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Abstract

This study evaluated the mechanical determinants of 30 m sprint performance in 110 amateur soccer players and
identified variables of sprint, slalom, and kick tests. Associations were identified using Pearson’s correlation coefficient.
A p-value of 0.0007 was considered statistically significant for all analyses after performing Bonferroni correction ad-
justment. Relative peak running power (P,.,,) was significantly correlated (p<0.0007, r=-0.875 to -0.984) with sprint split
times across all distances (5-30 m). Relative theoretical maximum horizontal force (F,) significantly correlated with
acceleration performance (0-15 m, p<0.0007, r=-0.756 to -0.951). Average ratio of forces for the first 10-m (RF_10m)
was significantly correlated (p<0.0007, r=-0.909 to -0.965) with sprint split times across 20-30 m and gap time at 10-20
m and 20-30 m. Maximal value of ratio of force (RF,,,,) was significantly correlated (p<0.0007, r=-0.718 to -0.959) with
sprint split times across 5-25 m. Theoretical maximum velocity (V,) was significantly correlated , (p<0.0007, r=-0.540
to -0.684) with sprint times across 20-30 m, and gap time 10-20 m and 20-30 m (p<0.0007, r=-0.880 to -0.915). These
results indicate emphasis should be placed on training protocols that improve relative peak running power (P,
particularly in time-constrained environments such as team sports, focusing on maximal force production or maximal
running velocity ability. Furthermore, attention should be paid to the technical component of the received force in the
horizontal direction to the monitor training adjustments and further individualize training interventions.
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Introduction goal situations in the first German national league, both for

The ability to perform soccer-related tasks at high veloci-  the scoring and assisting player (Faude et al., 2012). A high ac-
ties is believed to be a key factor for reaching success in soccer  celeration and a fast maximal sprint speed might allow players
(Faude et al., 2012). Sprinting is the most frequent action in  to overtake opponents and win balls (Mendez-Villanueva et
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al,, 2012). A soccer player changes direction every 2-4 seconds
(Verheijen, 1997) and makes 1,200-1,400 changes of direction
during a game (Bangsbo, 1992). Kicking is one of the most
frequently used skills in soccer, and the most fundamental for
soccer performance (Bacvarevic et al., 2012). Ball speed could
be particularly important while kicking towards the goal be-
cause the chances of scoring increase with an increased ball
speed (assuming that the kick is accurate) because the goal-
keeper has less time to react (Dorge et al., 2002; Markovic et
al., 2006).

Recently was introduced a field-based method of assessing
an athlete’s sprint ability and the mechanical determinants as-
sociated with sprint performance (horizontal power, force, and
velocity variables) (Samozino et al., 2016). Mechanical prop-
erties of an individual’s force-velocity sprinting profile (F-v)
were derived from equations that used split times, anthropo-
metric, and spatiotemporal data of the athlete (Samozino et al.,
2016). This approach was found to be highly valid (p<0.001,
r=0.826 - 0.978) when compared with direct measurement
methods of ground reaction forces (GRF) from in-ground
force plates (Cross et al., 2017; Samozino et al., 2016). This and
other laboratory-based methods of analysing sprinting have
shown an athlete’s ability to produce high levels of horizontal
power during a sprint performance to have a very large to near
perfect association (p=<0.01, r=0.850 - 0.932) with their sprint
performance (Cross et al., 2015; Morin et al., 2012). However,
athletes with differing F-v profiles could potentially produce
similar peak horizontal running power (P,,,) values, which
could limit insight to an athletes true F-v profile and where
their strength and weaknesses lie (Cross et al., 2017; Morin &
Samozino, 2016). The insight into an athletes F-v sprint profile
has the potential to influence individualized training inter-
ventions and the monitoring of training adaptations (Morin
& Samozino, 2016; Samozino et al., 2016). Previous research
examining the sprint mechanics of athletes have also shown
the determinants of better acceleration (0-20-m) compared
with longer distance sprint performance could potentially dif-
fer (Buchheit et al., 2014; Cross et al., 2015; Morin et al., 2012).
For example, better longer distance sprint performance (=40
m) and maximal running speeds, has been shown to have a
very large association with a more velocity dominant F-v pro-
file (greater maximum velocity and theoretical maximum ve-
locity extrapolated to when force is 0) (Buchheit et al., 2014;
Morin et al., 2012). Whereas a more force dominant F-v pro-
file (greater maximum horizontal force and greater theoretical
maximum horizontal force extrapolated to when velocity is 0)
was found to have a very large association with better acceler-
ation performance in sprints of less than 20 m in elite rugby
(Cross et al,, 2015) and highly trained youth soccer athletes
(Buchheit et al., 2014).

Considering the strong link between game performance
and sprint ability in soccer and other team sports, a simple
conclusion would be to focus training to high-speed sprinting.
Research in sprinters and team sport athletes has identified as-
sociations between sprint performance and various F-v char-
acteristics (Morin et al., 2012). Researchers have been found
that acceleration, speed, and agility be independent, different
qualities that generate a restricted transfer to each other (Jova-
novic et al., 2011). But recent study (Falces-Prieto et al., 2022)
found moderate to large relationships between short sprint
(10-m) performance and change of direction (COD) perfor-
mance at different angles (180° or 90°). Zhang et al. (2022) find

that sprinting F-v profiles parameters were weakly to moder-
ately correlated with 505-test performance (p<0.05-0.001, r=-
0.47 to -0.38) in female and male soccer players. Very large
correlation between horizontal mechanical parameters (F,and
P,..) and 505-test performance (p<0.001, r=-0,79 to -0,83) in
tennis, soccer and basketball player (Baena-Raya et al., 2021).
No research was found on associations between maximal kick
ball velocity and F-v characteristics, but De Witt & Hinrichs
(2012) find significantly correlated segmental foot velocity
with ball velocity during an instep soccer kick. Therefore, the
purpose of this study was to evaluate the mechanical determi-
nants across 30 m sprint performance in amateur soccer play-
ers, using modelled inverse dynamics techniques (Samozino et
al., 2016). A secondary purpose was to identify the existence of
relationships between horizontal F-v variables of 30 m sprint
and performance variables 30 m sprint, slalom, and soccer
kick.

Methods
Experimental Approach to the Problem

A cross-sectional study design was used to determine the
mechanical determinants of sprint running and the relation-
ship with performance variables in sprinting, slalom tests,
and kicking in amateur soccer player. All athletes were test-
ed during the competitive season, minimum 72 hours after a
match day or intensive training.

Subjects

One hundred ten amateur soccer players (age=22.6+3.7
years; height=1.81+£0.07 m; mass=78.4+7.6 kg) were recruited
for this study. The athletes were recruited from 7 clubs Croa-
tian Third Football League. The research was aligned with the
Helsinki declaration, and the Scientific and Ethical Committee
of the Faculty of Kinesiology, University of Zagreb, approved
the experimental protocol. All athletes provided written in-
formed consent for the study after explanation of the purpose,
benefits, and potential risks involved.

Procedures

All athletes performed a 15 min warm-up consisting of 6
run intervals of 100 m at a speed<10 km/h, mobility exercis-
es, athletic running exercises, proprioception exercises and
dynamic stretching exercises were performed at a distance of
12 m. Exercises were performed in one direction, and run-
ning on the way back at a speed<10 km/h. The last exercise
in warm-up was a maximum sprint 30 m (3 repetitions with 1
min rest). With a 6 minute rest after the warm-up, the subjects
were randomly divided into 3 test stations (sprint, slalom tests,
and kick test). All tests are performed on outdoor soccer field
with natural grass.

Sprint test was performed 2 maximal efforts 30 m sprint,
with 3 min rest, where split times (at 5, 10, 15, 20, 25 and 30
m) were assessed by recording each sprint using an iPhone 8
and MySprint app (Romero-Franco et al., 2017). Slalom test
was performed 2 maximal efforts on a 11 m long track, with 3
min rest (Sporis et al., 2010). Time is measured by photocells
of the system (Witty Gate, Microgate; USA). Soccer kick was
performed 3 maximal efforts, with 1 min rest (Markovic et
al., 2006). Athletes kicks a stationary ball (Adidas, UCL PRO,
size 5) of standard size and standard inflation approved by
the International Federation of Football Associations (FIFA).
Athletes himself determines the length of the run, the angle of

DOI 10.26773/mjssm.250307



RELATIONSHIP BETWEEN F-V PROFILE AND PERFORMANCE | K. MITRECIC & V. VUCETIC

the shot and the part of the foot with which hits the ball. Ball
speed was measured with a radar (Stalker Pro, Applied Con-
cepts Inc., Richardson, Texas, USA).

Statistical Analyses

Data are presented as mean * standard deviations (SD).
Normal distribution for all variables was confirmed by the
Shapiro-Wilk test (p>0.05). Pearson’s correlation coefficient
was used to assess the strength of the relationship between
mechanical sprint variables and sprint split times at 5, 10, 15,
20, 25, 30 m and gap times 10-20 and 20-30m, time at sla-

lom test and ball speed at soccer kick. Evaluation of correla-
tion coeflicients were classified as: small=0.1-0.29, moder-
ate=0.30-0.49, large=0.50-0.69, very large=0.70-0.89, nearly
perfect=0.90-0.99, perfect=1.0 (Hopkins et al., 2009). Bonfer-
roni correction was set up at p<0.0007.

Results

Descriptive statistics for all performance measures and cal-
culated variables of the 30 m sprint are presented in Table 1.
Relative horizontal peak running power (P,,,) had a negative
relationship with all split times across the 30 m, particularly at

Table 1. Descriptive Statistics of 30-m Sprint, Slalom Test and Soccer Kick

Test Measurement Mean + SD
5 m time (s) 1,32 +0,07
10 m time (s) 2,06 + 0,08
15 m time (s) 2,70 + 0,09
30-m Sprint Performance 20 m time (s) 3,33£0,11
Measures 25 m time (s) 392+0,13
30 mtime (s) 4,50+0,16
10-20 m gap time (s) 1,27 £ 0,05
20-30 m gap time (s) 1,17 £ 0,05
Prnax (W/Kg) 18,12+ 1,88
Fo (N/Kg) 8,08 + 0,81
RF_10m (%) 32,57+1,24
30-m Sprir.1t Calculated RF. (%) 52,99 + 2,81
Variables max
Dy (%) -8,27 + 1,08
V, (m/s) 8,98 + 0,54
Vi (M/S) 8,67 +0,48
Slalom Test ST time (s) 7,28 +0,28
Soccer Kick SK ball speed (km/h) 110,99 £5,53

Note. P, relative peak power; F: relative theoretical maximum force at 0 velocity; RF_10m: average ratio
of forces for the first 10 m; RF,,.,,: maximal value of RF; D rate of decrease in RF with increasing speed
during sprint acceleration; V,: theoretical maximum velocity at 0 force; V., maximum velocity.

10, 15 and 20 m (Table 2). Relative theoretical maximum hor-
izontal force production at 0 velocity (F,), showed very large
to near perfect inverse relationships across split times at 5, 10

and 15 m (range, r=-0.756 to -0.951). Average ratio of forces
for the first 10-m (RF_10m) showed near perfect inverse rela-
tionships with split times at 20, 25 and 30 m (range, r=-0.909

Table 2. Pearson’s Correlation Coefficients between the Mechanical Determinants During a 30-m Sprint with Sprint and Slalom
Times and Ball Speed at Soccer Kick

Pnax Fo RF_10m RF nax D Vo Vinax
(W/Kg) (N/Kg) (%) (%) (%) (km/h) (km/h)

5m(s) -0,878* -0,951* -0,405* -0,953* 0,742* 0,130 0,095
10m (s) -0,984* -0,880* -0,680* -0,959* 0,530* -0,172 -0,210
15m(s) -0,981* -0,756* -0,825*% -0,882*% 0,327*% -0,384* -0,421*
20m(s) -0,945* -0,632* -0,909* -0,788* 0,157 -0,540* -0,573*
25m(s) -0,908* -0,547* -0,947* -0,718* 0,051 -0,626* -0,657*
30m (s) -0,875*% -0,482* -0,965* -0,663* -0,024 -0,684* -0,714*
10-20 m (s) -0,569% -0,052 -0,941* -0,271 -0,447* -0,902* -0,915*%
20-30 m (s) -0,600* -0,100 -0,936* -0,306 -0,395* -0,880* -0,898*
ST (s) -0,248 -0,129 -0,291 -0,186 -0,023 -0,196 -0,196
SK (km/h) 0,069 -0,170 0,305 -0,099 0,347* 0,418* 0,426*

Note. P,...: relative peak power; Fy: relative theoretical maximum force at 0 velocity; RF_10m: average ratio of forces for the first 10 m; RF,,:
maximal value of RF; Dg: rate of decrease in RF with increasing speed during sprint acceleration, V,: theoretical maximum velocity at 0 force; V,,,,.:
maximum velocity; *p<0.0007.

DOI 10.26773/mjssm.250307



RELATIONSHIP BETWEEN F-V PROFILE AND PERFORMANCE | K. MITRECIC & V. VUCETIC

to -0.965) and with gap time at 10-20 and 20-30 m (range, r=-
0.936 to -0.941). Maximal value of ratio of force (RF,,,,,) showed
near perfect inverse relationships with split times at 5 and 10
m (range, r=-0.953 and -0.959) and very large inverse relation-
ships with split times at 15, 20 and 25 m (range, r=-0.718 and
-0.882). Rate of decrease in ratio of force with increasing speed
during sprint acceleration (Dy;) showed large to very large re-
lationships with split times at 5 and 10 m (r=0.530 and 0.742),
and moderate with gap time at 10-20 and 20-30 m (r=-0.395 to
-0.447). Theoretical maximal velocity at 0 force (V) and maxi-
mal velocity (V,,,,) showed large to very large inverse relation-
ships with split times at 20, 25 and 30 m (range, r=-0.540 to
-0.714) and very large to near perfect inverse relationships with
gap time at 10-20 and 20-30 m (r=-0.880 to -0.915). The cor-
relation between the time in the slalom test and the mechanical
parameters of the 30 m sprint is small and statistically insignif-
icant. At soccer kick ball speed had a positive moderate rela-
tionship with Dy (r=0.347), V, (r=0.418), and V,,, (r=0.426).

Discussion

This cross-sectional study evaluated the mechanical de-
terminants of a 30 m sprint in amateur soccer players using
modelled inverse dynamic methods (Samozino et al., 2016)
and second, examined possible relationships between the 30
m sprint F-v variables with performance in sprint, slalom, and
soccer kick. Results show that F-v variables would be a strong
indicator of sprint split time performance over 30 m and some
F-v variables (V,, V, .., and Dy;) would be an indicator of per-
formance in soccer kick test. However, the association of F-v
variables with performance in slalom test was not found.

The results of this study did not show great variation be-
tween athletes’ sprint times, particularly over the first parts of
the sprint (<15 m), with SD + 0.07-0.09 seconds separating
athletes at 5, 10, and 15 m times, suggesting a relatively ho-
mogenous population. However, greater relative horizontal
forces (F,) and maximal ratio of forces applied onto the ground
(RF,,..) what objectively represent runners’ force application
technique (Morin et al., 2011) were associated with athlete’s
acceleration performance (0-15 m) in our study. Highlighting
the importance of armature soccer players to be able to pro-
duce, and effectively apply, greater relative F, and RF,, as a
critical quality to better acceleration and on-field success.

In this study, the sprint ability of amateur soccer player
over 20 m (3.33+0.11 s) was similar to the sprint performance
of first division soccer players (3.38+0.12 s); and first divi-
sion futsal players (3.36£0.09 s) (Jiménez-Reyes et al., 2019).
Likewise, power and force production at the beginning of the
sprint in this study was slightly better that in first division soc-
cer and futsal player (Jiménez-Reyes et al., 2019). But appli-
cation of force at high speeds (V, and Dy;) was better in in
first division player (9.25+0.61 and -7.08+0.82), than in this
study (8.98+0.54 and -8.27£1.08). According to the (Haugen
et al., 2020) our mechanical parameters and sprint perfor-
mance values are similar to player in 3rd-5th division. Dis-
agreement in results may influence poor warm-up protocol
in study (Jiménez-Reyes et al., 2019), only jogging and lower
limb dynamic stretching was included. One must also keep in
mind that sprint performance and mechanical properties may
vary between conditions due to differences in footwear and
surface (Haugen & Buchheit, 2016) as was the case between
the two studies mentioned. Furthermore, (Morin et al., 2012)
found that the ability to orient the resultant GRF vector effec-

tively (i.e. forward) during the entire acceleration phase (Dy;)
strongly differed between the fastest and slowest individuals.

The present results confirm earlier findings in which was
determined highest correlation between P, and RF_10m
whit sprint performance (Haugen et al., 2020). Furthermore,
our results confirm earlier findings that shorter the distance
considered, the higher relationship between F; and RF,, and
sprint performance, whereas and V, become more determi-
nant as both the distance and velocity increases (Haugen et al.,
2020). Overall, Dy; in our study significant correlation 0.742,
0.530, 0.327 with 5, 10, 15 m time, respectively. Since Dy is
combination of maximum velocity and relative acceleration,
and therefore has an interdependence on the individual slope
of the force-velocity relationship. Typically, as one value moves
up (i.e., relative force), the other value will likely move down
(i.e., velocity) changing the force-velocity value (Hicks et al.,
2023). Because of this Dy is a parameter that should be put in
the context with performance at longer sprint distances and
gap times. We found a correlation -0,447 and -0,395 with gap
time 10-20 and 20-30 m, respectively. Oure results confirm
earlier findings that Dy was moderate correlation (-0.41) with
40 m time (Haugen et al,, 2020), large (0.683) with 4 s dis-
tance (m), very large (0.729 and 0.875) with maximal speed
and 100 m speed (ms-1) (Morin et al., 2012). Association the
weakest correlations with sprint performance, which may have
occurred due to the lower level of athletes in this study. Studies
with national-level athletes found stronger correlations (Hau-
gen et al.,, 2020; Morin et al,, 2011, 2012).

Mechanical variables might add valuable information
about performance of short sprint acceleration. For instance,
two players may have the same 5 or 20 m split time but differ-
ent F, or, what is more, the same F, but different mechanical
effectiveness values which is determinant in the acceleration
phase (Morin & Samozino, 2016). In this example, prescribing
a similar training program for these two players with the aim
to optimize athlete’s acceleration ability might result in subop-
timal adaptations for maximal linear velocity, since the spe-
cific F-v profile mechanical variables underlying short sprint
acceleration would not be addressed. Therefore, assessing the
sprint F-v profile might help coaches to describe athlete’s ac-
celeration ability and prescribe specific training program to
improve the acceleration and linear velocity.

Our study found no correlation between horizontal me-
chanical parameters and performance in slalom test, which
is in contradict with study (Baena-Raya et al., 2021), who
find very large corelation between horizontal mechanical pa-
rameter (P, F,) and performance in 505 COD test in ten-
nis, soccer and basketball player. Conflicting findings can be
explained by different COD angles, result in a different level
of involvement of basic motor components, namely force or
speed, when changing the direction of movement. Sigward
et al. (2015) confirms that GRF magnitudes are significantly
greater with sharper cuts, also direction requirements of the
force are different (i.e. greater posterior and laterally direct-
ed force for sharper CODs). Therefore, it seems important to
distinguish those tests in which there were numerous changes
of direction based on speed (angle=0° to =90°) or force (an-
gle=135° to =180°; (Nygaard Falch et al., 2019). Therefore, it
was suggested that COD and linear sprint should be trained
independently due to the low to moderate relationships be-
tween these abilities (Salaj & Markovic, 2011).

In fact, to the best of our knowledge, this is the first study
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that investigated relationship between horizontal mechanical
parameters and maximal soccer kick. A moderate association
between V, V, .., Dy and ball speed suggests that velocity is
a stronger determinant of maximal soccer kick than power.
Respectively, application force at higher speeds is more de-
terminant ball speed than application force at lower speeds.
Which coincides with finding that ball speed of the soccer kick
depends on the speed of the foot before impact (Dorge et al.,
2002) and lower peak braking forces under the support leg
were associated with higher ball velocities (Orloff et al., 2008).

Performance data alone provide a basis for convenient
analysis on the field, but sprint mechanical outputs provide
deeper insights into individual biomechanical limitations. Fu-
ture studies should explore the effects of individualized sprint
training based on mechanical properties. The current data
provides a point of departure for this purpose.

There are several limitations that must be considered when
interpreting the results of this study. The current investiga-
tion used modelled running mechanics obtained from sprint
times and a validated inverse dynamics approach (Samozino
etal., 2016) as opposed to directly measuring GRE. This meth-
od does not allow for evaluation of inter-limb or inter-step
variability; however, the simplicity of the experimental ap-
proach along with the method’s sensitivity to highlight small
mechanical differences between sprinting profiles in a rela-
tively homogenous sample group, highlights its use in many
field-based settings. Furthermore, this cross-sectional design
precludes establishing causal relationships and these results
must be contrasted in future prospective research. Assessing
whether optimizing the F-v profiles through specific training
programs translates into an improved speed and kick perfor-
mance (due to the improvement in acceleration capabilities)
is warranted. Finally, because the sample population in this
study were amateur soccer player, our results may not be gen-
eralizable to other athletes.

In summary, ability to accelerate their own mass by pro-
ducing greater relative forces, over shorter periods of time and
at greater velocities were important to the athletes’ sprint and
soccer maximal kick performance. Further research should
examine the impact of individualized, orientation-specific
training protocols on the orientation of an athletes’ F-v sprint-
ing profile and overall mechanical sprint ability.
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