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The speed dynamics of different
sprint and acceleration exercises
applied during football training

Ricardo Pimenta%23“*, Filipe Maia®, Hugo Silva' & Fabio Yuzo Nakamura’*

Sprinting actions are related to decisive moments of the match and impose severe fatigue levels on
football players, and are often preceded by lower intensity running patterns or walking on the field.
This study aimed to compare the effects of different exercise drills on speed and acceleration dynamics.
Forty Under-19 and Under-23 soccer players participated in different sprint drill conditions, quantifying
their distance covered in various speed intensities covering high-speed running and sprinting patterns
and their peak acceleration. The speed drills were compared across different conditions: LS30m

(30 m Linear Sprint), LS40m (40 m Linear Sprint), 15BR + LS30m (15 m Bounding Run + 30 m Sprint),
15BR +LS40m (15 m Bounding Run + 40 m Sprint), and CS30m (30 m Chasing Sprint). The results of
this study showed significant differences regarding maximal acceleration between the lowest value
15BR +LS30m (5.62 + 0.83 m/s?) and the highest, CS30m (7.09 £1.25 m/s?; p=0.001; d = - 0.88), as well
as with LS30m (6.98 +1.43 m/s2; p=0.003; d =-0.59), L540m (6.76 +1.60 m/s2; p=0.002; d =- 0.69)
drill. Regarding Sprint 3 distance (distance covered >95% of maximal speed) significant differences
were found between the highest, LS40m (2.42 +4.82 m) and the lowest 15BR +LS30m (0.0 + 0.00;
p=0.057; d=-0.52) as well LS30m (0.90 +3.31 m; p=0.017; d =-0.37) drill. These results suggest that
the capacity to reach peak acceleration is mediated by how the athlete approaches the linear sprint.
Moreover, the LS40m was observed to be a drill that successfully exposes the athlete to their peak
speed compared to the LS30m and 15BR + 30 m drills. Therefore, it should be considered the use of
LS40m drill for training prescriptions for developing speed or hamstring conditioning. Finally, the
CS30m drill exposed the athletes to the highest peak acceleration, probably due to the visual stimulus
provided by the opponent, which might have elicited higher levels of motivation for the chasing player.
Briefly, in the LS40m, athletes cover more distance above 95% of maximum speed, while the CS30m
seems to be more effective for achieving higher accelerations.
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During competition, football players are exposed to high loads, including accelerations, decelerations, and
displacements at different speeds'. Considering that the match-day is usually the most demanding day of the
week (i.e., the microcycle)??, practitioners need to ensure that players are prepared to cope with these demands.
Otherwise, players’ performance may be affected, and the injury risk could increase®®. This challenge can be
understood with the fitness-fatigue model, originally proposed by Bannister®, where a stimulus creates a certain
amount of fatigue, which, with appropriate recovery, leads to enhanced performances’.

One of the greatest concerns among football players and coaches is muscle injuries, especially hamstring
injuries®, the occurrence of which has been increasing 12% from the 2001/2002 season to the 2021/2022
season, constituting 24% of all injuries in men’s professional football®. Although the causes of these injuries are
multifactorial, sprint displacements have been established as potentiators when performed in fatigue state!® and
when players are not systematically exposed to maximal sprint efforts'!. Here, a recent review!? has highlighted
the necessity of exposing players to sprints exceeding 85% and 95% of their individual maximal speed (i.e., peak
speed), which would create a protective effect for competing more safely'>!4. These relative intensities require a
reference value (i.e., peak speed), which can be used to determine the peak speed of each player. In this regard,
practitioners can select speeds achieved during sprint tests or during competition, using global navigation
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satellite systems!. Considering that speeds achieved during field tests are generally higher than during training
and matches!'>1, retrieving peak speeds from real match scenarios could potentially represent a more realistic
value. Moreover, during matches, players do not achieve their peak speeds with a linear acceleration, but rather
through acceleration from running speeds approximately 4 s before the peak effort!’. Thus, practitioners should
plan specific drills to better prepare their players.

Beyond the association with maximum speed and injury prevention, it is also necessary to use sprint training
to enhance players’ capabilities. Indeed, several proposals for sprint drills have been discussed in the literature.
For example 3-4 repetitions of 40 m sprints with 6 min of recovery between repetitions'®, while some authors
have shown that sub-maximal sprint exercises may provide significant improvements over maximal sprinting
performance!®?® without the need to impose maximal intensity stimuli, thus avoiding excessive stress on the
neuromuscular system. Furthermore, recreationally active adults were expected to have a 30 m distance to
build up speed (flying sprints), avoiding the need for the execution of higher intensity accelerations to attain
maximum speed values'®!°. However, although maximal speed capacity seems to be less resistant to adaptation
compared to accelerated sprinting capacity'?, there is a need to cover longer distances in order to improve it. In
fact, high-level female American Football players attained higher mean speeds during the final 15 m of a 35 m
sprint when sprints were preceded by flying starts?!. Therefore, the use of flying sprints may be considered a
useful method for attaining almost or even maximal sprinting intensities with a reduced cost of the acceleration
component, thus inducing less fatigue.

Although a diversity of exercises can be applied to expose players to displacements exceeding their 85%
and 95% individual peak speed, practitioners need to assess if players are indeed achieving those values, and
how they are achieving them. Allowing players to have a build-up run before attaining higher speeds might
impose less fatigue, allowing for a quicker recovery between sessions, which may facilitate training load and
fatigue management during the training cycles. Furthermore, in order to achieve maximal or near-maximal
speed intensities from stationary starts, it seems that players need to cover 40 m linearly'>?2, depending on the
individual capacity of each player since faster players might need longer distances. However, in football matches,
rather than stationary, players often start sprinting maneuvers with an associated initial speed. Therefore, the
purpose of this study is to compare peak speed dynamics — with a 20-second analysis - of different speed drills.
We hypothesize that 40 m sprints, performed as linear runs starting either from a stationary position or executed
as a bounding run will achieve higher intensity and consequently accumulate more distance within the upper
thresholds of sprinting than the other drills.

Methods

Participants

Forty elite youth football players (age: 19.1+ 1.4 years, weight: 73.1+6.9 kg, height: 179.8+7.3 cm) from two
teams competing in the under-19 and under-23 Portuguese National Championship (highest national division
for the specific age group) were invited to participate in this study. We have classified players as elite because 22
of them played in the Youth Champions League (Tier 4, according to McKay et al., 2022), while the remaining
players could be classified as Tier 3 (national level)?*. The maximum speed of the players was 32.6+1.8 km/h,
ranging between 30.6 and 34.8 km/h. All participants read and signed an informed consent form prior to
participating in the study. The Ethical Committee at the University of Maia approved the study (#210/2024). All
methods were performed in accordance with the Declaration of Helsinki.

Protocol

The players participated in five different sessions, spaced one week apart, incorporating speed training into the
competitive microcycle. The speed drills used for each data collection session followed a randomized order.
All the tests were conducted during a competitive period with a microcycle of 7 days, following the same
periodization program (tactical periodization). Each session began with a standard warm-up (mobility of the
lower limb muscles, running technique exercises, and 2 submaximal 10 m sprints) designed for speed-focused
days (e.g., Match Day -2 (MD-2)), provided by a strength and conditioning coach, which was consistent across
all sessions. The speed drills on MD-2 were compared across different conditions, such as stationary start linear
sprints of 30 m (LS30) and 40 m (LS40), 15 m of bounding run +linear sprints of 30 m (15BR+30) and 40 m
(15BR+40), and chasing sprints of 30 m (CS30). All drills were performed twice, and the best repetition was
used for data analysis. Players were verbally motivated to reach their maximum speed in each condition under
the following parameters: in the 15BR+LS30 and 15BR+LS40m exercises, players were required to increase
their stride length only up to the 15 m marker cone, after which they were to reach their maximum speed. In
the CS30m drill, players started 5 m behind the attacking player and attempted to intercept the attacker before
they could shoot the ball, which had to occur within 30 m (before the penalty area). A more visually detailed
description of the repetitions, feedback, and data selection for analysis for each drill can be seen in Fig. 1.

Procedures

External training load was monitored using a portable 10 Hz Global Positioning System (GPS) device (Catapult
Vector S7, Catapult Sports, Melbourne, Australia), which has been certified by FIFA (certification number:
1003407) and validated for measuring ACC and DEC?*, and maximal speeds?. To ensure higher data reliability,
and reduce inter-unit error, each player consistently used the same GPS unit throughout all data collections. GPS
data were downloaded using the manufacturer’s software (Catapult Openfield, version 3.10; Firmware 8.1). This
study analyzed the peak speed over a 20-second window (Supplementary file 1), similarly to a previous study
(for details, check Silva et al.!”. Briefly, the peak speed was identified as the highest speed recorded, and data
were collected within 201 data points, including speed and time from the preceding and subsequent 10 s of the
peak speed. This data was used to construct the speed curve for each sprint drill. Specifically, the speed curve
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Fig. 1. Diagram representation of all sprint drills and their respective feedback. LS30, linear sprint of 30
meters; LS40, linear sprint of 40 meters; 15BR+30, 15 meters of bounding run + linear sprint of 30 meters;
15BR+40, 15 meters of bounding run + linear sprint of 40 meters, and CS30, chasing sprints of 30 meters.

of each drill was constructed by averaging the players instantaneous speed. For example, the starting speed of
drill A consists of the average speed registered in the first 0.1s from all players during that drill. Additionally,
accelerations were calculated as the change in speed divided by the change in time, as long as speed continued to
increase, without specifying a minimum effort duration®. The initial speed was defined as the average of the five
lowest consecutive speed values within the 201 recorded data points. The speed recorded at 5 s before the peak
speed and the closest acceleration before the peak speed (if magnitude was >1 m/s?, to avoid potential noise)
were also retrieved for further analysis. To compare the external load of each sprint exercise, the distance covered
at each threshold was calculated by normalizing it to each player’s maximal speed. The maximum speed used for
threshold determination was obtained from the highest recorded value (to avoid outliers, the value considered
must be recorded at least three times), either in training or competition, by the athletes throughout the season.
High-speed running and sprinting were categorized with 3 levels of thresholds. The thresholds were defined as
high-speed run 1 (HSR1) (55-65% of peak speed), HSR2 (>65-75% of peak speed), HSR3 (>75-85% of peak
speed), Sprintl (>85-90% of peak speed), Sprint2 (>90-95% of peak speed), and Sprint3 (>95-100% of peak
speed).

Statistical analysis

Raw data were organized and treated in Microsoft Excel (Microsoft Corporation; Version 16.89.1), and statistical
analysis was conducted with SPSS statistical software (version 29, IBM Corp, Armonk, NY, USA). A mixed-
model analysis was conducted to assess the differences in distance covered across exercise drills. Acceleration
and distance covered in each speed zone were used as dependent variables, with exercise drill included as the
fixed effect, and ID as a random effect. Pairwise comparisons were performed using the Fisher’s least significant
difference adjustment, and the significance level was established at p < 0.05. Cohen’s (d) effect sizes were calculated
for each comparison and categorized as trivial (<0.2), small (>0.2-0.6), moderate (>0.6-1.2), large (>1.2-2.0),
very large (>2.0-4.0) and extremely large (>4.0)%".
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Results

The descriptive statistics are provided in Table 1 and the time curves in relation to the percentage of maximum
speed can be observed for each exercise drill in Fig. 2. An effect for condition (i.e., exercise drill) was observed
for acceleration (F=3.952; p=0.004). Specifically, higher values were observed in LS30 (6.98+1.43 m/s?)
compared to 15BR + 30LS (5.62 +0.83 m/s%* p=0.007; d = 1.16); LS40 (6.76 + 1.60 m/s?) compared to 15BR +30LS
(5.62+0.83 m/s% p=0.024; d=0.9); and CS30 (7.09+1.25 m/s?) compared to 15BR+30LS (5.62+0.83 m/s%;
p=0.009; d=1.39).

For HSR1, an effect of condition was observed (F = 2.785; p=0.027). Significantly larger distances were covered
in 15BR+30LS (6.46+1.92 m) compared to LS30 (4.92+2.43 m; p=0.013; d=0.7); 15BR+30LS compared to
LS40 (4.80+3.0 m; p=0.002; d=0.64); and 15BR+ 30LS compared to CS30 (4.68£1.83 m; p=0.011; d=0.95).

In HSR2, HSR3, and Sprintl, no significant differences were observed between conditions (p=0.203;
p=0.083; p=0.091, respectively).

For Sprint2, a significant effect of condition was observed (F=13.872; p <0.001). Significantly larger distances
covered were observed for LS40 (8.55+7.31 m) compared to LS30 (3.40+5.32 m; p<0.001; d=0.8); LS40
(8.55+7.31 m) compared to 15BR+40LS (3.90+5.55 m; p<0.001; d=0.72); LS40 (8.55+7.31 m) compared
to 15BR+30LS (1.90£3.90 m; p<0.001; d=1.13); and LS40 (8.55+7.31 m) compared to CS30 (0.91+3.30 m;
p<0.001; d=0.83).

For Sprint3, a significant effect of condition was also observed (F =3.696; p =0.006). Specifically, significantly
larger distances were covered in LS40 (2.42 +4.82 m) compared to LS30 (0.90+3.31 m; p=0.01; d=0.37), LS40
(2.42+£4.82 m) compared to 15BR +40LS (0.97 £3.49 m; p=0.024; d=0.34), and LS40 (2.42 +4.82 m) compared
to 15BR+30LS (0.0+0.0 m; p=0.013).

Discussion

This study examined different sprint drills in relation to the distances covered at various percentages of maximum
speed, assessed using GPS data, among under-19 and under-23 Portuguese National Championship football
players. The main findings were: (i) 15BR+30LS (Fig. 2C) drill differed from all other conditions in HSR1
(between 55 and 65% of maximum speed), achieving higher values in this metric; (ii) 15BR+30LS (Fig. 2C)
drill was different from all other sprint drills, recording the lowest ACC value; (iii) LS40 (Fig. 2-B) drill showed
significant differences in Sprint3 (>95% of maximum speed) compared to all other sprint drills. These results
provide valuable insights for coaches and practitioners aiming to optimize sprint training in football, as different
drills elicit distinct speed and acceleration profiles. The LS40 (Fig. 2-B) and CS30 drills (Fig. 2-E) were found to
be the most effective for achieving higher sprint and acceleration intensity, respectively.

Sprinting in football is a highly relevant high-intensity movement, as it is related to decisive actions during the
game?®?, players often initiate those movements with some initial speed, rather than starting from a stationary
position’. Therefore, flying sprints seem to be more specific to match-related demands. In this scenario, drills
incorporating bounding runs as a form of flying start may be more representative of the game profile. Moreover,
it was also expected that a higher initial speed would position the players closer to their peak speed, thereby
favoring a greater accumulation of distance under very high-speed conditions. However, the present results
indicate that they are not effective (especially 15BR +30LS, Fig. 2-C) in providing sprint speed stimulus above
95% of peak speed (Sprint3 threshold) and higher maximal accelerations values. Therefore, our findings suggest
that the constraints imposed by the tasks (initiating with a bounding run) may alter the mechanical pattern of
running compared to a stationary start, allowing the player to accumulate greater distances in HSR zones when
compared to sprinting. Regarding the acceleration, the lower values could be probably related to the high initial
speed value before the linear sprint action!® reducing the ability to accelerate at higher speeds®®3!. Furthermore,
there is an inverse relationship between running speed and foot contact times®*~**. The decreased contact time
at higher speeds limits the impulse generated by the lower limb. Conversely, when accelerating from a stationary
position, the longer time available for applying force results in greater acceleration values. This rationale is
supported by a significant, near-perfect correlation (r= -0.98) between maximal voluntary acceleration and
initial running speed®*. However, as a consequence of higher intensities required to achieve peak speed from a
stationary start, significant levels of fatigue may interfere with the microcycle organization, which must ensure
the highest readiness level on game day. Therefore, research has shown that flying sprints are a superior method

LS30 LS40 15BR+30LS | 15BR+40LS | CS30
HSR1 (m) 4.92+2.43 | 4.80%£3.00 | 6.46+1.92 5.26+2.96 4.68+1.83
HSR2 (m) 7.01+£2.77 | 6.97+2.76 | 8.70+3.05 7.25+2.99 6.79+2.69
HSR3 (m) 11.92+5.10 | 11.62+4.94 | 12.95+£5.60 |12.22+5.38 | 10.89+4.31
Sprint 1(m) 5944529 | 7.69+£5.00 | 6.65+£6.09 6.20+4.99 5.84+5.28
Sprint2 (m) 3.40+5.32 | 855+7.31 | 1.90+£3.90 3.90+5.55 3.27+5.32
Sprint3 (m) 090+3.31 | 2.42+4.82 0.0+£0.0 0.97 +3.49 0.91£3.30
ACC (m/s?) 698+1.43 | 6.76+1.60 | 5.62+0.83 6.38+1.26 7.09+£1.25
Maximal speed (km/h) | 29.96+1.24 | 31.75+1.23 | 28.41+1.56 |29.29+1.52 |29.58+1.66
Initial Speed (km/h) 091+0.02 | 0.77+£0.01 | 1.48+0.10 0.60+0.03 0.99+0.01

Table 1. Distance covered at different speed zones, acceleration magnitudes and maximal speed for each drill.
Data are mean + standard deviation.
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Fig. 2. Graphical representation of the 10 seconds preceding and succeeding the highest recorded speed
during each drill. Black lines are mean and grey area standard deviation. A- Linear Sprint 30m; B- Linear
Sprint 40m; C- 15m Bounding Run+ Linear Sprint 30m; D-5m Bounding Run+ Linear Sprint 40m; E - Chasing
Sprint 30m; HSR1 - High speed running 1 (between 55% and 65 % of maximal speed); HSR2 - high speed
running 2 (between 65% and 75%); HSR3 - high speed running 3 (between 75% and 85%). S1 - sprint 1
(between 85% and 90%); S2 - Sprint 2 (between 90% and 95%); and S3 - Sprint 3 (above 95%).

to achieve higher sprint speeds when compared to a stationary start’, as they remove the vigorous acceleration
component of the latter, which is believed to have a significant energetic cost associated with it'>*’. Consequently,
this method could be used as an approach to minimize fatigue accumulation without compromising important
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muscular and performance adaptations. However, to attain peak speeds using this method, prolonging the
sprinting distance could be necessary, leading to an increased external load at high speeds.

Despite the observed differences between the drills, all conditions enabled the athletes to reach the Sprint2
intensity (90-95% maximal speed), which was previously found to be related to increased myoelectric activity of
the hamstrings during the swing phase of running, in track-and-field athletes*®*°. When considering the results
of this study, one can expect all drills to be effective in adequately stimulating the hamstrings complex since
the athletes reached at least 95% of their maximum capacity. It is believed that sprinting at proper intensities
likely induces tissue healing and repair, which may aid athletes during their rehabilitation process*’, and should
be considered as an important criterion for defining an adequate dosage of a “vaccine” aimed at preventing
hamstring injuries. Although musculoskeletal injuries have a multifactorial profile, it has been suggested that
this level of intensity has possibly been linked elsewhere to a lower risk of lower limb injury. Consequently,
this approach to exercise prescription may prevent athletes from being exposed to sufficient sprint intensities,
and the relationship between the risk of injury and the exposure to other types of sprints intensities should be
addressed in future studies. Therefore, these findings highlight the need for further investigation.

Considering the present results and data from previous studies, if we aim to expose players to the highest
intensity, we should provide at least 40-m linear distances when starting from a stationary position, and more
than 40-m if preceded by a rolling start. It would be interesting to assess exactly what distance should be provided
to the athletes when they perform flying sprints and if reducing the flying sprint distance might allow for higher
early acceleration capacity, thereby enabling them to achieve the Sprint3 zone earlier. However, if acceleration is
the focus of development, we advocate the use of CS30 (Fig. 2-E), as it presents the highest acceleration value of
all drills. A plausible explanation is the visual feedback that the player receives, knowing they are positioned 5 m
behind the player they are attempting to dispossess. This anticipatory response may elicit a more pronounced
acceleration, as the athlete must quickly close the distance to execute the defensive maneuver effectively. The
spatial and temporal constraints inherent in this drill likely contribute to the heightened acceleration values
recorded.

This study has some limitations. Firstly, it is possible to verify that before the first 10 s of the run, the athletes do
not start from a completely stationary position. This is likely due to the GPS device being positioned on the torso,
making it challenging to avoid detecting such variations, especially during the athlete’s initial movement when
leaning forward before starting. Moreover, the limitations of GPS in identifying initial speed and acceleration
must be taken into account, as the data is processed as a single instantaneous speed every 0.1 s, which increases
the complexity of accurately identifying the moment of ‘cut-off’. However, the study’s goal is not to analyze
absolute values, but rather to evaluate the curve of each sprint drill and compare the different exercise intensities.
Therefore, this analysis takes into account and eliminates this potential effect. Secondly, it is only performed with
linear sprints, and therefore the present results cannot be transferred to non-linear sprints. Thirdly, it should
be considered that in the 15 m bounding drills, different stride patterns may lead to varying starting speeds
after the 15 m mark. However, feedback was given to the players to achieve the longest possible stride up to
the 15 m cone, and restricting the stride in the first 15 m would alter the running technique of the players, as
the goal of the study was not to compare players but to analyze the drills. Finally, we cannot rule out a possible
effect of accumulated fatigue due to games and training sessions, although the test sessions were randomized,
standardized for the same day of the week, and conducted at the beginning of the training session with the drill.

Conclusion

This study clearly demonstrates the utility of using LS40m and CS30m to expose athletes to the highest speed
and acceleration intensities. Furthermore, the flying start drills are effective in stimulating speeds between 85
and 95% peak speed which may be considered sufficient to properly stimulate the hamstrings at a neuromuscular
and mechanical level. It would be interesting, in future investigations, to increase the distance covered in the
flying sprint drills or to reduce the flying start speed, as it seems that players need more distance to achieve peak
speed when starting at speeds of 55% maximum speed, which causes a decrease in the acceleration rate capacity.
Overall, these findings offer valuable guidance for optimizing sprint training protocols and lay the groundwork
for future research on enhancing speed and acceleration development in soccer players.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding
author on reasonable request.
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