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Abstract

The aim of this study was to compare the acute effects of velocity-based training
(VBT), traditional strength training (TSG) and a non- strength control condition (CG)
on sprint performance in trained individuals. In Session 1, anthropometric measure-
ments of the participants were taken, and then 1 repetition maximum (1RM) squat
values were determined after explanation, visual demonstration and familiarization
of the sprint test and VBT method. In the second session, all participants performed
a sprint test for the control condition. In the third session, participants completed the
post activation performance enhancement (PAPE) protocol specific to their group
after a standard warm-up and then performed sprint tests. In the 0—10 m distance,
only the group xtime interaction was significant (p=.014); a performance decrease
(p=.016) was observed in the TSG group. In the 0-20 m sprint, time (p<.001), group
(p=.043), and interaction (p=.003) effects were significant, and a significant per-
formance increase was found in the VBT and TSG groups (p<.001). In the 0-30 m
sprint, group (p=.015) and interaction (p<.001) effects were significant; an improve-
ment was observed in the VBT group (p<.001) and a decrease in the TSG group
(p=.039). In conclusion, this study demonstrated that the VBT protocol produced a
more noticeable acute improvement in sprint performance compared to TSG, even
when applied with the same load absolute.

Introduction

Acute strategies aimed at short-term enhancement of performance have become
an important part of training planning, especially in sports that require high intensity
and explosive strength, such as sprinting [1]. In this perspective, post-activation
performance enhancement (PAPE), which has come to the spotlight in recent years,
is characterized by transient performance enhancement following high-intensity or
high-speed muscle activation [2]. PAPE is an effective method in sports that require
explosive power, such as sprinting, and where speed and acceleration performance
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are critical [3,4], and various studies have shown that it improves sprint performance
in the acute phase [5-7]. These effects are related to multiple physiological mech-
anisms, such as increased muscle temperature, increased motor unit activation,
intramuscular fluid changes, and increased neuromuscular activity [8].

Many studies to demonstrate the PAPE effect have used traditional strength
training protocols, which are usually performed with resistance and include con-
trolled loading and tempo based on % of 1 RM [9,10]. However, these methods have
limitations both in terms of responsiveness to individual differences and controllability
of loading parameters [11-13]. For this reason, researchers have also conducted
studies on velocity-based training (VBT), an approach where the load is regulated by
bar velocity instead of absolute weight, as a potential method to optimize the PAPE
effect [14—16].

VBT protocols provide real-time feedback based on individual bar velocity during
exercise, allowing for both standardization of practice and more precise regulation of
fatigue management and neuromuscular activation [17,18]. This approach is sup-
ported by recent findings confirming the validity and reliability of bar velocity mea-
surement devices in resistance training and demonstrating that mean bar velocity
recordings provide acceptable accuracy in predicting training loads [19].These factors
suggest that VBT may be a useful approach in the context of PAPE, because high
force production, controlled fatigue, and maintained movement speed may play
an important role in the emergence of potentiation. In addition, it is believed that
VBT provides a speed advantage in eccentric-concentric transitions and this may
strengthen the PAPE effect by supporting physiological mechanisms such as motor
unit synchronization [20].

Recent systematic reviews and meta-analyses have shown that speed-based
strength training is effective on performance components such as sprinting com-
pared to traditional 1%RM-based protocols [21-24]. These studies evaluated the
application of VBT in the context of chronic training protocols, usually 6—-10 weeks,
and examined performance changes based on long-term adaptations. In addition,
technological integrations based on real-time measurement of parameters such as
bar velocity in studies and real field conditions have enabled a detailed evaluation
of the physiological basis of VBT. However, the majority of these studies have not
focused on the potentiation effects of VBT protocols in the acute phase. In addition,
while most studies on VBT have focused on chronic training effects, they have only
limitedly examined its potential on short-term performance outcomes. However, in the
context of PAPE, particularly in skills requiring high speed such as sprinting, detect-
ing acute potentiation effects is important for both improving training efficiency and
optimizing pre-competition preparation strategies. Therefore, evaluating the acute
effect mechanisms of VBT independently of chronic adaptations presents a comple-
mentary research area in the literature.

In this perspective, the aim of the aim of the study is to compare the acute effects of
VBT, TSG, and CG interventions on sprint performance in trained individuals. We hypoth-
esized that the VBT protocol would improve acute sprint performance compared to TSG
and CG due to the advantages of real-time speed feedback and load management.
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Methods
Experimental approach to the problem

In this study, subjects participated in three experimental sessions. All interventions were conducted at the same time
of the day (16:00-19:00 pm). In Session 1, anthropometric measurements of the participants were taken, then 1 rep-
etition maximum (1RM) squat values were determined after explanation, visual demonstration and familiarization with
the sprint test and VBT method. Participants were randomly assigned into three groups: VBT (n=10), TSG (n=10),
and CG (n=10) using Microsoft Excel’s random number generator. Subsequently, the order of the second and third
sessions was randomized for each group using the same method to minimize order effects. In the second session,
all participants performed a sprint test (assessed as a control condition). In the third session, participants performed
a standard warm-up (5 minutes of jogging and dynamic mobilization exercises — 10—15sec. each, 1 set; leg swings,
walking lunges, hip circles) and completed the PAPE protocol specific to each group 3 minutes after. Then, after 7
minutes of passive rest [25], subjects performed sprint tests. A rest period of at least 48 hours was allowed between
sessions to eliminate the fatigue effect (Fig 1). The recruitment period for participants was conducted between
05/12/2024 and 08/01/2025.

Subjects

The study included 30 licensed male football players (age;18.10+0.71 years, height;180+5,7 cm, weight:73.23+6.82kg,
training age:5.0+ 1.0 years, 1RM;125+20.87) who were actively football and strength training. Participants were selected
from individuals who had previously adapted to the VBT method. The required sample size was calculated using G-Power
software (version 3.1.9.4) with a=0.05, power=0.95 and effect size 0.43 based on a previous study [26]. Prior to the
tests, participants were instructed to avoid intense physical activity for 72 hours and caffeine consumption for 24 hours.
The study protocol was conducted in accordance with the latest version of the Declaration of Helsinki. Participants were
informed about the potential risks and procedures of the study, and written informed consent was obtained. The study
received ethical approval from istanbul Gedik University Ethics Committee (354919).
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Fig 1. Experimental design. 1RM: One Repetition Maximum, VBT: Velocity-based Training, Wup: Warmup, TSG: Traditional Strength Group, CG:
Control Group.

https://doi.org/10.1371/journal.pone.0332479.9001
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Anthropometric measurements

The height of the players was measured in cm with a Mesilife (MC-210, Tirkiye) device. The body mass (kg) and body fat
ratios of the players were measured on the Tanita (BC418, Japan) device, which measures the bioimpedance method, on
the platform, barefoot, and wearing only shorts and t-shirts.

1 RM measurement

For the 1RM tests, Olympic bars (Eleiko, Sweden) and free weights (Gainzmach, Turkey) were used. Safety control of the
depth of the squat distance is ensured by the safety bars of the power rack (Gainzmach, Turkey). According to the 1RM
protocol of Pallarés et al. [27], each participant descended to the ~90° squat position with controlled eccentric contraction
while standing in an upright position, and after waiting for 1.5s with the contact of the Olympic bar on his shoulder with the
safety bars of the power rack, he returned to the upright position by exhibiting concentric contraction at maximal speed.
The test started with 10 min of warm-up with free jogging, dynamic stretches and calisthenic movements, followed by 10
reps of warm-up lifts with a 20kg Olympic bar. Weights corresponding to an estimated 30% of 1RM were attached to the
bar and a 1RM squat lift was performed. After 2min of rest, weights between 100kg and 20kg were added and the squat
one rep was continued. The test was continued until the participant was unable to lift the weight without assistance (usu-
ally 4-6 attempts) and the maximum weight he could successfully lift was recorded as 1RM.

Bar velocity measurement

For the bar velocity measurement during the squat 12 repetitions of 1RM at 70%, a wireless velocity measurement
device (VmaxPro VBT Tracker, Blaumann & Meyer Sports Technology, Magdeburg, Germany; accuracy +0.02 m/s)
with a three-axis accelerometer, gyroscope and magnetometer was used, the validity and reliability of which was
established by Held et al. [28]. The device was calibrated before each lift and then connected to a tablet computer
(iPad Pro, 11th inch (3rd generation), version 16.6.1; Apple, Inc.) via Bluetooth 5.0. After the sensor of the device was
placed at 1/4 point of the bar, it was monitored and tracked along the squats with the Enode Pro application (version
2.0.5) compatible with the device and recorded at a sampling rate of 200 Hz. For the test to be accepted, the partici-
pant’s squat descending distance was set to a minimum of 30 cm. Participants performed each half-squat repetition at
maximum velocity.

PAPE interventions

Control Group (CG). Participants in this group only performed the standard warm-up protocol (5 minutes of jogging
and dynamic mobilization exercises — 10—15 seconds each, 1 set; Leg swings, Walking lunges, Hip circles) and were not
included in any PAPE intervention afterwards..

Traditional Strength Group (TSG). The Traditional Strength Group performed the PAPE protocol with 4 sets of 4
reps of squats using 1RM 40% resistance. Squats are performed at a tempo of 2-1-2. A rest period of 30 seconds was
given between sets. All interventions were performed with free weights, at full squat depth and under the supervision of an
experienced researcher while maintaining correct technical standards.

Velocity Based Training Group (VBT). Velocity Based Training Group performed the PAPE protocol with 4 sets
of 4 reps of squats using 1RM 40% resistance. The bar velocity during squats was set to be between 0.75-1.00 m/
s™'. This velocity range was chosen because it is considered a strength-speed load [29]. Bar velocity was controlled
by a VBT device monitored in real time. Repetitions that went out of the subjects target speed range were invalidated
and repeated if necessary. A rest period of 30 seconds was given between sets. All interventions were performed with
free weights, at full squat depth and under the supervision of an experienced researcher while maintaining correct
technical standards.
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30 meter sprint test

Sprint tests were measured using electronic timing gates (Witty Microgate, K_WIT001, Italy accuracy +0.01s) placed at
the starting line (0 m) and at 10 m, 20 m and 30 m from the line. The gates were positioned 0.5 m above the ground. All
athletes were started as soon as they feel ready in a standing position with their front foot 30 cm behind the start line.
Standing starts were performed with the athlete’s preferred leg in front, which they regularly use during dynamic warmups
before training on the field [30]. All sprint tests were conducted under consistent environmental conditions and on the
same surface across all sessions. To ensure measurement standardization, participants wore the same pair of athletic
shoes during each test session. Participants performed two maximal sprint trials with a 1-minute passive rest interval
between each trial. The fastest sprint times obtained were used for statistical analysis.

Statistical analysis

Statistical analyses were performed using SPSS (IBM SPSS Statistics 25). The normality of the data was assessed using
the Shapiro-Wilk test, and the homogeneity of variances was evaluated with Levene’s test. A 3 (group: TSG, VBT, CG) x
2 (time: pre-test, post-test) mixed-design ANOVA was conducted to examine the main and interaction effects of group and
time on 30sec. sprint (0-10m, 0-20m and 0-30m). In cases of significant interactions, pairwise comparisons with Bonfer-
roni adjustment were performed to analyze simple effects. Descriptive statistics (mean + standard deviation) for each test
were presented in a summary table. Additionally, absolute change (A) between pre- and post-test values was calculated
for each group. To compare these A values between groups, a separate one-way ANOVA with Bonferroni post-hoc tests
was performed. Effect sizes were also assessed with Cohen’s d [31]. Effect sizes were reported using partial eta squared
(n?) for ANOVA and Cohen’s d for within-group changes; with thresholds for small, medium, and large effects defined as
0.01-0.06-0.14 (n?) and 0.2-0.5-0.8 (d), respectively [32].

Results

In the mixed-design ANOVA, there was no significant main effect of time on 0—10-meter sprint performance (F(1, 27) =
0.49, p=.488, n*=.018) and no significant main effect of group (F(2, 27) = 0.57, p=.573, n?=.040). However, a signifi-
cant time x group interaction was found (F(2, 27) = 4.99, p=.014, n?=.27). Simple effects analyses showed that the TSG
group showed a significant decrease in performance.No statistically significant change was observed in the VBT group
(p=.069), but slight improvement trend was observed compared to CG (p=.593) and TSG (Fig 2).
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1.8 F ’L‘
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Fig 2. Mean 0-10 m sprint times for TSG, VBT, and CG groups at pre-test and post-test (with 95% CI). *p<0.05.

https://doi.org/10.1371/journal.pone.0332479.9002
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The mixed ANOVA analysis of the 0—20-meter sprint performance showed a significant main effect of the time variable
(F(1, 27) = 30.81, p<.001, n?=.53), indicating a significant improvement in performance from pre-test to post-test. Further-
more, the group main effect was also significant (F(2, 27) = 3.53, p=.043, n?=.20), indicating that there were performance
differences between groups. The time x group interaction was also significant (F(2, 27) = 7.37, p=.003, n?=.35), indicat-
ing that changes over time differed between groups. According to the simple effects analysis, significant performance
improvements were observed in the TSG and VBT groups (p<.001), indicating that performance increased significantly in
both groups. In contrast, no significant change in sprint time was observed in the CG group (p=.867) (Fig 3).

Two-way mixed ANOVA results showed that the main effect of time was not significant, (F(1, 27) = 2.80, p=.106,
n?=.094), whereas the main effect of group was statistically significant, (F(2, 27) = 4.91, p=.015, n?=.266). In addition,

a significant interaction was found between time and group, (F(2, 27) = 10.66, p<.001, n?=.441). Comparisons showed
a significant decrease in performance for the TSG group (p=.039). The VBT group showed a significant improvement
in performance (p<.001), indicating an improvement in performance. The CG group did not show a significant change
(p=.475) (Fig 4).

Group-based descriptive statistics for sprint tests are summarized in Table 1. The table shows the pretest and posttest
means, standard deviations, delta values (A) and effect sizes (Cohen’s d) for each test. In the VBT group, negative A
values indicating performance improvements all tests. In the TSG group, performance decrease were observed in the
0-10 m and 0-30 m sprints (A=+0.02 and +0.01). Although there was a small performance improvement in the 0-20 m
sprint (A=-0.03), the effect size was small (d=-0.12). In CG, the change was very limited in all tests. This table supports
the performance trends in line with the findings of the statistical analyses. ANOVA results for A values showed significant
differences between groups: 0—-10 m (F(2, 27) = 4.99, p=.014), 0-20 m (F(2, 27) = 7.37, p=.003), and 0-30 m (F(2, 27)
=10.66, p=.001). Bonferroni post-hoc analyses revealed that VBT achieved a significantly greater decrease in sprint
time compared to TSG at 0—10 m (mean difference [MD] = -0.033 s, p=.012), indicating improved performance. In the
0-20 m, CG showed a significantly greater increase in sprint time compared to both VBT (MD=0.023s, p=.032) and
TSG (MD=0.031s, p=.003), reflecting a decline in performance. In the 0—-30 m, VBT demonstrated a significantly greater
decrease in sprint time than both TSG (MD=-0.036s, p=.001) and CG (MD=-0.020s, p=.049), indicating improved
performance.
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Fig 3. Mean 0-20 m sprint times for TSG, VBT, and CG groups at pre-test and post-test (with 95% CI). *** p<0.001.

https://doi.org/10.1371/journal.pone.0332479.9003
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Fig 4. Mean 0-30 m sprint times for TSG, VBT, and CG groups at pre-test and post-test (with 95% Cl). *p <0.05; *** p<0.001.

https://doi.org/10.137 1/journal.pone.0332479.9004

Table 1. Group-based descriptive statistics and effect sizes.

Group Test Pre test (Mean*SD) Post test (Mean*SD) A Cohen’s d
TSG (n=10) 0-10 m 1.74+0.08 1.76+0.08 +0.02 0.28
0-20 m 2.92+0.25 2.89+0.24 -0.03 -0.12
0-30 m 4.44+0.21 4.45+0.22 +0.01 0.04
VBT (n=10) 0-10 m 1.74+0.07 1.73+0.07 -0.01 -0.16
0-20 m 3.07+0.11 3.05+0.10 -0.02 -0.18
0-30 m 4.13+0.26 4.10+0.26 -0.03 -0.10
CG (n=10) 0-10 m 1.77+0.08 1.77+0.07 +0.003 0.03
0-20 m 3.08+0.08 3.08+0.08 0.000 0.00
0-30 m 4.38+0.27 4.38+0.27 -0.003 -0.01

Note. Values represent group means (+ SD) for each test at pre- and post-test. A: Delta, Cohen’s d: Effect Size, TSG: Traditional Strength Group, VBT:
Velocity-Based Training, CG: Control Group.

https://doi.org/10.1371/journal.pone.0332479.t001

Discussion

This study compared the acute effects of VBT and TSG protocols on sprint performance. The results showed that the VBT
group achieved a significant performance increase especially in the 0-20 m and 0-30 m sprint distances. In the 0-10 m
sprint, a positive trend approaching significance was observed in the VBT group (p=.069). The results show that the VBT
protocol, which is based on an individualized loading model based on bar velocity, may have an enhancing effect on sprint
performance in the acute period compared to the traditional protocol. These results, in this perspective, support the main
hypothesis of the study.

In the literature, many studies examining the contribution of the PAPE effect on sprint performance have used protocols
based on traditional 1%RM-based loading [33—37]. These protocols mostly include structured squat-like multi-joint exer-
cises in the 85-95% 1RM band, and are assessed with sprint tests in the 10-30 m range [13,38,39]. For example, signifi-
cant performance improvements have been reported in the 0—20 yard and 0—40 yard sprint distances following half squat
exercises performed with 90% 1RM [40]. Similarly, it was reported that barbell hip thrust exercises performed with 50%
and 85% 1RM load improved sprint performance in elite handball players by significantly decreasing 0—10 m and 0—-15 m
sprint times [41]. Furthermore, another study reported significant gains in 0-5 m, 0—10 m and 0—20 m sprint performance
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with the same exercise performed with 85% 1RM load in soccer players [42]. In tennis players, significant improvement
in 0-5 m sprint time was observed after hip thrust protocol with 60% 1RM [34]. These results suggest that traditional
PAPE protocols may be particularly effective on the first step (0—5 m), early acceleration (0—10 m) and acceleration phase
(0—20 m) of sprint in different sports branches and at various loading intensities. Unlike these examples in the literature,
our results investigated the acute effects on sprint performance with a low-intensity loading protocol such as 40% 1RM.
The TSG results obtained showed that this loading pattern negatively affected the performance at distances 0—10 m
(first step/acceleration phase) and 0-30 m (transition to maximum velocity/reach) of the sprint, and provided a significant
improvement only at distances 0—20 m (mid-phase/acceleration). This may indicate that low-intensity loading fails to pro-
vide sufficient potentiation effect or limits the efficiency of transfer to the early and late phases of the sprint. The possible
physiological mechanism behind this result is that explosive activities, such as sprinting, require powerful firing and syn-
chronisation of motor units, as well as high-level involvement of type Il muscle fibres. The 40% 1RM applied in TSG may
not have been able to produce this critical stimulation, which is why it may not have improved performance, especially in
the 0—10 m. In fact, the volume of the intervention may have triggered fatigue beyond stimulation in type | muscle fibres,
which may have negatively affected performance in the 0-30 m.

VBT-based protocols provide an advantage in terms of fatigue control and individualization by determining the loading
depending on the individual's bar speed instead of a fixed 1%RM value [43]. Similar to this approach, recent studies have
investigated the effect of PAPE with flywheel or bar speed matched protocols at different speeds and reported significant
acute effects, especially on jump performance [44—46]. In our study, these approaches were adapted to a phased analysis
of sprint performance and the effects of bar velocity-based squat loading were evaluated. In the literature, there are differ-
ent results suggesting that VBT has positive effects on sprint performance in chronic adaptations [21]. In a 6-week study
comparing traditional and VBT-based protocols, a group with a fixed 59—-85% 1RM and a VBT group loaded according to
bar velocity feedback were evaluated. According to the results, the VBT group showed more performance improvement
inthe 5m (ES=-1.17), 10 m (ES=-0.93) and 20 m (ES=-1.27) sprint distances compared to the traditional approach;
especially the first 10 m sprint time was found to be more effective [47]. Similarly, in a study comparing a 50—-80% 1RM
fixed load group with a VBT group adjusted with daily velocity feedback, improvements in 20 m sprint time were seen in
both groups; however, the performance improvement was reported to be more apparent in the fixed load group (-1.99%
vs. —0.95%) [48]. Furthermore, in another study comparing the VBT protocol configured in the velocity range of 00.75-
1.00 m/s™" with the traditional protocol using 40-60% 1RM constant load, both groups showed improvement in 10 m and
20 m sprint performance, but the difference between the groups was not significant [49]. These results show that although
the literature suggests that VBT has the potential to improve sprint performance in the chronic phase compared to tradi-
tional, it is understood that the improvements obtained may vary depending on the application of the protocol (e.g., speed
loss tolerance, rest period, load interval) and the measured sprint phase. The VBT protocol applied in our study shows
that the results of the sprint tests performed after the squat exercise performed in the range of 00.75—1.00 m/s™" show that
a statistically significant performance increase was achieved especially in the 0—20 m and 0—-30 m sprint distances, and
there is a development trend close to significance in the 0—10 m distance. This may indicate that the current protocol may
be more effective than the traditional one not only in the first step and acceleration phase (0—10 m), but also in the middle
(10—20 m) and late (20—30 m) sprint phases. Since VBT is often associated with long-term training effects in the literature,
this study provides evidence that VBT can improve sprint performance in the acute phase as well.

In conclusion, this study showed that the VBT protocol produced a more significant acute performance improvement in
sprint performance compared to TSG, even when applied with the same absolute load. The focus on bar velocity makes
VBT a more specific and effective priming tool for motor tasks that require high-speed force production, such as sprinting.
The results support the preferred use of VBT protocols for acute performance enhancement in sports where explosive
power and sprint capacity are critical. Moreover, thanks to its ability to be applied with lower loads, VBT has emerged as
an athlete-friendly “priming” strategy that reduces the risk of injury.
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Limitations

This study has some limitations. First, the sample size is limited and consists only of athletes with specific training histo-
ries, which may limit the generalizability of the findings. Additionally, the neuro-muscular effects of the applied protocols
were not directly assessed using methods such as electromyography. Therefore, the physiological mechanisms underlying
the observed performance changes could only be interpreted indirectly. Variables such as rest periods, loading intensity,
and speed zones may also have potentially influenced the results due to differences in individual responses. Furthermore,
the fact that the VBT velocity range (0.75—1.00 m/s™") was applied similarly in all participants is a limitation of the study.

Future perspective

Future studies examining the effects of VBT protocols applied with different loading patterns (number of sets/reps, velocity
zones, bar loading) and rest periods on performance will contribute to the development of more optimized training pro-
grams for trainers. In addition, comprehensive approaches that examine neuromuscular responses in biomechanical and
electrophysiological aspects (e.g. sEMG, motor unit activation) will allow us to better understand the physiological mech-
anisms underlying VBT. Furthermore, future research should investigate the effects of individualizing VBT protocols on
performance.

Informed consent statement

Informed consent was obtained from all subjects involved in the study.
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