time — the duration of the airborne phase between consecutive ground
contacts. Longer flight times combined with shorter contact times are characteristic
of high-speed sprinting.

Stride Length — the horizontal distance covered between successive contacts of
the same foot. Stride length reflects the effectiveness of horizontal propulsion and is
influenced by force production, mechanics, and limb length.

Stride Frequency — the number of steps taken per second. Stride frequency, in
combination with stride length, determines overall sprint velocity.

Force-Velocity Relationship — a biomechanical relationship describing how
the maximal horizontal force an athlete can produce decreases as sprinting velocity
increases. This relationship provides insights into whether an athlete is force- or
velocity-deficient.

Theoretical Maximal Force — the estimated maximal horizontal force an athlete
can produce at zero velocity, representing the force capabilities at sprint initiation.

Theoretical Maximal Velocity — the estimated maximal sprinting velocity at
which horizontal force production theoretically drops to zero. It reflects the athlete’s
velocity-oriented capabilities.

Maximal Power Output — the peak mechanical power an athlete can generate,
calculated as the product of force and velocity. It represents the optimal combination
of force and velocity during sprinting.

Maximal Ratio of Force — the highest ratio of horizontal to resultant ground
reaction force during the sprint, indicating how effectively the athlete directs force
horizontally at the start of sprinting.



Rate of Decrease in Ratio of Force — the rate at which horizontal force applica-
tion declines as sprinting velocity increases. A lower rate of decrease in ratio of force
reflects the athlete’s ability to maintain horizontal force at higher velocities.

Force-Velocity Slope — the slope of the Force-Velocity relationship, representing
the balance between force and velocity capacities. A steep negative slope indicates
a force-dominant profile, while a flatter slope indicates a velocity-dominant profile.

Resisted Sprint Training — a sprint training method in which external resistance
is applied to increase horizontal force production, emphasizing improvements in the
acceleration phase.

Assisted Sprint Training — a sprint training method in which external assistance
is provided to tow the athlete to supramaximal speeds, emphasizing improvements at
the velocity end of the Force-Velocity spectrum.

Supramaximal Speed — running speeds that exceed the athlete’s unassisted
maximal sprinting velocity, typically achieved through assisted sprint training.



ABBREVIATIONS

AST
CI
CoM
CT
(OAY
DF
DRF
EMG
Fo
F-v
FT
ICC
IMU
MDC
Pmax
RFmax
RST
SD
SEM
SF
SL
Vo
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Assisted Sprint Training
Confidence Interval

Center of Mass

Ground Contact Time
Coefficient of Variation

Duty Factor

Rate of Decrease in Ratio of Force
Electromyography
Theoretical Maximal Force
Force-Velocity

Flight Time

Intraclass Correlation Coefficient
Inertial Measurement Unit
Minimal Detectable Change
Maximal Power Output
Maximal Ratio of Force
Resisted Sprint Training
Standard Deviation

Standard Error of the Mean
Stride Frequency

Stride Length

Theoretical Maximal Velocity



INTRODUCTION

Sprint performance is a key determinant of success in many sports. In track and
field, sprinting forms the foundation of events such as the 100-m dash, hurdles, and
long jump, where maximal speed and efficient sprint mechanics are essential for
competitive excellence. In team sports like football, rugby, and basketball, short
bursts of acceleration and the ability to reach top speed quickly often decide game
outcomes. A single sprint can determine whether a football player reaches the ball
before an opponent, whether a winger breaks through defensive lines, or whether a
striker converts a scoring opportunity. The capacity to generate high sprint velocities
and maintain them over short distances is therefore a fundamental quality for athletes
across diverse sporting contexts (Gualtieri et al., 2023; Lockie et al., 2012).

Achieving world-class sprint performance requires the coordinated development
of multiple physical and technical capacities. Sprinting involves rapid production and
application of force in very short ground contact times, precise coordination between
limbs, and the ability to sustain maximal outputs while minimizing fatigue and in-
jury risk (Morin & Samozino, 2016; Moura et al., 2023; Pietraszewski et al., 2025;
Thompson, 2017). The mechanical determinants of sprinting can be broadly divided
into force-oriented qualities, which are most evident during the acceleration phase, and
velocity-oriented qualities, which dominate during maximal velocity running. Athletes
who can generate high horizontal forces at the start, as well as high limb velocities later
in the sprint, are typically the most successful. However, individual athletes often dis-
play specific strengths or weaknesses along this force-velocity (F-V) spectrum, leading
to the need for targeted and individualized training strategies (Buchheit et al., 2014;
Morin et al., 2012; Nagahara et al., 2018a; Samozino et al., 2016).

Traditional sprint training methods aim to improve both ends of the F-V spec-
trum. Resisted sprint training (RST), such as sled towing or uphill running, increases
external load to develop force production and horizontal impulse (Alcaraz et al.,
2018; Cahill et al., 2020; Dougan et al., 2025; Stavridis et al., 2023). Assisted sprint
training (AST), such as downhill running or towing devices, reduces external resist-
ance or actively pulls the athlete forward to achieve supramaximal speeds, thereby
stimulating adaptations associated with limb turnover and maximal velocity mechan-
ics (Cecilia-Gallego et al., 2022; Gleadhill et al., 2023; Lahti et al., 2020; Myrvang
& Van den Tillaar, 2024; Ross et al., 2001). Both approaches have been shown to
be effective in specific contexts. Resisted sprinting enhances the early acceleration
phase by increasing projection angles and force application, whereas assisted sprint-
ing allows athletes to experience speeds beyond their usual limits, challenging the
neuromuscular system to adapt to extremely short ground contact times and faster
stride frequencies. When used together, these methods can complement each other,
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creating a balanced approach to sprint development (Lahti et al., 2020; Myrvang &
Van den Tillaar, 2024).

Despite their potential, several challenges remain. Traditional sleds and elas-
tic cords provide resistance or assistance but lack precise control. Environmental
factors such as friction, slope, and surface type affect loading, making it difficult to
replicate conditions or measure exact outputs (Cross et al., 2019; Cross, Tinwala,
etal., 2017; Petrakos et al., 2016; Van den Tillaar, 2020). As a result, training loads
are often estimated rather than precisely individualized, limiting both performance
improvements and the ability to track progress over time.

The concept of F-V profiling offers a framework for understanding and targeting
sprint performance. By plotting an athlete’s theoretical maximal horizontal force (Fo)
against maximal velocity (Vo), coaches and scientists can identify whether an athlete
is force-dominant, velocity-dominant, or balanced. This profile provides insight into
which qualities should be emphasized in training (Fernandez-Galvan et al., 2022;
Morin et al., 2019). Force-dominant athletes may excel in the initial 5-10 m but
struggle to reach top speed, velocity-dominant athletes may achieve high maximal
velocities but lack the explosive force needed for quick starts, while balanced ath-
letes possess a more optimal profile and typically show superior sprint performance
across phases (Baena-Raya et al., 2021; Haugen, Breitschédel, et al., 2019; Morin &
Samozino, 2016; Samozino et al., 2022).

Previous studies have shown that F-V profiling can guide training decisions. For
example, athletes with a force deficit may benefit most from resisted sprint training,
while those with a velocity deficit may respond better to assisted sprinting (Cross et
al., 2018; Lahti et al., 2020). However, research by Rakovic et al. (2018) and Lahti et
al. (2020) suggests that individual responsiveness is variable, and not all athletes im-
prove in predictable ways (Lahti et al., 2020; Rakovic et al., 2018). This variability
highlights a crucial gap: the need to refine our ability to predict who will benefit most
from each type of sprint training. Adding spatiotemporal measures, such as stride
length, stride frequency, ground contact time, and speed maintenance, may improve
these predictions (Meng et al., 2024; Murata et al., 2018). In particular, assisted
sprints, which achieve higher peak velocities, might reveal aspects of performance
not visible in regular sprints, potentially offering more precise diagnostic insights.

Recent technological advancements have addressed many of the limitations
of traditional sprint tools. Motorized sprint devices, such as the Sprint 1080 and
DynaSpeed, enable precise control of both resistance and assistance. (Chang et
al., 2024; Cross et al., 2018; Jiménez-Reyes et al., 2024; Matusinski et al., 2022).
They maintain consistent loading independent of environmental factors and provide
real-time measurements of force, velocity, distance, and power (Haugen, McGhie,
et al., 2019; Lahti et al., 2020). These systems have revolutionized both training and
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research by allowing coaches to apply individualized programs while simultaneous-
ly collecting high-quality performance data. However, many existing systems are
expensive and limited to specific settings. The development of portable, versatile
solutions has become increasingly important for field-based testing in team sports
and for organizations with limited resources.

The Alex7 device, developed in Lithuania, represents one such innovation. While
similar to established systems in functionality, Alex7 was designed with an emphasis
on portability and accessibility, enabling its use in both elite and grassroots envi-
ronments. Importantly, it provides both full and partial assistance modes, offering
opportunities to explore novel training concepts, such as releasing assistance mid-
sprint to preserve natural mechanics. Although the device plays a central role in this
dissertation, its inclusion serves a broader purpose: demonstrating how cutting-edge
technology can help maximize power across the range of velocities through individ-
ualized sprint interventions.

Despite these technological advances, several important gaps remain in the cur-
rent scientific understanding of sprint performance enhancement. Validation studies
of portable motorized devices are still limited, and the accuracy and reliability of
newer systems such as the Alex7 must be established before they can be confidently
implemented in training or research settings. Furthermore, while full towing has
been studied extensively, partial towing, where assistance is released once a target
speed is reached, has not been systematically investigated. This approach may help
preserve muscle engagement and movement control while still providing exposure to
supramaximal velocities, potentially leading to superior neuromuscular adaptations.

In addition, the underlying neuromuscular mechanisms of assisted sprinting re-
main poorly understood. Few studies have examined how muscle activation pat-
terns and coordination strategies change under different towing conditions (Cecilia-
Gallego et al., 2022; Mero & Komi, 1987). Finally, although force-velocity profiling
is widely used to individualize training, its predictive power could be enhanced by
incorporating spatiotemporal and kinematic variables. Such an integrated approach
could help coaches better identify individual performance limitations and design
more targeted sprint training programs.

Addressing these gaps is essential for bridging the divide between science and
practice. A clearer understanding of towing strategies, neuromuscular responses, and
predictive profiling tools will provide coaches and practitioners with evidence-based
methods to maximize sprint performance while minimizing injury risk.

The aim of this dissertation is to investigate whether individualized assisted
sprint training strategies can promote greater neuromuscular adaptations and im-
prove sprint performance across the force-velocity spectrum.
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Research Objectives

1. To validate and assess the reliability of a novel motorized device for measur-
ing sprint performance under resisted and assisted conditions.

2. To investigate the acute neuromuscular and mechanical effects of full versus
partial towing assistance on muscle activation and sprint kinematics.

3. To evaluate the effects of a six-week assisted sprint training intervention on
sprint performance, spatiotemporal variables, and F-V profiles measured dur-
ing regular sprints in youth football players, and to examine whether base-
line variables from these conditions can predict individual responsiveness to
training.

Hypotheses

1. The motorized device will provide valid and reliable measurements of sprint
performance when compared to a gold-standard reference system.

2. Partial towing assistance will result in greater muscle activation and higher
power output compared to full towing at similar supramaximal speeds.

3. Combining spatiotemporal parameters with F-V profiles will enhance the abil-
ity to predict which athletes will show the greatest performance improvements
following assisted sprint training.

Theoretical and Practical Significance

The present dissertation advances sprint science by providing novel insights into
both measurement and training. Theoretically, it establishes a validated, portable mo-
torized device for resisted and assisted sprinting and introduces the first electromy-
ography-based comparison of full and partial towing strategies. It also expands the
application of force-velocity profiling to include supramaximal sprinting, integrating
spatiotemporal and neuromuscular data to refine our understanding of how different
mechanical strategies influence sprint performance and power development.

Practically, these findings translate directly into actionable strategies for coaches
and practitioners. The research provides evidence-based methods for precisely mon-
itoring sprint performance, safely exposing athletes to supramaximal speeds using
partial assistance, and designing individualized training programs based on F-V and
spatiotemporal profiles. This approach supports the optimization of power across the
entire velocity spectrum, enhances performance outcomes, and reduces injury risk,
ultimately contributing to sustainable athlete development and long-term success in
sport.
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1. LITERATURE REVIEW

1.1. Introduction to sprint training

Beyond raw speed, the ability to accelerate rapidly and maintain high velocities
for short bursts plays a pivotal role in tactical performance. In football, even a frac-
tion of a second gained during a 5-10 m acceleration can determine ball possession
or scoring opportunities. Research has consistently demonstrated that sprint ability,
especially over distances up to 30 m, is a key predictor of elite performance in team
sports, where game-defining moments often occur in constrained spaces (Caldbeck
& Dos’Santos, 2022; Lockie et al., 2012; Nagahara et al., 2018a; Nicholson et al.,
2020).

Over recent decades, scientific interest in sprint performance has expanded sig-
nificantly. Advances in biomechanics, physiology, and technology have deepened
our understanding of sprinting as a complex neuromuscular task. Sprinting requires
athletes to generate extremely high forces and apply them effectively within very
short ground contact times (Lockie et al., 2011). Key performance variables such
as force, velocity, stride length (SL), stride frequency (SF), contact time (CT), and
flight time (FT) are now routinely measured to evaluate sprint mechanics and train-
ing adaptations (Howard et al., 2018; Mattes et al., 2014; Morin & Samozino, 2016).

Modern sprint research also emphasizes the role of neuromuscular factors in
determining sprint performance. Electromyography (EMG) studies have revealed
the timing and intensity of muscle activation patterns during sprinting, providing
insights into how muscles coordinate to achieve efficient acceleration and maximal
velocity running (Jacobs & Schenau, 1992; Kyrdldinen et al., 2005; Pietraszewski
et al., 2025; Van Den Tillaar & Gamble, 2017; Yu et al., 2008). These findings have
informed training interventions designed to target specific neuromuscular and bio-
mechanical qualities.

As sprinting is a high-intensity activity with significant demands on both force
production and velocity expression, contemporary training approaches are built
around manipulating external load to stimulate adaptations at different points on the
force-velocity spectrum. Two primary strategies dominate this spectrum: resisted
sprint training and assisted sprint training (Dougan et al., 2025; Lockie et al., 2012;
Myrvang & Van den Tillaar, 2024; Ross et al., 2001).

Resisted sprinting, which adds external horizontal load via sleds, weighted vests,
or motorized devices, focuses on improving acceleration by enhancing horizontal
force production (Alcaraz et al., 2018; Cusano et al., 2025; Dougan et al., 2025;
Morin et al., 2017; Petrakos et al., 2016; Stavridis et al., 2023; Xu et al., 2025).
Assisted sprinting, in which the athlete is towed or propelled to supramaximal
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velocities, targets the velocity end of the spectrum, challenging the neuromuscular
system to achieve higher step frequencies and reduced ground contact times (Cecilia-
Gallego et al., 2022; Chang et al., 2024; Clark et al., 2021; Rumpf et al., 2016; Van
Den Tillaar & Gamble, 2018). Both methods have been shown to induce specific
neural and muscular adaptations, making them valuable but highly specialized tools
in sprint development (Aldrich et al., 2024; Mero & Komi, 1987; Morin et al., 2019).
Their effectiveness depends on precise control of loading and careful integration into
periodized training plans. Historically, traditional modalities such as sled towing or
downhill running were difficult to standardize, leading to inconsistent results (Chang
et al., 2024; Matusinski et al., 2021). However, recent technological advances have
introduced motorized sprint devices, such as the Sprint 1080 and DynaSpeed, which
allow coaches to apply controlled, repeatable resistance or assistance while simulta-
neously capturing kinematic and kinetic data (Haugen, McGhie, et al., 2019; Lahti et
al., 2020; Matusinski et al., 2022).

The emergence of these systems has also transformed research possibilities, en-
abling real-time measurement of variables such as force, velocity, and power under
field conditions. This has allowed researchers to move beyond descriptive studies
and into individualized, data-driven sprint training models (Haugen, Breitschédel,
et al., 2019; Lahti et al., 2020). By identifying whether an athlete is more force-de-
ficient or velocity-deficient, practitioners can target specific performance limitations
through tailored resisted or assisted sprint protocols (Cross, Brughelli, Samozino, &
Morin, 2017; Lahti et al., 2020; Morin & Samozino, 2016; Samozino et al., 2008).

Despite these advances, significant questions remain. For instance, while re-
sisted sprinting has been well-studied, assisted sprinting, particularly with partial
towing protocols, where assistance is released once a target velocity is reached, has
received far less attention. Understanding how different towing strategies influence
muscle activation, limb coordination, and injury risk remains a critical gap in the lit-
erature (Clark et al., 2021; Nagahara et al., 2018a; VVan Den Tillaar, 2021). Similarly,
while force-velocity profiling has become an essential diagnostic tool, there is still
limited knowledge on how initial F-V characteristics and technical variables predict
responsiveness to specific sprint training interventions (Lahti et al., 2020; Rakovic
etal., 2018).

1.2. Sprint mechanics

Sprinting is a highly complex motor skill requiring precise coordination be-
tween the neuromuscular system and the mechanical forces acting on the body.
Performance in sprinting can be understood as the interaction between external me-
chanics (force application, kinematics, and kinetics) and internal neuromuscular fac-
tors (muscle activation patterns, neural drive, and coordination) (Haugen, McGhie,
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et al., 2019; Vellucci & Beaudette, 2023; Whitacre et al., 2024). These elements are
expressed through two primary sprint phases: acceleration and maximal velocity,
each with distinct biomechanical and physiological demands (Morin & Samozino,
2016; Nagahara et al., 2018a).

Understanding these phases in detail is essential for designing targeted training
interventions and for interpreting the effects of different loading strategies such as
resisted and assisted sprinting. This section examines the mechanical and neuromus-
cular characteristics of sprinting, with a focus on the lower-limb muscle activation
patterns underpinning each phase.

1.2.1. The acceleration phase

The acceleration phase begins at the sprint start and continues until the athlete
approaches near-maximal velocity. In elite track sprinters, this phase typically ex-
tends to 30-50 meters, lasting approximately 4-6 seconds, while in team sports such
as football or rugby, the decisive sprint efforts often occur within the first 5-20 me-
ters due to spatial and tactical constraints (Morin & Samozino, 2016; Nagahara et
al., 2018a). Regardless of the total sprint distance, early acceleration performance
is crucial because it determines whether an athlete reaches a high velocity quickly
enough to influence competitive situations (Colyer et al., 2018; Lockie et al., 2012;
Moura et al., 2023).

Acceleration requires the athlete to generate large horizontal propulsive forces
and maintain an optimal forward body lean to project force effectively against the
ground (Kawamori et al., 2013; Morin et al., 2015; Morin et al., 2019). From a
practical perspective, this phase is strongly influenced by maximal horizontal force
capacity, which represents the athlete’s ability to generate high propulsive impulses
during the initial steps (Pantoja et al., 2018).

Early acceleration is marked by a pronounced forward trunk lean and lowered
center of mass (CoM) to maximize horizontal force projection, longer ground contact
times, initially >200 ms, which progressively shorten to approximately 120-140 ms
as velocity increases and rapid increases in step length and step frequency, with
step length improving most during the first 10 meters and step frequency increasing
later as posture becomes more upright (Flanagan et al., 2025; Moura et al., 2023;
Nagahara et al., 2018b; Walker et al., 2021).

Nagahara et al. (2018) demonstrated through step-by-step analysis that during
the initial strides, back-side mechanics dominate, characterized by powerful hip ex-
tension behind the body (Nagahara et al., 2014, 2018a). As the athlete transitions
toward upright running, mechanics shift toward front-side dominance, with quicker
thigh lift and faster repositioning in front of the CoM (Nagahara et al., 2014).
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From a Kinetic perspective, the key determinant of acceleration is the ratio of
horizontal to total ground reaction force (RF). During the first steps, RF is at its
highest, reflecting a strong horizontal force orientation. As velocity builds, RF stead-
ily decreases, a process quantified by the rate of decrease in RF (DRF) (King et al.,
2022; Morin et al., 2011; Morin et al., 2012, 2019). This means that the earliest steps
are most critical for propulsive impulse generation. Nagahara et al. (2018) confirmed
that horizontal propulsive impulse was the strongest predictor of acceleration per-
formance between ~ 55-95 % of maximal sprint speed (Nagahara et al., 2018a). As
speed increases, braking impulse becomes more relevant, requiring precise technical
execution to minimize energy loss.

Hip extensors (gluteus maximus, hamstrings) generate large concentric forces
during early stance to drive propulsion and maintain trunk alignment (Edouard et
al., 2018; Morin et al., 2015; Pandy et al., 2021). Knee extensors (quadriceps) resist
braking forces at touchdown and extend the knee during push-off (Hamner et al.,
2010; Pandy et al., 2021). Ankle plantar flexors (soleus, gastrocnemius) progres-
sively contribute more to propulsion as velocity rises, benefiting from elastic energy
storage and release in the Achilles tendon (Pandy et al., 2021; Schache et al., 2019).

Electromyography provides insights into the temporal sequencing and mag-
nitude of muscle activation during acceleration. The gluteus maximus shows sus-
tained, high activation during early stance to drive hip extension and maintain trunk
stability (Pandy et al., 2021). The hamstrings are eccentrically active in late swing to
decelerate the forward-moving thigh and concentrically active in early stance to ex-
tend the hip and generate propulsion (Higashihara et al., 2018; Pietraszewski et al.,
2025; Willer et al., 2024). The vastus lateralis and rectus femoris are highly active
during early stance, especially during the braking-to-propulsion transition (Bezodis
et al., 2008; Pandy et al., 2021). The rectus femoris shows a biphasic pattern, con-
tributing to hip flexion during early swing and knee extension during stance (Pandy
et al., 2021). The soleus demonstrates prolonged activation supporting force output
during extended ground contacts, while the gastrocnemius assists in propulsion and
stabilizes the knee joint (Pandy et al., 2021).

Muscles such as the erector spinae and obliques help maintain alignment and
manage rotational forces, while the arms counterbalance leg movement and assist
in momentum generation (Hamner & Delp, 2013; Kubo et al., 2010; Yoshimoto et
al., 2025). These activation patterns suggest that upper-body actions can shift the
balance between force magnitude and the rate of force production (Macadam et al.,
2019).
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1.2.2. The maximal velocity phase

The maximal velocity phase begins once the athlete reaches peak sprinting speed
and continues until deceleration due to fatigue or mechanical breakdown. In elite
sprinters, maximal velocity is usually achieved between 50 and 60 meters and sus-
tained for one to two seconds (Healy et al., 2019; Nagahara et al., 2018a).

In most team sports, however, sprints are too short for this phase to be fully
realized. Nonetheless, the capacity to reach high top speeds provides a critical com-
petitive advantage, especially in open-field situations such as breakaways or coun-
terattacks (Gualtieri et al., 2023).

At maximal velocity the athlete adopts a tall, upright posture with minimal ver-
tical oscillation of the CoM, ground contact times become extremely short, often
80-90 ms, limiting the window for force application, step frequency peaks, while
step length stabilizes relative to late acceleration and efficient front-side mechanics
dominate, with rapid thigh recovery and compact heel movement to minimize limb
inertia. The foot strikes the ground directly under or slightly behind the CoM, reduc-
ing braking forces and allowing immediate transition to propulsion (Coh et al., 2018;
Nagahara et al., 2018a; Walker et al., 2021).

Because ground contact time is so short, maximal velocity sprinting relies more
on rapid force application rather than absolute force magnitude. Vertical mean force
becomes the most important predictor of speed (Nagahara et al., 2018a). The spring
— mass model explains this phase: the ankle-achilles complex acts like a stiff spring,
storing and releasing large amounts of elastic energy (Pandy et al., 2021). Leg stiff-
ness and vertical stiffness are critical for maintaining rebound and minimizing en-
ergy loss between steps (Nagahara & Zushi, 2017). The plantar flexors, particularly
the soleus, must pre-activate before touchdown to regulate stiffness and absorb high
impact forces within a fraction of a second (Struzik et al., 2021).

At top speed, EMG studies reveal that the hamstrings are the most highly acti-
vated muscles, peaking eccentrically in late swing to decelerate the limb and prevent
overextension. Activity often exceeds 100 % of maximal voluntary isometric con-
traction (Hegyi et al., 2019; McNally et al., 2023; Morin et al., 2019). This phase
represents the greatest hamstring injury risk due to the combination of high stretch
and high force (Chumanov et al., 2011; Chumanov et al., 2007). The gluteus maxi-
mus produces a short, powerful burst during early stance to maintain hip extension
and posture stability (Pietraszewski et al., 2025; Yamaguchi et al., 2025). The rectus
femoris and other quadriceps are briefly active in early stance to stabilize the knee
and resist braking forces (Yamaguchi et al., 2025). The soleus and gastrocnemius
show significant pre-activation prior to ground contact, which is essential for regu-
lating leg stiffness and enabling rapid elastic rebound (Williams et al., 2025). The hip
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flexors drive rapid thigh recovery, which is critical for maintaining step frequency
and front-side mechanics (Yamaguchi et al., 2025). The shift from prolonged ac-
tivation in acceleration to rapid, high-intensity bursts in maximal velocity reflects
the transition from a force-dominant to a velocity-dominant neuromuscular strategy
(Higashihara et al., 2018; Pietraszewski et al., 2025).

Maximal velocity performance depends on high theoretical maximal velocity,
exceptional neural drive and motor unit synchronization, effective use of elastic en-
ergy, and efficient inter- and intramuscular coordination (Morin et al., 2012; Morin &
Samozino, 2016). Errors such as over-striding, excessive anterior foot placement, or
insufficient ankle stiffness increase braking forces and reduce efficiency (Lieberman
et al., 2015; Paradisis et al., 2019). Fatigue, especially in the hamstrings and plan-
tar flexors, is a common limiting factor during repeated maximal sprinting bouts
(Pimenta et al., 2024; Vial et al., 2023).

1.3. Training interventions

1.3.1. Introduction to sprint-specific secondary methods

Primary sprint training, which includes maximal sprint repetitions, technical
drills, and strength and conditioning work, remains the cornerstone of speed devel-
opment. However, to target specific neuromuscular and mechanical qualities, sec-
ondary sprint methods are used to manipulate external load during sprinting. These
include resisted sprint training and assisted sprint training, which occupy opposite
ends of the force-velocity spectrum (Alcaraz et al., 2018; Cross et al., 2018; Hicks et
al., 2023; Jiménez-Reyes et al., 2024; Lahti et al., 2020; Morin & Samozino, 2016).

RST emphasizes the force end of the spectrum by adding external resistance,
promoting improvements in horizontal force production and early acceleration. In
contrast, AST focuses on the velocity end, enabling athletes to run at supramaximal
speeds that cannot be achieved unassisted, challenging stride frequency and neuro-
muscular coordination (Chang et al., 2024; Lahti et al., 2020; Myrvang & Van den
Tillaar, 2024; Ross et al., 2001).

When carefully integrated into a periodized program, these methods comple-
ment one another and provide a comprehensive stimulus for sprint performance.
RST builds the foundation for powerful acceleration, while AST enhances maxi-
mal velocity capabilities and neuromuscular efficiency. Together, they help athletes
maximize overall sprint potential (Dougan et al., 2025; Myrvang & Van den Tillaar,
2024; Nagahara et al., 2018a; Van Den Tillaar, 2018).
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1.3.2. Resisted sprint training

Resisted sprint training is a method designed to overload the acceleration phase
of sprinting by adding external resistance during sprint efforts. This approach is
grounded in Newton’s second law of motion, where increasing external load requires
greater horizontal ground reaction forces to accelerate the body forward (Kawamori
et al., 2014; Morin & Samozino, 2016; Samozino et al., 2016). By applying resist-
ance, RST enhances an athlete’s ability to produce and orient force horizontally,
which is especially important in the initial steps of a sprint (Nagahara et al., 2018a;
Pantoja et al., 2018; SaSek et al., 2024).

In team sports such as football and rugby, athletes rarely reach maximal sprint
velocity, making acceleration performance particularly relevant for match situations.
RST directly addresses this demand by improving the capacity to generate explosive
horizontal impulses during the first 5-10 meters (Espasa et al., 2025; Lockie et al.,
2012; Petrakos et al., 2016).

Traditional RST modalities include sled towing, weighted vests, parachutes, and
uphill running. While these tools are widely used, they are often influenced by envi-
ronmental factors such as surface friction or slope, making precise load standardiza-
tion challenging (Alcaraz et al., 2018; Petrakos et al., 2016; Van Den Tillaar, 2020).
This limitation has led to the growing use of motorized resistance systems such as
the Sprint 1080, DynaSpeed, and Alex7, which deliver controlled resistance inde-
pendent of velocity and surface conditions (Cusano et al., 2025; Lahti et al., 2020;
Myrvang & Van den Tillaar, 2024).

When sprinting under resistance, running velocity decreases, and athletes adapt
their technique to overcome the added horizontal load. The magnitude of these ad-
aptations depends on the intensity of resistance applied, typically expressed as a
percentage velocity decrement relative to unresisted sprint speed (Cross, Brughelli,
Samozino, Brown, et al., 2017; Osterwald et al., 2021). Key kinematic changes
include increased ground contact time, especially in the initial steps, allowing for
greater impulse production, decreased stride frequency and stride length with more
pronounced effects at higher load (Cabhill et al., 2020; Lahti et al., 2020; Lockie et al.,
2003; Pareja-Blanco et al., 2020), increased forward trunk lean and a lower center
of mass to maintain a horizontal projection angle of force and earlier, more force-
ful hip extension during stance to orient the ground reaction force vector backward
(Osterwald et al., 2021).

At the joint and muscle activation level, resisted sprinting mainly alters loading
and activation balance rather than creating entirely new roles. Ankle plantar flex-
ors and hip extensors are considered the primary contributors to propulsion during
acceleration sprinting, whereas knee extensors mainly provide support and braking
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functions. The soleus primarily contributes to vertical support, while the gastrocne-
mius contributes to both vertical support and forward propulsion. In contrast, the
quadricep muscles mainly act to stabilize the lower limb and resist braking forces
during early stance, supporting forward progression under longer ground contact
times (Pandy et al., 2021). EMG studies further suggest that heavier horizontal loads
may shift muscular demands toward greater quadriceps (especially vastus medialis/
lateralis) and gluteal involvement, while hamstring and calf muscle activity may de-
crease under load (Deng, 2024). Resisted sprinting appears to redistribute muscular
demands according to the magnitude and mode of resistance rather than uniformly
increasing activation across all lower-limb muscles (Deng, 2024; Van Den Tillaar
& Gamble, 2018). Current EMG evidence suggests that heavier resisted conditions
may increase gluteal and quadriceps involvement during stance, while hamstring
activity may remain unchanged or even decrease under higher loading conditions
(Higashihara et al., 2018; Martinez-Valencia et al., 2015). Increased quadriceps acti-
vation may reflect greater demands for braking control, limb stiffness regulation, and
force application during prolonged ground contact times (Nagahara et al., 2018a;
Osterwald et al., 2021; Pandy et al., 2021). Although ankle plantar flexors continue
to contribute substantially to propulsion and vertical support (Pandy et al., 2021),
evidence regarding soleus and gastrocnemius activation responses during resisted
sprinting remains limited. Collectively, these adaptations reproduce several mechan-
ical characteristics of early acceleration sprinting, including greater horizontal force
orientation, increased trunk lean, and longer stance durations (Cahill et al., 2020;
Cross, Brughelli, Samozino, Brown, et al., 2017; Osterwald et al., 2021), making
RST highly specific to acceleration development (Alcaraz et al., 2018; Lockie et al.,
2012; Petrakos et al., 2016).

Long-term RST interventions typically lasting 4-10 weeks, consistently improve
short sprint performance, particularly over 0—5 m and 0-10-m distances (Alcaraz
et al., 2018; Dougan et al., 2025; Lockie et al., 2012). These improvements are as-
sociated with increased theoretical maximal horizontal force, a key determinant of
acceleration capacity (Morin & Samozino, 2016; Samozino et al., 2016), improved
stride length and technical efficiency during the initial sprint steps, and enhanced
horizontal reactive strength, often measured through plyometric tasks such as broad
jumps and bounding (Lockie et al., 2012). Additionally, positive changes occur in
the force-velocity profile, especially in athletes initially classified as force-deficient
(Crossetal., 2018; Lahti et al., 2020). However, RST has limited transfer to maximal
velocity performance (> 20 m), reflecting its specificity to early acceleration rather
than top-speed running. For this reason, RST should be complemented with high-
speed sprinting or AST to develop the velocity end of the spectrum (Myrvang & Van
den Tillaar, 2024).
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Effective RST depends on precise load prescription. Historically, loads were ex-
pressed as a percentage of body mass, but this method does not account for differ-
ences in sled friction or surface variability (Petrakos et al., 2016). Modern best prac-
tice prescribes loads using % velocity decrement, which represents the reduction in
sprint speed caused by resistance relative to unresisted sprinting (Cahill et al., 2019;
Cross, Brughelli, Samozino, Brown, et al., 2017).

Light loads about 10 % velocity decrement cause minimal technical disrup-
tion and are ideal for reinforcing sprint mechanics while adding slight resistance
(Osterwald et al., 2021). Moderate loads from 15 to 20 % velocity decrement target
improvements in horizontal force production while maintaining proper technique,
whereas heavy loads from 20 to 30 % velocity decrement are used to maximize Fo
development for explosive starts, particularly in team-sport athletes (Ward et al.,
2023). Typical training prescriptions include distances of 10-30 m per sprint, a total
session volume of 120-300 m, recovery periods of 2—3 minutes between repetitions
to maintain maximal effort, and a frequency of 2—3 sessions per week over a mini-
mum of six weeks to achieve measurable adaptations (Alcaraz et al., 2018; Thurlow
etal., 2023).

While resisted sprint training is highly effective, excessive resistance levels
above 30 % velocity decrement can lead to undesirable technical changes, includ-
ing overly pronounced forward trunk lean, excessively long ground contact times
that diminish stretch—shortening cycle (SSC) utilization, and reductions in stride fre-
quency or stride length (Osterwald et al., 2021). To minimize these risks, technique
should be closely monitored, with particular attention to projection angle and limb
alignment. Video analysis or real-time device feedback can help ensure that sprint
mechanics remain close to those observed during unresisted sprinting (Alcaraz et al.,
2008). Motorized devices such as Sprint 1080, DynaSpeed, or Alex7 provide pre-
cise load control and immediate feedback, reducing trial-and-error in programming
and maintaining movement quality (Cross et al., 2018; Rakovic et al., 2022). When
appropriately prescribed, RST is a powerful and highly specific training method for
enhancing acceleration. By adding external resistance, athletes are required to gener-
ate greater horizontal impulses and improve the technical orientation of force. Over
time, consistent exposure to well-designed RST programs leads to substantial gains
in early sprint performance, making it particularly valuable for team-sport athletes
and sprinters seeking to develop more explosive starts.

1.3.3. Assisted sprint training

While resisted sprint training develops horizontal force production and acceler-
ation capabilities, assisted sprint training addresses the opposite end of the force-ve-
locity spectrum by enabling athletes to run at supramaximal velocities. Supramaximal
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running is defined as sprinting above the athlete’s unassisted maximal velocity, typi-
cally between 2-5 % faster and, in advanced contexts, up to 8-10 % faster (Gleadhill
et al., 2023; Lahti et al., 2020).

The primary goal of AST is to enhance the neuromuscular and technical qualities
required for maximal velocity sprinting. By artificially increasing running velocity
and exposing athletes to supramaximal limb speeds, AST alters sprint spatiotem-
poral characteristics, particularly ground contact time, flight time, and stride length
(Cecilia-Gallego et al., 2022; Clark et al., 2021). Acute overspeed sprinting con-
sistently reduces ground contact time and increases stride length, while changes in
stride frequency are generally small or inconsistent (Gleadhill et al., 2023; Lahti
et al., 2020). Over time, repeated exposure to supramaximal running may contrib-
ute to improvements in maximal velocity performance, step frequency, and sprint
coordination, particularly when AST is combined with regular maximal sprinting
(Mendiguchia et al., 2022). Proposed mechanisms include exposure to higher limb
velocities, altered contact dynamics, and neuromuscular stimuli that may refine limb
turnover and front-side mechanics; however, the underlying neural adaptations re-
main largely hypothesized rather than directly confirmed in longitudinal AST studies.

Historically, AST has been implemented through downhill running, tailwinds, or
elastic cord towing, but these methods lack precision and are difficult to standardize
(Corn & Knudson, 2003; Ebben et al., 2008; Matusinski et al., 2022). Modern motor-
ized towing systems, such as the Sprint 1080, DynaSpeed, and Alex7, now allow pre-
cise and repeatable programming of assistance. These devices can be set to provide ei-
ther constant-force assistance — applying a steady external pull throughout the sprint or
velocity-targeted assistance — assisting only until the athlete reaches a set speed, after
which the pulling force stops automatically (partial assistance). This innovation has
revolutionized assisted sprint training by enabling controlled supramaximal exposures
with reduced risk of technique disruption (Lahti et al., 2020; Rakovic et al., 2022).

Assisted sprinting acutely alters sprint mechanics and neuromuscular demands.
Ground contact times are reduced as external assistance increases forward momen-
tum, leaving less time to apply force during each step. This reduction in contact time
may be accompanied by small increases in stride frequency, although speed gains are
primarily associated with increased stride length and altered flight-contact dynamics
(Chang et al., 2024; Gleadhill et al., 2023; Mero & Komi, 1987). Under moderate
levels of assistance, stride length may also increase, allowing athletes to cover more
distance per step. These changes support improved front-side mechanics, character-
ized by faster thigh lift and earlier limb repositioning, which enhance preparation for
the next ground contact (Lahti et al., 2020; Mendiguchia et al., 2022).

Neuromuscular responses during assisted sprinting are less consistently estab-
lished than the associated spatiotemporal changes. Although kinematic adaptations
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to supramaximal running are relatively well described, evidence regarding specific
neuromuscular responses remains more limited and sometimes inconsistent. A recent
meta-analysis showed that as sprint speed increases, hamstring and gluteus maxi-
mus activation generally rise, with biceps femoris activity peaking during the late
swing phase, highlighting the substantial neuromuscular demands associated with
high-speed running. As running speed increases toward supramaximal levels, the
hamstrings continue to play an important role during late swing for limb deceleration
and preparation for ground contact (Mero & Komi, 1987; Nagahara et al., 2018a;
Pietraszewski et al., 2025). However, reviews on hamstring injury mechanisms sug-
gest that current biomechanical models and simulations describe muscle stretch, tim-
ing, and mechanical loading more effectively than detailed in vivo neuromuscular
control, meaning that many neural responses during high-speed sprinting remain
incompletely understood. Faster running velocities and shorter contact times may
increase eccentric demands on the posterior chain, potentially elevating injury risk
if exposure is not appropriately progressed. In addition, lower-limb muscle pre-ac-
tivation before touchdown is considered important for stiffness regulation, impact
absorption, and preparation for rapid force application during high-speed running
(Danielsson et al., 2020; Dietz et al., 1979). However, direct EMG evidence regard-
ing specific changes in hamstring, plantar flexor, and quadriceps activation during
assisted sprinting remains limited and somewhat inconsistent. Consequently, many
proposed neural adaptations associated with AST, including altered motor unit re-
cruitment, improved intermuscular coordination, and refined front-side mechanics,
remain partly theoretical and require further longitudinal investigation. Given that a
substantial proportion of hamstring injuries occur during high-speed running actions,
careful progression of assisted sprint exposure and adequate eccentric strength de-
velopment remain essential when implementing AST (Gronwald et al., 2022; Jokela
et al., 2023; Kamandulis et al., 2023).

Repeated assisted sprint training sessions lead to long-term improvements in
sprint mechanics and maximal velocity performance, particularly in athletes with ini-
tial velocity deficits. Over time, AST has been shown to increase theoretical maximal
velocity by enhancing stride frequency and running efficiency (Lahti et al., 2020).
Some studies have also reported reductions in ground contact time and improve-
ments in sprint spatiotemporal characteristics following assisted sprint interventions.
Potential neural adaptations may include improved intermuscular coordination, ex-
posure to higher limb velocities, and more efficient force application during maximal
speed sprinting, although the precise mechanisms remain incompletely understood
(Mero & Komi, 1987; Morin et al., 2019).

However, if the level of assistance is excessive or poorly managed, chronic expo-
sure may reinforce maladaptive mechanics, such as over-striding, excessive braking
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forces, or a shift toward quadriceps dominance (Matusinski et al., 2022). Using par-
tial towing may help mitigate these risks by allowing athletes to continue actively
producing force while still benefiting from overspeed exposure.

Initial exposure to assisted sprint training should generally begin with relatively
low supramaximal velocity surpluses to minimize excessive technical disruption and
reduce injury risk. Current studies commonly use assisted sprint velocities ranging
from approximately 105-110 % of unassisted maximal sprint velocity, although lower
surpluses may be appropriate during early familiarization phases or in youth athletes
(Gleadhill et al., 2023; Lahti et al., 2020; Matusinski et al., 2022). Recommended
sprint distances typically range from 20 to 30 m, using either fully assisted sprinting
or combinations of assisted and unassisted running within the same training session
(Hicks et al., 2023). Full passive recoveries of approximately 3—-6 minutes between
repetitions are commonly implemented to maintain high movement quality, maximal
sprint intensity, and technical precision during supramaximal running (Matusinski et
al., 2022).

Progression should be gradual, with increases in velocity surplus, sprint dis-
tance, or training volume carefully individualized according to the athlete’s tech-
nical competency, sprint mechanics, and training background (Myrvang & Van den
Tillaar, 2024). AST is typically integrated 1-2 times per week and is often combined
with resisted or unassisted sprint training to balance force- and velocity-oriented ad-
aptations within a periodized sprint program (Hicks et al., 2023). Partial assistance
may be particularly beneficial for youth or developing athletes, as well as during
transitions from resisted sprint phases toward maximal velocity development, be-
cause it allows athletes to maintain active force production while still experiencing
supramaximal running speeds (Lahti et al., 2020).

The primary risk of assisted sprint training is hamstring strain, caused by the
increased eccentric demands placed on the hamstrings during the late swing phase
at supramaximal speeds (Chumanov et al., 2011; Chumanov et al., 2007; Nagahara
et al., 2018a). This risk can be reduced by conducting eccentric hamstring strength
testing prior to training, ensuring athletes have sufficient lumbopelvic control to
maintain proper alignment, using partial towing protocols for safer progression, and
closely monitoring running mechanics with high-speed video or real-time device
feedback (Andrews et al., 2025; Sancese et al., 2023).

AST is a highly effective method for enhancing maximal velocity performance
by exposing athletes to supramaximal running speeds. Modern motorized devices
allow for precise control of assistance and the implementation of advanced protocols
such as partial towing, which optimize performance improvements while safeguard-
ing long-term neuromuscular health.

26



1.3.4. Integrating resisted sprint training and assisted sprint training for
optimal development

Resisted sprint training and assisted sprint training represent opposite yet com-
plementary ends of the force-velocity spectrum. RST emphasizes horizontal force
production and technical projection of force during early acceleration (Dougan et
al., 2025). AST targets velocity-oriented qualities by challenging the neuromuscular
system at supramaximal running speeds (Lahti et al., 2020). When used together in
a structured and periodized manner, these methods provide a balanced approach to
sprint development, addressing both acceleration and maximal velocity qualities.
This dual strategy allows athletes to progress from producing greater initial hori-
zontal force to refining rapid force application under extremely short ground con-
tact times, ultimately maximizing sprint performance across the entire race distance
(Lahti et al., 2020; Morin & Samozino, 2016; Myrvang & Van den Tillaar, 2024).

The integration of resisted sprint training and assisted sprint training should fol-
low a logical progression across the training year, with the emphasis shifting based
on the athlete’s development stage and competition calendar. In the early pre-season,
the focus is on building a strong force foundation using RST with moderate to heavy
loads, typically corresponding to a 15-30 % velocity decrement. This phase aims to
increase theoretical maximal force and improve horizontal projection angles, laying
the groundwork for later phases (Hicks et al., 2023; Lahti et al., 2020; Myrvang &
Van den Tillaar, 2024; Ward et al., 2023).

As athletes transition into the mid pre-season, the goal shifts toward blending
force and velocity qualities. Training at this stage combines both RST and AST, ap-
plied at low resistance and low assistance levels. This balance helps athletes move
from strength-oriented work to more speed-specific mechanics, ensuring that gains
in force production translate effectively into improvements in sprint performance
(Jiménez-Reyes et al., 2024).

In the late pre-season and during the competition phase, the emphasis moves to
maximizing velocity expression. Here, AST becomes the dominant method, using
partial assistance and a small velocity surplus of + 2-5 % above unassisted sprinting.
This approach enhances theoretical maximal velocity, reduces ground contact time,
and optimizes neural drive to prepare athletes for peak performance (Agudo-Ortega
et al., 2023; Gleadhill et al., 2023).

Finally, during the taper or peak period, training consists of light AST and unas-
sisted sprints. The focus is on fine-tuning coordination and allowing recovery so that
athletes can perform at their best during competition. This structured progression
ensures that the qualities developed through RST early in the season are effectively
transferred into high-speed performance through AST closer to competition, maxi-
mizing performance gains and minimizing injury risk (Jiménez-Reyes et al., 2024).
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Partial towing assistance has emerged in the literature as a promising way to
introduce supramaximal exposures while better preserving natural mechanics and
active propulsion than continuous (full) towing. Classical AST methods (downhill
running, elastic cords, motorized assistance) help athletes reach higher-than-usual
velocities (Clark et al., 2021; Corn & Knudson, 2003; Mero & Komi, 1987), but
continuous towing throughout the sprint can reduce voluntary propulsive effort and
increase the risk of over-striding or excessive braking if overdosed (Cecilia-Gallego
et al., 2022; Haugen, McGhie, et al., 2019).

In contrast, partial assistance applies towing only until a target velocity is reached
and then releases the athlete, aiming to balance supramaximal exposure with volun-
tary force production. From a periodization standpoint, this supports a progressive
approach. In the early phases of assisted sprint training, partial towing is used to
help athletes gradually accommodate to higher limb velocities while maintaining
more natural kinematics and muscle activation. As training progresses and athletes
develop greater technical proficiency and neuromuscular readiness, occasional
full-towing exposures can be introduced to provide a stronger overspeed stimulus
(K. Clark et al., 2021; Van Den Tillaar, 2021). This approach mirrors the progressive
overload principles commonly observed in both sprint and strength training litera-
ture (Petrakos et al., 2016; Ross et al., 2001). Reported benefits of partial assistance
include (i) maintaining higher active muscular involvement, which may support
long-term adaptation (Cecilia-Gallego et al., 2022; Higashihara et al., 2010), (ii)
mitigating over-striding/braking issues often seen with continuous towing (Clark et
al., 2021; Haugen, McGhie, et al., 2019), and (iii) facilitating smoother transfer back
to unassisted sprinting (Ross et al., 2001).

When combining RST and AST within a microcycle, it is essential to carefully
monitor technique, as excessive resistance can cause exaggerated forward lean and
disrupted stride timing, while excessive assistance may encourage over-striding and
increase the risk of hamstring strain (Gronwald et al., 2022; Haugen, McGhie, et
al., 2019; Petrakos et al., 2016). Loads should be progressed conservatively, with
resistance and assistance increased gradually based on the athlete’s readiness and
response (Ross et al., 2001). Before introducing heavy or supramaximal exposures,
athletes should be screened for hamstring eccentric strength, ankle stiffness, and
trunk control to reduce injury risk (Haugen, McGhie, et al., 2019; Kamandulis et al.,
2023). Modern motorized systems (e.g., Sprint 1080, DynaSpeed) enable precise
control, real-time feedback, and velocity-targeted (partial-release) protocols that can
help implement individualized AST safely and effectively (K. Clark et al., 2021;
Lahti et al., 2020; Rakovic et al., 2022).
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1.4. Force-velocity and power-velocity profiling

Sprinting performance can be understood through the dynamic interaction be-
tween force production and running velocity. In the horizontal plane, the most rele-
vant axis for sprint propulsion, this relationship is well described by a linear model
in which maximal horizontal force production occurs at zero running velocity and
progressively declines as velocity increases (Morin et al., 2012; Morin & Samozino,
2016; Samozino et al., 2016).

At one extreme, an athlete’s theoretical maximal horizontal force reflects their
capacity to generate large propulsive impulses during the initial steps of accelera-
tion. At the opposite extreme, the maximal velocity represents the athlete’s ability to
move at very high speeds when horizontal force is minimal. The slope of this rela-
tionship provides key information about how rapidly force diminishes with increas-
ing velocity, effectively indicating whether an athlete’s performance is constrained
more by force production at low speeds or by rapid force application at high speeds
(Jiménez-Reyes et al., 2018; Nagahara et al., 2018a; Samozino et al., 2022).

A related concept is the power-velocity (P-V) relationship, where power, calcu-
lated as the product of force and velocity (P = F x v), forms a parabolic curve. Power
peaks at approximately 50 % of both Fo and Vo, representing the optimal balance of
force and velocity production during sprinting (Cross et al., 2018; Samozino et al.,
2012; Samozino et al., 2022). This peak power output (Pmax) reflects the athlete’s
overall sprint capacity (Haugen, Breitschédel, et al., 2019). However, maximizing
performance on the track requires not only a high Pmax but also a force-velocity
balance tailored to the athlete’s mechanical needs (Samozino et al., 2022).

An optimal F-V slope is individual and sport-specific. Athletes with profiles that
deviate significantly from this optimal slope may produce submaximal sprint perfor-
mances even if their total Pmax is high (Samozino et al., 2022).

For instance, a force-dominant athlete may accelerate rapidly over the first 5-10
meters but lack the neuromuscular capacity to achieve and maintain high top speeds.
Therefore, a velocity-dominant athlete may reach high maximal speeds but struggle
to generate sufficient early acceleration (Haugen, Breitschédel, et al., 2019; Morin
et al., 2012). Understanding these profiles provides coaches and researchers with a
diagnostic tool for prescribing targeted interventions, bridging the gap between per-
formance testing and individualized training design.

1.4.1. Force-velocity profile parameters

An F-V profile yields several primary outputs that provide insight into sprint
performance (Table 1.1).
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Table 1.1 F-V profile parameters, definitions and performance relevance

Parameter | Definition Performance relevance

Fo Theoretical maximal horizontal force Determines initial acceleration
at zero velocity capacity

Ve Thepretical maximal velocity when I?etermines maximal speed poten-
horizontal force approaches zero tial

Pmax Peak mechanical power (F x v) at Overall sprint performance indi-

optimal balance of force and velocity | cator

Rate of decrease in horizontal force | Identifies force- vs. velocity-domi-

Slope as sprint velocity increase nant profile for targeted training

RFMax Peak ratio of horizontal to resultant Quality_of force orientation during
force propulsion

DRE Rate (_)f decrease in RF with rising Ability to sustain horizontal force
velocity as speed increases

High RF peak is associated with effective horizontal force orientation during the
initial acceleration steps, including favorable foot placement relative to the center of
mass, appropriate shank positioning, stable trunk-pelvis control, and reduced brak-
ing distances (King et al., 2022; Nagahara et al., 2018a). In contrast, DRF reflects the
athlete’s ability to maintain horizontal force application as sprint velocity increas-
es. A steep DRF is often associated with a premature transition to upright posture,
inadequate front-side mechanics, reduced control of braking forces, and difficulty
sustaining horizontal propulsion at higher running speeds. These variables are in-
fluenced not only by force-generating capacity, but also by technical factors such as
posture, coordination, and the timing of braking and propulsive phases during stance
(Fernandez-Galvan et al., 2022; Morin et al., 2011). Consequently, F-V profiling is
not purely a mechanical assessment; it acts as an interface between physical capac-
ities and sprint technique, providing a comprehensive picture of sprint performance
and helping identify whether performance limitations arise from force production,
velocity capacity, or force-application mechanics. (Ferndndez-Galvan et al., 2022;
Feser et al., 2021).

1.4.2. Interpreting profiles: force-dominant vs. velocity-dominant

Athletes can be broadly categorized based on their F-V profile slope. Force-
dominant athletes have a high Fo but low Vo, excelling in early acceleration (0—10 m)
and short sprints typical of team sports, but they may lack the maximal velocity
capacity needed for longer sprints. Velocity-dominant athletes have a high Vo but
lower Fo, allowing them to achieve exceptional top speeds while generating limited
initial horizontal force. Balanced athletes have an F-V profile that closely matches
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the theoretical optimal slope, reflecting well-rounded sprint performance (Haugen,
Breitschidel, et al., 2019; Samozino et al., 2022).

Neuromuscular activation patterns also appear to differ according to the mechan-
ical demands of acceleration and maximal-velocity sprinting. During acceleration,
greater and more prolonged activation of the hip and knee extensors contributes to
horizontal force production, with the hamstrings, gluteal muscles, and quadriceps
playing important roles in propulsion and support during stance (Higashihara et al.,
2018; Pandy et al., 2021). As sprint velocity increases, the contribution of the plantar
flexors becomes increasingly dependent on rapid stretch-shortening cycle function
and elastic tendon recoil, particularly through the soleus and gastrocnemius during
maximal-velocity running (Lai et al., 2014). Consequently, force-oriented sprinting
appears to rely more on sustained proximal extensor force production (Pandy et
al., 2021), whereas velocity-oriented sprinting depends more heavily on rapid force
transmission, ankle stiffness, and elastic energy utilization through the plantar flex-
ors (Schache et al., 2019).

Lahti et al. (2020) found that initial F-V profiles predicted training adaptation.
Force-deficient athletes responded best to resisted sprint training, improving hori-
zontal force production and velocity-deficient athletes improved most with assisted
sprint training, enhancing maximal speed qualities (Lahti et al., 2020). This reinforc-
es the importance of profiling not just as a diagnostic tool but as a prescriptive guide
for training design.

1.4.3. Training from the profile: individualized strategies

Once an athlete’s F-V profile is established, it can guide the selection and pro-
gression of training methods. Force-velocity profiling provides a diagnostic frame-
work for identifying the optimal balance between resisted sprint training and assist-
ed sprint training for each athlete. Force-dominant athletes, characterized by high
theoretical maximal force and low theoretical maximal velocity, may require greater
exposure to AST to enhance maximal velocity and stride frequency, while main-
taining sufficient RST to preserve acceleration capacity. In contrast, velocity-dom-
inant athletes, characterized by high Vo and low Fo, may benefit more from RST to
improve horizontal force production and acceleration ability, with AST used more
selectively to refine maximal velocity mechanics (Hicks et al., 2023; Rakovic et al.,
2018). Lahti et al. (2020) demonstrated that initial F-V profile characteristics strong-
ly influence training adaptations, showing that force-deficient athletes respond best
to resisted sprint training, whereas velocity-deficient athletes achieve greater im-
provements with assisted sprint training. These findings emphasize the importance
of individualized, profile-based programming rather than a one-size-fits-all training
approach (Lahti et al., 2020). Two main strategies are typically used. The first is a
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deficit-focused approach, which aims to correct imbalances by targeting the weaker
end of the spectrum.

For force-deficient athletes, the emphasis is placed on resisted sprint training
with loads prescribed via velocity decrement, typically ranging from 10-20 % for
sprinters and up to 30 % for team-sport athletes (Alcaraz et al., 2018; Cabhill et
al., 2019, 2021). This is complemented with high-force strength training, such as
heavy squats and hip thrusts, along with horizontal plyometrics to further raise Fo.
Neuromuscularly, this approach extends stance-phase extensor activation and en-
hances horizontal impulse (Loturco et al., 2018; Williams et al., 2018; Zhang & Li,
2026).

For velocity-deficient athletes, the focus shifts toward high-speed running ex-
posures, including fly sprints and partial assisted sprints at + 2—5 % supramaximal
velocity (Myrvang & Van den Tillaar, 2024). Short-contact plyometrics, such as drop
jumps and stiff-legged bounds, are also incorporated to improve ankle stiffness and
stride frequency (Ramirez-delaCruz et al., 2022).

The second strategy is a strengths-based approach, which focuses on amplifying
an athlete’s dominant qualities once balance is achieved. Force-dominant athletes
continue to refine early acceleration with moderate resistance while maintaining at
least one maximal velocity exposure per week. In contrast, velocity-dominant ath-
letes prioritize maximal velocity development through regular assisted sprint train-
ing sessions, while maintaining a minimum dose of resisted sprint training to prevent
loss of acceleration ability (Lahti et al., 2020).

The timing of training blocks is critical. In the early preparation phases, the focus
should be on correcting imbalances. As competition approaches, the emphasis shifts
toward refining dominant qualities and integrating both resisted sprint training and
assisted sprint training within the same weekly microcycle (Lahti et al., 2020).

Lahti et al. (2020) reported that adaptation peaks may occur several weeks after
training ends, emphasizing the need to align training loads with competition timing
for optimal performance transfer (Lahti et al., 2020). Regular re-assessment — every
4-6 weeks — is essential because F-V profiles are dynamic and can change due to
training, fatigue, or injury (Myrvang & Van den Tillaar, 2024).

1.5. Motorized devices for sprint research and training

The evolution of sprint training methods has been closely tied to advances in
technology. Traditional approaches, such as sled towing, parachutes, elastic cords,
and downhill running, have long been used to manipulate sprint loading. While ef-
fective to some degree, these methods are limited by lack of precision, variability
in environmental conditions, and difficulty in standardizing the exact resistance or
assistance applied (Lockie et al., 2012).
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The introduction of motorized sprint devices marked a major shift in both prac-
tice and research. These systems bridge the gap between laboratory-grade measure-
ment precision and real-world, field-based training environments (Haugen, McGhie,
et al., 2019). By electronically controlling resistance and assistance, motorized de-
vices provide consistent, programmable loads that are independent of surface fric-
tion or athlete technique.

Compared to traditional tools, motorized systems offer several unique benefits
for sprint training and analysis. One key advantage is the precision control of exter-
nal load, as resistance or assistance can be programmed in very small increments,
ensuring exact prescription. Unlike sleds, where friction changes with speed and
surface, motorized devices maintain a constant load throughout the sprint. Another
benefit is the availability of real-time feedback. Metrics such as instantaneous veloc-
ity, force, power, and position are displayed immediately, allowing coaches to adjust
technique or load on the spot (Cross, Brughelli, Samozino, & Morin, 2017).

These systems are also highly versatile, enabling both resisted and assisted
sprinting on the same device. They allow the use of partial-assist and progressive-re-
sistance protocols, which help refine technical execution. In addition, motorized de-
vices integrate training and testing by simultaneously collecting sprint performance
data, force-velocity profiles, and kinematic information during regular training ses-
sions. This dual function not only saves time but also enhances the ecological valid-
ity of assessments. Finally, their capacity for longitudinal tracking makes it possible
to monitor performance adaptations over weeks or even entire competitive seasons,
providing valuable insights into athlete development.

Examples of leading systems include Sprint 1080 Motion™ (1080 Motion,
Sweden), which is one of the most widely studied motorized sprint devices in sports
science research. It uses a servo motor to deliver velocity-independent resistance or
assistance, programmable throughout the sprint distance. Common applications in-
clude heavy-load resisted sprinting to increase Fo and light-load assisted sprinting for
supramaximal velocity exposures (Lahti et al., 2020). The device has been validated
for its accuracy in measuring split times, instantaneous velocity, and force-velocity
profiles. Lahti et al. (2020) used the 1080 Sprint to study individualized dosing of
supramaximal sprinting (+ 5-10 % velocity surplus), demonstrating improvements
in maximal velocity in velocity-deficient athletes.

Another commonly used system is DynaSpeed™ (Ergotest Innovation, Norway),
frequently applied in elite track and field and team sports. It offers highly adjustable
resistance and assistance, with precise control of loading similar to Sprint 1080.
This prevents technique disruption caused by continuous external pulling and helps
athletes maintain natural mechanics during overspeed training (Myrvang & Van
den Tillaar, 2024). The system integrates with radar timing to provide real-time
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kinematic analysis and velocity-time curves, supporting both training and biome-
chanical research.

The MuscleLab Linear Motor (Ergotest Innovation, Norway) is primarily de-
signed for resisted sprinting with a constant horizontal force. It allows for simul-
taneous measurement of force and velocity, making it particularly useful for sprint
profiling. This system is often used alongside other tools for comprehensive biome-
chanical analysis.

The Alex7 motorized sprint system (Inosportas, Kaunas, Lithuania) was devel-
oped to overcome several limitations of existing sprint devices. It is highly portable,
designed for quick and easy setup on a standard track or turf, making it practical for
coaches and researchers working outside of controlled laboratory environments. The
system features dual-mode functionality, offering both constant-force resistance and
velocity-targeted assistance within a single unit. A unique partial-assistance feature
automatically releases the towing force once the athlete reaches a preset velocity
threshold, which helps reduce the risk of over-striding and technical breakdown dur-
ing supramaximal sprints.

Additionally, Alex7 includes a built-in measurement system that records force,
velocity, distance, and time without requiring external timing gates or radar systems.
It is also cost-effective, providing a more accessible alternative to high-end devic-
es like Sprint 1080 while maintaining scientific-grade precision. These characteris-
tics make Alex7 ideally suited for individualized sprint training, particularly in field
sports where acceleration and deceleration demands vary greatly. It also supports
integrated performance monitoring, enabling coaches to track sprint mechanics, spa-
tiotemporal parameters, and adaptations over time, while serving as a valuable tool
for applied research studies such as those presented in this dissertation.

While systems like Sprint 1080 and DynaSpeed have been extensively validated,
Alex7 was untested when it was first introduced. Without established validity and
reliability data, it would not be possible to interpret measurements with confidence,
compare findings with other research and integrate Alex7 into individualized sprint
training prescriptions. Therefore, the first study focused on confirming the accuracy
and repeatability of Alex7 outputs under both resisted and assisted sprint conditions.
This was a crucial step before moving on to applied studies using Alex7 as both a
training tool and a measurement instrument.
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2. METHODS

2.1. Study design

The present dissertation comprises three interconnected studies, each addressing
a distinct but related aspect of sprint performance assessment and training using the
novel Alex7 motorized device. Collectively, these studies progress from validation
of the measurement tool to physiological exploration and finally to practical inter-
vention, providing a comprehensive investigation of resisted and assisted sprinting
(Table 2.1).

Table 2.1 Aim and methods of all studies

Study Aim Methods

Study 1 —Valid- | Validate and assess the reliability of | Repeated sprint testing, Alex7
ity & Reliability | the Alex7 device under resisted and | device for controlled assistance
of Alex7 assisted sprint conditions. and resistance, comparison
with reference timing systems,
validity and reliability analysis.

Study 2 - EMG | Investigate lower-limb muscle EMG measurements, Alex7 de-

& kinematics in | activation, spatiotemporal param- vice for controlled assistance,

assisted sprinting | eters, and sprint kinematics across | spatiotemporal and kinematic
unassisted, partially assisted, and analysis, with emphasis on
fully assisted conditions. phase-specific muscle activity

patterns.

Study 3 — As- Evaluate the effects of a six-week Randomized controlled trial,

sisted training assisted sprint training program on | assisted sprint training and

intervention sprint performance, spatiotemporal | control groups, pre- and
variables, and force-velocity pro- post-testing, force-velocity
files, and examine whether baseline | profiling, statistical modeling
force-velocity characteristics are to identify responders and

associated with individual training | non-responders.
adaptations

2.2. Participants

The three studies included in this dissertation involved different groups of ath-
letes, each selected to match the specific objectives of the respective study. Across
all studies, participants were informed of the procedures and potential risks, and
written consent was obtained prior to participation. For athletes under 18 years of
age, parental or guardian consent was also collected. All studies were conducted in
accordance with the Declaration of Helsinki and approved by the Lithuanian Sports
University Ethics Committee.
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Table 2.2 Number and description of participants within the three studies

Study Il\’l::ilc)ie;a(:lfts Description of Participants

Study 1 - Validity & | n =27 Male youth football players competing in

Reliability of Alex7 top-tier U16 and U18 leagues. Age: 16.5 + 0.8
yrs; Height: 179.5 + 6.9 cm; Body Mass:
67.7 + 8.3 kg. Regular sprint training experi-
ence but no prior exposure to motorized towing
systems.

Study 2 - EMG & n=14 Male athletes actively engaged in sprint-

kinematics in assist- | (fina] n=13) | based sports. Age: 21.4 + 1.5 yrs; Height:

ed sprinting 1.86 + 0.07 m; Body Mass: 81.8 + 8.5 kg. Expe-

rienced in sprinting but no previous motorized
assisted sprinting experience.

Study 3 — Assisted n=27 Male youth football players. Age: 16.5 + 2.1 yrs;
training intervention | (fnal n = 24) | Height: 1.80 + 0.06 m; Body Mass: 69.3 + 9.7 kg.
Randomly divided into assisted sprint training
group (n = 17) and control group (n = 7), with al-
location informed by initial force-velocity profile
characteristics.

Although the participant groups varied across studies, they shared common char-
acteristics, such as regular exposure to sprint training and competitive match play
(Table 2.2). Study 1 included a homogeneous group of trained football players to
evaluate the device’s accuracy and reliability under realistic sport-specific sprint-
ing conditions. Study 2 focused on a smaller, specialized group with strong techni-
cal sprinting ability, ensuring high-quality EMG and kinematic data during assisted
sprint trials. Finally, Study 3 involved youth football players to examine the prac-
tical application of assisted sprint training within a team setting. The final sample
comprised 24 participants. Three players did not complete the intervention: one was
released from his soccer academy, one was promoted to a higher league, and one
withdrew because of an injury not related to sprints. The study was conducted during
the preparation phase for the next season. In this study, all players completed five
training sessions during the week comprising three soccer training sessions and two
sprint training sessions for the intervention groups followed by strength condition-
ing for both the intervention and control groups. Adherence to the sprint training
program was high, and participants attended an average of 11.6 + 1.5 sessions out
of 12 total sprint sessions available during the intervention period. Participants were
instructed to maintain their usual training routine and regular diet throughout the
study period.
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2.3. Equipment overview

A variety of specialized equipment was used across the three studies to ensure
precise measurement of sprint performance, kinematics, and neuromuscular activity.
The Alex7 motorized sprint device served as the primary intervention tool, enabling
both resisted and assisted sprinting while simultaneously recording mechanical out-
puts such as force, velocity, and distance, and supporting consistent monitoring of
sprint performance across pre- and post-intervention testing in Study 3. Timing gates
were employed as a gold-standard reference for sprint performance and were used for
F-V profiling calculations, while the OptoJump system provided detailed spatiotem-
poral analysis of stride characteristics, including ground contact time, flight time, and
stride length. For the EMG study, Noraxon wireless EMG sensors captured lower-limb
muscle activation patterns during full and partial towing conditions. Additionally, a
calibrated digital scale was used to set individualized resistance loads. The specific use

of each equipment within the three studies is summarized in Table 2.3.

Table 2.3 Equipment used within the three studies

Study 1: Validity &

Study 2: EMG &

Study 3: Assisted training

Sprint Device
(Inosportas,

sprints, while
collecting sprint

assistance while
collecting sprint

Equipment Reliability Kinematics intervention
Alex7 Primary tool for Applied both full Implemented in assisted
Motorized resisted and assisted | and partial towing sprint training and used for

monitoring sprint perfor-
mance and controlled appli-

10-30 m segments.

10-30 m segments.

Kaunas, Lith- | performance data performance data. cation of assistance during
uania) intervention sessions
Timing Gates | Gold-standard Used for recording | Used for pre- and post-test-
(Witty, Micro- | reference system for | sprint performance. | ing of sprint performance
gate, Italy) validation testing at and F-V profiling calcula-
0-10 m, 10-20 m, tions.
20-30 m intervals.
OptoJump Measured ground Measured ground Measured ground contact
Modular Sys- | contact time, flight | contact time, flight time, flight time, stride
tem (Micro- time, stride length, | time, stride length, length, and pace during
gate, Italy) and pace during and pace during 10-30 m segments.

Electromyog-

Recorded lower-limb

(10 % body mass).

raphy System muscle activation

(Noraxon, during full and par-

USA) tial towing sprints.

Calibrated Measured partici- — Measured participant body
Digital Scale | pant body mass to mass for F-V profiling calcu-
(Tanita TBF- | set individualized lations.

300, Japan) resistance loads
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2.4. Procedures

2.4.1. Standardized warm-up and pre-test preparation

Across all three studies, standardized warm-up and preparation protocols were
implemented to ensure that participants were physically ready for maximal sprint
performance and to minimize the risk of injury. These procedures were also designed
to reduce variability in performance caused by inconsistent preparation.

Before every testing or training session, participants completed a 20-minute
standardized warm-up consisting of 5 minutes of light jogging, dynamic stretching
for the hamstrings, quadriceps, gluteus, and calves, followed by sprint-specific drills
such as A-skips, B-skips, high knees, and bounding to activate the relevant mus-
cle groups. The warm-up concluded with four 30-meter progressive accelerations
performed at 70 %, 80 %, 90 % and 95 % of perceived maximal effort to prime the
neuromuscular system.

Participant preparation included measuring body mass to the nearest 0.1 kg using
a calibrated digital scale (except Study 2), checking and calibrating all equipment
(Alex7, OptoJump, Witty timing gates, and EMG sensors in Study 2) according
to manufacturer guidelines, and providing safety instructions before each session.
Additional instructions specific to assisted sprinting included proper handling of
towing forces and controlled deceleration following assistance release.

All testing was conducted indoors on a 60-meter rubberized track to control en-
vironmental factors such as wind and surface variability. Recovery periods between
maximal sprints were standardized to five to six minutes of passive rest, and par-
ticipants were instructed to avoid intense physical activity for 48 hours before each
testing session.

2.4.2. Study 1: Validity and reliability of Alex7

Testing procedures

The 1% study followed a repeated-measures design, with three sprint conditions
in a following standardized order (Figure 2.1):

1. Regular sprint (no resistance or assistance),

2. Resisted sprint (10 % body mass load applied by Alex7),

3. Assisted sprint (constant 6 kg towing force).

Testing sessions occurred on three consecutive weeks. The first week was used
for familiarization with the resisted and assisted conditions, while the next two
weeks involved identical testing sessions to evaluate test-retest reliability and va-
lidity of the Alex7 device against the timing gate system. Sessions were scheduled
at consistent times of day for each participant to minimize circadian rhythm effects.
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Each participant performed two maximal 30-m sprint trials per condition, with
a minimum of six minutes of passive recovery between sprints (Figure 2.1). The
fastest sprint was retained for analysis. Timing gates were positioned at 0, 10, 20
and 30 m to capture 10-m, 20-m and 30-m splits. The participant began each sprint
trial with his lead foot placed 70 cm behind the first photocell to prevent inadvertent
triggering of timing in the start position (Kamandulis et al., 2013; Lukonaitiené et
al., 2020). The OptoJump system recorded spatiotemporal variables (ground contact
time, flight time, stride length, and pace) over the 10-30 m zone. The four fastest
consecutive steps were selected from each trial for analysis.

Witty
30-m regular run
A o OptoJump
K1 ——1
iyl .
20-m

0.7 m

B h . 30-m resisted run i
;o 11 l T T -
v < y\ < <
- . )
0.7 m 20-m
30-m assisted run
C " :
1B P
20-m 0.7m

Figure 2.1 Schematic diagram of the experimental testing setup for (A) regular, (B) resisted,
and (C) assisted sprint testing

Note: Three different devices (OptoJump, Witty, and Alex7) were used during each trial.

The Alex7 device simultaneously recorded sprint velocity and distance. Timing
synchronization was carefully managed: the sprint began 0.7 m behind the first tim-
ing gate, and this initial distance was subtracted from the Alex7 data to ensure align-
ment with gate-based measurements.

For resisted sprints, the Alex7 applied a load equal to 10 % of the athlete’s body
weight throughout the entire 30-m sprint. For assisted sprints, a 6 kg towing force
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was applied continuously until the finish line, after which the assistance was au-
tomatically released to allow safe deceleration. Primary outcomes included a total
sprint time (30 m), 10-m and 20 m split times, kinematic parameters from OptoJump
(step length, step frequency, contact time, and flight time) and velocity and distance
metrics from Alex7. These data were used to compare the validity of Alex7 against
the timing gates and assess its reliability across repeated sessions.

2.4.3. Study 2: Electromyography and kinematics during assisted sprinting

Testing procedures
Testing for Study 2 was performed in a single session, with each athlete complet-
ing three sprint conditions (Figure 2.2):

1. Unassisted sprint,

2. Fully assisted sprint (continuous 6 kg towing force throughout the sprint),

3. Partially assisted sprint (towing force applied until the athlete reached a ve-
locity 0.5 m/s below supramaximal speed, corresponding to approximately
95 % of individual maximal assisted speed, then released).

Wity
30-m regular run

A : = OptoJump
fﬁf o  a—
A e Em Em Emm = Co T -
- >
20-m
B 30-m assisted run

Figure 2.2 Schematic diagram of the experimental testing setup for (A) regular and (B)
assisted sprint testing. Three different devices (OptoJump, Witty, and Alex7 run) were used
during each trial

20-m

The order of conditions was standardized, with athletes first completing the regu-
lar run, followed by the fully assisted run, and finally the partially assisted run. Each
athlete performed two maximal 30-m sprint trials per condition, with six minutes of
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passive recovery between sprints to prevent fatigue. The fastest trial per condition
was used for analysis.

Timing gates were positioned at 0, 10, 20 and 30 m to capture total sprint time and
split intervals. Spatiotemporal parameters — stride length, stride frequency, ground
contact time, flight time, and duty factor (DF) — were measured with OptoJump over
the 10-30 m zone, with the stride of interest defined as last complete stride before
the 30 m finish line, ensuring consistency across all conditions. This approach mini-
mized the inclusion of strides occurring during the immediate post-release transition
phase and ensured that the analyzed stride reflected stabilized sprinting mechanics.

Lower-limb kinematics were collected using inertial measurement unit (IMU)
sensors positioned on the foot, shank, thigh, and sacrum. Calibration was performed
before each trial following manufacturer guidelines, using a standardized N-pose.
Data were recorded at a sampling rate of 2000 Hz.

Electromyography recorded activity from the gluteus maximus, rectus femoris,
vastus lateralis, semitendinosus, and biceps femoris on the dominant leg. Electrodes
were placed according to SENIAM guidelines following skin preparation. EMG sig-
nals were sampled at 2000 Hz, band-pass filtered (20450 Hz), full-wave rectified,
and smoothed using a root mean square approach, with the envelope obtained via
low-pass filtering at 10 Hz. EMG signals were normalized to the maximal value re-
corded during unassisted sprints for the stride of interest.

The stride of interest was identified using a validated gait phase detection algo-
rithm, enabling precise synchronization of OptoJump, IMU, and EMG data across
conditions.

Primary outcomes included:

Total sprint time and split times,

Spatiotemporal metrics (SL, SF, CT, FT, DF),

— Lower-body joint angles,

Normalized muscle activation profiles across the three conditions.

This design enabled a direct comparison between full and partial towing, pro-
viding insight into how different assistance strategies influence sprint mechanics and
muscle activation, while also allowing evaluation of neuromuscular responses across
unassisted, partially assisted, and fully assisted conditions.

2.4.4. Study 3: Assisted training intervention

Testing procedures

Athletes performed testing sessions under standardized conditions at the same
time of the day for both pre- and post-intervention assessments to minimize circa-
dian influences. Each session began with a 20-minute standardized warm-up con-
sisting of jogging, dynamic stretching, sprint drills, and progressive accelerations.
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Participants had previous experience with overspeed sprinting using elastic towing
(bungee), but none had prior experience with motorized assisted sprinting.

Sprint performance was assessed using two conditions:

1. A 30-meter regular sprint from a standing staggered start.

2. A 30-meter assisted sprint with a constant towing force of 6 kg applied via the

Alex7 motorized device (Inosportas, Kaunas, Lithuania).

Each sprint condition was performed twice, separated by five minutes of passive
rest, and the fastest trial for each condition was retained for analysis. Sprint times
were recorded using a Witty timing gate system (Microgate, Italy), with gates po-
sitioned at 0, 5, 10, 15, 20, 25, and 30 m. The first gate was set at 20 cm height to
ensure timing began at the initiation of forward movement.

Spatiotemporal variables were collected using the OptoJump Next modular sys-
tem (Microgate) over the 10-30-m segment. Stride length, stride frequency, ground
contact time, and flight time were extracted, and the two fastest consecutive strides
within this segment of the fastest trial were analyzed for both the regular and assisted
sprint conditions.

F-V profile parameters were calculated from regular sprint trials, using the vali-
dated field method described by Samozino et al. (2016), which estimates step-aver-
aged horizontal anteroposterior force, velocity, and propulsive power from split time
and anthropometric data through exponential modeling of the velocity—time curve
(Samozino et al., 2016). From this modeling, Fo, Vo, Pmax, slope, RFmax, and DRF
were derived.

Because the first photocell was positioned directly at the start line and 20 cm
above the ground, the timing beam was typically broken only after the athlete had
already initiated forward movement. This produced a systematic delay in the record-
ed start time and consequently an underestimation of early acceleration velocity and
force values. To address this misalignment between the true onset of movement and
photocell triggering, a time-shift optimization procedure was applied, based on the
approach validated by Stenroth (Stenroth et al., 2023) who demonstrated that adjust-
ing split times by an optimized temporal offset substantially improves the reliability
and validity of F-V variables when the start instant cannot be captured precisely.
Accordingly, a constant time correction was added to all raw split times. Constant
time correlation was determined by minimizing the discrepancy between the mod-
eled and observed positions during the exponential fitting. This correction ensured
that the reconstructed velocity-time curve originated from true zero velocity condi-
tions and that all F-V variables (Fo, Vo, Pmax, RFmax, DRF, slope) were calculated
with the correct temporal alignment. After the corrected split times were obtained,
instantaneous step-averaged velocity, horizontal force, and propulsive power were
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computed according to the procedures outlined in Samozino et al. (2016) (Morin &
Samozino, 2016).

Training procedures

Following baseline testing, athletes were divided into two training groups:

— The fully assisted group performed all assisted 30 m. sprints with a constant
towing force of 6 kg which corresponded to 8.7 + 1.2 % of the athletes’ body
mass.

— Partially assisted group performed sprints where assistance was applied un-
til reaching a predetermined velocity (95 % of individual maximal assist-
ed speed) and then automatically released, allowing the athlete to continue
unassisted.

The group allocation was balanced so that both groups had similar average val-
ues for theoretical maximal velocity, theoretical maximal force, and F-V slope de-
rived from regular sprint trials, ensuring comparable baseline mechanical profiles
between groups.

The intervention consisted of 12 training sessions over six weeks (two sessions
per week).

Each session included:

— A standardized warm-up identical to that used in testing,

— Four 30-meter assisted sprints (either fully assisted, either partially assisted —

depending on the group) performed at maximal effort,

— Five minutes of passive recovery between sprints to ensure full neuromuscu-
lar recovery.

To be considered as having completed the training, athletes were required to

attend at least 10 of the 12 scheduled sessions. After the intervention, athletes under-
went post-testing following the exact same procedures as baseline.

Data analysis

All three groups were first compared. The two assisted sprint modes showed
similar neuromuscular and performance responses; therefore, they were combined
into a single intervention group for comparison with the control group, which al-
lowed a more robust estimate of the intervention effect.

To evaluate individual responsiveness, athletes were retrospectively classified
as high responders or non-responders based on improvements in their assisted 30-m
sprint times. The minimal detectable change (MDC) was calculated as:

MDC = 1.96 x~\2 x SEM

where SEM is the standard error of measurement derived from two repeated pre-

test assisted sprint trials (Furlan & Sterr, 2018; Intaruk et al., 2024).
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For this study, MDC was 0.13 s. and represented the smallest change exceeding
the typical measurement error. A stricter threshold of > 0.19 s, approximately 50 %
above the MDC, was used to define high responders (n = 7). Athletes who improved
by <0.13 s were classified as nonresponders (n = 7), whereas athletes with improve-
ments between 0.13 and 0.19 s were excluded from this analysis. This dual-threshold
approach was used to distinguish measurement variability from meaningful perfor-
mance adaptations.

2.5. Statistical analysis

Study 1 — Validation and Reliability

Mean and standard deviation (SD) were presented for all sprint times and kin-
ematic parameters. The Shapiro—Wilk test confirmed normal data distribution.
Relative reliability was assessed using two-way mixed interclass correlation coeffi-
cients (ICC) for single measures, interpreted as moderate (0.50-0.74), good (0.75—
0.89), and excellent (>0.90) (Koo & Li, 2016). Absolute reliability was assessed
with the standard error of the mean (SEM), calculated as SD/\2, and coefficient of
variation (CV), computed as SD/mean x 100 %. Pearson’s correlation coefficient (r)
determined the associations between Alex7 and Witty timing systems, interpreted
as large (0.50-0.69), very large (0.70-0.89), nearly perfect (0.90-0.99), and perfect
(1.00) (Hopkins, 2000). For criterion-referenced validity, mean difference and CV
were calculated, with paired sample t-tests testing the significance of mean differ-
ences. Cohen’s d was used for effect sizes, interpreted as large (> 0.80), medium
(0.50-0.79), small (0.20-0.49), or trivial (<0.20) (Fritz et al., 2012). Bland-Altman
analyses illustrated agreement between repeated measures for Alex7 and between
Alex7 and Witty timing systems (Bland & Altman, 1999). The 95 % confidence in-
terval (CI) of the mean difference determined systematic bias. All statistical analyses
were performed using IBM SPSS Statistics (version 28.0, Armonk, NY, USA), with
significance set at o, = 0.05.

Study 2 - EMG and Kinematic Comparisons

Descriptive statistics (mean £ SD) were calculated for each variable. The
Shapiro—Wilk test was used to confirm normal distribution of the data. Sphericity
was evaluated with Mauchly’s test, and the Greenhouse—Geisser correction was ap-
plied when this assumption was violated. As the assumptions for parametric tests
were met for all spatiotemporal variables, a repeated-measures analysis of variance
(ANOVA) was performed for the first stance to identify statistically significant dif-
ferences between conditions. When significant effects were found, post hoc pairwise
comparisons were conducted using multiple t tests for dependent samples with the
Benjamini—Hochberg correction.
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For analysis of kinematics and muscle activity, a repeated-measures ANOVA
was performed on the whole time series using statistical parametric mapping to iden-
tify significant differences between conditions. In cases of significant effects, pair-
wise comparisons were performed using multiple t tests for dependent samples with
adjusted significance thresholds. The effect size (Cohen’s d) was computed as the
difference between group means normalized to the standard deviation of the unas-
sisted running condition (Pataky, 2012).

Effect sizes were calculated for each pair of conditions and for each muscle, and
interpreted using conventional benchmarks, where values of approximately 0.20,
0.50, and 0.80 represent small, moderate, and large effects, respectively (Cohen,
1988). These benchmarks are widely used in sports science contexts (Hopkins, 2002).

Statistical analyses were performed using SPSS v25.0 for Windows (IBM,
Armonk, NY, USA) and JASP (Version 0.11.1). The level of significance was set at
0.05.

Study 3 — Assisted Training Intervention

All data are reported as means + SD. Outliers were screened visually (QQ plots,
residuals) and by standardized residuals (|z| > 3); influential points in regressions
were checked via Cook’s distance (> 4/n). Assumptions of linear regression, includ-
ing normality of residuals and absence of influential observations, were verified us-
ing these diagnostic procedures. Alpha was set at .05 .(Ghasemi & Zahediasl, 2012;
Zhu et al., 2012). Analyses were conducted in JASP (version 0.95.1 Intel).

A two-way Analysis of Variance (ANOVA, Group x Time) with repeated meas-
ures on the Time factor was conducted to examine differences in dependent varia-
bles. When significant interaction effects were observed, post hoc pairwise compar-
isons were performed using Holm-adjusted multiple comparisons. Effect sizes for
ANOVA were reported as partial eta squared (n?p). This analysis was first performed
with three separate groups: control, fully assisted, and partially assisted. A second
analysis was then conducted after merging the two assisted groups into a single in-
tervention group to compare them directly with the control group. The variables
included were sprint performance outcomes (regular 30-m and assisted 30-m sprint
times) and spatiotemporal variables in both sprint conditions (step length, step fre-
quency, contact time, and flight time). Within-group comparisons were evaluated
using paired-samples t-tests to identify significant pre-to-post changes within each
group and to compare assisted vs. regular sprint conditions at the same time point.
Significant pre-to-post differences are marked with an asterisk (*), while differences
between assisted and regular sprint conditions are marked with a hash symbol (#)
in the tables. These t-tests were complementary to the two-way repeated-measures
ANOVA, providing additional clarity on specific pairwise effects.
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The independent-samples t test was used to compare the pretest, posttest, and
change scores between responders and nonresponders (A = post — pre) for both per-
formance and spatiotemporal variables. The performance comparisons included reg-
ular and assisted 30-m sprint times, and the spatiotemporal comparisons included
step length, step frequency, ground contact time, and flight time during both regu-
lar and assisted sprinting. Within-group comparisons between regular and assisted
sprinting for the same variables were conducted. A p value < 0.05 was considered
to be significant. Effect sizes are reported using Cohen’s d, and 95 % CI were cal-
culated where appropriate. Welch’s correction was applied when the variances were
unequal.

The independent-samples t test was used to compare baseline F-V variables be-
tween responders and nonresponders. The analysis included Fo, Vo, Pmax, RFmax,
DRF and the slope of the F-V relationship, which were calculated for the regular
sprint runs. Effect sizes are reported using Cohen’s d, and Welch’s correction was
applied when the assumptions of equal variances were violated.
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3. RESULTS AND DISCUSSION

3.1. Reliability and validity of sprint performance using the Alex7 motorized
device

3.1.1. Reliability of the Alex7 device in resisted and assisted conditions

The descriptive statistics for the between-session comparison during the resisted
and assisted running split times using the Alex7 are presented in Table 3.1. Running
times measured with the Alex7 demonstrated good to excellent test-retest reliability
(ICC, 0.83-0.94) in both assisted and resisted conditions. The reliability of the split
time tended to be lower in the first part of the course (ICCs of 0.83—0.86 for 0—10 m)
in both assisted and resisted conditions. The CV was 0.80-1.43%, and the SEM was
0.01-0.05 s for the time intervals independent of the running condition. In contrast
to the other variables, the split time for 20-20 m in the resisted condition improved
significantly and consistently from the first testing session to the retest (p < 0.001).
Notably, this improvement was accompanied by a similar level of reliability as that
for the other markers assessed. In addition, Bland-Altman analyses showed no sig-
nificant systematic bias between repeated measurements except for the 10-20 m split
time in the resisted condition (p < 0.001, Figure 3.1). The narrow range of limits of
agreement on the Bland-Altman plot indicates high stability and low variation be-
tween test occasions. Repeatability for most measures was within the 95 % CI.
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Difference between Test-Retest (s)

Difference between Test-Retest (s)

Stride length differed between the two testing sessions for both the resisted and
assisted sprints (p < 0.05, Table 3.1) but not for other kinematic variables. Almost all
kinematic variables showed good test-retest reliability (ICC, 0.79-0.88), except for
a moderate value for stride length (ICC, 0.74) in the resisted sprint and an excellent
value for running speed in the assisted sprint (ICC, 0.94). In general, the ICCs for
almost all variables were slightly higher in the assisted than the resisted sprints.
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Figure 3.1 Bland—Altman analysis of test—retest sprint times derived from Alex7

Notes: The plot differences were obtained by subtracting the retest value from the test value.
Thick black solid line — mean difference between the two tests; thick black dashed lines —
95 % limits of agreement; thin black dashed line — zero value.

3.1.2. Validity of the Alex7 in resisted and assisted conditions.

All split times in the resisted sprints and all split times except the first (0—10 m)
in the assisted sprint had excellent Pearson’s correlation coefficient values (r = 0.90—
0.98, p <0.001; Table 3.2 ) between the Alex7 and Witty equipment. The first 10-m
assisted running time had a slightly lower but still a good value (r = 0.88, p < 0.001).
However, the Alex7 consistently recorded longer running times compared to the
Witty device (up to a 0.16 s difference, CV, 1.00-3.79 %, p < 0.001). Furthermore,
there was a negative bias between both pieces of equipment for both conditions
(p <0.001; Figure 3.2), except for the 0-10 m split time in the resisted run. Still, sprint
time remains within a narrow range of limits of agreement on the Bland-Altman plot,
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and repeatability for most measures was within the 95 % CI. These data suggest that
the Alex7 system is consistent but is not as accurate for measuring sprint time. The
time differences between the two types of equipment were slightly smaller for assist-
ed (range, 0.03-0.11 s) than for resisted (range, - 0.01 to 0.16 s) sprinting.

Table 3.2 Within-session criterion-referenced validity for the Alex7

Difference between Two Tests (s)

Difference between Two Tests (s)

Condi- . Sprint time Criterion-referenced
. Distance p ES . .
tions (Mean + SD) validity
Witty Alex7 Cohen‘sd | twif) | CV | Cor.
(s) (s) (s) | | (O
0-10m |2.13+0.09 | 2.13+£0.10 | 0.373 |0.178 -0.01 |/ 1.00 |0.92%*
Resisted 10-20m | 1.57 +0.08 | 1.65 + 0.09 | <0.001 | -2.655 0.09 3.79 |0.93*
esiste
20-30m | 1.54+0.09 | 1.62 £ 0.10 | <0.001 | -2.609 0.08 3.73 | 0.94%
0-30m |5.23+0.25|5.40+0.28 | <0.001 | -2.678 0.16 2.14 | 0.98*
0-10m |1.73+0.08 | 1.78 +£0.08 | <0.001 | -1.122 0.05 1.93 |0.88*
Assisted 10-20m | 1.22 £ 0.05 | 1.26 £ 0.06 | <0.001 | -1.307 0.03 1.84 | 0.90*
ssiste
20-30m | 1.14 +£0.06 | 1.18 £ 0.06 | <0.001 | -1.643 0.04 2.25 |0.93*
0-30m |4.09+0.18 | 4.21 £0.19 | <0.001 | -2.223 0.11 1.93 | 0.97*
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Figure 3.2 Bland—Altman analysis of sprint time differences between Alex7 and Witty

Notes: The plot differences were obtained by subtracting the Alex7 test value from the Witty
test value. Thick black solid line — mean difference between the two tests; thick black dashed
lines — 95 % limits of agreement; thin black dashed line — zero value.
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3.1.3. Performance and Kinematic Differences Between Sprint Conditions

The mean running speed differed between three sprint conditions: 8.17 +0.39 m/s
in the regular run, 6.59 £ 0.35 m/s in the resisted run (p < 0.001), and 8.65 + 0.44 m/s
(p < 0.05) in the assisted run. All kinematic variables investigated (Figure 3.3 A-D)
differed between the sprint conditions. The largest differences were observed for
stride length and ground contact time (p < 0.001 for each). The smallest differences
were for flight time and running pace. The running flight time and pace did not differ
between the regular and assisted runs but differed significantly between the regular
and resisted sprints, and between the resisted and assisted sprints (p < 0.001 for
each). All variables showed a greater absolute difference between the resisted and
regular sprints than between the assisted and regular sprints.
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Figure 3.3 The (A) contact time, (B) flight time, (C) stride length, and (D) pace for the regu-
lar, resisted, and assisted sprints (mean + SD and individual data)

Notes: Significantly different from regular sprints (** p <0.01, *** p < 0.001). Significantly
different from resisted sprints (### p < 0.001).
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3.1.4. Discussion of the 1* study

The reliability and validity of measurements obtained using the new Alex7 mo-
torized sprint device were investigated to determine whether and how speed and
kinematic characteristics differ between assisted and resisted sprints. The primary
finding is that the Alex7 device offers reliable measures of sprint performance in
both resisted and assisted conditions. However, it is important to note that the Alex7
consistently overestimated running times compared to the Witty device. This over-
estimation may result from various factors, including differences in measurement
methodologies or the specific mechanics of the Alex7 device. Despite this limitation,
the Alex7’s ability to deliver consistent results highlights its utility for manipulating
the load during athlete training. Future research should aim to better understand the
causes of the Alex7’s running time overestimation and explore methods to mitigate
this issue.

In the context of load management, the use of incline, decline, sleds, bungees,
and pulleys serves helps to induce the acute effects of overload- or unloaded-assisted
stimulation (20), whereas motorized devices such as Alex7 are designed specifically
to offer a higher degree of accuracy in load management compared with other de-
vices. The reliability values of the 30-m sprint run time and the split times for each
10 m (ICC, 0.83-0.90) obtained during the resisted running mode with the Alex7
were found to be similar to the within-session reliability values reported by Rakovic
et al. (Rakovic et al., 2022) for the 1080 Sprint device (ICC, 0.81-0.95). Rakovic et
al. (2022) showed that the split time for the initial 5 m was the least reliable meas-
urement (ICC, 0.81), indicating less reliability for use with short accelerations. In
the present study, this finding was partially replicated using a running distance of
10 m instead of 5 m, yielding an ICC of 0.83. Assisted running was also examined
and compared with resisted running, showing a similar trend. That is, the lowest
reliability value (ICC, 0.83) was obtained for distances of 10 m, whereas medium
reliability values were recorded for the 10-m and 20-m split times and total distance
of 30 m (ICC = 0.86 and 0.88, respectively). Notably, the highest reliability value
was achieved for the 20-30-m split time (ICC = 0.94), all of which had acceptable
reliability when used with the new device for facilitating speed training with assisted
running.

The Alex7 can provide both contrasting loads and a high variety in magnitude
as well as the opportunity to monitor performance and progress. Compared with the
Witty timing gates, which were used as the gold standard in this study, the Alex7
device showed strong associations (r = 0.88) for the 10-m split time in the assisted
run, and the other correlations for the assisted runs and all correlation values for the
resisted runs were nearly perfect (r = 0.90-0.98). Different results were observed for
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the 1080 Sprint device in the resisted running mode (Rakovic et al., 2022). Nearly
perfect validity was found for the 20-30-m split time and the overall 30-m time, but
the other correlation values ranged from r = 0.57 to r = 0.83. These differences in
validity between the Alex7 and 1080 Sprint devices may reflect differences in the
data collection. For example, unstable results were observed for the first 0.7 m due
to the participants’ inconsistent starting patterns. After being told to prepare for the
run, some participants were unable to remain in the static starting position, and their
in-place movement started timing before the actual run began. Removing the results
of the first 0.7 m eliminated this inaccuracy and produced higher validity values for
the first 10 m.

Real-time values from the Alex7 device should be used cautiously because they
were significantly longer than those obtained from the Witty timing gates. A consist-
ent discrepancy was observed across all distances, except for the initial split during
resistive runs, where no such disparity was noted. This disparity may be attributed to
limitations imposed by the Alex7 device in terms of time recording. The controller
calculates the distance travelled in meters by multiplying the current number of rev-
olutions (encoder pulses) by circumference. A random error in the calculated length
may occur because of differences in the tightness with which the rope was wound
on the spool between the assisted and resisted runs and the rope elasticity (although
< 1 %). After completion of the resisted run, the rope was recoiled freely back to its
starting position, and during the assisted run, the athlete created a resistance for the
servomotor and the rope was wrapped tensely around the spool.

It is important that the new Alex7 device may produce meaningful differenc-
es in the kinetics and kinematics parameters between assisted and resisted running
conditions. The effects on running speed and kinematics depend on the magnitude
of the resistance or assistance. The 6-kg (~ 60 N) assistance in the present study
caused significant changes in stride length (6.75 %), ground contact time (- 7.69 %),
and running speed (6.74 %). The running pace and flight time did not differ signif-
icantly between the regular and assisted runs. Similar findings have been reported
by Cecilia-Gallego et al. (Cecilia-Gallego et al., 2022). In the study by Van Den
Tillaar et al. (Van Den Tillaar, 2018), the 5-kg assistance provided by the motorized
DynaSpeed device produces a 5.1 % increase in speed, but the running pace did not
differ between the assisted and unloaded sprints. In another study that used a load
of 4.7 % of body weight, running speed increased by 6.1 %, but the running flight
time did not differ significantly (Clark et al., 2009). In another study, use of a pulling
device decreased the contact time by 7.69 % (Sedlacek et al., 2004). The data for
the current study suggested that the 6-kg force used for assistance was sufficient to
achieve the required effects of overspeed running without interfering with the run-
ning technique.
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The resistance of 10 % of body mass was enough to meaningfully reduce all
the running parameters. Compared with the regular sprint, resisted sprinting caused
larger changes in running parameters than assisted running. A previous study showed
that a resistance of 5 % of body mass elicits significant changes in running speed and
stride length but that 15 % of body mass resistance is needed to change stride fre-
quency (Martinez-Valencia et al., 2014). Given that the motorized device provides
greater resistance (by eliminating the inertia) than a sled of the same weight and that
10-20 % of body mass resistance provided by the motorized device can induced
greater decreases in speed (13-28%) compared with a weighted sled with the same
weight (7.5-20 %) (Van den Tillaar, 2020), it was not surprising that the resistance of
10 % body weight sufficient enough to significantly decrease (by 2.33 %; p < 0.01)
running pace and running speed (by 19.98 %; p < 0.001). We note that the partici-
pants were non-elite and young (16—17-year-old) football players with no experience
in resisted or assisted running. They completed one familiarization session, and this
was sufficient to produce high reliability while not altering the running technique.
An exception was observed with the split time for 10-20 m in the resisted condition,
which improved consistently from the first to the second testing session, indicating a
possible need for additional familiarization. Overall, it appears that the Alex7 tech-
nology is simple to learn and use in both resisted and assisted training settings, which
is important for practitioners.

This study includes several limitations, mainly due to logistical reasons. There is
no direct comparison of the Alex7 with well-established systems such as 1080 Sprint
or Dynaspeed, which means we lack confirmation that the resistance or assistance is
comparable to other similar systems. It would be better to compare timing data with
laser systems, which are more accurate than Witty timing gates as they do not rely
on cutting light beams with the upper body, making them better suited as gold stand-
ards. Finally, only young males were tested, making it unclear whether age, gender,
or sport could influence the results. It is reasonable to expect that greater maturity
and sprint experience might have positively affected the results.

3.2. Lower limb muscle activity under full and partial towing assistance in
sprint running

3.2.1. Spatiotemporal Parameters

Firstly, finish times in the 30 m run were significantly faster in the two assisted
running conditions than in the unassisted running condition (fully assisted vs. unas-
sisted - 2.8 %, p < 0.01; partially assisted vs. unassisted - 3.4 %, p < 0.001) (Figure
3.4). For spatiotemporal parameters, significant differences were found between
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unassisted running and both assisted running conditions, but not between the fully
and partially assisted conditions.

In the stride retained for analysis, faster running speed in both assisted running
conditions resulted from significantly higher stride length and flight time compared
with the unassisted running condition (fully assisted vs. unassisted: stride length
+ 8.6 %, p < 0.001, flight time + 7.7 %, p < 0.05; partially assisted vs. unassisted:
stride length + 8.9 %, p < 0.001, flight time + 7.8 %, p < 0.01) (Figure 3.4). and
significantly shorter contact time (fully assisted vs. unassisted: contact time - 4.9 %,
p < 0.05; partially assisted vs. unassisted: contact time - 6.9 %, p < 0.01) (Figure 3.4)
By contrast, no differences between any conditions were found for stride frequency.
The duty factor was significantly higher in the unassisted running condition than in
both assisted running conditions (fully assisted vs. unassisted - 5.5 %, p < 0.05; par-
tially assisted vs. unassisted - 6.4 %, p < 0.01).
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conditions. Data are presented as mean + SD
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3.2.2. Kinematics

The joint angle of the ankle was discarded from further analysis because of insuf-
ficient data quality. For the knee and hip joint angles, no significant differences were
found between any conditions (p > 0.05) (Figure 3.5).
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Figure 3.5 (A) hip joint and (B) knee joint angles during the gait cycle. No significant di-
fferences were found between any conditions. 0 % = initial contact, 100 % = next ipsilateral
initial contact

3.2.3 Electromyography Results

For all measured muscles (biceps femoris, semitendinosus, vastus lateralis, rec-
tus femoris, gluteus maximus), there were no statistically significant differences in
mean activation between the unassisted, partially assisted, and fully assisted sprint-
ing conditions (p > 0.05, Figure 3.6). However, given the high inter-individual vari-
ability, complementary effect size analysis revealed muscle-dependent differences at
discrete points of the gait cycle.

Across conditions, both biceps femoris and semitendinosus peaked during late
swing, consistent with their role in limb deceleration prior to foot contact; corre-
spondingly, large effect sizes were observed for biceps femoris during swing (40—
44 % of the gait cycle; d > 0.8; assisted < unassisted), while semitendinosus showed
a large effect at 88 % (d = 0.8; fully assisted > unassisted) and a near-large effect at
98 % (d = 0.77; partially assisted > unassisted). In parallel, rectus femoris exhibited
the most pronounced and temporally extended differences, with large effects from
mid-stance to toe-off (20-28 %; d > 0.8, max = 1.35; fully assisted > unassisted) that
continued into mid-swing, peaking between 49 % and 57 % (d > 0.8, max = 1.25;
unassisted > fully assisted). By contrast, although rectus femoris and gluteus maxi-
mus displayed relatively flat activation profiles across the gait cycle, vastus lateralis
peaked early in stance and showed a moderate-to-large effect prior to initial contact
(91-92 %; d = 0.75; fully assisted > unassisted), while gluteus maximus demonstrat-
ed moderate-to-large effects at mid-swing (70 %; d = 0.7; fully assisted > unassist-
ed) and moderate effects at initial contact (10 %; d > 0.6; partially assisted > fully
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assisted). Taken together, these results indicate muscle-specific, brief, and phase-de-
pendent differences concentrated around late swing and stance transitions, despite no
significant differences in mean activation across conditions.
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Figure 3.6 EMG activity of (A) biceps femoris, (B) semitendinosus, (C) vastus lateralis, (D)
rectus femoris and € gluteus maximus during the gait cycle. Data are presented as mean = SD
across participants. 0 % = initial contact, 100 % = next ipsilateral initial contact

3.2.4. Discussion of the 2" study

The main aim of this study was to compare lower-limb muscle activation, spati-
otemporal parameters, and kinematics across unassisted, partially assisted, and fully
assisted sprinting conditions. Contrary to our initial hypothesis, no statistically sig-
nificant differences were found in muscle activation between the fully and partially
assisted conditions. Furthermore, muscle activity in the assisted conditions did not
differ significantly from unassisted sprinting across the measured muscles despite
changes in running speed, stride length, and contact and flight time. At the same
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time, effect size analysis identified muscle-specific differences at distinct phases of
the gait cycle in both assisted and unassisted conditions, highlighting meaningful
patterns that were not apparent from group averages alone. These findings suggest
that neuromuscular responses increase with speed up to maximal levels and then
plateau at maximal speeds, with phase-specific momentary differences emerging,
particularly during swing and stance transitions, and indicate that assisted sprinting
was not associated with a reduction in active propulsion despite the potential contri-
bution of passive assistance.

Previous studies have consistently shown increases in muscle activity from sub-
maximal to maximal sprinting speeds (Higashihara et al., 2010; Kyroldinen et al.,
2005). However, our protocol included only maximal and supramaximal sprints,
omitting submaximal conditions. This may explain why, in general, further increases
in muscle activity were not observed, although momentary increases were recorded
at some phases and were muscle-dependent. Our results align with earlier findings
by Mero and Komi (Mero & Komi, 1987), who also reported that EMG activity
plateaus at supramaximal speeds. These results suggest that while neuromuscular
demand increases with speed up to a point, it does not necessarily continue to rise
under external towing once maximal velocities are exceeded. However, it is also
possible that the lack of prior experience with assisted sprinting limited participants’
ability to fully engage their neuromuscular system under these novel conditions.

Assisted sprinting may reduce the need for active propulsion by altering the ex-
ternal force demands placed on the athlete. As described by Eston et al. (Eston et
al., 1995) in the context of downhill running, eccentric muscle loading can occur
without proportional increases in EMG activity due to enhanced contributions from
passive and elastic tissues. Similarly, in the present study, the external towing force
may have allowed athletes to reach supramaximal speeds without requiring greater
neuromuscular output, particularly during the propulsive phase. In this context, it is
no surprise that only momentary differences were observed between partially and
fully assisted conditions, as these are more similar to each other than to the un-
assisted condition. Rather than substantial changes in overall activation levels, the
muscle activity observed during late swing and early stance likely reflects the need
to prepare for ground contact and manage impact forces, particularly the hamstrings,
which are critical for stability and control during high-speed running (Chumanov et
al., 2007; Mero & Komi, 1986). The finding that muscle activity did not significantly
increase during assisted sprinting may be important from a safety standpoint; how-
ever, actual mechanical stress on muscles or joints, and the associated injury risk,
cannot be inferred from EMG alone, as it reflects muscle activation but not the forces
acting on bones, joints, or tissues.
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From a spatiotemporal perspective, both assisted conditions led to significantly
improved 30 m sprint times compared with the unassisted running condition. This
improvement was driven primarily by increases in stride length, with no changes
in stride frequency. These findings are consistent with prior research showing that
assistance augments horizontal displacement more than step turnover (Clark et al.,
2009). Flight time was significantly longer in both assisted conditions, while contact
time was significantly shorter. The longer flight time and shorter contact time sug-
gest higher vertical impulses and potentially increased leg stiffness during assisted
sprinting. Despite these spatiotemporal changes, joint kinematics in the hip and knee
remained unchanged between conditions, suggesting that athletes maintained sim-
ilar segmental coordination patterns. The stability of joint angles across conditions
implies that the observed performance enhancements occurred without major altera-
tions to overall running technique.

High inter-individual variability should be considered when interpreting the find-
ings of this study, as meaningful group-level effects may have been obscured, there-
by reducing the statistical power to detect moderate changes in muscle activation.
The large standard deviations within each condition indicate that athletes responded
differently to the assisted sprinting stimulus, likely due to variations in individual
technique or familiarity with towing. Although all participants were familiar with
sprinting, they had not previously been exposed to assisted sprinting; thus, the pres-
ent results likely reflect responses to an initial exposure rather than a well-learned
technique. Furthermore, only a single stride per condition (the last complete stride
before the 30 m mark) was analyzed at (supra)maximal speed, which may limit the
generalizability of the EMG and kinematic findings to the entire maximal-speed
phase. Additionally, the study focused on a 30 m sprint for practical feasibility in
sports settings, whereas a longer distance could have enabled a more extended peri-
od of independent supramaximal running, allowing analysis of multiple strides and
more robust EMG assessment. Finally, the inclusion of force plate analysis would
provide valuable insight into ground reaction forces and their relationship with mus-
cle activity patterns. Future studies involving athletes well adapted to assisted sprint-
ing are warranted to determine whether specific individuals or muscle groups exhibit
consistent neuromuscular adaptations to this type of training.

3.3. Assisted sprint training: individual adaptations linked to force-velocity
profiles and spatiotemporal variables

3.3.1. Fully vs. Partially Assisted Sprint Performance

At baseline, there were no significant differences between the control group,
fully assisted and partially assisted groups for any sprint time or spatiotemporal
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variable (all p > .05) (Table 3.3). When running with assistance, 30-meter sprint
times were reduced by 5.02 % in the control group, 5.8 % in the fully assisted group,
and 3.83 % in the partially assisted group. These improvements were significant
when comparing assisted to regular sprinting within each group (p < .05), but no
significant differences were found between the groups (p > .05).

The faster assisted sprint times were primarily driven by changes in spatiotem-
poral mechanics. All groups demonstrated increased step length during assisted
running, while flight time increased in both the control and fully assisted groups.
Additionally, the control group exhibited a significant reduction in ground contact
time during assisted sprints (p < .05).

For the assisted sprint, a two-way ANOVA (Group x Time) with repeated meas-
ures on Time revealed a significant interaction, F(2, 21) = 6.07, p = .01, n?p = .37
(Table 3.3). Post-hoc tests showed that sprint times remained stable in the control
group (pre: 4.16 = 0.21 s; post: 4.15 + 0.21 s), whereas the fully assisted group and
partially assisted group improved significantly (pre: 4.22 £0.16 s; post: 4.13 £0.21 s
for fully and pre: 4.26 £0.14 s; post 4.08 £ 0.17 s for partially). A main effect of Time
was observed, F(1, 21) = 23.40, p = .01, n*p = .53, while the main effect of Group
was not significant, F(2, 22) = 0.03, p = .98, n?p = .00. There were no significant
differences between the fully and partially assisted conditions.

For regular sprint times, a two-way ANOVA (Group x Time) revealed a sig-
nificant interaction, F(2, 21) = 6.26, p = .01, n?*p = .37 (Table 3.3). The control
group showed a trend toward slower times from pre- (4.38 £ 0.20 s) to post-test
(4.48 £ 0.18 s, p > .05), whereas the fully assisted group and a partially assisted
group showed a trend toward improvement (pre: 4.48 £ 0.21 s; post: 4.43 £ 0.20 s
(p > .05) for fully and pre: 4.43 £ 0.17 s; post: 4.38 £ 0.20 s (p > .05) for partially).
No significant main effects were found for Time, F(1, 21) = 0.01, p = .92, n?p = .00,
or Group, F(2, 21) = 0.15, p = 0.86, n*p = .01. There were no significant differences
between the fully and partially assisted conditions.
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Two-way repeated-measures ANOVA revealed significant Group * Time inter-
actions for regular-sprint contact time (F(1, 21) = 3.89, p =.04, n*p = .27), indicat-
ing different pre—post trajectories between groups (Table 3.3). No significant main
effects were found for Time, F(1, 21) = 1.25, p = .28, n’*p = .06, or Group, F(2,
21) =.20, p = .82, n*p = .02. However, only fully assisted group had a significant
decrease in contact time from pre: 0.128 £ 0.01 and post: 0.123 + 0.01, p < 0.01. No
interaction, time or group effects were observed between the fully and partially as-
sisted conditions at post-training in any other time or spatiotemporal variable (Table
3.3).

3.3.2. Combined intervention and control group comparison

At baseline, there were no significant differences between the intervention and
the control groups at any time or spatiotemporal variable (all p > 0.05) (Table 3.4).

For the assisted sprint, a two-way ANOVA (Group x Time) with repeated meas-
ures on the Time Factor revealed a significant interaction, F(1, 22) = 7.55, p = .01,
n*p = .26 (Table 3.4). Post-hoc tests showed that sprint times remained stable in the
control group (pre: 4.16 + 0.21 s; post: 4.15 * 0.21 s), whereas the training group
improved significantly (pre: 4.24 +0.15 s; post: 4.10 = 0.19 s). A main effect of Time
was observed, F(1, 22) =10.12, p <.01, n*p = .32, while the main effect of Group
was not significant, F(1, 22) =0.05, p =.83, n?p = .00.
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For regular sprint times, a two-way ANOVA (Group x Time) revealed a sig-
nificant interaction, F(1, 22) = 13.08, p < .01, n?p = .37 (Table 3.4). The control
group showed significantly slower times from pre- (4.38 + 0.20 s) to post-test
(4.48 £ 0.18 s, p > 0.05), whereas the training group showed a trend toward im-
provement from 4.46 £ 0.19 s to 4.41 £ 0.20 s (p > .05). No significant main effects
were found for Time, F(1, 22) =1.71, p= .21, n’°p = .07, or Group, F(1, 22) =0.00,
p=.97, n*p =.00.

Two-way repeated-measures ANOVA revealed significant Group x Time inter-
actions for regular-sprint contact time (F(1,22) = 6.36, p = 0.02, n*p = 0.22), indicat-
ing different pre—post trajectories between groups. No significant main effects were
found for Time, F(1, 22) = .05, p = .83, n*p = .00, or Group, F(1, 22) = .40, p=.53,
n*p = .02. No interactions were observed for step length, step frequency, or flight
time in the regular condition (all p > .05). For the assisted-run spatiotemporal meas-
ures, interactions were non-significant (all p > .05). However, paired comparisons
(asterisks in Table 3.4) showed small but significant within-intervention decreases in
regular and assisted contact times (p < .05).

3.3.3. High vs. Non-responder Comparison in time and spatiotemporal
variables

Athletes in the intervention were retrospectively classified as high responders
or non-responders based on the assisted 30-m improvement threshold. Independent-
samples tests (Table 3.5) showed that high responders achieved substantially greater
gains in the assisted 30-m sprint than non-responders at post-test (p < .001; large
effect) and for the change score (A), also p < .001. For the regular 30-m sprint,
post-intervention times were significantly faster in high responders (p < .05), while
pre-test differences were non-significant. None of the spatiotemporal variables dif-
fered significantly between groups at pre, post, or for A (all p > .05).
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3.3.4. High vs. Non-responder Comparison in baseline Force-Velocity profile
variables

At the baseline, high responders had higher Fo (p = 0.01, d = 1.65), Pmax
(p = 0.01, d = 1.80), and RFmax (p < 0.01, d = 1.87) than nonresponders, which
suggested that the responders had superior initial force and power capacities (Figure
3.7). No significant differences were observed for Vo, DRF and slope (all p > 0.05).
However, DRF (p = 0.09, d = 1.00) and slope (p = 0.07, d = 1.09) showed moderate
to large effect sizes (d > 1), indicating a tendency toward steeper F-V profiles in
responders.
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Figure 3.7 Comparison of baseline force-velocity profile variables between high responders
and non-responders. Panels show: (A) theoretical maximal horizontal force, (B) theoretical
maximal velocity, (C) maximal propulsive power, (D) maximal ratio of force, (E) rate of
decrease in RF with increasing speed, and (F) slope of the linear force-velocity relationship.

Notes: Data are presented as mean + SD with individual values shown. ** Indicates a signif-
icant difference between high and non-responders (p < 0.01); ns indicates a non-significant
difference (p > 0.05).

3.3.5. Predictive analyses

To identify predictors of assisted sprint improvement, linear regression analyses
were performed using postintervention 30-m assisted time as the dependent variable
and baseline F-V parameters as the independent variables (Figure 3.8). For regular
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sprints, Pmax (adjusted R2 = 0.63) and RFmax (adjusted R2 = 0.54) were the strong-
est predictors, Fo showed a moderate association (adjusted R2 = 0.33), whereas Vo
demonstrated only a weak relationship with assisted sprint improvement (adjusted
R2 =0.13).

pre Pmax |}
Pre RFmax - }

Pre FO

Pre VO
Pre Slope
Pre DRF

00 02 04 06 08

Adjusted R?
Figure 3.8 Strength (adjusted R2) of regular sprint-derived F-V parameters for predicting
assisted sprint improvement

Notes: Fo = theoretical maximal horizontal force; Vo = theoretical maximal velocity;
Pmax = maximal propulsive power; RFmax = maximal ratio of force; DRF = rate of decrease
in RF with increasing velocity; slope = slope of the linear F-V relationship. Higher adjusted
R? values indicate stronger predictive associations.

3.3.6. Discussion of the 3™ study

The main finding of this study was that incorporating assisted sprinting into soc-
cer-specific training improved assisted sprint velocity in young players. However,
these gains did not transfer or transferred minimally to regular sprint velocity and
to spatiotemporal variables such as stride length, stride frequency, ground contact
time, and flight time at maximal velocity. This pattern aligns with recent meta-ana-
lytic findings showing that AST does not consistently produce greater improvements
in regular short sprint performance than well-designed conventional sprint training,
despite moderate within-group gains in kinematic variables (Myrvang & Van den
Tillaar, 2024; Nicholson et al., 2020). The magnitude of improvement observed in
this study was strongly associated with the initial power capacities derived from the
F-V profile, suggesting that athletes with higher initial force and power levels may
derive greater benefits from AST.

The initial aim of this study was to compare continuous towing at supramaximal
speed with partial towing limited to slightly below supramaximal speed. However,
only negligible differences were observed between the protocols, as reflected by
the absence of significant differences in sprint time, stride length, stride frequency,
ground contact time, and flight time. This likely reflects the relatively short, assisted
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distance. That is, assistance was often released late (at ~ 22 m), which left only a
brief segment for partial assistance to meaningfully alter the sprint mechanics. Thus,
our initial hypothesis that partial towing would yield greater improvements was not
confirmed. Combining the data for both assisted modes provided evidence of clear
improvements under assisted conditions compared with the control condition. These
findings are consistent with prior reports that carefully dosed overspeed exposure
can acutely increase step rate and reduce contact times without necessarily changing
unassisted top speed in the short term (Haugen, McGhie, et al., 2019; Ross et al.,
2001). Recent overspeed studies have also shown that moderate assistance levels and
short assisted segments induce primarily adjustments in acute kinematic, such as re-
duced ground contact and changes in stride frequency, rather than substantial chronic
adaptations in regular sprinting, especially in youth and subelite populations(Chang
et al., 2024; Frisk et al., 2022).

A key observation was the heterogeneity of response: nearly half of the partic-
ipants improved by no more than the MDC, whereas a smaller subgroup showed
clearly greater gains in assisted run after the intervention. Similar interindividual
variability has been reported for sprint training tailored using F-V diagnostics or
delivered as generic sprint work (Lahti et al., 2020; Rakovic et al., 2018). Lahti et
al. (2020) reported that baseline F-V properties, such as force- or velocity-dominant
profiles, can partly identify which athletes adapt and how after resisted or assisted
training blocks. The pattern observed in our study aligns with these earlier findings in
that assisted towing appears to benefit some athletes considerably, while others show
minimal changes after short interventions. The possible reasons for these individual
differences include variations in technical proficiency at high limb velocities, differ-
ences in neuromuscular readiness to manage the hamstring load during late swing
at supramaximal speeds, and the degree to which towing preserves rather than re-
placing active propulsion (Haugen, McGhie, et al., 2019; Morin & Samozino, 2016;
Ross et al., 2001). Indeed, participants had prior experience with elastic overspeed
running but not with motorized towing; therefore, differences in familiarity with the
specific assistance modality may have influenced the responses. This reinforces the
idea that individual mechanical “readiness” and sprint-specific technical competen-
cy may be prerequisites for taking full advantage of supramaximal sprint stimuli.

This study also examined whether baseline F-V profiles could help explain these
individual differences. The regular sprint-derived variables indicated that baseline
Pmax and RFmax were most strongly associated with subsequent assisted sprint
performance improvements. These findings are consistent with earlier reports sug-
gesting that F-V characteristics explain part, but not all, of the variability in training
adaptations (Lahti et al., 2020; Rakovic et al., 2018). Other studies further support
this concept by demonstrating that individualized F-V-oriented training can reduce
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mechanical imbalances more effectively than generic sprint programs. However, a
considerable proportion of the variance in performance outcomes remains unex-
plained and may be related to neuromechanical, coordinative, and maturational fac-
tors (Jiménez-Reyes et al., 2017; Li, Zhi, et al., 2025; Morin & Samozino, 2016).
In addition, differences in training history, technical proficiency, and responsive-
ness to external mechanical stimuli may also contribute to the observed variability.
Therefore, while F-V profiling may provide useful information for guiding training
strategies, it should likely be considered alongside other individual characteristics
when interpreting adaptations to assisted sprint training.

Importantly, the improvements in assisted sprint times transferred only mini-
mally to regular 30-m sprint performance within the timeframe of this study. This
finding is consistent with that of earlier reports showing that overspeed exposure can
acutely improve velocity-side qualities, such as shorter ground contact times and
faster step rates, but may not lead to immediate improvements in regular sprint per-
formance unless there is sufficient volume, progression, and integration applied to
high-quality unassisted sprinting (Haugen, McGhie, et al., 2019; Ross et al., 2001).
The minor differences observed in regular sprints following improvements in assist-
ed sprinting in this study also support the idea that at least part of the adaptations
were sensorimotor, which reflect the ability of the athlete to coordinate movement
under external pulling forces, rather than structural or neural changes that transfer
to free sprinting. This interpretation is reinforced by acute and short-term overspeed
studies demonstrating that assisted training often yields kinematic adaptations with-
out corresponding increases in regular sprint speed unless paired with progressive
loading and movement-specific consolidation (Chang et al., 2024; Frisk et al., 2022).

Two practical implications emerge from these findings. First, assistance should
be carefully dosed and increased progressively, such as using slightly longer assisted
distances, more sessions, or a gradual transition from partial to brief fully assist-
ed exposure. Second, transfer to regular sprinting may be enhanced by integrating
assisted and well-executed unassisted sprints within the same training cycle while
ensuring that the level of assistance preserves the natural sprint mechanics (Lahti et
al., 2020; Petrakos et al., 2016). Recent reliability data for motorized towing sys-
tems also support their use for controlled supramaximal exposure when the level
of assistance is carefully adjusted to preserve natural sprint mechanics (Eriksrud &
Westheim, 2025).

This study has several limitations. First, the sample size was small, which is a
common constraint in applied team sport research. Second, we used 30-m assisted
efforts; although longer assisted segments might create a stronger mechanical stimu-
lus, these are less practical in soccer settings. Third, the participants continued their
usual soccer preparation, and concurrent training effects cannot be ruled out. Forth,
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the assistance force was applied as an absolute load (6 kg) rather than normalized
to body mass. Therefore, the assistance force varied somewhat between individu-
als, which may have contributed to inter-individual variability in the mechanical
stimulus. Finally, part of the observed improvements, possibly reflecting a lack of
familiarization, may be due to adaptation to the overspeed stimulus rather than pure-
ly training-induced changes. However, responses were heterogeneous, with clear
responders and non-responders, suggesting that individual mechanical and neuro-
muscular characteristics also influenced adaptations to assisted sprinting (Haugen,
McGhieg, et al., 2019).
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CONCLUSIONS

74

1. The Alex7 motorized device demonstrates high validity and reliability for

monitoring resisted and assisted sprinting tasks performed during training. It
provides a suitable and controlled training environment for monitoring neuro-
muscular and biomechanical responses to different sprint loading conditions.

. Although full towing assistance does not reduce muscle activation compared

with partial assistance or unassisted sprinting, both assisted conditions im-
prove sprint performance and alter spatiotemporal characteristics. Differences
in muscle activation are observed only during specific phases of the gait cy-
cle, particularly during the transition from swing to stance, however, the in-
terpretation of these differencies is limited by the high variability of the data.
Neuromuscular activity increases with running velocity up to maximal levels
and remains relatively stable once maximal velocity is reached, regardless of
the magnitude of external assistance.

. Assisted sprint training is effective in improving assisted sprint performance

in young football players. However, these improvements show limited trans-
fer to unassisted sprint performance and spatiotemporal characteristics.
Training adaptations are closely associated with the athletes’ initial force-ve-
locity profile characteristics. Athletes with greater baseline force and power
capacities generally demonstrate greater performance improvements follow-
ing assisted sprint training.



SANTRAUKA

IVADAS

Greitumas yra viena svarbiausiy fiziniy savybiy, lemianciy s¢kme¢ daugely-
je sporto Saky. Lengvojoje atletikoje gebéjimas pasiekti didelj bégimo greitj ypac
svarbus tokiose rungtyse kaip 100 m bégimas, barjerinis bégimas ar Suolis i tolj.
Komandinése sporto Sakose, tokiose kaip futbolas, regbis ar krepSinis, gebgjimas
per kuo trumpesnj laika pasiekti maksimaly greit] taip pat turi didele reikSme. Vienas
greitas prasiverzimas gali nulemti, ar Zaid¢jas pirmas pasieks kamuolj, prasivers pro
varzovy gynyba ar sukurs proga pelnyti taskus. Todél gebéjimas i§vystyti ir iSlaikyti
didelj bégimo greitj trumpose distancijose yra svarbi jvairiy sporto Saky atlety savy-
bé (Gualtieri et al., 2023; Lockie et al., 2012). Taip pat svarbu gebéti islaikyti didelj
judéjimo greitj kuo maziau pavargstant ir iSvengiant traumy (Morin & Samozino,
2016; Moura et al., 2023; Pietraszewski et al., 2025; Thompson, 2017).

Vieni atletai pasizymi spartesniu jsibégéjimu ir didesniu jégos generavimu sprin-
to pradzioje, taCiau sunkiau pasiekia maksimaly greitj. Kiti prieSingai — geba 18-
vystyti labai didelj maksimaly greitj, taciau jiems truksta jégos pirmuose sprinto
metruose. Todél vis daugiau démesio skiriama jégos ir grei¢io charakteristiky verti-
nimui — profilaivimui, leidzianciam nustatyti individualias sportininko stiprigsias ir
silpngsias savybes bei pagal jas individualizuoti treniravimo kriivj (Buchheit et al.,
2014; Morin et al., 2012; Nagahara et al., 2018a; Samozino et al., 2016). Tradiciniai
greitumo lavinimo metodai dazniausiai skirti abiem jégos ir greicio spektro puséms
gerinti. Sprinto treniravimas su pasiprieSinimu, pavyzdziui, tempiant slid¢ ar bégant
] ikalne, sudaro didesn] pasipriesinimg, todél gerina gebéjima generuoti horizontalia-
ja jéga ir didina horizontalyjj jégos impulsg (Alcaraz et al., 2018; Cahill et al., 2020;
Dougan et al., 2025; Stavridis et al., 2023). Sprintas palengvintomis saglygomis, kai
sportininkas béga j nuokalng arba pavéjui, ir bégimas su uztempimu, kai sportininkas
yra tempiamas specialiomis gumomis arba sistemomis, leidzia pasiekti didesnj nei
iprasta bégimo greitj ir skatina adaptacija prie dar labiau padidinto grei¢io biome-
chanikos bei greitesnio kojy judesiy atlikimo (Cecilia-Gallego et al., 2022; Gleadhill
et al., 2023; Lahti et al., 2020; Myrvang & Van den Tillaar, 2024; Ross et al., 2001).
Taikomi kartu Sie metodai gali papildyti vienas kitg ir sudaryti visapusiskesne grei-
tumo lavinimo sistemg (Lahti et al., 2020; Myrvang & Van den Tillaar, 2024).

Nepaisant Siy metody potencialo, praktikoje i§licka nemazai problemy. Tradicinés
slidés ar elastinés gumos leidzia sukurti pasiprieSinimg arba asistavima, taciau ne-
leidzia tiksliai kontroliuoti apkrovos. Kriivj gali veikti jvairiis aplinkos veiksniai:
dangos tipas, trintis ar nuolydis, tod¢l sudétinga pakartoti vienodas salygas ar tiksliai
jvertinti sportininko generuojamus rodiklius (Cross et al., 2019; Cross, Tinwala, et
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al., 2017; Petrakos et al., 2016; Van den Tillaar, 2020). Dél Sios priezasties treniravi-
mo kriiviai daznai nustatomi tik apytiksliai, o tai apsunkina individualizuotg trenira-
vimg ir pazangos steb¢jima. Siekiant geriau suprasti sportininko greitumo savybes ir
individualizuoti treniravima vis placiau taikomas jégos ir greicio (F-V) profiliavimas.
Vertinant teorinés maksimalios horizontaliosios jégos (Fo) ir teorinio maksimalaus
greicio (Vo) santykj galima nustatyti, ar sportininkas labiau orientuotas j jéga, greitj
ar pasizymi labiau subalansuotu profiliu. Tai leidzia geriau suprasti, kokias savybes
reikéty lavinti treniruoCiy metu (Baena-Raya et al., 2021; Fernandez-Galvan et al.,
2022; Haugen, Breitschédel, et al., 2019; Morin et al., 2019; Samozino et al., 2022).
Ankstesni tyrimai rodo, kad jégos ir greiCio profiliavimas gali padeéti priimti efekty-
vesnius treniravimo sprendimus. Pavyzdziui, sportininkams, kuriems triiksta jégos,
gali biiti naudingesnis sprinto treniravimas su pasiprieSinimu, o atletams, kuriems
truksta greicio, — asistuotas sprintas (Cross et al., 2018; Lahti et al., 2020). Vis délto
individualus atsakas j sprinto treniruotes gali labai skirtis, todél ne visi sportininkai
progresuoja vienodai ar prognozuojamai (Lahti et al., 2020; Rakovic et al., 2018).
Dél Sios priezasties tampa svarbu ieSkoti buidy, kaip tiksliau prognozuoti, kuriems
sportininkams konkretiis treniravimo metodai bus veiksmingiausi. Manoma, kad
Sias prognozavimo galimybes galéty pagerinti papildomi zingsniy charakteristiky
rodikliai, tokie kaip zingsnio ilgis, Zingsnio daznis, atramos trukmé ar gebéjimas
iSlaikyti greit] (Meng et al., 2024; Murata et al., 2018). Ypac bégimas su uztempimu,
leidziantis pasiekti didesnj nei jprasta greitj, gali atskleisti sportininko savybes, neis-
ryskéjancias atliekant jprastg sprinta.

Technologijy pazanga pastaraisiais metais suteiké naujy galimybiy tiek sprintui
treniruoti, tiek atliekant mokslinius tyrimus. Siuolaikiniai motorizuoti jrenginiai, to-
kie kaip ,,Sprint 1080* ar ,,DynaSpeed®, leidzia tiksliai valdyti pasiprieSinimg ar asi-
stavimag, uztempimo jéga ir realiuoju laiku registruoti jégos, grei¢io, atstumo bei ga-
lios rodiklius (Chang et al., 2024; Cross et al., 2018; Haugen, McGhie, et al., 2019;
Jiménez-Reyes et al., 2024; Lahti et al., 2020; Matusinski et al., 2022). Viena i$ tokiy
inovacijy yra Lietuvoje sukurtas motorizuotas ,,Alex7* jrenginys. Nors savo funkci-
onalumu jis panasus | jau egzistuojan¢ius motorizuotus sprinto jrenginius, ,,Alex7
buvo kuriamas ypatingg démesj skiriant mobilumui ir prieinamumui, todél jj gali-
ma naudoti tiek auksto meistriSkumo, tieck mégéjy sporte. NeSiojamy motorizuoty
jrenginiy validumo tyrimy iki Siol atlikta nedaug, todel tokiy naujesniy jrenginiy
kaip ,,Alex7* tikslumas ir patikimumas turi biiti jvertintas prie$ juos placiai taikant
treniruojantis ar atlickant mokslinius tyrimus. Be to, nors pilnas uZtempimas moks-
lingje literatiiroje iSnagrinétas gana placiai, dalinis uztempimas, kai pasiekus tam
tikrg greitj tempimas nutraukiamas, iki $iol sistemiskai neisStirtas. Manoma, kad toks
metodas gali padéti iSlaikyti aktyvesnj raumeny darba ir geresne judesiy kontrole,
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esant didesniam nei maksimalus greitis skatindamas efektyvesnes nervy ir raumeny
sistemos adaptacijas.

Be to, vis dar nepakankamai aisSku, kaip bégimas su uztempimu veikia nervy ir
raumeny sistemos veikla. Tik nedaugelyje tyrimy nagrinéta, kaip esant skirtingoms
uztempimo salygoms kinta raumeny aktyvumo modeliai ir judesiy koordinacija
(Cecilia-Gallego et al., 2022; Mero & Komi, 1987). Taip pat, nors jégos ir grei¢io
profiliavimas placiai taikomas individualizuojant treniruotes, manoma, kad jo pro-
gnostinés galimybés galéty buti pagerintos papildomai jtraukiant Zingsnio charakte-
ristiky ir kinematinius rodiklius. Toks kompleksinis vertinimas galéty padéti trene-
riams tiksliau nustatyti individualius sportininkus ribojancius veiksnius ir parinkti
tikslingesnes greitumo lavinimo programas. Siekiant mazinti atotriikj tarp mokslo ir
praktikos svarbu uzpildyti Sias mokslines spragas. Geresnis bégimo su uztempimu
strategijy, nervy ir raumeny sistemos reakcijy bei prognozavimo metody supratimas
suteikty treneriams ir sporto specialistams moksliskai pagristas priemones, padedan-
Cias gerinti sprinto rezultatus ir kartu mazinti traumy rizika.

Todél Sios disertacijos tikslas — nustatyti, ar galima sukelti didesnio laipsnio
sportininko nervy ir raumeny sistemos adaptacijas taikant individualizuotus bégimo
su uztempimu metodus.

Tyrimo uZdaviniai:

1. Nustatyti nauju motorizuotu jrenginiu matuojamy sprinto rezultaty tiksluma
ir patikimuma bégimo su pasunkinimu ir bégimo su uztempimu salygomis.

2. Palyginti pilno ir dalinio uztempimo poveikj nervy-raumenings sistemos ak-
tyvumui ir bégimo zingsnio biomechanikai.

3. Ivertinti $eSiy savaiCiy asistuojamo sprinto treniruotés poveikj jaunyjy fut-
bolininky sprinto rezultatams, zingsnio charakteristiky rodikliams ir jégos
bei greiCio profiliams ir nustatyti, ar pradiniai $iy rodikliy duomenys leidzia
prognozuoti individualy treniruotes adaptacinj efekta.

Hipotezés:

1. Naujas motorizuotas jrenginys pateiks tikslius ir patikimus sprinto rezultaty
matavimus bégimo su pasunkinimu ir bégimo su uztempimu salygomis.

2. Dalinis uztempimas padidins raumeny aktyvuma ir leis iSvystyti didesnj ga-
linguma nei pilnas uztempimas esant panasiam supramaksimaliam bégimo
greiciui.

3. Zingsnio charakteristiky rodikliy derinimas su jégos ir grei¢io profiliais leis
tiksliau prognozuoti, kurie sportininkai pasieks didziausig progresa po asis-
tuojamo sprinto treniruo¢iy.
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Praktiné tyrimo reik§mé:

Si disertacija papildo sprinto treniravimo srities mokslines Zinias apie asistuoja-
mo sprinto taikyma, jégos ir grei¢io profiliavima bei sprinto biomechanikg. Darbe
jvertintas motorizuoto jrenginio tinkamumas sprinto rezultatams matuoti bégimo su
pasunkinimu ir uztempimu sglygomis, taip pat istirtas pilno ir dalinio uztempimo po-
veikis raumeny aktyvumui ir sprinto biomechanikai. Tyrimo rezultatai leidzia geriau
suprasti sprinto treniravimo metu vykstanc¢ius biomechaninius ir nervy bei raumeny
sistemos pokyc¢ius.

Praktiniu poziiriu Sio tyrimo rezultatai gali suteikti treneriams ir sporto specia-
listams daugiau informacijos apie asistuojamo sprinto taikymo galimybes lavinant
greitumag. Tyrimo metu nustatyti rodikliai gali padéti tiksliau individualizuoti sprinto
treniravimo kriivius, vertinti sportininky greitumo savybes ir prognozuoti individua-
ly atsaka j treniruotes. Taip pat Sio darbo rezultatai gali biiti naudingi planuojant grei-
tumo ugdymo programas ir siekiant efektyviau lavinti galinguma jvairiuose grei¢io
diapazonuose.
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1. TYRIMO METODIKA IR ORGANIZAVIMAS

1.1. Tiriamieji

Sioje disertacijoje pristatomuose trijuose tyrimuose dalyvavo skirtingos sporti-
ninky grupés, atrinktos atsizvelgiant j konkrecius kiekvieno tyrimo tikslus ir uzdavi-
nius. Nepaisant tam tikry skirtumy tarp tiriamyjy grupiy, visus dalyvius siejo bendros
charakteristikos — reguliari sprinto treniruotés patirtis ir dalyvavimas varzybinéje
sportinéje veikloje. Visi tiriamieji prie§ dalyvavimg tyrimuose buvo supazindinti su
tyrimy eiga, taikomomis procediiromis bei galimomis rizikomis ir pateiké rasytinj
informuotg sutikimg dalyvauti tyrime. Nepilnameciy sportininky atveju papildomai
buvo gautas jy tévy arba globéjy rasytinis sutikimas. Visi tyrimai buvo vykdomi
laikantis Helsinkio deklaracijos principy ir buvo patvirtinti Lietuvos sporto universi-
teto Bioetikos komiteto (kodai: MNL-TRS(M)-2023-606; BNL-TRS(B)-2025-783).

Pirmajame tyrime dalyvavo 27 jaunieji futbolininkai vaikinai, rungtyniave
Lietuvos auksciausio lygio U16 ir U18 futbolo lygose. Tiriamyjy amziaus vidurkis —
16,5 + 0,8 mety, tigis — 179,5 + 6,9 cm, kiino masé¢ —67,7 = 8,3 kg. Visi sportininkai
tur¢jo reguliariy sprinto treniruociy patirties, taciau iki tyrimo nebuvo naudoj¢ mo-
torizuoty sistemy, skirty sprinto bégimui pasunkinti ir palengvinti.

Antrajame tyrime dalyvavo 14 vyry sportininky, aktyviai uzsiimanciy sporto $a-
komis, kuriose sprinto gebé&jimai yra svarbus sportinj rezultatg lemiantis veiksnys.
Vienas tiriamasis tyrimo nebaigé, todél j galuting analize buvo jtraukti 13 sportinin-
ky. Tiriamyjy amziaus vidurkis — 21,4 £+ 1,5 mety, tigis — 1,86 £ 0,07 m, kiino masé
— 81,8 £ 8,5 kg. Visi dalyviai turéjo sprinto treniruociy patirties, taciau anksciau tre-
niruotése nebuvo bége sprinto su uztempimu, naudodamiesi motorizuotu jrenginiu.
Siam tyrimui buvo pasirinkta maZesné, ta¢iau techniskai pajégi sportininky grupé,
siekiant uztikrinti aukStos kokybés elektromiografiniy ir kinematiniy duomeny su-
rinkimg sprinto su uZtempimu metu.

Treciajame tyrime dalyvavo 27 jaunieji futbolininkai vaikinai. Tyrimo metu trys
sportininkai nebaigé visos intervencijos programos, todél galutinéje analizéje buvo
vertinami 24 tiriamieji. Vienas sportininkas paliko futbolo akademija, vienas spor-
tininkas buvo perkeltas j aukstesnio lygio komanda, o vienas pasitrauké dél nesu-
sijusios su sprinto treniruotémis traumos. Tiriamyjy amziaus vidurkis — 16,5 + 2,1
mety, tigis —1,80 £ 0,06 m, kiino masé — 69,3 £ 9,7 kg. Sportininkai buvo suskirstyti |
sprinto su uztempimu treniruo¢iy grupe (n = 17) ir kontroling grupe (n = 7). Sudarant
grupes atsizvelgta j pradines jégos ir grei¢io profilio charakteristikas. Tyrimas buvo
vykdomas pasirengimo kitam sezonui laikotarpiu. Tyrimo metu visi sportininkai per
savaite dalyvavo penkiose savaitinése treniruotése: intervencinés grupés sportinin-
kai dalyvavo trijose savaitinése futbolo treniruotése ir dviejose savaitinése sprinto
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treniruotése, po kuriy buvo taikomi jégos ugdymo pratimai, o kontroliné grupé tu-
réjo tris savaitines futbolo treniruotése ir dvi savaitines jégos ugdymo treniruotes.
Sprinto treniruo¢iy lankomumas buvo aukstas — dalyviai vidutiniSkai dalyvavo
11,6 + 1,5 1§ 12 galimy sprinto treniruoCiy sesijy. Visy tiriamyjy buvo praSoma viso
tyrimo metu iSlaikyti jprastg treniruo¢iy rezima ir mitybos jprocius.

1.2. Tyrimo procediiros

1.2.1. Standartizuota pramanksta ir pasiruoSimas testavimui

Pries kiekvieng testavimo arba treniruotés sesijg tiriamieji atliko 20 min. trukmeés
standartizuotg pramanksta, kurig sudaré 5 min. trukmés lengvas bégimas, dinaminiai
Slaunies uzpakalinés ir priekinés dalies, s¢dmeny bei blauzdy raumeny tempimo pra-
timai. Po jy buvo atlieckami specifiniai bégimo pratimai, skirti raumeny grupéms,
dalyvaujancioms bégant sprintg, aktyvuoti. Pramankstos pabaigoje tiriamieji atliko
keturis progresinius 30 m greitéjimus bégdami mazdaug 70 %, 80 %, 90 % ir 95
% subjektyviai suvokiamy maksimaliy pastangy intensyvumu, siekdami aktyvuoti
nervy ir raumeny sistema prie§ maksimaly sprinto atlikima.

Pasiruosimas tyrimui taip pat apéme tiriamyjy kiino masés matavima iki 0,1 kg
tikslumu naudojant kalibruotas skaitmenines svarstykles (,, Tanita TBF-300%), visos
tyrimuose naudojamos jrangos (,,Alex7“, ,,OptoJump®, ,,Witty* fotoelementy siste-
mos ir antrojo tyrimo metu naudoty elektromiografijos (EMG) sensoriy) patikrinima
bei kalibravima pagal gamintojy rekomendacijas ir saugumo instrukcijy pateikima
pries kiekviena sesijg. Sprinto su uztempimu atveju tiriamiesiems papildomai paais-
kinta, kaip tinkamai reaguoti j uztempimo jégg ir saugiai sulétinti bégima po uztem-
pimo fazes pabaigos.

Visi testavimai buvo atlickami lengvosios atletikos manieze, ant 60 m ilgio gu-
minés dangos bégimo takelio, siekiant kontroliuoti aplinkos veiksnius, tokius kaip
véjas ar dangos skirtumai. Poilsio intervalai tarp maksimaliy sprinty buvo standarti-
zuoti ir truko nuo 5 iki 6 min. pasyvaus poilsio. Tiriamiesiems taip pat buvo nurodyta
iki kiekvienos testavimo sesijos likus 48 val. vengti intensyvios fizinés veiklos.

1.2.2. Pirmasis tyrimas: ,,Alex7* tikslumas, patikimumas ir atsikartojamumas

Testavimo procediira

Pirmajg tyrimo savaite tiriamieji buvo supazindinti su tyrimo eiga, procediiromis
ir naudojama jranga. ISmatuota tiriamyjy kiino mase¢, reikalinga sprinto su pasun-
kinimu metu individualizuotam pasiprieSinimui nustatyti. Taip pat tiriamieji supa-
zindinti su ,,Alex7* jrenginio veikimo principais ir turé¢jo galimybe po kelis kartus
iSbandyti sprintg su pasunkinimu ir sprintg su uztempimu, siekiant sumazinti moky-
mosi efektg vélesniy testavimy metu.
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Per kitas dvi savaites buvo atliekami identiski testavimai, skirti ,,Alex7* jrengi-
nio tikslumui, patikimumui ir matavimy atsikartojamumui jvertinti, lyginant gautus
rezultatus su ,,Witty* fotoelementy sistemos duomenimis. Testavimo metu tiriamieji
standartizuota tvarka du kartus bégo 30 m sprinta (1 pav.):

1. Maksimaly sprintg be pasunkinimo ir uztempimo.

2. Sprinta su pasunkinimu, kai ,,Alex7* jrenginys taiké 10 % tiriamojo kiino

masés pasiprieSinima.

3. Sprintg su uztempimu, kai ,,Alex7* jrenginys taiké nuolating 6 kg uztempimo

jega.

Siekiant sumazinti cirkadiniy ritmy poveikj, visi kiekvieno tiriamojo testavimai
buvo atlickami tuo paciu paros metu. Analizei pasirinktas grei¢iausias sprinto ban-
dymas. ,,Witty* fotoelementy sistema buvo isdéstyta ties 0, 10, 20 ir 30 m Zymomis,
siekiant uzfiksuoti 10, 20 ir 30 m sprinto laikus. Siekiant iS§vengti netyc¢inio laiko
fiksavimo starto pozicijoje, sprinto pradzioje tiriamasis stovéjo pirmaja koja pasta-
tes 70 cm pries pirmajj fotoelementg (Kamandulis et al., 2013; Lukonaitiené et al.,
2020).

»Alex7 jrenginys tuo paciu metu registravo sprinto greitj ir nubégta atstuma.
Siekiant uztikrinti ,,Alex7* ir ,,Witty* sistemy matavimy sinchronizacija, pradinis
0,7 m atstumas iki pirmojo fotoelemento buvo eliminuojamas i$ ,,Alex7* registruo-
jamy duomeny. Sprinto su uztempimu metu 6 kg uztempimo jéga taikyta iki finiso
linijos, po kurios uztempimas buvo automatiskai atjungiamas siekiant uztikrinti sau-
gy greicio mazinimg.

,»OptoJump* sistema 10-30 m bégimo zonoje registravo zingsniy charakteristi-
kas, jskaitant kontakto su Zeme laika, polékio trukme, Zingsnio ilgj ir Zingsniy daznj.
Analizei i§ kiekvieno sprinto bandymo buvo atrinkti keturi i$ eilés atlikti zingsniai,
kuriy metu buvo pasiektas didziausias bégimo greitis. Pagrindiniai analizuoti ro-
dikliai buvo bendras 30 m sprinto laikas, 10 ir 20 m tarpiniai laikai, ,,OptoJump*
sistemos registruoti zingsniy charakteristiky rodikliai ir ,,Alex7‘ registruoti greicio
ir atstumo rodikliai.
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1 pav. Testavimo schema bégant maksimaly sprinta (A), sprintg su pasunkinimu (B) ir sprin-
ta su uztempimu (C)

1.2.3. Antrasis tyrimas: elektromiografija, kinematika ir Zingsniy
charakteristika sprinto su uZtempimu metu

Testavimo procediira

Visi antrojo tyrimo matavimai buvo atlikti per vieng testavimo dieng. Kiekvienas
tiriamasis tris kartus bégo 30 m sprintg (2 pav.): maksimaly sprintg be uztempimo,
sprintg su pilnu uztempimu ir sprintg su daliniu uztempimu. Sprinto su pilnu uztem-
pimu metu ,,Alex7* jrenginys viso sprinto metu teiké pastovia 6 kg tempimo jéga.
Sprinto su daliniu uZtempimu metu 6 kg uztempimo jéga taikyta tol, kol tiriamasis
pasieké greitj, 0,5 m/s mazesnj, nei jo pasiektas maksimalus greitis pilno uztempimo
metu. Pasiektas 0,5 m/s mazesnis greitis atitiko mazdaug 95 % maksimalaus sprinto
bégimo greicio su pilnu uztempimu.

Sprinto bégimas buvo standartizuotas — pirmiausia tiriamieji bégo maksimaly
sprintg be uztempimo, tuomet sprintg su pilnu uztempimu ir galiausiai sprinta su
daliniu uztempimu. Tiriamieji du kartus bégo maksimaly 30 m sprintg skirtingomis
salygomis. Nuovargio poveikiui sumazinti tarp visy bégimy taikytas 6 min. trukmes
pasyvaus poilsio intervalas. Analizei pasirinkti grei¢iausi bégimai esant skirtingoms
salygoms.

,»Witty fotoelementy sistema buvo iSdéstyta ties 0, 10, 20 ir 30 m zymomis,
siekiant uzfiksuoti bendra sprinto laikg ir tarpinius laikus. ,,OptoJump* sistema
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2 pav. Testavimo schema bégant maksimaly sprintg (A) ir sprintg su uztempimu (B)

20-m

10-30 m bégimo zonoje registravo zingsniy charakteristikas: zingsnio ilgj, zingsniy
daznj, kontakto su Zeme laika, polékio trukme ir atramos fazés santykj. Analizei
buvo pasirinktas paskutinis visas atramos ir polékio cikla apimantis zingsnis iki
30 m finiSo linijos, siekiant uztikrinti vienodg analizuojama sprinto atkarpa visomis
sprinto bégimo salygomis.

Apatiniy galiiniy kinematiniai rodikliai buvo registruoti naudojant inercinius
judesio matavimo sensorius (IMU), pritvirtintus prie pédos, blauzdos, $launies ir
kryzkaulio srities. Prie§ kiekvieng testavima sensoriai buvo kalibruojami pagal ga-
mintojo rekomendacijas naudojant standartizuota N-padétj. Duomenys buvo regis-
truoti 2000 Hz dazniu.

Elektromiografijos metu buvo registruojamas didZiojo sédmens (gluteus maxi-
mus), tiesiojo Slaunies (rectus femoris), plataus Soninio Slaunies (vastus lateralis),
pusgyslinio (semitendinosus) ir dvigalvio Slaunies (biceps femoris) raumens aktyvu-
mas dominuojancioje kojoje. Elektrodai buvo tvirtinami pagal SENIAM rekomen-
dacijas pries tai paruoSus oda. EMG signalai registruoti 2000 Hz dazniu, filtruo-
jami taikant 20450 Hz dazniy juostos filtrg. EMG signalai buvo normalizuojami
pagal didziausia reikSme, uzregistruotg sprinto be uztempimo metu analizuojamo
zingsnio metu. Analizuojamas zingsnis nustatytas naudojant bégimo. zingsnio fazés
identifikavimo algoritma, leidusj tiksliai sinchronizuoti ,,OptoJump®, IMU ir EMG
duomenis

Pagrindiniai analizuoti rodikliai buvo bendras bégimo laikas ir tarpiniai laikai,
zingsniy charakteristikos, apatiniy galiiniy sgnariy kampai ir raumeny aktyvumas bé-
gant visomis trimis sprinto saglygomis. Toks tyrimo dizainas leido tiesiogiai palyginti
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pilng bei dalinj uztempimga ir jvertinti, kaip skirtingos uztempimo strategijos veikia
sprinto mechanikg ir raumeny aktyvuma, taip pat palyginti nervy ir raumeny siste-
mos atsaka sprinto be uztempimo, dalinio uztempimo ir pilno uZtempimo metu.

1.2.4. Trecdiasis tyrimas: sprinto su uZtempimu treniruociy intervencija

Testavimo procediira

Treciajame tyrime sportininkai buvo testuojami prie$ Sesiy savaiciy sprinto su
uztempimu treniruociy intervencijg ir po jos. Siekiant sumazinti cirkadiniy ritmy
poveikj, visi kiekvieno tiriamojo testavimai standartizuotomis sglygomis buvo atlie-
kami tuo paciu paros metu. Kiekviena testavimo sesija prasidéjo standartizuota pra-
manksta. Visi tiriamieji turéjo ankstesnés sprinto su uztempimu patirties naudojant
elastinj uztempima (gumas), taciau né vienas anksc¢iau nenaudojo motorizuoto sprin-
to su uztempimu jrenginio.

Sprinto rezultatams jvertinti tiriamieji du kartus bégo 30 m sprintg: maksimaly
sprinta i§ auksto starto ir sprintg su uztempimu, kai ,,Alex7 motorizuotas jrenginys
viso sprinto metu taiké nuolating 6 kg uztempimo jéga. Kiekvienas sprintas buvo bé-
gamas po du kartus, tarp bandymy taikant 5 min. trukmés pasyvaus poilsio intervalg.
Analizei pasirinktas greiciausias kiekvienos salygos sprinto bandymas.

Sprinto laikai buvo registruojami naudojant ,,Witty™ fotoelementy sistema
(,,Microgate®, Italija), kurios fotoelementai iSdéstyti ties 0, 5, 10, 15, 20, 25 ir 30 m
Zymomis. Zingsniy charakteristikos registruotos naudojant ,,OptoJump Next* siste-
ma (,,Microgate™) 10-30 m bégimo atkarpoje. Buvo analizuojamas zingsnio ilgis,
zingsniy daznis, kontakto su Zzeme laikas ir polékio trukmé. Analizei buvo atrinkti du
nuosekliis zingsniai, atlikti didziausiu greiciu greic¢iausio sprinto bandymo metu tiek
maksimalaus sprinto, tiek sprinto su uztempimu sglygomis.

Jégos ir greicio profilio rodikliai buvo apskai¢iuojami remiantis maksimalaus
sprinto rezultatais taikant Samozino ir kt. (2016) apraSyta metodika (Morin &
Samozino, 2016; Samozino et al., 2016). Naudojant tarpinius sprinto laikus ir tiria-
myjy antropometrinius duomenis apskaiciuoti teorinés maksimalios horizontaliosios
jégos, teorinio maksimalaus grei¢io, maksimalios galios (Pmax), maksimalaus jégos
santykio (RFmax), jégos santykio maz¢jimo greic¢io (DRF) bei jégos ir greicio krei-
vés nuolydzio rodikliai.

Kadangi pirmasis fotoelementas jrengtas ties starto linija, taciau 20 cm aukStyje
nuo zemes pavirsiaus, sportininkui pradéjus judéti laikas btidavo fiksuojamas ne i§
karto. Siekiant sumazinti $ig paklaida ir tiksliau apskaiciuoti jégos ir greicio profilio
rodiklius, visiems tarpiniams sprinto laikams taikyta laiko korekcija (At), paremta
Stenroth ir kt. (2023) apradytu metodu (Stenroth et al., 2023). Gavus koreguotus
tarpinius laikus, apskai¢iuoti momentiniai greicio, horizontaliosios jégos ir stimimo
galios rodikliai.
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Treniruociy procediira

Po pradinio testavimo sportininkai buvo suskirstyti i intervencing ir kontroling
grupes. Intervencinés grupés sportininkai papildomai atliko sprinto su uztempimu
treniruoCiy programa, o kontroliné grupé tesé jprasta treniruoCiy procesa be sprinto
su uztempimu intervencijos.

Intervencinés grupés sportininkai buvo suskirstyti j dar dvi grupes pagal treni-
ruociy metu taikomg uztempimo tipg. Pilno uztempimo grupé 30 m sprintg bégo
naudodami nuolating 6 kg uztempimo jéga, kuri atitiko 8,7 = 1,2 % sportininky kiino
masés. Dalinio uztempimo grupé sprinta bégo uztempima taikant iki i§ anksto nusta-
tyto greicio, atitinkanc¢io 95 % individualaus maksimalaus sprinto greicio su pilnu
uztempimu, po kurio uztempimas buvo automatiskai atjungiamas ir sportininkas tes-
davo sprintg be pagalbos.

Grupés buvo sudarytos taip, kad jy vidutinés teorinio maksimalaus greicio, teo-
rinés maksimalios horizontaliosios jégos bei jégos ir greicio kreivés nuolydzio reiks-
més, apskaiCiuotos pagal maksimalaus sprinto rezultatus, biity panasios ir atspindéty
panasius pradinius mechaninius profilius.

TreniruoCiy intervencija sudaré 12 treniruociy, vykusiy per SeSias savaites — po
dvi treniruotes per savait¢. Kiekviena treniruoté prasidédavo standartizuota pra-
manksta, identiSka naudotai testavimo metu. Po pramankstos sportininkai keturis
kartus bégdavo maksimalaus intensyvumo 30 m sprintg su uztempimu, priklausomai
nuo grupés taikant pilng arba dalinj uztempima. Tarp sprinto bégimy taikytas 5 min.
trukmés pasyvaus poilsio intervalas, siekiant uztikrinti visiska nervy ir raumeny sis-
temos atsigavima.

Laikyta, kad sportininkas sékmingai baigé treniruoc¢iy intervencija, jei dalyvavo
ne maziau kaip 10 i§ 12 numatyty treniruoCiy sesijy. Pasibaigus intervencijai visi
sportininkai pakartotinai atliko testavimus taikant identisSkas procediras kaip ir pra-
dinio testavimo metu.

Duomeny analizé

Pirmiausia buvo palygintos visos trys tiriamyjy grupés. Kadangi abiejy sprinto
su uztempimu treniruo¢iy metody — pilno ir dalinio uztempimo — nervy ir raume-
ny sistemos atsakas bei sprinto rezultaty pokyciai buvo panasis, abi intervencinés
grupés tolesnei analizei buvo sujungtos j viena bendrg intervencine grupe. Tai leido
tiksliau jvertinti sprinto su uztempimu treniruociy intervencijos poveikj lyginant ja
su kontroline grupe.

Siekiant jvertinti individualy sportininky atsaka j treniruociy intervencijg tiria-
mieji retrospektyviai suskirstyti j didelj progresa padariusius (angl. high respon-
ders) ir nepadariusius (angl. non-responders) sportininkus pagal 30 m sprinto su
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uztempimu rezultaty pageréjimg. Maziausias aptinkamas pokytis (MDC) apskai-
Ciuotas pagal formule:
MDC = 1,96 x N2 x SEM,

kur SEM - standartiné matavimo paklaida, apskaiciuota remiantis dviem pakar-
totiniais sprinto su uztempimu pirmo testo, jvykusio prie§ intervencijg, bandymais
(Furlan & Sterr, 2018; Intaruk et al., 2024).

Siame tyrime apskai¢iuota MDC reikmé buvo 0,13 s ir atspindéjo maZiausia
pokytj, virSijantj jprasta matavimo paklaida. Didelj progresa padariusiaisiais laikyti
tie tiriamieji, kuriy sprinto rezultatas pageré¢jo > 0,19 s, t. y. mazdaug 50 % daugiau
nei MDC reik§mé (n = 7). Nepadariusiaisiais progreso laikyti tie tiriamieji, kuriy re-
zultato pageréjimas buvo < 0,13 s (n = 7). Sportininkai, kuriy rezultato pageréjimas
pateko tarp 0,13 ir 0,19 s, i Sig analize buvo nejtraukti. Toks dviejy ribiniy reikSmiy
metodas buvo taikomas siekiant atskirti matavimo paklaida nuo reikSmingy sprinto
rezultaty poky¢iy.

1.3. Statistiné analizé

Apskaiciuoti visy sprinto laiky ir kinematiniy rodikliy aritmetiniai vidurkiai ir
standartiniai nuokrypiai (SD). Duomeny normalumas tikrintas taikant Shapiro-Wilk
kriterijy. Sferiskumo prielaida vertinta naudojant Mauchly testa, o Siai prielaidai ne-
sant tenkinamai taikyta Greenhouse-Geisser korekcija.

Pirmasis tyrimas: ,,Alex7* tikslumas, patikimumas ir atsikartojamumas

Santykinis matavimy patikimumas vertintas apskaiciuojant intraklasinj kore-
liacijos koeficientg (ICC), taikant dviejy krypc¢iy misry modelj pavieniams matavi-
mams. ICC reik§més interpretuotos kaip vidutinés (0,50-0,74), geros (0,75-0,89) ir
puikios (= 0,90) (Koo & Li, 2016). Absoliutus patikimumas vertintas apskaiciuojant
standarting matavimo paklaida (SEM), kuri apskai¢iuota pagal formule SD/V2. Taip
pat buvo apskaiciuotas variacijos koeficientas (CV): SD/mean x 100 %.

Rysiui tarp ,,Alex7 ir ,,Witty* sistemy rezultaty nustatyti naudotas Pirsono
koreliacijos koeficientas (r). Koreliacijos stiprumas interpretuotas kaip didelis
(0,50-0,69), labai didelis (0,70-0,89), beveik tobulas (0,90-0,99) ir tobulas (1,00)
(Hopkins, 2000). Kriteriniam validumui vertinti apskai¢iuotas vidutinis skirtumas
ir variacijos koeficientas, o vidutiniy skirtumy statistinis reik§mingumas vertintas
taikant poriniy im¢iy Stjudento t kriterijy. Efekto dydziui nustatyti naudotas Cohen
d koeficientas, interpretuojant reikSmes kaip dideles (> 0,80), vidutines (0,50-0,79),
mazas (0,20-0,49) arba trivialias (< 0,20) (Fritz et al., 2012). Matavimy suderina-
mumui tarp pakartotiniy ,,Alex7‘ matavimy ir tarp ,,Alex7* bei ,,Witty* sistemy nu-
statyti taikyta Bland-Altman analizé¢ (Bland & Altman, 1999). Sisteminei paklaidai
nustatyti naudotas 95 % pasikliautinasis intervalas.
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Antras tyrimas: EMG, kinematika ir Zingsniy charakteristika sprinto su
uztempimu metu

Kadangi visy zingsniy charakteristiky rodikliy duomenys atitiko parametriniy
testy taikymo prielaidas, skirtumams tarp sprinto bégimo salygy nustatyti taikyta
pakartotiniy maty dispersiné analizé (ANOVA). Nustacius statistiSkai reikSminga
poveikj poriniai palyginimai atlikti taikant daugkartinius priklausomy im¢iy t krite-
rijus su Benjamini-Hochberg korekcija.

Kinematiniy rodikliy ir raumeny aktyvumo duomenys analizuoti taikant pakar-
totiniy maty dispersine analize visai duomeny sekai naudojant statistinj parametri-
nj modeliavimag (angl. statistical parametric mapping, SPM) — taip siekta nustatyti
reikSmingus skirtumus tarp salygy skirtingose judesio fazése. Nustacius statistiskai
reik§minga poveikj poriniai palyginimai atlikti naudojant daugkartinius priklausomy
imciy t kriterijus su koreguotu reikSmingumo lygmeniu.

Efekto dydis (Cohen d) apskaiciuotas kaip skirtumas tarp grupiy vidurkiy, nor-
malizuotas pagal sprinto be uztempimo salygos standartinj nuokrypj (Pataky, 2012).
Efekto dydziai apskaiciuoti kiekvienai sglygy porai ir kiekvienam analizuojamam
raumeniui. Cohen d interpretuotos pagal jprastai taikomas ribas: apie 0,20 — mazas
efektas, apie 0,50 — vidutinis efektas, apie 0,80 — didelis efektas (Cohen, 1988). Sios
ribos placiai taikomos sporto mokslo tyrimuose (Hopkins, 2002).

Statistiné analizé buvo atlikta naudojant SPSS v25.0 programing jranga Windows
operacinei sistemai (IBM, Armonk, NY, JAV) bei JASP programa (0.11.1 versija).
Statistinio reikSmingumo lygmuo nustatytas esant o = 0,05.

Treciasis tyrimas: sprinto su uZtempimu treniruociy intervencija

I8skirtys nustatytos vizualiai, analizuojant QQ grafikus ir lickany sklaida, taip pat
pagal standartizuotas lickanas (|z| > 3). ReikSmés, galincios daryti reikSmingg jtaka
regresijos modeliui, vertintos taikant Cook atstumg (Cook"s distance; > 4/n) Taip pat
tikrintos tiesinés regresijos prielaidos, jskaitant liekany normalyjj pasiskirstymg ir
reikSmingg jtaka analizei galinCiy turéti i$skir¢iy nebuvimg (Ghasemi & Zahediasl,
2012; Zhu et al., 2012). Statistinio reikSmingumo lygmuo nustatytas esant oo = 0,05.

Priklausomy kintamyjy skirtumams jvertinti taikyta dviejy veiksniy dispersiné
analizé (ANOVA, Grupé x Laikas), kartotinius matavimus taikant laiko veiksniui.
Nustacius statistiSkai reikSmingg saveika poriniai palyginimai atlikti taikant Holm
korekcijg daugkartiniams palyginimams. Efekto dydis vertintas naudojant dalinj eta
kvadrata (n?p).

Pirmiausia analizé atlikta atskirai vertinant tris grupes: kontroling, pilno uztem-
pimo ir dalinio uztempimo. Véliau abi sprinto su uztempimu grupés sujungtos j vie-
ng intervencing grupe ir lygintos su kontroline grupe. Analizuoti rodikliai apémé
sprinto rezultatus (30 m maksimalaus sprinto ir 30 m sprinto su uztempimu laikus)
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ir zingsniy charakteristikas esant abiem sprinto sglygoms: zingsnio ilgj, zingsniy
daznj, kontakto su Zeme laikg ir polékio trukme.

Grupiy vidiniams pokyc¢iams jvertinti taikytas poriniy im¢iy Stjudento t kriteri-
jus, siekiant nustatyti reikSmingus poky¢ius tarp testavimy, atlikty pries treniruociy
intervencija ir po, bei palyginti sprinto be uztempimo ir sprinto su uztempimu ro-
diklius tuo padiu bégimo momentu. Sie t kriterijai naudoti kaip papildoma analizé
greta dviejy veiksniy kartotiniy maty ANOVA, siekiant aiSkiau atskleisti konkrecius
porinius skirtumus.

Nepriklausomy im¢iy Stjudento t kriterijus taikytas lyginant didelj progresa pa-
dariusiy tiriamyjy ir progreso nepadariusiy tiriamyjy testus pries intervencija, testus
po intervencijos ir pokytj (A= po — pries). Analizuojami 30 m maksimalaus sprinto ir
sprinto su uztempimu rezultatai bei Zingsniy charakteristikos: zingsnio ilgis, Zings-
niy daznis, kontakto su Zeme laikas ir polékio trukmé tiek sprinto be uztempimo, tick
sprinto su uztempimu salygomis. Taip pat palyginti sprinto be uztempimo ir sprinto
su uztempimu rodikliai grupiy viduje. Efekto dydziui jvertinti naudotas Cohen d, o
kai buvo tikslinga, apskaiciuoti 95 % pasikliautinieji intervalai. Esant nevienodoms
dispersijoms taikyta Welch korekcija.

Nepriklausomy im¢iy Stjudento t kriterijus taip pat naudotas pradiniams jégos ir
greicio profilio rodikliams palyginti tarp progresa padariusiy ir progreso nepadariu-
siy tiriamyjy. Analizé apémé teorinés maksimalios horizontaliosios jégos, teorinio
maksimalaus greic¢io, maksimalios galios, maksimalaus jégos santykio, jégos santy-
kio mazéjimo greicio ir jégos ir greiCio kreivés nuolydzio rodiklius, apskaiciuotus
pagal maksimalaus sprinto rezultatus. Efekto dydziui jvertinti naudotas Cohen d, o
nesant dispersijy homogeniskumo taikyta Welch korekcija.

Visi statistiniai skai¢iavimai atlikti naudojant ,,IBM SPSS Statistics* programing
jranga (28.0 versija, Armonkas, Niujorkas, JAV). Statistinio reikSmingumo lygmuo
nustatytas esant = 0,05.
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2. REZULTATAI

2.1. Pirmas tyrimas: ,,Alex7” jrenginio tikslumo, patikimumo ir atsikartoja-
mumo vertinimas

2.1.1. ,,Alex7” jrenginio matavimy patikimumas sprinto su pasunkinimu ir
sprinto su uZtempimu sglygomis

1 lenteléje pateikiami su ,,Alex7* jrenginiu registruoty 30 m sprinto su pasunki-
nimu ir 30 m sprinto su uztempimu bendro laiko ir tarpiniy laiky pirmojo testavimo
ir pakartoto testavimo rezultatai (1 lentel¢) ,,Alex7* uzfiksuoti sprinto laikai pasi-
zyméjo puikiu matavimy patikimumu (ICC = 0,83-0,94) tiek sprinto su pasunkini-
mu, tiek sprinto su uztempimu metu. Maziausias patikimumas nustatytas pirmojoje
sprinto atkarpoje (0—10 m), kur ICC reik§més esant abiem sprinto salygoms svyravo
nuo 0,83 iki 0,86. Variacijos koeficientas svyravo nuo 0,80 iki 1,43 %, o standartiné
matavimo paklaida nuo 0,01 iki 0,05 s, visomis sprinto saglygomis.

Sprinto su pasunkinimu bégime 10-20 m atkarpos laikas pakartotinio testavimo
metu reikSmingai pageréjo, palyginti su pirmuoju testavimu (p < 0,001), nors Sio
rodiklio patikimumas isliko panasus i kity analizuoty rodikliy. Kitose pasunkinto
bégimo atkarpose ir visose bégimo su uztempimu atkarpose pakartoto testavimo lai-
kai nepasikeité.

Bland-Altman analizé neatskleidé reikSmingo sisteminio nuokrypio tarp pakar-
totiniy matavimy, iSskyrus 10-20 m atkarpos laika sprinto su pasunkinimu saly-
gomis (p < 0,001; 3 pav.). Siauros suderinamumo ribos parodé nedidelj rezultaty
iSsibarstyma tarp pakartotiniy testavimy ir gerg matavimy stabiluma. Daugumos ro-
dikliy pakartotiniy matavimy rezultatai pateko j 95 % pasikliautingjj intervala.

Zingsnio ilgis tarp dviejy testavimo sesijy reik§mingai skyrési tiek sprinto su
pasunkinimu, tiek sprinto su uztempimu metu (p < 0,05; 1 lentelé), taciau kity ki-
nematiniy rodikliy rezultatuose reik§mingy skirtumy nenustatyta. Beveik visi zings-
nio charakteristikos rodikliai pasizyméjo geru pakartotiniy matavimy patikimumu
(ICC =0,79-0,88), isskyrus vidutinj zingsnio ilgio patikimuma, gauta sprinto su pa-
sunkinimu metu (ICC = 0,74), ir puiky bégimo greicio patikimumg, gautg sprinto su
uztempimu metu (ICC = 0,94). Apskritai beveik visy rodikliy sprinto su uztempimu
metu gautos ICC reikSmés buvo Siek tiek didesnés, palyginti su sprinto su pasunki-
nimu metu gautomis reikSmémis.
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3 pav. Bland-Altman analizé, vertinant ,,Alex7” uzfiksuoty sprinto laiky pakartotiniy mata-
vimy suderinamuma

Pastaba. Skirtumai diagramoje buvo apskai¢iuoti i§ pirmojo testavimo rezultato atimant pa-
kartotinio testavimo rezultata. Stora juoda iStisiné linija — vidutinis skirtumas tarp dviejy
testavimy; storos juodos punktyrinés linijos — 95 % suderinamumo ribos; plona juoda punk-
tyriné linija — nuliné reikSme.

Santrumpos: R — sprintas su pasunkinimu; A — sprintas su uztempimu.

2.1.2. ,,Alex7% jrenginio informatyvumas sprinto su pasunkinimu ir sprinto su
uZtempimu salygomis

Visy sprinto su pasunkinimu tarpiniy laiky ir visy sprinto su uztempimu tarpiniy
laiky, iSskyrus pirmaja 0-10 m atkarpa, Pirsono koreliacijos koeficiento reikSmés
tarp ,,Alex7% ir ,,Witty* sistemy buvo puikios (r = 0,90-0,98; p < 0,001; 2 lentelé).
Sprinto su uztempimu pirmosios 0—10 m atkarpos koreliacija buvo Siek tick mazes-
né, taciau vis tiek isliko didelé (r=0,88; p <0,001).

Vis délto ,,Alex7* sistema nuosekliai registravo ilgesnius sprinto laikus nei
,»Witty” fotoelementy sistema. Skirtumai tarp sistemy sieké iki 0,16 s, o variacijos
koeficientas svyravo nuo 1,00 iki 3,79 % (p < 0,001). Bland-Altman analizé parodé
neigiamg sisteming paklaidg tarp ,,Alex7* ir ,,Witty* sistemy tiek sprinto su pasun-
kinimu, tiek sprinto su uZztempimu salygomis (p < 0,001; 4 pav.), iSskyrus sprinto su
pasunkinimu 0—10 m atkarpa.
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Nepaisant nustatyty skirtumy, sprinto laiky reik§més Bland-Altman diagramose

pateko i siauras suderinamumo ribas, o daugumos rodikliy pakartojamumas isliko

95 9% pasikliautinojo intervalo ribose. Sie rezultatai rodo, kad ,,Alex7* sistema pasi-

zymi nuosekliais matavimais, taciau sprinto laiky registravimo tikslumas buvo ma-
zesnis nei ,, Witty* fotoelementy sistemos.

Skirtumai tarp abiejy sistemy buvo Siek tiek mazesni sprinto su uztempimu saly-
gomis (0,03-0,11 s) nei sprinto su pasunkinimu sglygomis (-0,01-0,16 s).

2 lentelé. ,,Alex7“ jrenginio kriterinis validumas vienos testavimo sesijos metu

Sprinto bégimo laikas ES Criterion-referenced
) (Vidurkis = SD) P validity

Sprintas | Atkarpa - R

Witty Alex7 reikSmeé | Cohen‘sd | twif) | CV | Cor.

(%) (s) ) | |

0-10m 2.13+0.09 |2.13+0.10 | 0.373 0.178 -0.01 | 100 |0.92%*

S:sunki- 10-20m | 1.57+£0.08 |1.65+0.09 | <0.001 | -2.655 0.09 3.79 |0.93*

nimu 20-30m |1.54+0.09 |1.62+0.10 | <0.001 |-2.609 0.08 3.73 |0.94*

0-30m 5.23+0.25 | 5.40+0.28 | <0.001 |-2.678 0.16 2.14 | 0.98*

0-10m 1.73+£0.08 | 1.78+0.08 | <0.001 |-1.122 0.05 193 |0.88*

Su uz- 10-20m | 1.22+0.05 |1.26 +£0.06 | <0.001 | -1.307 0.03 1.84 | 0.90%*

tempimu | 20-30m | 1.14+0.06 | 1.18 £0.06 | <0.001 |-1.643 0.04 2.25 |0.93*

0-30m 4.09+0.18 | 4.21+£0.19 | <0.001 |-2.223 0.11 193 | 0.97*

Pastaba. Duomenys pateikiami kaip vidurkis + standartinis nuokrypis (SD).

Santrumpos: ES — efekto dydis; t(diff) — vidutinis skirtumas tarp matavimo sistemy; CV — var-
iacijos koeficientas; Cor. (r) — Pirsono koreliacijos koeficientas; * — statistiSkai reikSminga
koreliacija (p < 0,001). Witty — ,,Witty* fotoelementy sistema; Alex7 — motorizuotas sprinto
jrenginys ,,Alex7.
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4 pav. Bland-Altman analizé, vertinant sprinto laiky skirtumus tarp ,,Alex7” ir ,,Witty” sis-
temy

Pastaba. Skirtumai diagramoje buvo apskaiciuoti i§ ,,Witty™ sistemos rezultato atimant
»Alex7 sistemos rezultata. Stora juoda istisiné linija — vidutinis skirtumas tarp dviejy sis-
temy; storos juodos punktyrings linijos — 95 % suderinamumo ribos; plona juoda punktyriné
linija — nuliné reik§mé.

Santrumpos: R — sprintas su pasunkinimu; A — sprintas su uztempimu.

2.1.3. Sprinto rezultaty ir Zingsniy charakteristikos parametry skirtumai
esant skirtingoms sprinto salygoms

Vidutinis bégimo greitis reikSmingai skyrési esant visoms trims sprinto saly-
goms: maksimalaus sprinto metu jis sieke 8,17 + 0,39 m/s, sprinto su pasunkinimu
metu — 6,59 + 0,35 m/s (p < 0,001), o sprinto su uztempimu metu — 8,65 + 0,44 m/s
(p <0,05).

Visi analizuoti zingsniy charakteristikos parametrai (5 pav. A—D) reikSmingai
skyrési esant skirtingoms sprinto saglygoms. Didziausi zingsnio ilgio ir kontakto su
zeme trukmeés rodikliy skirtumai (p < 0,001). Maziausi polékio trukmes ir zingsniy
daznio rodikliy skirtumai. Pol¢kio trukmeé ir zingsniy daznis nesiskyré esant maksi-
malaus sprinto ir sprinto su uztempimu salygoms, taciau reikSmingai skyrési esant
maksimalaus sprinto ir sprinto su pasunkinimu bei sprinto su pasunkinimu ir sprinto
su uztempimu salygoms (p < 0,001). Visy analizuoty rodikliy absoliutis skirtumai
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buvo didesni esant sprinto su pasunkinimu ir maksimalaus sprinto nei esant sprinto
su uztempimu ir maksimalaus sprinto saglygoms.
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5 pav. Atremties trukmé (A), polékio trukmeé (B), zingsnio ilgis (C) ir zingsniy daznis (D)
maksimalaus sprinto, sprinto su pasunkinimu ir sprinto su uztempimu metu (vidurkis + SD
ir individualiis duomenys)

Pastaba. Reik$mingai skiriasi nuo maksimalaus sprinto (** p < 0,01; *** p < 0,001);
reikSmingai skiriasi nuo sprinto su pasunkinimu (### p < 0,001). Regular — sprinto bégimas,
resisted — sprinto bégimas su pasunkinimu, assisted — sprinto bégimas su uZtempimu.
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2.2. Antrasis tyrimas: apatiniy galiniy raumeny aktyvumas sprinto bégimo
metu taikant pilng ir dalinj uZtempima.

2.2.1. Zingsniy charakteristika

Pirmiausia nustatyta, kad 30 m sprinto bégimo rezultatai, gauti bégant tiek su pil-
nu, tiek su daliniu uZtempimu buvo reik§mingai geresni nei sprinto rezultatai bégant
be uztempimo. Lyginant pilno uztempimo bégima su sprintu be uztempimo skirtu-
mas 2,8 %, (p <0,01); lyginant dalinio uztempimo bégima su bégimu be uztempimo
-3,4%, (p<0,001) (6 pav.). Vertinant zingsniy charakteristiky rodiklius, reikSmingi
skirtumai nustatyti tarp sprinto be uztempimo ir abiejy sprinto bégimy su skirtingais
uztempimo bidais, taciau skirtumy tarp bégimo su pilnu ir bégimo su daliniu uztem-
pimu zingsniy charakteristikoje nenustatyta.

Analizuojamo zingsnio metu didesnis bégimo greitis abiejuose sprinto su uz-
tempimu bégimuose buvo susij¢s su reikSmingai didesniu zingsnio ilgiu ir ilges-
ne polékio trukme. Pilno uztempimo bégimo metu zingsnio ilgis padidéjo 8,6 %,
(p < 0,001), polekio trukme — 7,7 %, (p < 0,05); dalinio uztempimo bégimo metu
zingsnio ilgis padidéjo 8,9 %, (p < 0,001), polékio trukmé — 7,8 %, (p < 0,01) (6
pav.). Taip pat skirtingi uztempimo biidai reikSmingai sumazino atremties trukmes
laikg. Pilno uztempimo metu atremties trukmé sumazéjo 4,9 %, p < 0,05; dalinio
uztempimo metu — 6,9 %, p < 0,01) (6 pav.). Zingsniy daznis visy skirtingy sprinto
bégimy metu isliko toks pats. Atramos fazés santykis (DF) sprinto be uztempimo
bégimo metu buvo reikSmingai didesnis nei abiejuose skirtinguose sprinto su uztem-
pimu bégimuose. Pilno uztempimo bégimo metu sumazéjo 5,5 %, (p < 0,05); dalinio
uztempimo bégimo metu — 6,4 %, (p <0,01).
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6 pav. 30 m sprinto bégimo laikas (A), atramos fazés santykis (B), zingsnio ciklo ilgis (C),
zingsniy daznis (D), atramos trukmés laikas (E) ir polékio trukmé (F) sprinto be uztempimo,
sprinto su pilnu uztempimu ir sprinto su daliniu uztempimu bégimo metu

Duomenys pateikiami kaip vidurkis + standartinis nuokrypis.

2.2.2. Kinematiniai rodikliai

Ciurnos sgnario kampo duomenys j tolesne analize nebuvo jtraukti dél nepakan-

kamos duomeny kokybés. Vertinant kelio ir klubo sgnariy kampus, statistiskai reiks-
mingy skirtumy tarp visy skirtingy sprinto bégimy nenustatyta (p > 0,05) (7 pav.).
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7 pav. Klubo sanario (A) ir kelio sanario (B) kampai zingsnio ciklo metu

0 % — pirmasis kontaktas su Zeme, 100 % — kitas tos pacios kojos kontaktas su zeme

2.2.3. Elektromiografijos rezultatai

Vertinant visy analizuoty raumeny (dvigalvio $launies — biceps femoris, pusgys-
linio — semitendinosus, plataus Soninio Slaunies — vastus lateralis, tiesiojo Slaunies —
rectus femoris ir didZiojo sédmens — gluteus maximus) vidutinj aktyvuma, statistis-
kai reik§mingy skirtumy tarp sprinto be uztempimo, sprinto su daliniu uztempimu ir
sprinto su pilnu uZtempimu nenustatyta (8 pav.).

Vis délto, dél didelio individualiy rodikliy variabilumo papildoma efekto dy-
dzio analizé atskleidé raumens aktyvumo skirtumy tikimybe atskirose zingsnio ciklo
fazése.

Esant skirtingoms sprinto sglygoms didziausias dvigalvio §launies (biceps femo-
ris) ir pusgyslinio (semitendinosus) raumens aktyvumas nustatytas mosto vélyvosios
fazés metu. Didelis efekto dydis (d = 0,8) pagrindzia galimybe, kad ties 88 % zings-
nio ciklo pusgyslinio raumens aktyvumas buvo didesnis pilno uztempimo bégimo
metu, palyginti su bégimu be uztempimo. Taip pat gauta artima dideliam efekto dy-
dziui reik§mé (d = 0.77) ties 98 % patvirtina didesnio aktyvumo galimybe dalinio
uztempimo bégimo metu, palyginti su bégimu be uztempimo. Dvigalvio Slaunies
raumens atveju mosto fazéje, ties 40 — 44 % zingsnio ciklo, nustatyti dideli efekto
dydziai (d > 0,8), rodantys maZesnj aktyvuma abiejy sprinto su uZtempimu bégimy
metu, palyginti su sprinto bégimu be uztempimo.

Ryskiausi ir ilgiausiai trunkantys skirtumai nustatyti tiesiojo Slaunies (rectus fe-
moris) raumens elektromiografijoje. Dideli efekto dydZiai buvo stebimi nuo viduri-
nés atramos fazes iki atsispyrimo nuo zemes, ties 20 — 28 % zingsnio ciklo (d > 0,8;
d .. = 1,35), kai tiesiojo $launies raumens aktyvumo rodikliy reikSmés bégant su
pilnu uztempimu buvo didesnés uz reik§mes, gautas sprinto bégimo be uztempimo
metu. Sie skirtumai tesési ir vidurinéje mosto fazéje, kur didziausi efekto dydziai
nustatyti tarp 49—57 % zingsnio ciklo (d > 0,8; d
mens aktyvumo rodikliy reik§meés, gautos sprinto bégimo be uztempimo metu, buvo

nax = 1,25), taciau Siuo atveju rau-

didesnés uz reikSmes, gautas sprinto bégimo su pilnu uZtempimu metu.
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Platusis Soninis Slaunies (vastus lateralis) raumuo didZiausig aktyvuma pasieké
ankstyvosios atramos fazés metu, o prie§ kontakta su zeme, ties 91-92 % zingsnio
ciklo, buvo nustatytas vidutinis efekto dydis (d = 0,75). Tuo momentu raumens ak-
tyvacija bégant su pilnu uztempimu buvo didesné, palyginti su aktyvacija bégant be
uztempimo. DidZiojo sédmens (gluteus maximus) raumens atveju vidutinio efekto
dydziai buvo nustatyti vidurinéje mosto fazéje ties 70 % zingsnio ciklo; (d = 0,7),
aktyvacija pilno uztempimo metu buvo didesné uz aktyvacijg bégant be uztempimo
ir ankstyvojoje atremties fazéje, ties 10 % zingsnio ciklo; (d > 0,6), kur raumens
aktyvacija dalinio uztempimo metu buvo didesné uz raumens aktyvacija, registruotg
pilno uztempimo metu.

Apibendrinant galima teigti, kad, nors statistiSkai reikSmingy skirtumy néra, ver-
tinant vidutinj raumeny aktyvuma esant skirtingoms sprinto saglygoms, efekto dydzio
analize atskleidé trumpalaikius, nuo raumens priklausancius ir skirtingose zingsnio
ciklo fazése pasireiskiancius skirtumus.
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2.3. Treciasis tyrimas: sprinto su uZtempimu treniruoc¢iy intervencija: indivi-
dualios adaptacijos, susijusios su jégos ir greicio profiliais ir Zingsniu charak-
teristikomis

2.3.1. Sprinto rezultaty skirtumai taikant pilng ir dalinj uZtempima

Pries treniruociy intervencijg statistiskai reik§mingy skirtumy tarp kontrolinés,
pilno uztempimo ir dalinio uztempimo grupiy nenustatyta nei sprinto rezultaty, nei
zingsniy charakteristiky rodikliuose (visi p > 0,05) (3 lentelé). Palyginus sprintg be
uztempimo ir sprintg su uztempimu, 30 m sprinto su uZtempimu metu bégimo laikas
kontrolinéje grupéje sumazéjo 5,02 %, pilno uztempimo grupéje — 5,8 %, o dalinio
uztempimo grupéje — 3,83 %. Sie pageréjimai statistiskai reikmingi kiekvienos gru-
pés viduje (p < 0,05), taciau tarp grupiy reikSmingy skirtumy nenustatyta (p > 0,05).

Geresni sprinto su uztempimu rezultatai daugiausia buvo susij¢ su zingsniy cha-
rakteristiky pokyciais. Visose grupése sprinto su uztempimu metu padidéjo zingsnio
ilgis, o kontrolinéje ir pilno uztempimo grupése padidéjo ir polékio trukmé. Be to,
kontrolinéje grupéje sprinto su uztempimu metu nustatytas reikSmingai trumpesnis
kontakto su zeme laikas (visi p < 0,05) (3 lentel¢).

Vertinant sprinto su uztempimu rezultatus, dviejy veiksniy dispersiné analizé
(Grupe x Laikas), taikant kartotinius matavimus laiko veiksniui, parodé reikSminga
saveiky: F(2,21) = 6,07, p = 0,01, n*p = 0,37 (3 lentel¢). Post hoc analizé paro-
de, kad kontrolinéje grupéje sprinto rezultatai iSliko stabilts (prie§ 4,16 + 0,21 s;
po 4,15 £ 0,21 s), o pilno uztempimo ir dalinio uztempimo grupése sprinto re-
zultatai reikSmingai pageréjo (pilno uztempimo grupéje: pries — 4,22 + 0,16 s;
po—4,13£0,21 s; dalinio uztempimo grupéje: pries—4,26+0,14 s; po—4,08+0,17 s).
Taip pat nustatytas reikSmingas laiko veiksnio poveikis: F(1,21) = 23,40, p = 0,01,
n’p = 0,53, taciau grupés veiksnio poveikis nebuvo statistiSkai reikSmingas:
F(2,22) = 0,03, p = 0,98, n?>p = 0,00. ReikSmingy skirtumy tarp pilno ir dalinio uz-
tempimo grupiy nenustatyta.

Vertinant sprinto be uztempimo rezultatus, dviejy veiksniy dispersiné anali-
z¢ (Grupé x Laikas) taip pat parodé reikSminga saveika: F(2,21) = 6,26, p = 0,01,
n%p = 0,37 (3 lentelé). Kontrolinéje grupéje nustatytas sprinto rezultaty pablogé-
jimas: prie§ — 4,38 + 0,20 s; po — 4,48 £ 0,18 s; (p > 0,05), o pilno ir dalinio uz-
tempimo grupése rezultatai geréjo (pilno uztempimo grupéje: pries — 4,48 + 0,21 s;
po — 4,43 £ 0,20 s; p > 0,05; dalinio uztempimo grupéje: prie§ — 4,43 + 0,17 s;
po — 4,38 £ 0,20 s; p > 0,05). Vis délto nei laiko veiksnio poveikis (F(1,21) = 0,01,
p = 0,92, n?p = 0,00), nei grupés veiksnio poveikis: (F(2,21) = 0,15, p = 0,86,
n%p = 0,01) nebuvo statistiskai reikSmingi. ReikSmingy skirtumy tarp pilno ir dalinio
uzZtempimo grupiy taip pat nenustatyta.
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Dviejy veiksniy kartotiniy maty dispersiné analizé parodé reikSmingg grupés ir
laiko sgveika sprinto be uztempimo atremties trukmés laiko rodiklyje (F(1,21) = 3,89,
p = 0,04, n’p = 0,27), rodancia skirtingg rodiklio kitima pries ir po intervencijos
tarp grupiy (3 lentel¢). Taciau nei laiko veiksnio poveikis (F(1,21) = 1,25, p = 0,28,
n*p = 0,06), nei grupés veiksnio poveikis (F(2,21) = 0,20, p = 0,82, n?p = 0,02) ne-
buvo statistiSkai reikSmingi.

Vis délto tik pilno uztempimo grup¢je nustatytas reikSmingas atremties tru-
kmés laiko sumazéjimas prie§ intervencijg (0,128 + 0,01 s) ir po (0,123 + 0,01 s),
(p < 0,01). Kity sprinto rezultaty ar zingsniy charakteristiky rodikliy statistiSkai
reik§mingy grupés, laiko ar jy saveikos efekty tarp pilno ir dalinio uztempimo grupiy
po intervencijos nenustatyta (3 lentelé).

2.3.2. Intervencinés ir kontrolinés grupés palyginimas sujungus pilno ir dalinio
uZtempimo grupes

Pries treniruociy intervencijg statistiSkai reikSmingy skirtumy tarp intervencinés
ir kontrolinés grupés nenustatyta nei sprinto rezultaty, nei zingsniy charakteristiky
rodikliuose (visi p > 0,05) (4 lentelé).

Vertinant sprinto su uztempimu rezultatus, dviejy veiksniy dispersiné analizé
(Grupé x Laikas), taikant kartotinius matavimus laiko veiksniui, parodé reikSmin-
ga grupés ir laiko saveika: F(1,22) = 7,55, p = 0,01, n?p = 0,26 (4 lentelé). Post
hoc analizé parodé¢, kad kontrolingje grupéje sprinto rezultatai iSliko stabiliis (pries
4,16 +£0,21 s; po 4,15 £0,21 s), o intervencingje grupéje sprinto rezultatai reikSmin-
gai pageréjo (pries 4,24 + 0,15 s; po 4,10 + 0,19 s). Taip pat nustatytas reikSmingas
laiko veiksnio poveikis: F(1,22) =10,12, p < 0,01, n?>p = 0,32, taciau grupés veiksnio
poveikis nebuvo statistiskai reik§mingas: F(1,22) = 0,05, p = 0,83, n*>p = 0,00.

Vertinant sprinto be uztempimo rezultatus, dviejy veiksniy dispersiné analizé
(Grupé x Laikas) taip pat parodé reikSmingg grupés ir laiko sgveika: F(1,22)= 13,08,
p <0,01,n?p =0,37 (4 lentelé). Kontrolingje grupéje nustatytas sprinto rezultaty pa-
blogéjimas (pries 4,38 = 0,20 s; po 4,48 £ 0,18 s; p > 0,05), tuo tarpu intervencinéje
grupéje rezultatai geréjo (pries: 4,46 £ 0,19 s; po: 4,41 + 0,20 s; p > 0,05). Vis délto
nei laiko veiksnio poveikis (F(1,22) =1,71,p=0,21, n*p = 0,07), nei grupés veiksnio
poveikis (F(1,22) = 0,00, p = 0,97, n?p = 0,00) nebuvo statistiskai reikSmingi.

Dviejy veiksniy kartotiniy maty dispersiné analizé parodé reikSminga grupés
ir laiko saveika sprinto be uztempimo atremties trukmés rodiklyje (F(1,22) = 6,36,
p=10,02, n*p = 0,22), rodancig skirtinga rodiklio kitima pries ir po intervencijos tarp
grupiy. Taciau nei laiko veiksnio poveikis (F(1,22) = 0,05, p = 0,83, n*p = 0,00), nei
grupés veiksnio poveikis (F(1,22) = 0,40, p = 0,53, n?p = 0,02) nebuvo statistiskai
reikSmingi. Vertinant sprinto be uztempimo zingsnio ilgj, zingsniy daznj ir polé-
kio trukme, reikSmingy grupés ir laiko sgveikos efekty nenustatyta (visi p > 0,05).
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Sprinto su uZtempimu zingsniy charakteristiky rodiklivose reikSmingy saveikos
efekty taip pat nenustatyta (visi p > 0,05).

Vis délto poriniy palyginimy analizé (zvaigzdutémis pazyméti rodikliai; 4 len-
tel¢) parode nedidelj, taCiau statistiskai reikSmingg atremties trukmés sumazéjimag
intervencinéje grupéje tiek sprinto be uztempimo, tiek sprinto su uztempimu saglygo-
mis (p < 0,05).
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2.3.3. Didelj progresa padariusiuju grupés ir labai maza progresa padariusiyju
grupés palyginimas pagal bégimo rezultatus ir Zingsniuy charakteristikas

Intervencingje grupéje sportininkai retrospektyviai buvo suskirstyti j didelj pro-
gresg padariusiyjy ir labai maza progresa padariusiyjy grupes pagal 30 m sprinto su
uztempimu bégimo rezultaty kaitg. Nepriklausomy im¢iy analizé (5 lentelé) parodé,
kad didelj progresa padariusiyjy grupé po intervencijos pasieké reikSmingai geres-
nius 30 m sprinto su uztempimu rezultatus nei labai maza progresa padariusiyjy gru-
pé (p < 0,001; didelis efekto dydis). ReikSmingi skirtumai tarp grupiy taip pat buvo
nustatyti vertinant rezultaty pokytj (A) (p <0,001).

Vertinant 30 m sprinto be uztempimo rezultatus, po intervencijos didelj progresa
padariusiyjy grupés sportininky laikai buvo reikSmingai geresni nei labai maza pro-
gresg padariusiyjy grupés (p < 0,05), taciau pries intervencijg statistiSkai reikSmingy
skirtumy tarp grupiy nenustatyta.

Zingsniy charakteristiky rodikliai tarp grupiy statistiskai reikimingai nesiskyré
nei prie§ intervencija, nei po jos, nei vertinant rodikliy pokytj (A) (visi p > 0,05).
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2.3.4. Didelj progresa padariusiyju grupés ir labai maza progresa padariusiyju
grupés palyginimas pagal pradinius jégos ir greicio profilio rodiklius

Pries treniruo€iy intervencijg didelj progresa padariusiyjy grupé pasizyméjo di-
desnémis Fo (p = 0,01, d = 1,65), Pmax (p = 0,01, d = 1,80) ir RFmax (p < 0,01,
d = 1,87) reikimémis nei labai maza progresa padariusiyjy grupé (9 pav.). Sie rezul-
tatai rodo, kad didelj progresa padariusiyjy grupés sportininkai jau pries intervencija
pasizyméjo geresnémis jégos ir galios generavimo savybémis.

StatistiSkai reikSmingy skirtumy tarp grupiy Vo, DRF ir jégos ir greicio santykio
nuolydzio rodikliuose nenustatyta (visi p > 0,05). Vis délto DRF (p = 0,09, d = 1,00) ir
jégos ir greiio santykio nuolydzio (p =0,07, d = 1,09) rodikliuose buvo nustatyti dide-
li efekto dydziai (d > 1), rodantys tendencija, kad didelj progresa padariusiyjy grupés
sportininky jégos ir greicio profiliai turéjo statesnj jégos ir greicio santykio nuolyd;.
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0.50- *x e ns 0.5 ns
< 0.6 | ,l
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9 pav. Pradiniy jégos ir greicio profilio rodikliy palyginimas tarp didelj progresa padariusiyjy
ir labai maza progresa padariusiyjy grupiy

Teoriné maksimali horizontalioji jéga (A); teorinis maksimalus greitis (B); maksimali galia
(C); maksimalus horizontaliosios jégos santykis (D); horizontaliosios jégos mazéjimo greité-
jant rodiklis (E); tiesinés jegos ir greicio priklausomybés nuolydis (F)

Pastaba. Duomenys pateikiami kaip vidurkis + standartinis nuokrypis kartu pateikiant indi-
vidualias reikSmes. ** — statistiSkai reikSmingas skirtumas tarp didelj progresa padariusiyjy
ir labai maza progresa padariusiyjy grupiy (p < 0,01); ns — statistiSkai nereikSmingas skirtu-
mas (p > 0,05).
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2.3.5. Prognozuojamy rysiy analizé

Siekiant nustatyti rodiklius, galin¢ius prognozuoti sprinto su uztempimu rezul-
taty pager¢jima, atlikta tiesiné regresiné analizé, kurioje priklausomas kintamasis
buvo 30 m sprinto su uztempimu rezultatas, pasiektas treniruociy intervencijos metu,
o nepriklausomi kintamieji — pradiniai jégos ir grei¢io profilio rodikliai (10 pav.).

Analiz¢ parodé, kad stipriausi prognostiniai rysiai nustatyti Pmax (pakoreguotas
R?=0,63) ir RFmax (pakoreguotas R? = 0,54) rodikliams. Fo rodiklis pasizyméjo vi-
dutinio stiprumo sasaja su sprinto su uztempimu rezultaty pageréjimu (pakoreguotas
R?=10,33), o Vo rodiklio rySys buvo silpnas (pakoreguotas R* = 0,13).

N —
Pre RFmax - }

Pre FO
Pre VO

Pre Slope
Pre DRF

I T T T 1
00 02 04 06 08

Adjusted R?

10 pav. Sprinto be uztempimo metu nustatyty jégos ir grei¢io profilio rodikliy prognostiné
verté prognozuojant sprinto su uzZtempimu rezultaty pageréjima (pakoreguotas R?)

Santrumpos: Fo — teoriné maksimali horizontalioji jéga; Vo — teorinis maksimalus greitis;
Pmax — maksimali propulsiné galia; RFmax — maksimalus horizontaliosios jégos santykis;
DRF — horizontaliosios jégos mazéjimo greitéjant rodiklis; slope — tiesinés jégos ir greicio
priklausomybés nuolydis.

Pastaba. Didesnés pakoreguoto R? reik§meés rodo stipresnes prognostines sasajas.
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ISVADOS

1. Motorizuotas jrenginys ,,Alex7“ pasizymi dideliu informatyvumu ir pa-
tikimumu diferencijuojant sprinto uzduotis su pasunkinimu ir uztempimu.
Tai tinkama priemoné kurti kontroliuojamg treniruociy aplinka, leidziancia
vertinti nervy ir raumeny sistemos bei biomechaninius pokyc¢ius esant skirtin-
goms sprinto apkrovos salygoms.

2. Nors pilnas uztempimas nesumazina raumeny aktyvumo, palyginti su daliniu
uztempimu ar jprastu bégimu, abiem uztempimo salygomis geréja sprinto re-
zultatai, atitinkamai kinta bégimo zingsnio charakteristikos. Atskiry raumeny
aktyvumo skirtumai pasireiskia tik tam tikrose zingsnio ciklo fazése, ypac
pereinant i§ mosto | atramos faze, taciau Siy skirtumy interpretacijg riboja
didelis duomeny variabilumas. Nervy ir raumeny sistemos aktyvumas didéja
augant bégimo greiciui iki maksimaliy reikSmiy, o jas pasiekus islieka santy-
kinai stabilus, nepriklausomai nuo iSorinés pagalbos dydzio.

3. Sprinto treniruotés su uztempimu yra veiksminga priemoné gerinant jauny-
ju futbolininky bégimo greitj su uztempimu. Taciau Sie pokyc¢iai turi mazai
jtakos jprasto sprinto rezultatams ir zingsnio charakteristiky rodikliams.
Treniruoc¢iy poveikis glaudziai susijgs su pradinémis sportininky jégos ir
greic¢io profilio charakteristikomis — sportininkai, pasizyméje didesnémis
pradinémis jégos ir galios reikSmémis, po sprinto treniruociy su uztempimu
programos demonstruoja didesnj progresa.
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Introduction: Advancements in technology have recently made it possible to

implement effective training solutions across different enmvironmental

conditions. This study evaluated the reliability and validity of measures

b d from the ir motorized device, Alex7 (Inosportas, Lithuania),
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d sprinting in young f Il players.
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D 2024 Skupyte. L

'l'wemy seven male athletes (mean age: 165+ 0.8 years; height:
1795 4 6.9 cm; body weight: 67.7 4 B3 kg) each performed 30-m sprints twice
under three different c ions: regular, and assi sprinting. The
Alex? device provided the assistance and resistance during sprints. Results
were compared with those from Witty timing gates. Ground contact time,
flight time. stride length, and pace were measured using the OptoJump
system. Reliability was assessed using two-way mixed intraclass correlation
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Commans Attnbution Licenie (CC BY). The
use, datribution of reproducton in other
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fici (ICCs) for single measures, the standard error of th- mean (SEM),
and the coefficient of i v P 's ¢ coethicient
determined the associations between Alex? and Witty timing systems. Criterion-
referenced validity was based on the mean difference and CV. Systematic bias
was determined by limits of agreement using Bland -Altman analysis.
Results: Running times obtained using the Alex7 equipment exhibited good to
excellent test-retest reliability between sessions (ICC. 0.85-0.94) and good to
excellent corelation (Pearson’s r= 0.88-098) between the Alex7 and Witty
), in both d and resisted running conditions. However, the Alex7

or
mmmwmmam
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device consistently produced longer running times than the Witty device (up
to 016 s difference, p<0.001). The different running conditions produced
substantial variations in kinematic variables, such as stride length, ground
contact time, and running speed (p<0.001 for all), but the effects on flight
time and running pace were smaller.
mmmrmmmmmmmwm
for young players. H it tends to

n.wmm necessitating caution when ing the time p
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1 Introduction

To enh spant perfe ethods range from high-magnitude ressted
mMuMMwMme;m&m:mwer
pulleys (1-4). Thee two opposite training modalities induce specific neural and
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muscular adaptations (5), which can be measured and expressed in
the force-velocity relationship (6, 7). The maximum performance
of the lar system is d d by the intercepls in
this relationship. although controlling resisted and assisted testing
and training is difficult and requires skill This becomes more
chaﬂenmmmmmuu:humb«mdm

10 3389/ Typor 2024 1412861

2.2 Design

The t 8 ters and their changes during
a 30-m sprint memsmedumgdn«ln«n(qmpmt
(Witty, OptoJump, and Alex7) under the following conditions:

gular (no resi or ¢). with and with

g complexity and limited time available to develop both 1 cleﬂedhfthemﬁoﬂuda\lﬂ?dem(ﬁgutvllm
speed and power. were conducted in a repeated on a

Recent technological ads have d practical soluts mmmmmmmwfumm
for training under varying tal cond, (8.9).Several 44 familiarization with the resisted and assisted s
robotic devices are used to provid d or d motorized  ond In the foll 2uuh.|lntaungmmmimzd
towing for sprint assessment and training (DynaSpeed. 1080 4 ally and incorp Jm d and 4

Sprint). These motorized devices allow for grealer accuracy in
setting the resisted and assisted load magnitude. A new device,
Alex7 (Inosportas, Lithuania), has been developed recently. Similas
to other systems, the Alex? provides resstance (up to 30 kgl with
a cable to prevent full speed running or assists at a speed (up to
14 m/s) that s faster than the maximum achieved during regular
sprinting. It abio offers assessments of veloaty and displacement
for real-world data collection, facilitating individualized sprnt
g High petf can especially benefit from actual
mmdmtwl.uthumrwmmumddodﬂnhem
Guif and stent results.
Gmthenmhynfﬂkw this study primarily aimed to
establish its relisbility and validity. The secondary aim was to
mmnukdtﬁﬂmum-pudmdkummdmmmi
dsted and d sprints to idenufy individual
variability between young athletes in a football squad It was
expected that the Alex? would prove reliable and useful for

measuring and developing young football players’ sprint capacity.

2 Materials and methods
2.1 Participants

Twenty-seven young male football players competing in top-
tier Ul6 and UIS leagues (age, 1652 0.8 years; stature, 1795+
6.9 cni; body weight, 67.7 £ 83 kg) were recruited. a priori power
analysis (G*Power version 3197, U ity of Dt

ddort

lndthenmlumeuudwmllwldnhlﬂymdvahdnyd
the Alex7 device All testing sessions for each participant
occurred at about the same time of day on the same weekday.
The primary outcome vartables were sprint time and velocity,
ground contact time, flight time, stride length, and pace.

2.3 Procedures

All testing occurred on a rubbenzed indoor track with a 60-m

straightway. During the first testing day, height (to the nearest
0.1 ¢m, Martin-type anthropometer, GPM Siber-
Hegner, Switzerland) and body mass (to the nearest 0.1 kg, TBF-
300 Body Composition Analyzer, Tanita, Philpots Close, UK)
were recorded. Before each testing session, a standardized 20-min
warm-up that included jogging, dynamic stretches, specific
running exercises, and submaximal sprints was performed (5, 12)
Running times for the entire 30 m, with 10-m and 20-m splits,
were recorded for each condition (regul d. and d)
using  Witty photocells  (Microgate, Bolzano, [taly). The
participant began each sprint trial with his lead foot placed
70 ¢m behind the first photocell to prevent inadvertent triggering
of uming in the start position (13, 14). Two sprint trials were
conducted with a minimum of 6 min of passive recovery between
each trial in each condition (8). The fastest sprint time was used
in the analysis of each condition and exch testing session (13).

During each sprint trial, the kinematic parameters of velocity,

G y) indicsted that a ple size of 23
participants was required. with an alpha level (a) of 0.05 and a
statistical power of 0.80. This calculation was based on a pilot
study in which 14 young baskethall players perfi d a 30-
meter sprint twice, resulting in an effect size of 0.82 for the time
difference between trials. The participants had no recent injuries
or medical conditions that could interfere with maximal exertion

ground contact time, flight time. stride length, and pace were
measured over 10-30 m using the OptoJump modular system
(Microgate, Bolzano, ltaly), an optical data acquisition system
comprising two parallel bars containing light-emitung diodes
that detect any interruplion in communication bﬂm the bars
(Figure 1). The | ! were < d based on
l!udauobuundimmtlufmu&ﬂmnkpup«fntmdbyudu
participant. Calcul of § parameters during 8

in each sprint trial. All participants regularly performed
dmtnglhuztmmngnmm bulnmhdptmexp«wm
d or assisted sprinting. After verbal
Mmaﬂuumd&camddemmdm
potential risks and benefits. written informed consent was
obtained from all players and their respective parents/guardians.
The study adhered to the high ethical guidelines in sports
sciences  (11). Ethical approval was received by the local
Institutional Review Board (code: MNL-TRS (M)-2023-606).

Frontiers in Sports and Active Living

d using the OptoJump have been reported to have high
validity [intraclass correlation coefficient (1CC), 0.96-0.99; mean
bias, 04%-2.7%] (15).

During the resisted and assisted trials, the participants sprinted
while wearing a waist hamess connected to the Alex? composite
fibre cable (High Tenacity Polyester and Dyneema”12 strand
braid), which was wrapped around a 90-mm diameter spool
and extendable up to 31m in length. The cable load was
controlled using a servomotor (Mitsubishi HG-SR152) and the
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(A) Aumn 1
g o —
os: . 4 al
0.7m 20m
30 m RESISTED run

30 m ASSISTED run

HGuRi 1

accompanying progs bl ller. During the resisted run,
the participant ran with the resstance attached to the cable set at
10% of body weight In the assisted trial. the participant was
pulled with an assisted load of 6 kg This load was sedected based
on ap 5 that reported a sub l increase in
maximal velocity using a 7-kg load in sprinters (5) but less of an
effect using 2 6-kg Joad in football players lacking expentence of
being pulled with a motorized device.

The Alex? device applied resistance or assistance, and the
liming was initiated immediately at the start of the sprini, thal i,
0.7 m before the athlete reached the first photocell of the Witty
timing gate The time interval corresponding to the initial 0.7 m

was extracted from the Alex7 device and was used to

ted (B, ardd susted IO 4oring tisstng Three dfferent deviCes (OptoJumg

moderate (0.50-0.74), good (0.75-089), and excellent (20.90)
(16). Absol Jability was assessed with the standard error of
the mean (SEM), calculated as SD/y/2, and coefficient of

(CV). computed as SDY X 100%. Pearson’s
correlation coefficient (1) determined the associations between
Alex? and Witty timing systems, interpreted as large (0.50-0.69),
very large (0.70-0.89). nearly perfect (090-0.99). and perfect
(100} (17). For criterion-referenced validity, mean difference
(tdiff) and CV were calculated, with paired sample t-tests testing
the significance of mean differences. Cohen’s d was used for
effect sizes, interpreted as large (20.80), medium (050-0.79),
small (020-0.49), or trivial {<0.20) (18). Bland-Altman analyses

the 30-m sprint time and to calculate the 10-m and 20-m split
times in each experimental condition Per the manufacturer's
recommendations, all trals using the Alex7 were pleted in

s peated measures for Alex? and
between Alex? and Witty timing systems (19). The 95% CI of
the mean difference determined systematic bias. All statistical

the lsotonic mode. The controller measures the distance traveled

by the sprinter and was progr d 101 te the assisted
load at the finish kne to allow the participant to decelerate safely
after completing the velocity of the sprint.

2.4 Statistical analysis

Mean and standard deviation (SD) were presented for all sprint
times and kinematic parameters. The Shapiro-Wilk test confirmed

lyses were performed using IBM SPSS Statistics {version 280,
Armonk, NY, USA), with significance set al a = 0,05,

' Li

3 Results
The descriptive statistics for the bety comparison
during the resisted and d g sphit times using the

Alex? are presented in Table 1. Running times measured with
the Alex? demonstrated good to excellent test-retest relability
(ICC. 0.83-0.94) in both assisted and resisted conditions. The

1 dats d 1 Bl Siakil was Jtl.llns

!

two-way mixed ICCs for single measurs, interpreted as
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liability of the split time tended to be lower in the fisst part of
the course (ICCs of 0.83-086 for 0~10 m) in both assisted and
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TABLE 1 Between-tession relability of the Alex? outcome time and optoJump kinematic vanables.
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ICC. mterclosy correlstion coefficent (%p < 0001 €1, confidence interval, CV. coeficient of venstion, SEM. standsrd error of the mesn R runming with resstance.

A rurnng with sssistance

resisted conditions. The CV was 0.80%-1.43%, and the SEM was
001-0.055 for the time intervals independent of the B
condition. [n contrast to the other variables, the split time for
10-20 m in the resisted condition improved significantly and
consistently from the first testing session 0 the retest (p < 0.001).
Notably, this imp was panied by a similar level of
reliability as that for the other markers assessed [n addition,
Bland-Altman analyses showed no significant sy bias

except for the 10-20m split

data suggest that the Alex? system is conststent bul is not
as accurate for measuring sprint time. The time differences
between the two types of equipment were slightly smaller for
assisted (range, 0.03-0.115) than for resisted (range, —0.01
to 0.16 5) sprinting.

The mean running speed differed between three spnmt
conditions: 8.17 £ 0.39 m/s in the regular run, 659 £ 0.35 m/s in
the resisted run (p<0.001), and 865+ 044 m/s (p<0.05) in the

ted run. All k investigated (Figures 4A-D)

time in the resisted condition (p <0.001, Figure 2). The
range of limits of agreement on the Bland-Altman plot indicates
high stability and low variation between lest occasions.
Repeatability for most measures was within the 95% CL

Stride length differed between the two testing for both

differed bet the sprimt conditions. The largest differences
were observed for stride length and ground contact time
(p<0001 for each). The smallest differences were for flight time
and running pace. The runaing flight time and pace did not differ

Bt

the resisted and assisted sprints (p < 0.05, Table 1) but not for other
L i ' ‘. 1 Ll A N
test-retest reliability (ICC, 0.79-088), except for a moderate
value for stnde length (ICC, 0.74) in the resisted sprint and an
excellent value for running speed in the assisted sprint (ICC,
0.94). In general, the ICCs for almost all variables were shightly
higher in the assisted than the resisted sprints.

All split times in the resisted sprints and all split times except
the first (0-10m) in the assisted sprint had excellent Pearson’s
correlation coefficient values (r=090-098, p<0.001; Table 2)
between the Alex? and Witty equipment. The first 10-m assisted
running time had a slightly lower but still a good value (r =088,
p<0001). However, the Alex? consistently recorded longer
running times compared to the Witty device (up to a 0.16 s
difference, CV, 1.00%-3.79%, p<0.001). Furthermore, there was
a negative bias between both pieces of equipment for both
conditions (p <0001, Figure 3), except for the 0-10 m split time
in the resisted run. Sull, sprint time within a

Al h

the regular and assisted rums but differed significanty
between the regular and resisted sprints, and between the resisted
and assisted sprmnts (p<0.001 for each). All variables showed a
greater absolute difference between the resisted and regular sprints
than between the assisted and regular sprints.

4 Discussion

The reliability and validity of measurements obtained using the
new Alex? motorized sprint device were investigated to determine
whether and how speed and kinematic charactenstics differ
b d and d sprints. The primary finding is that
the Alex7 device offers reliable measures of sprint performance
in both d and d conditions. However, it is important
to note that the Alex? Iy d g times
compared to the Witty device. This overestimation may result
from various factors, including differences in  measurement

range of limits of agreement on the Bland-Altman plot, and
repeatability for most measures was within the 95% CI. These

Fromtiers in Sporty and Active Living

hodol or the specific mechanics of the Alex? device.
Despite this limitation, the Alex7's ability to deliver consistent
results highlights its utility for manipulating the load during
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Ligers time difference between the systers, OV, cosffioent of venation p, p-value of the pared sampies t-test for the diference between Witty and Alex?. £5. effect size.

Cor. Pearson’s correlation cosfficers (°p <0000

athlete training. Future research should aim to better understand
the causes of the Alex7's g lime and
explore methods to mitigate this issue.

in the context of ioad management, the use of iciine. deciine,
sl!di.bu.ngeu nmipulq'ssmhdpmuﬂuummndnu
of d- or ted  stimulation (20), whereas
mmmddcﬂcumdunhk:?mdmwds‘p«lﬂml!ymnﬁaa

to the within-session reliability values reported by Rakovic et al
(9) for the 1080 Sprint device (1CC, 0.81-095). Rakovic et al (9)
showed that the split time for the initial 5 m was the least reluble
measurement (ICC 081), indicaung iess refabiiny for use with
shont accel In the p study, this finding was partially

replicated wsing 2 running distance of 10m ingtead of Sm,
yielding an 1CC of 083, Assisted « g was also od and

higher degree of accuracy in load g d with
dlud«wummﬂtysﬂmofmmmswmtmw
and the split times for each 10 m (ICC, 0.83-0.90) obtained during
the resisted running mode with the Alex7 were found to be simiar
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pared with d aslm.hrtmnd.'l'lmu.
ﬂkhmlndlabdlyvﬂw{lcc.aﬂ}wnobwmdhdlm
of 10m, wh liability values were recorded for the
Io-mandm-mlylaumﬁandmuldlmeuflﬂmtlccfo.&
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and 0.8%, respectively). Notably, the highest relability value was  obtained from the Witty timing gates. A consistent discrepancy
achieved for the 20-30-m sphit time (ICC=094), all of which had  was observed across all distances, except for the initial split
acceptable reliability when used with the new device for facilitating  during resistive runs, where no such disparity was noted. This
speed g with d disparity may be attributed to hmitati posed by the Alex7
mak:?mpmadebothmtnﬂmghadsm:}u@ device tn terms of time recording. The controller calculates the
variety in magnitude as well as the opportunity to monitor  distance travelled in meters by multiplying the current number
perfi ¢ and progress Compared with the Wity timing  of revolutions (encoder pulses) by circumf A rand
gates, which were used as the gold standard in this study, the  error in the calculated length may occur because of differences in
Alex? device showed strong associations (r = 088) for the 10-m  the tghtness with which the rope was wound on the spool
split time in the asststed run. and the other correl for the b the d and resisted runs and the rope elasticity
assisted runs and all correlation values for the resisted runs were  (although <1%). After pletion of the resisted run, the rope
nearly perfect (r=090-098). Different results were observed for  was recolled freely back to its starting position. and during the
the 1080 Sprint device in the resisted running mode (9). Nearly  assisted run, the athlete created a resistance for the servomotor

perfect validity was found for the 20-30-m split time and the  and the rope was wrapped tensely around the spool.

overall 30-m time, but the other correlation values ranged from It s important that the new Alex? device may produce
=057 to r=083 These differences in validity bet the gful  differences in  the kinetics and hncnmu:s
Alex7 and 1080 Sprint devices may reflect differences in the data  p s bet tsted and ted

collection. For example, unstable results were observed for the Thtcﬂ'cﬂsourunulngrpeedmdhmamdtpmdonlhe
first 0.7 m due 1o the pasticipants’ ing [ goitude of the or e. The 6-kg (~60 N)
Aﬁtrbtmgloldmpcrpanfollhemn.mgwuapmm ¢ in the p study ed significant changes in

unable to remain in the static stasting position, and their in-place  stride length (6.75%), ground contact tme (-7.69%), and
movement started timing before the sctual run began. Removing nmnmslpedtﬁ?-lmmnmmngpueandﬂghlmdld
the results of the first 0.7 m eliminated this inaccuracy and  not differ significantly bet the regular and ted runs.
produced higher validity values for the first 10 m. Similar findings have been reported by Cecilia-Gallego et al

Real-time values from the Alex? device should be used  (21). In the study by Van Den Tillaar et al (22), the 5-kg
cautiously because they were significantly longer than those assistance provided by the motorized DynaSpeed device
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produces a 5.1% increase in speed, but the running pace did not
differ bet the d and unloaded In another study
that used a load of 4.7% of body weight. running speed increased
by 6.1%, but the running flight time did not differ significantly
(23). In another study, use of a pulling device decreased the
contact time by 7.69% (24). The data for the current study
suggested that the 6-kg force used for assistance was sufficient
to achieve the d effects of d ing without

interfering with the running technique. :
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The reststance of 10% of body mass was enough to meaningfully
reduce all the % cters. Compased with the regular sprint,
resisted sprinting caused larger changes in g § than

sted g AP study showed that a resistance of 5% of
body mass elicits significant changes in running speed and stride
length but that >15% of body mass resistance is needed to change
stride frequency (25). Given that the d device provsd

greater resistance (by eliminating the inertia) than a sled of the
same weight and that 10%-20% of body mass ressstance provided
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by the motorized device can induced greater decreases in speed

(13%-28%) compared with a weighted sled with the same weight
(7.5%-20%) (26). it was not swprsing that the of 10%

103389/ Tspor 2024 1412561

{code: MNL-TRS (M)-2023-606). The studies were conducted
in accordance with the local legusl and 1 1
Written inft d t for participation in

body weight sufficient enough to significantly decrease (by 233%;
p<001) running pace and running speed (by 19.98%; p<0001).
We note that the participants were non-elite and young (16-17-
year-old) foothall players with no ¢ in resisted or

& They completed one famils and this was
sufficient to produce high reliability while not altening the running
technique. Mwwahawdmhﬂnsplumh
10-20m in the resisted condition, which istently

ol s |

L

I!m study was provided by the participants” legal guardians/next
of kin.

Author contributions

AS:  Conceptualization, Data  curation,  Investigation,

i

from the first o the second testing session, indicating a possible
need for additional familarization. Overall, it appears that the
Alex? technology is simple to learn and use in both resisted and
assisted training settings, which & important for practitioners.

This study includes several limitations, mainly due to logistical
reasons. There is no direct companson of the Alex7 with well-
established systems such as 1080 Sprint or Dynaspeed, which
means we lack confi that the t or tance is
comparsble to other similar systems. It would be better to
compare timing data with laser systems. which are more accurate
than Witty timing gates as they do not rely on cutting light
beams with the upper body, making them better suited as gold
standards. Finally. only young mals were tested. making it
undlear whether age, gender, or sport could influence the reults.
It 5 reasonable to expect that greater maturity and sprint
experience might have positively alfected the results.

5 Conclusions

The Alex? device demonstrates high reliability for creating

d and sted g conditions for young football
players. H , its lendency to g tmes
necessitates caution when preting time § Future

research should aim to refine the Alex7's measurement accuracy

and explore its applications acros sports, gender and age
groups.  Additionally igating  the derlying factors
contributing to the observed i of g times
could enhance the device's accuracy.
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Second publication ,,Lower limb muscle activity under full and partial towing
assistance in sprint running” has been accepted.

Lower limb muscle activity under full and partial towing assistance in
sprint running

Skujyté, A.!, Kamandulis, S.!, Genitrini, M., Satkunskiené D.!, Silinskas, V.!2,
Lukonaitiené, 1.'2, Bradauskiené, K.2, Mickevi¢ius, M. 1, Stanislovaitiené, J. 2, Samozino,
p3

'Institute of Sports Science and Innovation, Lithuanian Sports University, Kaunas, Lithuania
*Sports Coaching Department, Lithuanian Sports University, Kaunas, Lithuania
3Univ. Savoie Mont Blanc, Chambéry, France

Abstract

This study investigated how different levels of sprint assistance influence neuromuscular
activity and performance. Concerns exist that full assistance may reduce active muscle
engagement due to passive contributions. Thirteen male athletes from various sports performed
30-m sprints under three conditions: unassisted, partially assisted, and fully assisted, using a
motorized towing device. Surface electromyography recorded activity of five lower limb
muscles (rectus femoris, vastus lateralis, semitendinosus, biceps femoris, and gluteus
maximus), while spatiotemporal parameters were measured over the final 10 m using
Optojump. Sprint times were significantly improved in both assisted conditions compared to
unassisted sprints (partial: —3.4%, full: —2.8%; p < 0.01), primarily due to increased stride
length (p < 0.001), longer flight time, and shorter contact time (p < 0.05 for both), while stride
frequency remained unchanged. Contrary to hypothesis, EMG analyses revealed no statistically
significant differences in muscle activity between conditions, despite improved performance
and the potential contribution of passive propulsion. Large effect sizes (d > 0.8) were briefly
observed, in a muscle-dependent manner, at discrete points of the gait cycle. These findings
suggest that assisted sprinting enhances performance without reducing neuromuscular
demands, although the results should be interpreted in light of the athletes’ inexperience with
assisted running.

Key words
Electromyography, Running kinematics, Spatiotemporal parameters, Supramaximal speed,
Alex7 run.

135



Introduction

Sprint speed is a critical attribute in many sports, particularly in disciplines in which athletes must reach and sustain
maximal running velocity. In track and field, this includes sprint and hurdle events, and long jump. In American football,
sprint speed is especially important for wide receivers and cornerbacks, and in soccer, sprinting is frequently required
by wingers, fullbacks, strikers, and other players in various game situations (Gualtieri et al., 2023).

In recent decades, scientific research has explored adaptations to sprinting, with a strong focus on using different
training methods to optimize performance. Researchers have investigated various sprint training approaches by
analyzing the kinetic and kinematic running parameters, muscle activity patterns using electromyography (EMG), and
the short-term and long-term responses to sprint training (Howard et al., 2018; Kyrdldinen, 2005; Matusinski et al.,
2022; Van Den Tillaar & Gamble, 2017; Yu et al., 2008). Among these methods, assisted sprinting has been studied for
its potential to increase speed through neuromuscular adaptations (Mero & Komi, 1987). Scientists have examined
different assisted sprinting techniques, including running with a tailwind, downhill running, elastic cord towing, and
sprinting using mechanical towing devices (Corn & Knudson, 2003; Ebben et al., 2008; Sedlacek et al., 2004). Assisted
sprint training can improve maximal running speed, stride length, and stride frequency by increasing muscle power and
neuromuscular efficiency (Cecilia-Gallego et al., 2022).

With the advances and widespread availability of assisted sprint training devices, researchers can now explore
different towing techniques in greater detail. One approach, known as full towing, involves applying varying levels of
force to assist the athlete during sprinting. For example, Van den Tillaar (2021) studied assisted running using towing
forces of 3, 4, and 5 kg, and Clark et al. (2021) used a force of 7 kg (Clark et al., 2021; van den Tillaar, 2021). One
potential limitation of this fully assisted method is that the assistance reduces the active propulsion because the pulling
force propels the athlete forward, which limits the stress applied to the involved muscles and the expected training
adaptations. Another method is partially assisted running, which involves applying a towing force until the athlete
reaches a predetermined running speed and then automatically releasing the towing force. Although never studied, this
approach might reduce the stress caused by excessive pulling and allow the athlete to remain in control and to actively
propel forward. Understanding how these different towing strategies influence sprint mechanics and muscle activity
would help to optimize assisted sprint training methods. In game sports such as football and rugby, athletes typically
reach maximal sprinting speeds within 30 m, and this distance is commonly used in performance testing protocols to
assess acceleration and top-speed capabilities (Nicholson et al., 2020; Figueira et al., 2021).

The present study evaluated leg muscle activity and spatiotemporal and kinematic parameters under two assisted
sprint conditions: the first in which the athlete reached his supramaximal running speed with full towing assistance, and
the second that used partial towing assistance (limited) to cap the speed to 0.5 m/s less than the supramaximal speed.
We hypothesized that the muscle activity would be lower during fully assisted running than partially assisted running
and that fully assisted running would elicit higher speed, shorter contact time, longer flight time, and greater step length.

Materials and methods

Participants

Fourteen male athletes who were actively engaged in sports requiring sprinting were recruited for this study. One

participant was excluded from all analyses due to missing data, resulting in a final analytical sample of thirteen

participants (age: 21.4 = 1.5 years; body mass: 81.8 £ 8.5 kg; height: 1.86 £ 0.07 m). The participants had no recent

injuries or medical conditions that could interfere with maximal exertion in each sprint trial. All participants regularly

performed sprinting during their training sessions, but none had prior experience in completing motorized assisted

sprinting. After verbal and written explanation of the experimental design and its potential risks and benefits, written

informed consent was obtained from all players and their respective parents/guardians. The study adhered to the ethical

guidelines in sports sciences (Guelmemi et al., 2024). Ethical approval was received by the local institutional review

board (code: BNL-TRS (B)-2025-783).

Protocol

At the beginning of the session, body mass was measured using a TBF-300 Body Composition Analyzer (Tanita,

Yiewsley, UK), and participants completed a standardized 20 min warm-up consisting of jogging, dynamic stretching,

sprint-specific drills, and submaximal sprints to ensure optimal preparation (Clark et al,, 2021; Taylor et al., 2009).
The experimental setup is shown in Figure 1, which details the different sprinting conditions and the role of the

motorized device Alex7 run (Inosportas, Kaunas, Lithuania) in providing assistance. Each participant performed six 30
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m sprints from a standing start under three conditions: unassisted sprinting, fully assisted sprinting, and partially assisted
sprinting. Two trials were performed per condition, and the participants were asked to exercise at maximal effort for
each run. A minimum of 6 min of passive recovery was provided between trials to prevent fatigue accumulation. The
fully assisted condition provided continuous external towing of 6 kg throughout the sprint, and the partially assisted
condition applied the same assistance but only until the runner reached a velocity 0.5 m/s below their supramaximal
speed, which corresponded to 95.02% (= 0.14) of the maximal speed achieved under full towing. This threshold was
pre-programmed in the Alex7 motorized towing system, which allows users to set a specific speed-based release point.
The system continuously monitored running speed using an internal encoder, and the towing force was disengaged as
soon as the target velocity was reached, with minimal delay. This release point was chosen to maintain a small safety
margin, allowing the athlete to remain in control and reducing the likelihood of neuromuscular inhibition caused by
perceived loss of control at maximal speeds.

All sprints were conducted on a regular indoor track with a 60 m straightway. Sprint times were recorded using
Witty photocells (Microgate, Bolzano, Italy), which captured the total 30 m sprint times and 10 m and 20 m split times.
Spatiotemporal parameters were assessed using an OptoJump photocell lane measuring 20 m (Microgate). Lower-body
kinematics were recorded using MyoMotion inertial measurement units (IMU) sensors (Noraxon, Scottsdale, USA).
EMG activity was recorded with wireless EMG sensors (Noraxon) for all conditions.

B 38-m asisted run

20-m

FIG. 1. Schematic diagram of the experimental testing setup for unassisted (A) and assisted (B) sprint testing. Three different
devices (OptoJump, Witty, and Alex7 run) were used during each trial. Adapted with permission from Skujyté et al., (2024).

Data collection

Spatiotemporal parameters

In the present study, stride length, stride frequency, contact time, flight time, and duty factor (i.e., the ratio of contact
time to stride duration, expressed as a percentage) were assessed. Spatiotemporal parameters were recorded using an
array of OptoJump photocells spanning from the 10 m to the 30 m mark of the running lane. Sprint time was registered
for the entire 30 m distance.

Kinematics

Lower-body joint angles were recorded using four MyoMotion IMU sensors (Noraxon), which were placed on the foot
dorsum, shank, thigh, and sacrum (Zeng et al.,, 2022) Sensors were fixed using a Velcro elastic band. The sensor size
was 37.6 mm length x 52 mm width x 18.1 mm thickness, and the weight was 34 g. Data were recorded with a sample
rate of 200 Hz. Before each single trial, the system was calibrated according to the manufacturer’s instructions.
Calibration required participants to stand still in a standardized N-pose for a few seconds. After a positive outcome was
obtained for the calibration, the participant was instructed to begin the running trial. The reliability of this specific setup
has been previously demonstrated (Berner et al., 2020; Cottam et al., 2022) and adopted in previous investigations
focusing on sprint kinematics (Donaldson et al., 2023).

EMG

The electrodes were placed on each muscle after skin preparation according to the SENIAM recommendations
(http://www.seniam.org/). The skin was carefully shaved and rinsed with alcohol before placement of the electrodes on
the following muscles: gluteus maximus, rectus femoris, vastus lateralis, semitendinosus, and biceps femoris. Electrodes
were placed only on one leg, and the correct placement was verified by muscle palpation and observation of the EMG
signal during voluntary contraction. Wireless silver/silver chloride electrodes were used, with an interelectrode distance

3

137



of 20 mm, and the signal was collected using wireless EMG sensors (Noraxon). The sensor size was 37 mm x 24.5 mm
% 16.5 mm, and the weight was 14 g. The analog-to digital (A/D) converter was 24 bit, common mode rejection ratio
was >100 dB, input impedance was >100 MQ, and sampling rate was 2000 Hz. Before each single run, the baseline
EMG signal was reset.

Data analysis

Gait phase detection

Gait phases, such as initial contact and toe-off, were identified using a previously validated algorithm (Bergamini et al.,
2012). In brief, the angular velocity of the pelvis-mounted IMU sensor was wavelet-transformed twice. This operation
allows for simultaneous derivation and smoothing by removing the high-frequency noise components in the derived
time series (Jianwen et al., 2006). Peaks and valleys in the second derivative of pelvis angular velocity represent the
initial contacts and toe-offs of each step, respectively. For subsequent analysis, the last full stride with the sensor-
equipped leg before the 30 m mark was considered in all three conditions. In the partially assisted condition, this stride
consistently occurred after the towing force had been released and the athlete had reached predetermined speed of the
supramaximal velocity (mean: 21.90 + 2,02 m). The initial contacts and toe-offs of both legs were identified using the
algorithm (i.e., for each step), but one leg only was equipped with the IMU and EMG sensors to identify the correct
stride knee and hip joint angles. If either angle presented as > 45° of flexion at the initial contact, it was deduced that
the sensor-equipped leg was in the swing phase in that instant. Therefore, the subsequent initial contact was identified
as the beginning of the stride of interest. The end of this stride was identified as the second initial contact after the
beginning of the stride (i.e., the next ipsilateral initial contact).

Spatiotemporal parameters

Likewise, spatiotemporal parameters from OptoJump were extracted from the last complete stride before the 30-m finish
line, ensuring consistency across measurement systems. This methodological choice was intended to minimize the
inclusion of strides occurring during the immediate post-release transitional phase. Given that towing release occurred
at approximately 22 m and that athletes had several meters to re-stabilize their running pattern before the analyzed stride,
the selected stride likely reflected stabilized sprinting mechanics, thereby allowing valid comparisons across conditions.
Kinematics

For the stride of interest, the ankle, knee, and hip joint angles were extracted, and the data were smoothed upon
computation using Noraxon proprietary software (MyoResearch, version 3.14).

Analysis of EMG

After visual inspection of the data quality using the proprietary software, the data for one subject were di ded. All
subsequent analysis was performed in a Python environment after exporting data to comma-separated value format. For
each muscle, data for the full run were bandpass filtered (20450 Hz) for denoising and full-wave rectification. Root
mean square was computed. Subsequently, the envelope was calculated by lowpass filtering the rectified data at 10 Hz,
and the data of the stride of interest were extracted. For the three running conditions, the EMG envelope was normalized
to and expressed as a percentage of the maximum value recorded in the unassisted running (control) condition for the
stride of interest. To verify the robustness of the EMG normalization procedure, the analysis was repeated with EMG
envelopes normalized to the maximal value observed across all three conditions. This alternative normalization did not
alter the direction or statistical significance of the main findings. Subsequently and for each muscle, the EMG
normalized data were resampled to 1001 data points, thus obtaining a data point per each 0.1% of the stride of interest.
Statistics

Descriptive statistics (mean + SD) were calculated for each variable. The Shapiro—Wilk test was used to confirm
normal distribution of the data. Sphericity was evaluated with Mauchly’s test, and the Greenhouse—Geisser correction
was applied when this assumption was violated. As the assumptions for parametric tests were met for all spatiotemporal
variables, a repeated-measures analysis of variance (ANOVA) was performed for the first stance to identify statistically
significant differences between conditions. When significant effects were found, post hoc pairwise comparisons were
conducted using multiple t tests for dependent samples with the Benjamini-Hochberg correction.

For analysis of kinematics and muscle activity, a repeated-measures ANOVA was performed on the whole time
series using statistical parametric mapping to identify significant differences between conditions. In cases of significant
effects, pairwise comparisons were performed using multiple t tests for dependent samples with adjusted significance
thresholds. The effect size (Cohen's d) was computed as the difference between group means normalized to the standard
deviation of the unassisted running condition (Pataky, 2012). Effect sizes were calculated for each pair of conditions
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and for each muscle, and interpreted using conventional benchmarks, where values of approximately 0.20, 0.50, and
0.80 represent small, moderate, and large effects, respectively (Cohen, 1988). These benchmarks are widely used in
sports science contexts (Hopkins, 2002).

Statistical analyses were performed using SPSS v25.0 for Windows (IBM, Armonk, NY, USA) and JASP

(Version 0.11.1). The level of significance was set at 0.05.

Results

Spatiotemporal parameters

Firstly, finish times in the 30 m run were significantly faster in the two assisted running conditions than in the unassisted
running condition (fully assisted vs. unassisted -2.8%, p< 0.01; partially assisted vs. unassisted -3.4%, p <0.01) (Figure
2). For spatiotemporal parameters, significant differences were found between unassisted running and both assisted
running conditions, but not between the fully and partially assisted conditions (Figure 2).

In the stride retained for analysis, faster running speed in both assisted running conditions resulted from
significantly higher stride length and flight time compared with the unassisted running condition (fully assisted vs.
unassisted: stride length +8.6 %, p < 0.001, flight time +7.7 %, p < 0.05; partially assisted vs. unassisted: stride length
+8.9 %, p < 0.001, flight time +7.8 %, p < 0.01) (Figure 2), and significantly shorter contact time (fully assisted vs.
unassisted: contact time -4.9 %, p < 0.05; partially assisted vs. unassisted: contact time -6.9 %, p < 0.01) (Figure 2). By
contrast, no differences between any conditions were found for stride frequency. The duty factor was significantly higher
in the unassisted running condition than in both assisted running conditions (fully assisted vs. unassisted -5.5 %, p <
0.05; partially assisted vs. unassisted -6.4 %, p < 0.01).
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FIG. 2. Thirty-meter split times (A), duty factor (B), stride length (C), stride frequency (D), contact time (E) and flight time (F) for

the unassisted, fully assisted, and partially assisted conditions. * p < 0.05, ** p < 0.01, *** p < 0.001, ns = not significant. Data arc
presented as mean + SD.
Kinematics
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The joint angle of the ankle was discarded from further analysis because of insufficient data quality. For the knee and
hip joint angles, no significant differences were found between any conditions (p > 0.05) (Figure 3).

P joint angle

FIG. 3. Hip joint (A) and knee joint (B) angles during the gait cycle. No significant differences were found between any conditions.
0% = initial contact, 100% = next ipsilateral initial contact.

EMG results

For all measured muscles (biceps femoris, semitendinosus, vastus lateralis, rectus femoris, gluteus maximus), there were
no statistically significant differences in mean activation between the unassisted, partially assisted, and fully assisted
sprinting conditions (p > 0.05, Figure 4). However, given the high inter-individual variability, complementary effect
size analysis revealed muscle-dependent differences at discrete points of the gait cycle.
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FIG. 4. EMG activity of biceps femoris (BF), semitendinosus (ST), vastus lateralis (VL), rectus femoris (RF) and gluteus maximus
(GM) during the gait cycle. Data are presented as mean + SD across participants. 0% = initial contact, 100% = next ipsilateral initial
contact.
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Across conditions, both biceps femoris and semitendinosus peaked during late swing, consistent with their role
in limb deceleration prior to foot contact; correspondingly, large effect sizes were observed for biceps femoris during
swing (40-44% of the gait cycle; d > 0.8; assisted < unassisted), while semitendinosus showed a large effect at 88% (d
= 0.8; fully assisted > unassisted) and a near-large effect at 98% (d = 0.77; partially assisted > unassisted). In parallel,
rectus femoris exhibited the most pronounced and temporally extended differences, with large effects from mid-stance
to toe-off (20-28%; d > 0.8, max = 1.35; fully assisted > unassisted) that continued into mid-swing, peaking between
49% and 57% (d > 0.8, max = 1.25; unassisted > fully assisted). By contrast, although rectus femoris and gluteus
maximus displayed relatively flat activation profiles across the gait cycle, vastus lateralis peaked early in stance and
showed a moderate-to-large effect prior to initial contact (91-92%; d = 0.75; fully assisted > unassisted), while gluteus
maximus demonstrated moderate-to-large effects at mid-swing (70%; d = 0.7; fully assisted > unassisted) and moderate
effects at initial contact (10%; d > 0.6; partially assisted > fully assisted). Taken together, these results indicate muscle-
specific, brief, and phase-dependent differences concentrated around late swing and stance transitions, despite no
significant differences in mean activation across conditions.

Discussion and implications

The main aim of this study was to compare lower-limb muscle activation, spatiotemporal parameters, and kinematics
across unassisted, partially assisted, and fully assisted sprinting conditions. Contrary to our initial hypothesis, no
statistically significant differences were found in muscle activation between the fully and partially assisted conditions.
Furthermore, muscle activity in the assisted conditions did not differ significantly from unassisted sprinting across the
measured muscles despite changes in running speed, stride length, and contact and flight time. At the same time, effect
size analysis identified muscle-specific differences at distinct phases of the gait cycle in both assisted and unassisted
conditions, highlighting meaningful patterns that were not apparent from group averages alone. These findings suggest
that neuromuscular responses increase with speed up to maximal levels and then plateau at maximal speeds, with phase-
specific momentary differences emerging, particularly during swing and stance transitions, and indicate that assisted
sprinting was not associated with a reduction in active propulsion despite the potential contribution of passive assistance.

Previous studies have consistently shown increases in muscle activity from submaximal to maximal sprinting
speeds (Higashihara et al., 2010; Kyréldinen, 2005). However, our protocol included only maximal and supramaximal
sprints, omitting submaximal conditions. This may explain why, in general, further increases in muscle activity were
not observed, although momentary increases were recorded at some phases and were muscle-dependent. Our results
align with earlier findings by (Mero & Komi, 1987), who also reported that EMG activity plateaus at supramaximal
speeds. These results suggest that while neuromuscular demand increases with speed up to a point, it does not necessarily
continue to rise under external towing once maximal velocities are exceeded. However, it is also possible that the lack
of prior experience with assisted sprinting limited participants' ability to fully engage their neuromuscular system under
these novel conditions.

Assisted sprinting may reduce the need for active propulsion by altering the external force demands placed on the
athlete. As described by Eston et al. (1995) in the context of downhill running, eccentric muscle loading can occur
without proportional increases in EMG activity due to enhanced contributions from passive and elastic tissues. Similarly,
in the present study, the external towing force may have allowed athletes to reach supramaximal speeds without
requiring greater neuromuscular output, particularly during the propulsive phase. In this context, it is no surprise that
only momentary differences were observed between partially and fully assisted conditions, as these are more similar to
each other than to the unassisted condition. Rather than substantial changes in overall activation levels, the muscle
activity observed during late swing and early stance likely reflects the need to prepare for ground contact and manage
impact forces, particularly the hamstrings, which are critical for stability and control during high-speed running
(Chumanov et al., 2007; Mero & Komi, 1986). The finding that muscle activity did not significantly increase during
assisted sprinting may be important from a safety standpoint; however, actual mechanical stress on muscles or joints,
and the associated injury risk, cannot be inferred from EMG alone, as it reflects muscle activation but not the forces
acting on bones, joints, or tissues.

From a spatiotemporal perspective, both assisted conditions led to significantly improved 30 m sprint times
compared with the unassisted running condition. This improvement was driven primarily by increases in stride length,
with no changes in stride frequency. These findings are consistent with prior research showing that assistance augments
horizontal displacement more than step turnover (Clark et al., 2009). Flight time was significantly longer in both assisted
conditions, while contact time was significantly shorter. The longer flight time and shorter contact time suggest higher
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vertical impulses and potentially increased leg stiffness during assisted sprinting. Despite these spatiotemporal changes,
joint kinematics in the hip and knee remained unchanged between conditions, suggesting that athletes maintained similar
segmental coordination patterns. The stability of joint angles across conditions implies that the observed performance
enhancements occurred without major alterations to overall running technique.

High inter-individual variability should be considered when interpreting the findings of this study, as meaningful
group-level effects may have been obscured, thereby reducing the statistical power to detect moderate changes in muscle
activation. The large standard deviations within each condition indicate that athletes responded differently to the assisted
sprinting stimulus, likely due to variations in individual technique or familiarity with towing. Although all participants
were familiar with sprinting, they had not previously been exposed to assisted sprinting; thus, the present results likely
reflect responses to an initial exposure rather than a well-learned technique. Furthermore, only a single stride per
condition (the last complete stride before the 30 m mark) was analyzed at (supra)maximal speed, which may limit the
generalizability of the EMG and kinematic findings to the entire maximal-speed phase. Additionally, the study focused
on a 30 m sprint for practical feasibility in sports settings, whereas a longer distance could have enabled a more extended
period of independent supramaximal running, allowing analysis of multiple strides and more robust EMG assessment.
Finally, the inclusion of force plate analysis would provide valuable insight into ground reaction forces and their
relationship with muscle activity patterns. Future studies involving athletes well adapted to assisted sprinting are
warranted to determine whether specific individuals or muscle groups exhibit consistent neuromuscular adaptations to
this type of training,

Conclusions

This study found no significant differences in lower-limb muscle activation between unassisted, partially assisted, and
fully assisted sprinting conditions, despite improved sprint times and changes in spatiotemporal parameters under both
assisted conditions. Contrary to our initial hypothesis, fully assisted sprinting was not associated with a decrease in
muscle activity compared with partially assisted or unassisted running, despite the potential contribution of passive
propulsion. Indeed, muscle-specific, phase-dependent differences emerged at discrete points of the gait cycle, indicating
that neuromuscular responses increase with speed up to maximal levels and then plateau at maximal speeds, with only
brief variations occurring during key phases, particularly during swing and stance transitions. The observed inter-
individual variability and lack of familiarization with assisted running highlight the need for further research into
personalized responses to assisted sprinting across different athlete populations.
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Abstract

This study investigated the effects of a 6-week assisted sprint training (AST) program on sprint performance,
spatiotemporal variables, and force—velocity (F-V) profiles in youth soccer players and explored whether baseline
regular sprint characteristics were associated with individual adaptations. Twenty-four players aged 16.5 + 2.1
years were allocated to a fully AST, partially AST, or control group. Both assisted groups completed 12 sessions
of 30-m towed sprints using a motorized device. Sprint performance was assessed under regular and assisted
conditions before and after training, while the F-V profile was derived from regular conditions before training.
Assisted sprint times improved significantly in the intervention groups (4.24 s [95% CI 4.16-4.33]t0 4.10 s [95%
CI 4.01-4.20]; n’p = 0.26); but regular 30-m sprint times and spatiotemporal variables did not change
significantly. High responders displayed greater initial force and power capacities (theoretical maximal horizontal
force [Fo], maximal propulsive power [Pmax], maximal ratio of force [RFmax]) than nonresponders. Regression
analysis indicated that Pmax and RFmax were the strongest predictors of improvement (adjusted R? > 0.53 for
both), whereas a theoretical maximal velocity showed a weak association (adjusted R? = 0.13). Overall, AST
improved performance only under assisted conditions, with the observed adaptations likely driven in part by
sensorimotor adjustments. However, there was great interindividual variability. These findings highlight the
relevance of F-V profiling for identifying potential responders and suggest that AST provides limited short-term
transfer to regular sprint performance.

Key Words: overspeed training, Alex7 run, soccer, individual responsiveness
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Introduction

Sprint performance is a critical factor in many sports, particularly soccer, in which short accelerations and maximal speed
often determine the game outcomes. Resisted and assisted sprint training (AST) are commonly used to improve sprint
mechanics and neuromuscular performance (4,15). Recent systematic reviews of research involving soccer code athletes
indicate that various sprint training methods, including resisted, assisted, and combined approaches, can improve short sprint
performance, although the effect sizes are typically small to moderate and the responses are strongly influenced by age,
competitive level, and the training period within the competition season (18). Assisted sprinting, in which athletes are towed
to supramaximal speeds, emphasizes the production of propulsive force at high velocities at the velocity end of the force—
velocity (F-V) spectrum and may allow athletes to run beyond their typical unassisted F-V profile, unlike heavy resisted
sprinting, which shifts loading toward the force-oriented end. By acutely reducing ground contact time and increasing stride
frequency, assisted sprinting may improve the neuromuscular qualities needed to produce force at high velocities (21).
However, overspeed or assisted sprinting remains less studied than resisted methods, and the available findings suggest
heterogeneous acute responses in young athletes, such as changes in step length, contact time, and stride frequency,
according to the magnitude of the assistance applied (1-3,6).

The effectiveness of sprint training may depend on the individual’s initial propulsive force capacity, which can be
characterized according to their F-V profile. That is, athletes with a lower maximal propulsive force may benefit more from
resisted training, and those with lower maximal velocity capabilities may respond better to assisted training (16). Research
on F-V profiling suggests that individual tailoring of sprint training can induce different adaptations. Within this framework,
it is thought that power—force—velocity profiling can help to maximize sprint performance by improving the athlete’s
propulsive power capacity (PHo.), which is described as the power associated with the step-averaged anteroposterior
external force. It is also thought that the force- or velocity-oriented profile can be used to guide individualized loading
strategies to increase PHuux (10,12,16). According to Samozino et al. (2021), sprint acceleration performance depends on
both the maximal propulsive power (Pmas) and the slope of the linear F-V relationship, which determines the mean
propulsive power an athlete can produce over a given sprint distance.

For each sprint distance and PH.x, knowing the optimal F-V profile might allow an athlete to maximize the average
propulsive power and thus performance (22). Rakovic et al. (2018) reported that individualized training based on horizontal
F-V profiling produced improvements in sprint performance and mechanical variables similar to those induced by general
sprint training, although the individual responses varied. Lahti et al. (2020) found that theoretical maximal velocity (Vo)
improved in both heavy resisted and assisted sprint groups but that the theoretical maximal horizontal force (Fo) and the
slope of the linear F-V relationship showed group-dependent changes. Importantly, Lahti et al. (2020) also showed that the
direction of training-induced adaptations depends on the athlete’s initial F-V profile; that is, athletes who began with a more
force-oriented profile tended to improve velocity-related qualities, whereas those with a more velocity-oriented profile
showed greater gains in force-related capacities. These results raise key questions such as: (i) How well can the initial F-V
profile predict Vo improvement? (ii) Does incorporating pretraining characteristics, such as stride length, stride frequency,
contact and flight times, speed maintenance, and the time to reach top speed, improve the predictive accuracy?

In real training settings, assisted sprinting can be applied in different ways. During full towing, the athlete is pulled
forward continuously with a fixed force (e.g., 3-7 kg), which may reduce active propulsion and limit adaptations. By
contrast, partial towing involves releasing the assistance once a target speed is reached, which may preserve muscle
engagement and movement control, although this approach has not been tested experimentally. Evidence from overspeed
and towing studies suggests that the degree of assistance and the length of the assisted segment critically influence the
kinematic and kinetic adaptations, and that moderate loads often produce subtle or highly individual responses (1,2,6,26).
An important question remains whether the velocity gains acutely achieved through assisted sprinting transfer to regular
sprint performance.

In this study, we compared two AST methods in youth soccer players: continuous towing to supramaximal speed and
partial towing limited to 0.5 m-s™' below supramaximal speed. We hypothesized the following: i) partial towing would yield
greater improvements in assisted und regular sprint times because it may induce greater active propulsion, ii) both assisted
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training methods would transfer effectively to regular sprint performance, and iii) F-V profiles and spatiotemporal variables
could help predict changes in Vo,

Methods

Experimental Approach to the Problem

A pre—post intervention design was implemented. All athletes completed baseline testing, a 6-week training period, and
postintervention testing under identical conditions. Two experimental groups performed AST in addition to their regular
soccer activities, and the control group continued their regular soccer training only. The dependent variables were the test
outcomes of sprint performance and spatiotemporal parameters (i.e., 30-m sprint time, stride length, stride frequency, ground
contact time, and flight time) in regular and assisted conditions. The independent variables were time and intervention mode
(fully assisted vs. partially assisted vs. control). Baseline F-V profiles and spatiotemporal variables were analyzed to identify
the predictors of the training response.

Participants
Twenty-seven male youth soccer players were recruited from the same soccer school. The inclusion criteria required players
to be free from injuries or medical conditions affecting maximal sprinting. Participants had previous experience with
overspeed sprinting using elastic towing (bungee), but none had prior experience with motorized assisted sprinting.
Participants were initially allocated into two intervention groups (fully assisted sprinting and partially assisted sprinting)
and one control group, each comprising nine players. Stratified randomization was applied to ensure a balanced allocation
according to playing position and baseline sprint performance. Players were assigned to a group based on their individual
F-V profile characteristics derived from regular sprint trials, primarily the theoretical maximal velocity, with additional
consideration of theoretical maximal horizontal force and the slope of the linear F-V relationship to ensure balanced
mechanical sprint capacities across groups. Three players did not complete the intervention: one was released from his
soccer academy, one was promoted to a higher league, and one withdrew because of an injury not related to sprints. The
final sample comprised 24 participants (age: 16.5 = 2.1 years, range: 14-20 years; body mass: 69.3 + 9.7 kg; height: 1.80 =
0.06 m). The study was conducted during the preparation phase for the next season. In this study, all players completed five
training sessions during the week comprising three soccer training sessions and two sprint training sessions for the
intervention groups followed by strength conditioning for both the intervention and control groups. Adherence to the sprint
training program was high, and participants attended an average of 11.6 = 1.5 sessions out of 12 total sprint sessions
available during the intervention period. Participants were instructed to maintain their usual training routine and regular diet
throughout the study period.

Written informed consent was obtained from all athletes and their legal guardians after providing verbal and written
information about the study procedures, risks, and benefits. The study complied with the 2024 Declaration of Helsinki and
was approved by the local institutional ethics committee (code: BNL-TRS(B)-2025-783, Lithuanian Sport University).

Procedures

The intervention consisted of four 30-m assisted sprints performed twice weekly for a total of 12 sessions. Each session
began with a standardized 20-min warm-up comprising jogging, dynamic stretching, sprint drills, and progressive
accelerations. Fully assisted sprinting involved 30-m sprints with a constant towing force of 6 kg applied by a motorized
device (Alex7 run, Inosportas, Kaunas, Lithuania) which corresponded to 8.7 £ 1.2 % of the athletes’ body mass.
Supramaximal speed was defined as the highest velocity achieved during preliminary fully assisted sprint trials. The
reliability and validity of sprint performance measurements using the Alex7 device have previously been demonstrated (24).
Partially assisted sprinting used the same initial towing force (6 kg), which was automatically released once the athlete
reached 0.5 m-s™ below his individual supramaximal speed, allowing him to self-propel through the final portion of the
sprint. A 5-min passive rest interval was provided between each sprint to minimize fatigue.

Data Collection and Variables
Testing was conducted indoors under standardized environmental conditions. Each athlete was tested at the same time of
day before and after the intervention to minimize circadian variability. The athletes completed the same standardized warm-
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up used for training sessions. Each testing session comprised two sprint conditions performed from a standing start: a 30-m
regular sprint and a 30-m assisted sprint with a constant towing force of 6 kg. Both sprint conditions were performed twice,
with 5 min of passive rest between trials. The fastest trial for each condition was recorded for analysis. Sprint times were
recorded using a photocell timing system (Witty Gate, Microgate, Bolzano, Italy), with gates positioned at 0, 5, 10, 15, 20,
25, and 30 m. The first gate was set at a height of 20 cm to ensure that the timing began at the initiation of forward movement
rather than the foot placement at the line. Performance outcomes were expressed as both absolute sprint times and pre—post
differences.

Spatiotemporal variables were collected using the OptoJump Next modular system (Microgate) over the 10-30-m
segment. Stride length, stride frequency, ground contact time, and flight time were extracted, and the two fastest consecutive
strides within this segment of the fastest trial were analyzed for both the regular and assisted sprint conditions.

F-V profile parameters were calculated from regular sprint trials, using the validated field method described by
Samozino et al. (2016), which estimates step-averaged horizontal anteroposterior force, velocity, and propulsive power from
split time and anthropometric data through exponential modeling of the velocity-time curve. From this modeling, Fo, Vo,
P, slope, maximal ratio of force (RFya), and the rate of decrease in RF with increasing speed (DRF) were derived.

Because the first photocell was positioned directly at the start line and 20 cm above the ground, the timing beam was
typically broken only after the athlete had already initiated forward movement. This produced a systematic delay in the
recorded start time and consequently an underestimation of early acceleration velocity and force values. To address this
misalignment between the true onset of movement and photocell triggering, a time-shift optimization procedure was applied,
based on the approach validated by Stenroth et al., (2023), who demonstrated that adjusting split times by an optimized
temporal offset substantially improves the reliability and validity of F-V variables when the start instant cannot be captured
precisely. Accordingly, a constant time correction (At) was added to all raw split times. At was determined by minimizing
the discrepancy between the modeled and observed positions during the exponential fitting. This correction ensured that the
reconstructed velocity—time curve originated from true zero velocity conditions and that all F-V variables (Fo, Vo, P,
RFnax, DRF, slope) were calculated with the correct temporal alignment. After the corrected split times were obtained,
instantaneous step-averaged velocity, horizontal force, and propulsive power were computed according to the procedures
outlined in Samozino et al. (2016).

Data Analysis

All three groups were first compared. The two assisted sprint modes showed similar neuromuscular and performance
responses; therefore, they were combined into a single intervention group for comparison with the control group, which
allowed a more robust estimate of the intervention effect. Individual responses were examined by classifying athletes as
high responders or nonresponders based on the changes in assisted 30-m sprint times. The minimal detectable change
(MDC) was calculated from the standard error of measurement (SEM) of two pretest trials using the formula MDC = 1.96
x V2 x SEM. The MDC was 0.13 s and represented the smallest change exceeding the typical measurement error (7,11). A
stricter threshold of 20.19 s, which was ~50% above the MDC, was used to define high responders (n = 7). Athletes who
improved by <0.13 s were defined as nonresponders (n = 7), and those whose MDC was >0.13 and <0.19 s were excluded
from this analysis. This dual-threshold approach was used to distinguish measurement variability from meaningful
performance adaptations.

Statistical Analysis

All data are reported as mean + standard deviation (SD). Outliers were screened visually using QQ plots and residuals, and
standardized residuals (|z|>3). Influential points in the regression analysis were checked using Cook’s distance (>4/n).
Assumptions of linear regression, including normality of residuals and absence of influential observations, were verified
using these diagnostic procedures. Alpha was set at 0.05 (8,27). Analyses were conducted in JASP (version 0.95.1, Intel,
Santa Clara, CA, USA).

Group Comparisons and Intervention Effects
A two-way analysis of variance (ANOVA, group x time) with repeated measures on the time factor was conducted to
identify differences in dependent variables. When significant interaction effects were observed, post hoc pairwise
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comparisons were performed using Holm-adjusted multiple comparisons. Effect sizes for ANOV A were reported as partial
eta squared (n’p). This analysis was first performed with three separate groups: control, fully assisted, and partially assisted.
A second analysis was then conducted after merging the two assisted groups into a single intervention group to compare
them directly with the control group. The variables included were sprint performance outcomes (regular and assisted 30-m
sprint times) and spatiotemporal variables in both sprint conditions (step length, step frequency, contact time, and flight
time). Within-group comparisons were evaluated using the paired-samples ¢ test to identify significant pre-to-post changes
within each group and to compare assisted vs. regular sprint conditions at the same time.

Comparison of Responders and Nonresponders
The independent-samples ¢ test was used to compare the pretest, posttest, and change scores between responders and
nonresponders (A = post — pre) for both performance and spatiotemporal variables. The performance comparisons included
regular and assisted 30-m sprint times, and the spatiotemporal comparisons included step length, step frequency, ground
contact time, and flight time during both regular and assisted sprinting. Within-group comparisons between regular and
assisted sprinting for the same variables were conducted. A p value < (.05 was considered to be significant. Effect sizes are
reported using Cohen’s d, and 95% confidence intervals (CI) were calculated where appropriate. Welch’s correction was
applied when the variances were unequal.

The independent-samples ¢ test was used to compare baseline F-V variables between responders and nonresponders.
The analysis included Fo, Vo, Puax, RFinsx, DRF and the slope of the F-V relationship, which were calculated for the regular
sprint runs. Effect sizes are reported using Cohen’s d, and Welch’s correction was applied when the assumptions of equal
variances were violated.

Declaration of Generative Al and Al-Assisted Technologies in the Writing Process

ChatGPT (Version 5.1, Open Al, San Francisco, CA, USA) was used to assist in optimizing English language clarity and
readability. The authors critically reviewed and edited the manuscript and take full responsibility for the final published
content.

Results

Fully vs. Partially Assisted Sprint Performance

At the baseline, there were no significant differences between the control, fully assisted, and partially assisted groups for
any sprint time or spatiotemporal variable (all p > 0.05). A two-way ANOVA (group = time) for assisted sprints revealed a
significant interaction effect on sprint performance (F(2, 21) = 6.07, p = 0.01, n’°p = 0.37). Post hoc analysis showed
significant improvements in the fully assisted (pre: 4.22 + 0.16; post: 4.13 = 0.21 s) and partially assisted (pre: 4.26 £ 0.14;
post: 4.08 = 0.17 s) groups; the value in the control group remained unchanged. For regular sprint times, the group x time
interaction was also significant (F(2, 21) = 6.26, p = 0.01, n’p = 0.37), but only the assisted groups showed a trend toward
improvement (p > 0.05).

Combined Intervention vs. Control Groups

No baseline differences were found between groups (p > 0.05; Table 1). In the assisted condition, the 30-m sprint time was
reduced within each group (p < 0.05), but no significant differences were found between the groups (p > 0.05). Both groups
exhibited increased step length during assisted running (p < 0.05).

For assisted sprint times, a significant group x time interaction was observed (F(1, 22) = 7.55, p = 0.01, n°p = 0.26);
the sprint time improved in the intervention group (pre: 4.24 + 0.15; post: 4.10 £ 0.19 s) but remained unchanged in the
control group. For the regular sprint times, a significant interaction was also observed (F(1, 22) = 13.08, p < 0.01, n’p =
0.37); that is, the times slowed slightly in the control group and improved slightly in the intervention group. Contact time
decreased significantly in the intervention group in both the assisted and regular sprints. No other significant spatiotemporal
interactions were found.
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Table 1. Two-way repeated-measures ANOVA results for assisted and regular sprint performance and spatiotemporal variables in the
control and intervention groups.

Note: Data are presented as mean + SD. Spatiotemporal variables were measured at maximal speed. *Indicates a significant pre-to-post
difference within a group (p < 0.05); # Indicates a significant difference between the same variable in the regular and assisted run (p <
0.05). F, p, and partial eta squared (n’p) values are provided for the main effects (group, time) and their interaction (group x time), Ass
= assisted sprint condition; Reg = regular (unassisted) sprint condition.

Comparison of High Responders vs. Nonresponders in Time and Spatiotemporal Variables

No significant between-group differences were observed at the baseline, although a nonsignificant trend indicated faster
times among the high responders in both the assisted (0.13 s difference, p = 0.08) and regular (0.19 s difference, p = 0.07)
sprint conditions. The independent-samples ¢ test revealed that high responders had significantly greater improvement in
performance compared with nonresponders for the assisted 30-m sprint (p < 0.001, Table 2). In the regular 30-m sprint,
postintervention times were also significantly faster in the high responder group (p < 0.05).

Table 2. Comparison of perfi poral, and device-derived variables between high responders and non ders
Note: Data are presented as mean + SD Ass = assisted sprint condition; Reg = regular (unassisted) sprint condition. Spatlu!empoml
variables were measured at maximal speed.

Comparison of Responders vs. Nonresponders in Baseline F-V Profile Variables

At the baseline, high responders had higher Fo (p = 0.01, d = 1.65), Puax (p = 0.01, d = 1.80), and RF s (p <0.01, d = 1.87)
than nonresponders, which suggested that the responders had superior initial force and power capacities (Figure 1). No
significant differences were observed for Vs, DRF and slope (all p > 0.05). However, DRF (p = 0.09, d = 1.00) and slope (p
=0.07, d = 1.09) showed moderate to large effect sizes (d = 1), indicating a tendency toward steeper F-V profiles in
responders.

Figure 1. Comparison of baseline force—velocity profile variables b high responders and non-responders. Panels show: (A)
theoretical maximal horizontal force (Fe), (B) theoretical maximal velocity (Ve), (C) maximal propulsive power (Pmax), (D) maximal
ratio of force (RFmax), (E) rate of decrease in RF with increasing speed (DRF), and (F) slope of the linear force—velocity relationship.
Note: Data are presented as mean + SD with individual values shown. **Indicates a significant difference between high and non-
responders (p < 0.01); ns indicates a non-significant difference (p > 0.05).

Predictive Analyses
To identify predictors of assisted sprint improvement, linear regression analyses were performed using postintervention 30-
m assisted time as the dependent variable and baseline F-V parameters as the independent variables (Figure 2). For regular
sprints, Pmx (adjusted R* = 0.63) and RFu. (adjusted R? = 0.54) were the strongest predictors, Fo showed a moderate
association (adjusted R* = 0.33), whereas Vs demonstrated only a weak relationship with assisted sprint improvement
(adjusted R* = 0.13)

Figure 2. Strength (adjusted R?) of regular sprint-derived F-V parameters for predicting assisted sprint improvement,

Note: Fo = theoretical maximal horizontal force; Ve = theoretical maximal velocity; Pmax = maximal propulsive power; RFmax =
maximal ratio of force; DRF = rate of decrease in RF with increasing velocity; slope = slope of the linear F-V relationship. Higher
adjusted R? values indicate stronger predictive associations.

Discussion

The main finding of this study was that incorporating assisted sprinting into soccer-specific training improved assisted sprint
velocity in young players. However, these gains did not transfer or transferred minimally to regular sprint velocity and to
spatiotemporal variables such as stride length, stride frequency, ground contact time, and flight time at maximal velocity.
This pattern aligns with recent meta-analytic findings showing that AST does not consistently produce greater improvements
in regular short sprint performance than well-designed conventional sprint training, despite moderate within-group gains in
kinematic variables (17,18). The magnitude of improvement observed in this study was strongly associated with the initial
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power capacities derived from the F-V profile, suggesting that athletes with higher initial force and power levels may derive
greater benefits from AST.

The initial aim of this study was to compare continuous towing at supramaximal speed with partial towing limited to
slightly below supramaximal speed. However, only negligible differences were observed between the protocols, as reflected
by the absence of significant differences in sprint time, stride length, stride frequency, ground contact time, and flight time.
This likely reflects the relatively short, assisted distance. That is, assistance was often released late (at ~22 m), which left
only a brief segment for partial assistance to meaningfully alter the sprint mechanics. Thus, our initial hypothesis that partial
towing would yield greater improvements was not confirmed. Combining the data for both assisted modes provided
evidence of clear improvements under assisted conditions compared with the control condition. These findings are
consistent with prior reports that carefully dosed overspeed exposure can acutely increase step rate and reduce contact times
without necessarily changing unassisted top speed in the short term (9,21). Recent overspeed studies have also shown that
moderate assistance levels and short assisted segments induce primarily adjustments in acute kinematic, such as reduced
ground contact and changes in stride frequency, rather than substantial chronic adaptations in regular sprinting, especially
in youth and subelite populations (1,2,6).

A key observation was the heterogeneity of response: nearly half of the participants improved by no more than the
MDC, whereas a smaller subgroup showed clearly greater gains in assisted run after the intervention. Similar interindividual
variability has been reported for sprint training tailored using F-V diagnostics or delivered as generic sprint work (13,20).
Lahti et al. (2020) reported that baseline F-V properties, such as force- or velocity-dominant profiles, can partly identify
which athletes adapt and how after resisted or assisted training blocks. The pattern observed in our study aligns with these
earlier findings in that assisted towing appears to benefit some athletes considerably, while others show minimal changes
after short interventions. The possible reasons for these individual differences include variations in technical proficiency at
high limb velocities, differences in neuromuscular readiness to manage the hamstring load during late swing at
supramaximal speeds, and the degree to which towing preserves rather than replacing active propulsion (9,16,21). Indeed,
participants had prior experience with elastic overspeed running but not with motorized towing; therefore, differences in
familiarity with the specific assistance modality may have influenced the responses. This reinforces the idea that individual
mechanical “readiness” and sprint-specific technical competency may be prerequisites for taking full advantage of
supramaximal sprint stimuli.

This study also examined whether baseline F-V profiles could help explain these individual differences. The regular
sprint-derived variables indicated that baseline Prax and RFn. were most strongly associated with subsequent assisted sprint
performance improvements. These findings are consistent with earlier reports suggesting that F-V characteristics explain
part, but not all, of the variability in training adaptations (13,20). Other studies further support this concept by demonstrating
that individualized F-V—oriented training can reduce mechanical imbalances more effectively than generic sprint programs.
However, a considerable proportion of the variance in performance outcomes remains unexplained and may be related to
neuromechanical, coordinative, and maturational factors (12,14,16). In addition, differences in training history, technical
proficiency, and responsiveness to external mechanical stimuli may also contribute to the observed variability. Therefore,
while F-V profiling may provide useful information for guiding training strategies, it should likely be considered alongside
other individual characteristics when interpreting adaptations to assisted sprint training.

Importantly, the improvements in assisted sprint times transferred only minimally to regular 30-m sprint performance
within the timeframe of this study. This finding is consistent with that of earlier reports showing that overspeed exposure
can acutely improve velocity-side qualities, such as shorter ground contact times and faster step rates, but may not lead to
immediate improvements in regular sprint performance unless there is sufficient volume, progression, and integration
applied to high-quality unassisted sprinting (9,21). The minor differences observed in regular sprints following
improvements in assisted sprinting in this study also support the idea that at least part of the adaptations were sensorimotor,
which reflect the ability of the athlete to coordinate movement under external pulling forces, rather than structural or neural
changes that transfer to free sprinting. This interpretation is reinforced by acute and short-term overspeed studies
demonstrating that assisted training often yields kinematic adaptations without corresponding increases in regular sprint
speed unless paired with progressive loading and mo specific consolidation (1,2,6).
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Two practical implications emerge from these findings. First, assistance should be carefully dosed and increased
progressively, such as using slightly longer assisted distances, more sessions, or a gradual transition from partial to brief
fully assisted exposure. Second, transfer to regular sprinting may be enhanced by integrating assisted and well-executed
unassisted sprints within the same training cycle while ensuring that the level of assistance preserves the natural sprint
mechanics (13,19). Recent reliability data for motorized towing systems also support their use for controlled supramaximal
exposure when the level of assistance is carefully adjusted to preserve natural sprint mechanics (5).

This study has several limitations. First, the sample size was small, which is a common constraint in applied team

sport research. Second, we used 30-m assisted efforts; although longer assisted segments might create a stronger mechanical
stimulus, these are less practical in soccer settings. Third, the participants continued their usual soccer preparation, and
concurrent training effects cannot be ruled out. Forth, the assistance force was applied as an absolute load (6 kg) rather than
normalized to body mass. Therefore, the assistance force varied somewhat between individuals, which may have contributed
to inter-individual variability in the mechanical stimulus. Finally, part of the observed improvements, possibly reflecting a
lack of familiarization, may be due to adaptation to the overspeed stimulus rather than purely training-induced changes.
However, responses were heterogeneous, with clear responders and non-responders, suggesting that individual mechanical
and neuromuscular characteristics also influenced adaptations to assisted sprinting (9).
In conclusion incorporating assisted sprinting into soccer-specific training effectively improves assisted sprint velocity in
young soccer players, although these gains transferred minimally to regular sprint performance and spatiotemporal
variables. Improvements were strongly associated with the athletes’ initial power capacities derived from the F-V profile.
Overall, the results suggest a trend toward greater benefits for athletes with higher baseline force and power characteristics,
which appear to influence their responses to AST.

Practical Applications

Motorized assisted sprinting offers an effective method for controlled supramaximal exposure and detailed profiling of the
athlete’s capacity. Although short-term improvements were limited to the assisted condition, F-V profiling may help identify
athletes more likely to benefit from such training. Integrating assisted and unassisted sprinting within the same training
cycle, with progressive adjustment of assistance levels, may enhance transfer and support individualized sprint development.
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Table 1. Two-way repeated-measures ANOVA results for assisted and regular sprint performance and spatiotemporal variables in the

1 and intervention group
Post-Hoc Factor df F p | 0%
Control: | Intervention:

Ass 30m (s) Pre: 4.16 + 0.21## Pre: 4.24 £ 0.15## Group 1,22 0.05 0.83  0.00
Post: 4.15 + 0.21 Post: 4.10 £ 0.19***  Time 1,22 10.12  0.01 0.32
Group X Time 1,22 7.55 0.01 0.26
Reg 30m (s) Pre: 4.38 +£0.20 Pre: 4.46 £ 0.19 Group 1,22 0.00 0.97 0.00
Post: 4.48 £ 0.18* Post: 4.41 £ 0.20* Time 1,22 1.71 0.21 0.07
Group X Time 1,22 13.08 000 037
Step Length Ass Pre:213.1 £9.11##  Pre:210.6= 10.174#  Group 1,22 005 082 000
(cm) Post: 209.2 + 12.33 Post: 209.9 £ 9.20 Time 1,22 1.18 0.29 0.05
Group X Time 1,22 0.55 047 0,02
Step Frequency Ass Pre:436+0.14 Pre: 4.36+0.27 Group 1,22 002 09 000
(step/s) Post: 4.40 + 0.32 Post: 4.42 +0.24 Time 1,22 1.46 0.24 0.06
Group X Time 1,22 0.03 0.86 0.00
Contact Time Ass Pre: 0.120 + 0.004 Pre: 0.124 + 0.013 Group 1,22 0.30 0.59 0.01
(s) Post: 0.120 £ 0.008 Post: 0.120 £ 0.010*  Time 1,22 1.46 0.24  0.06
Group X Time 1,22 1.46 0.24  0.06
Flight Time Ass (s) Pre: 0.110 £ 0.009 Pre: 0.106 £ 0.009 Group 1,22 0.66 0.43 0.03
Post: 0.109 £ 0.013 Post: 0.107 + 0.008 Time 1,22 0.04 0.84 0.00
Group X Time 1,22 0.51 048 0.02
Step Length Reg Pre: 194.7 £9.27 Pre: 191.7 + 10.04 Group 1,22 0.51 049  0.02
(cm) Post: 194.9 £ 9.81 Post: 191.6 = 10,73 Time 1,22 0.00 0.97 0.00
Group X Time 1,22 0.01 093  0.00
Step Frequency Reg Pre: 440 £0.16 Pre: 442+0.23 Group 1,22 0.24 0.63 0.01
(step/s) Post: 4.36 +0.28 Post: 4.45+0.27 Time 1,22 0.01 0.94 0.00
Group X Time 1,22 0.66 043 0.03
Contact Time Reg Pre: 0.127 + 0.005 Pre: 0.127+0.012  Group 1,22 040 053 0.02
(s) Post: 0.129 + 0.008 Post: 0.124 + 0.009*  Time 1,22 0.05 0.83 0.00
Group X Time 1,22 6.36 002 022
Flight Time Reg (s) Pre: 0.101 £ 0.008 Pre: 0.100 £+ 0.010 Group 1,22 0.00 099  0.00
Post: 0.102 £ 0.012 Post: 0.102 £ 0.011 Time 1,22 0.81 0.38 0.04
Group X Time 1,22 0.21 0.66  0.01

Figure 1. Comparison of baseline force—velocity profile variables b high respond non-responders. Panels show: (A)

theoretical maximal horizontal force (Fo), (B) theoretical maximal velocity (Vo), (C) maximal propulsive power (Pmax), (D) maximal
ratio of force (RFmax), (E) rate of decrease in RF with increasing speed (DRF), and (F) slope of the linear force—velocity relationship.
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Table 2. Comparison of performance, spatiotemporal, and device-derived variables between high responders and non-responders.
Dependent Mean + SD t df ] Cohen’s
Variable Non-Responder: High Responder: d
Ass 30m (s) Pre: 427 £0.16 Pre: 4.14 £ 0.09 1.91 12 0.08 1.02
Post: 423 £0.12 Post: 3.91 £ 0.09 5.87 12 <.001 3.14
A:-0.04 £ 0.08 A:-0.23 £0.03 5.74 12 <.001 3.07
Reg 30m (s) Pre: 4.52 +0.22 Pre: 4.33 £0.10 1.98 12 0.07 1.06
Post: 448 £0.19 Post: 427 £0.13 237 12 0.04 1229
A: -0.04 £0.09 A: -0.06 +£0.08 0.63 12 0.54 0.34
Step Length Ass Pre: 210. + 12.57 Pre: 208.7 £ 9.59 0.22 12 0.83 0.12
(cm) Post: 205.7 = 7.77 Post: 212.1 £ 11.14  -1.25 12 0.23 -0.67
A:-429 £8.27 A:3.43 +£6.39 -1.95 12 0.08 -1.04
Step Frequency Ass Pre: 4.32 +£0.27 Pre: 452+ 0.24 -145 12 0.17 -0.77
(step/s) Post: 4.42 +0.26 Post: 4.56 £ 0.16 -1.24 12 0.24 -0.66
A:0.09£0.18 A:0.04 £0.13 0.65 12 0.53 0.35
Contact Time Ass (s)  Pre: 0.127 £ 0.013 Pre: 0.119 +£0.013 1.23 12 0.24 0.66
Post: 0.121 £ 0.009 Post: 0.114 + 0.010 1.47 12 0.17 0.78
A: -0.006 £ 0.008 A: -0.005 £ 0.007 -0.26 12 0.80 -0.14
Flight Time Ass (s) Pre: 0.106 £ 0.011 Pre: 0.104 £ 0.006 0.46 12 0.65 0.25
Post: 0.106 + 0.009 Post: 0.106 + 0.006 0.03 12 0.97 0.02
A: 0.000 £ 0.006 A: 0.002 + 0.004 -0.82 12 0.43 -0.44
Step Length Reg Pre: 188.9 £9.11 Pre: 193.9+ 12.35 -0.86 12 0.41 -0.46
(cm) Post: 187.4 + 10.82 Post: 193.6 +11.99 -1.02 12 0.33 -0.54
A:-1.50+5.90 A:-0.29 +£3.40 -0.45 12 0.66 -0.24
Step Frequency Reg Pre: 441 £0.23 Pre: 4.49 £ 0.20 -0.63 12 0.54 -0.34
(step/s) Post: 4.43 £ 0.28 Post: 4.56 £ 0.25 -0.89 12 0.39 -0.48
A: 0.02+0.20 A:0.07£0.11 -0.62 12 0.55 -0.33
Contact Time Reg Pre: 0.128 £0.013 Pre: 0.123 £0.011 0.72 12 0.49 0.38
(s) Post: 0.123 £ 0.011 Post: 0.121 £ 0.009 0.37 12 0.72 0.20
A: -0.005 £ 0.004 A: -0.002 + 0.005 -1.16 12 0.27 -0.62
Flight Time Reg (s) Pre: 0.100 + 0.012 Pre: 0.100 + 0.007 -0.05 12 0.96 -0.03
Post: 0.103 +0.013 Post: 0.099 £ 0.008 0.75 12 0.47 0.40
A:0.003 £0.007 A: -0.002 £ 0.006 1.39 12 0.19 0.74
Pre Pmax
[ Y2 Y —
Pre FO
Pre VO]
Pre Slope - |
Pre DRF
00 02 04 06 08
Adjusted R?
Figure 2, Strength (adjusted R*) of regular sprint-derived F-V parameters for predicting d sprint impro
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