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Kinematic Profile in Soccer Players
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Abstract Soccer match analysis was established to evaluate tactical aspects of the game, now this assessment is utilized
for physical effort. This has been done to date mainly by video interpretation of the matches. The aim of this study is to
analyze the official matches of a regular soccer season with a wearable device as Global Positioning System. Thirty official
games of a team of sixth division of Italian Football League were assessed via GPS system. Parameters of volume (time as
minutes, distance as meters and relative distance as meters/minutes) were calculated directly from the instrument, while the
values of intensity (speed as m/sec, acceleration as m/sec’ and deceleration as m/sec’) have been indexed respect to the
maximum individual. In addition a tactical analysis for each roles of players were done. Results shows lower values of total
distance (9256.7+385.7 m) and relative distance (97.6+4.3 m/min) than previous studies, while the values of speed,
acceleration and deceleration confirm the data present in the literature. Tactical analysis shows high speed for the forward,
medium speed for midfielders and low speed for lateral defenders. No differences between the different tactical roles for
acceleration analysis. Decelerations are mainly represented in midfielders and lateral forward. A new approach has been used
for an individualized threshold for speed, acceleration and deceleration. Different kinematic data was found among different
players respect to tactics analysis.
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There are few studies on the evaluation of “acceleration”,
probably due to the intrinsic errors of the devices without a
built-in accelerometer. Many studies about “acceleration” in
soccer are based on sprint tests during a training session and
not on entire official matches [6, 7].

Recent studies have introduced the use of the Global
Positioning Systems, better known by the acronym GPS, as a
tool for analyzing the performance of athletes [§]. For some
sports, such as Australian Football, data on official games
are available in the literature [9, 10], while for soccer there
are only two studies [11, 12].

Recent studies completed with the GPS systems show that
today the attention is directed to an ever greater
individualized assessment [13]. One method is to identify the
physical abilities of each athlete on the team during his
performance by focusing on “speed”, “acceleration” and
“deceleration” [13]. Another approach is to analyze the
various tactical tasks of each role within team sports [14].

Video match analysis is the main method to evaluate the
performance of soccer players during official matches, while
GPS technology is the main method to evaluate training
sessions. Different methods of detection of the same data
should be compared to validate the superposition of the
results [12].

The principal aim of this present study was to report
values of soccer performance in official matches, with the

1. Introduction

The history of match analysis in soccer originated in 1991,
when, for the first time, two studies reported some of the
parameters (mainly total distance ran) with regards to
physical demands of each player during the 90 minutes of a
soccer match [1, 2].

Because soccer federal laws prevent players from wearing
any technological devices during official soccer matches,
video analysis is the main method currently used to date.
Video analysis of matches was introduced into soccer to
verify the roles assigned to each player, and the real
performance of tactics that were decided by the coach. This
method was then used to evaluate physical performance
parameters such as total distance covered (m), speed (m/sec)
and acceleration (m/sec?) [3, 4].

From 1991 to 2013 many studies on the issue were
conducted, finding uniform results on the metres covered on
average by a player during a match, but there are still many
differences in terms of “speed” and ‘“acceleration/
deceleration” of soccer players. For “speed” in a soccer
match, the researchers agreed to create six zones with
increasing intensity, but the identification and the description
of these zones is still unclear [5].
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use of a GPS device.
The second aim was to analyze the differences in activity
of players according to their role, then the difference of
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physical effort in the various tactical aspects in soccer.

2. Methods

The present study is observational and involved an Italian
Soccer League team playing in the sixth division (called
Campionato di Eccellenza).

The study received Ethics approval from Italian Soccer
Federation, the protocol allows players to wear GPS devices
during all official matches of the regular season 2013/2014,
has been approved by the Regional Committee. All
participants provided a formally documented and witnessed
oral informed consent as per the declaration of Helsinki.

During the week before the first official match tests were
completed to determine the maximum value of speed,
acceleration and deceleration of each individual team
member: each player, wearing shirts with the appropriate
GPS equipment, had to complete three 50m sprints to
determine their maximum speed, and four 20m shuttle
sprints to determine their maximum accelerations and
maximum decelerations (table 1).

Therefore 18 players of the team, (age 23.942.1 years,
weight 74.1+5.7 kg, height 177.2+11.6 cm) who played at
the beginning of the official matches, wore under their
official shirts the GPS (K-Sport-Italy, sampling frequency
10Hz, position, distance and speed measurement;
accelerometer: 100Hz, 16G Tri-Axis) and kept on GPS
device for the time they played.

At the end of the match data recorded was downloaded
onto the laptop with the software Prozone Kinetic to analyze
the data, all values were tabled and divided into the
following categories:

- total time of the game (T, min);

- total distance covered (TD, m);

- relative distance, defined as the ratio between total
distance and duration (RD, m/min).

In addition to these parameters, as suggested by previous
studies, the values of speed and acceleration were divided
into zones [5]:

- speed, divided into 6 zones (S1, S2, S3, S4, S5, S6,
m/sec);

- acceleration, divided into 4 zones (A1, A2, A3, A4,
m/sec?).

- deceleration, divided into 4 zones (D1, D2, D3, D4,
m/sec?);

Each zone was calculated considering the value of
individual maximum speed, individual maximum
acceleration and individual maximum deceleration. There is
still no consensus on the division of the speed (S), however
we chose to keep the six zones mentioned in literature [6],
but choosing these ranges:

- S 1 from 0% to 20%,
- S 2 from 21% to 36%,

- S 3 from 37% to 52%,
- S 4 from 53% to 68%,
- S 5 from 69% to 84%,
- S6 from 85% to 100%.

With regards to the values of acceleration and deceleration
for what is known to the authors this is the first work with a
threshold approach, therefore four categories were chosen
for every 25%, then the zones for acceleration (A) and
deceleration (D) are:

- A1 from 0% to 25%;

- A 2 from 26% to 50%,
- A 3 from 51% to 75%,
- A 4 from 76% to 100%
-D 1 from 0% to 25%;

- D 2 from 26% to 50%,
- D 3 from 51% to 75%,
- D 4 from 76% to 100%

For an additional evaluation, as suggested by previous
studies, the data reported at the relative values of speed,
acceleration and deceleration in the different zones are also
shown as a percentage of the total time of the game (T) and
the total distance covered (TD) [15].

This is an observational study and the main purpose was to
describe the activities of the player.

For tactical analysis the roles of the players was initially
assessed by the coach, then it was decided to divide the
players in:

- 2 Lateral Defender

- 2 Central Defender

- 3 Midfield

- 2 Lateral Forward

- 1 Forward

Therefore the averages and standard deviations were
calculated into a new subdivision, and then tested by the
ANOVA analysis for variance to establish any significant
differences (p<0.05) between five different samples.

30 official matches have been downloaded, then300
recordings were obtained. Were not included in the statistical
analysis footballers replaced during the game. They were
therefore excluded 72 recordings (19 lateral defender, 8
central defender, 21 midfield, 15 lateral forward, 9 forward):
in conclusion 228 data records took part in this study.

3. Results

The data obtained from tests before the season are
reported in table 1, mean maximum values is 8.70+0.32
m/sec for speed, 7.10+0.84 m/s? for acceleration, and
-7.68+0.95 m/s* for deceleration.

Results obtained during the matches are reported in table 2:
the mean duration of matches is T=94:55+1:53 min:sec, total
distance covered by players is TD=9256,7+385,7 m and
relative distance is RD=97,6+4,3 m/min.
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Table 1. Values of speed (S), acceleration (A) and deceleration (D) of the team

Values of individual tests carried out before the start of the season

Speed (m/s) S1 S2 S3 S4 S5 S6
1.74£0.06 | 3.130.11 4.53+0.16 5.92+0.21 7.31+0.26 8.70£0.32
(6.3km/h) | (11.3km/h) | (16.3km/h) | (213 km/h) | (26,3 km/h) | (32.9 knvh)
Acceleration (m/s®) Al A2 A3 A4
1.78£0.20 | 3.55+0.40 5.33+0.60 7.10+0.84
Deceleration (m/s’) D1 D2 D3 D4
-1.92+0.23 | -3.84+0.45 | -5.76+0.68 | -7.68+0.95

S1 from 0% to 20%, S 2 from 21% to 36%, S3 from 37% to 52%, S 4 from 53% to 68%, S 5 from 69% to 84%, S6 from 85% to 100%.
A 1 from 0% to 25%; A 2 from 26% to 50%, A 3 from 51% to 75%, A 4 from 76% to 100%
D 1 from 0% to 25%, D 2 from 26% to 50%, D 3 from 51% to 75%, D 4 from 76% to 100%

Table 2. Values of “total distance covered” (D), “duration in minutes” (T), “relative distance” (RD) and “metres covered and time spent in different zones”
of speed (S), acceleration (A) and deceleration (D) during four official matches

Average values of the team during a sport season

Mean + S.D. Mean + S.D.

TD (m) 9256,7+385,7 T (min:ss 94:55+1:53
RD (m/min) 97,6+4,3

S1 (m) 3359,8+185,9 S1 (min:ss) 63:17+£3:06
S2 (m) 2727,54225,6 S2 (min:ss) 18:57+1:29
S3 (m) 2087,1+214,8 S3 (min:ss) 9:22+0:58
S4 (m) 791,5+£94,0 S4 (min:ss) 2:36+0:19
S5 (m) 241,8+£36,6 S5 (min:ss) 0:38+0:06
S6 (m) 48,9+37,0 S6 (min:ss) 0:06+0:04
Al (m) 4040,9+185,1 Al (min:ss) 42:31£1:03
A2 (m) 514,0+41,6 A2 (min:ss) 3:55+0:19
A3 (m) 76,0+£7,7 A3 (min:ss) 0:34+0:04
A4 (m) 15,8+2,2 A4 (min:ss) 0:06+0:01
D1 (m) 4109,7+166,8 D1 (min:ss) 44:05+1:11
D2 (m) 432,2+38,2 D2 (min:ss) 3:16+0:19
D3 (m) 64,8+7,1 D3 (min:ss) 0:27+0:03
D4 (m) 9,7£1,6 D4 (min:ss) 0:04+0:01

S1 from 0% to 20%, S 2 from 21% to 36%, S3 from 37% to 52%, S 4 from 53% to 68%, S 5 from 69% to 84%, S6 from 85% to
100%.

A 1 from 0% to 25%; A 2 from 26% to 50%, A 3 from 51% to 75%, A 4 from 76% to 100%

D 1 from 0% to 25%, D 2 from 26% to 50%, D 3 from 51% to 75%, D 4 from 76% to 100%

During an official match a soccer player:

- runs 1082.2 meters, corresponding to 3 minutes and 20 seconds of the game, over 52% of the maximum speed;
- runs 91.8 meters, corresponding to 40 seconds of the match, over 50% of the maximum acceleration;
- runs 74.5 meters, corresponding to 31 seconds of the game, over 50% of the maximum deceleration.

The comparison of the percentages of speed, acceleration and deceleration in relation to time (T) and total distance (TD)
shown differences in the analysis of speed (Figure 1): speed values are greater respect TD in all zones except in S1 (36.3% of
TD versus 66.7% of T). Acceleration and decelerations do not show differences when compared respect to T or TD (Figure
2).
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Percentages of distance travelled and time spent in the different speed zones
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Figure 1. Comparison between distance travelled and time spent in the different speed zones the percentage is given by the ratio between the different
zones of distance (D) and time (T)

Percentages of distance travelled and time spent in the different acceleration and deceleration zones
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S1 from 0% to 20%, S 2 from 21% to 36%, S3 from 37% to 52%, S 4 from 53% to 68%, S 5 from 69% to 84%, S6 from 85% to 100%.
A 1 from 0% to 25%; A 2 from 26% to 50%, A 3 from 51% to 75%, A 4 from 76% to 100%
D 1 from 0% to 25%, D 2 from 26% to 50%, D 3 from 51% to 75%, D 4 from 76% to 100%

Figure 2. Comparison between distance travelled and time spent in the different acceleration and deceleration zones. The percentage is given by the ratio
between the different zones of distance (D) and time (T)

The results reported for tactical aspects are reported in table 3. The players who ran more meters were midfielders (TD =
10150.4+614.8 m) and lateral forwards (TD = 9712.34843.1 m). The speed analysis shows that the majority of high speeds
are attributable to the forward and lateral forward (S2, p<0.01), medium speeds for midfielders (S3, S4, p<0.001), and low
speeds for lateral defenders (S2, p<0.05). The evaluation of the acceleration showed no significant differences in roles, while
the deceleration show an increased workload of midfielders and lateral forward at all intensities (D2, D3, D4, p<0.001).
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Table 3. Values of “distance”, “relative distance
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CLINTS

Average kinematic values divided according to tactics aspects

, “speed”, “acceleration” and “deceleration” for each role

ROLE Lateral Defender | Central Defender Midfield Lateral Forward Forward ANOVA
D (m) 8975.6+382.3 8391.3+652.6 10150.4+614.8* 9712.3+843.1* 9052.5+689.3 <0.01
RD (m/min) 96,7+4.7 88,9+6.9 105,4+6.9 102,4+19.1 94.6+2.4 <0.001
S1 (m) 3178.3+322.8 3541.3+318.1 3182.2+322.1 4001.2+776.1%* 2896.4+521.2 <0.05
S2 (m) 2931.4+158.1* 2401.2+158.1 3071.2+351.1* 2641.7+£744.1 2592.0+30.1 <0.05
S3 (m) 1824.7+154.1 1663.1+254.7 2812.3+324.8* 1988.6+£623.6 2146.8+299.5 <0.001
S4 (m) 724.5+111.4 710.3+119.4 843.3+181.3* 851.3£243.2* 828.1+103.2* <0.05
S5 (m) 191.2+33 4 184.3+78.2 182.1+45.3 312.6+101.2* 338.8+101.2* <0.01
S6 (m) 19.2+10.8 42.7438.3 21.3£19.4 62.1+25.2% 99.2+48.1* <0.01
Al (m) 4018.1+£218.4 3801.9+329.1 4286.0+397.1 4319.14581.7 3779.4+177.3 NS
A2 (m) 512.2+61.9 484.9+£67.9 489.3+68.3 552.9+164.2 530.7+11.4 NS
A3 (m) 74.8+13.8 75.1+13.8 74.2+19.7 78.7£21.9 77.2+12.5 NS
A4 (m) 13.942.8 15.1+4.8 18.242.8 14.6+7.4 17.2+£5.7 NS
DI (m) 4003.2+213.8 3955.6+258.2 4311.4+268.3 4321.8+556.6 3956.5+412.1 <0.05
D2 (m) 388.7+71.2 354.4+46.4 515.3493.5* 523.8+£123.1* 378.8+30.6 <0.001
D3 (m) 55.8+19.0 54.34£8.5 84.2424.1* 85.1£19.4%* 44.6+7.5 <0.001
D4 (m) 7.8+£3.4 6.4+2.6 15.1+6.4* 14.5+4.1* 4.7£2.3 <0.01

S1 from 0% to 20%, S 2 from 21% to 36%, S3 from 37% to 52%, S 4 from 53% to 68%, S 5 from 69% to 84%,

S6 from 85% to 100%.

A 1 from 0% to 25%; A 2 from 26% to 50%, A 3 from 51% to 75%, A 4 from 76% to 100%
D 1 from 0% to 25%, D 2 from 26% to 50%, D 3 from 51% to 75%, D 4 from 76% to 100%
Values marked with * are statistically higher than the values not marked with a *

4. Discussion

Analyzing a game of soccer is more complex than a
commitment of an individual sport. The evaluation of
performance by the technical staff is the basis for the
preparation of the next game, it is therefore crucial to have
information as objective as possible: before this assessment
was carried out only by observation, now it is possible to use
technology, mainly video analysis [16]. So the debate on this
topic in recent years has increased [17].

This study provides additional information in the
assessment of official soccer matches with GPS device.
Respect previous carried out during competitive matches of
elite soccer [12] (TD = 10532.4 m), the present study (TD =
9256.7 m) shows a lower total distance. In addition, this
study confirms the differences in kinematic analysis among
different players position, however, the difference of this
study was not the same of previous study [11], probably due

to a different tactical planning of the different team
investigated.

If we compare the results between this study with a GPS
units in sixth division and studies reported with video
analysis of top level athletes [16], you may notice a greater
volume of workload at high levels, but the characteristics of
intensity is comparable: probably because the characteristics
of the sport influence the kinematic profile of soccer players
while the different level of endurance performance influence
the total distance covered [18].

The approach to the analysis follows the trend of recent
major studies on match analysis: maximum values of speed,
acceleration and deceleration have been set, therefore this
setting limited to recording artefacts due to too high values
for a given athlete [19]. On this maximal value ranges have
been set according to a percentage scale for each athlete to
get a more personalized assessment, in respect to a range of
standardized values which cannot represent the real intensity
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of the individual player.

The results obtained from tests completed before the start
of the regular season showed high values of maximum speed,
but the data regarding the maximum values of acceleration
and deceleration was the most interesting: 7.10+0.84 m/sec’
and -7.68+0.95 m/sec’. In fact in the present study, soccer
players didn't achieve these maximum values during an
official match, probably because the game requires this
commitment only occasionally.

The evaluation of speed predominantly (96.4% of T and
88.3% of TD) shows values below 16 km/h, corresponding
to 52% of maximum speed: only a small portion of the game
was played at high speeds.

The interpretation of the different percentage in S1 (66.7%
respect T versus 36.3% respect TD, figure 1) could be
attributed to the space/time ratio at low speeds travelled a
few meters compared to the time spent [16].

The data relating to acceleration and deceleration mirror
the two types of speed variation: in fact in this analysis, the
majority of time and meter (around 90%) are completed at an
intensity that fluctuates from -25% of the maximum
deceleration and to 25% of the maximum acceleration
(figure 2).

Tactical analysis draws attention to a lot of information as
shown from studies in other team sports [9, 10]. The
evaluation of speed indicates how different areas of the field
requires different kinematic commitment, deceleration data
shown how to midfielders and lateral forward are required an
amount of braking greater than the other roles.

Result not expected was the substantial overlap of
acceleration data among different tactics roles.

A limitation of the present study is to investigate the
soccer performance at a lower level of competition respect
literature.

5. Conclusions

Sports science in soccer is constantly changing as well as
the methods used during the training in this sport [20]. Since
the introduction of match analysis, the most common
parameters in the literature are “total distance” and “relative
distance™: the first one only provides information about the
volume of physical effort; the second one can be considered
a simple parameter estimating the intensity of physical
activity.

Soccer performance is characterized by the presence of the
ball which influences the physical engagement with sudden
accelerations and decelerations which must be considered in
the estimation of workload, recently studies show these as
the main parameters to be evaluated for the intensity in team
sport, therefore total and relative distance take lesser value in
the evaluation of physical effort in soccer players [21].
Studies carried out on acceleration and deceleration in soccer
players have been done mainly through video analysis of the
matches [17], the present study adds to the more recent made
with GPS devices.

The study of the physical effort following a tactic division
by roles can provide interesting ideas on how to improve
training methods according to the different natures of
physical demand in sport games such as soccer, for example
the intensity of the deceleration in midfield and in lateral
forward.

In conclusion, the present study provides a kinematic
analysis of athletes during soccer match with a wearable
system such GPS devices. This assessment was carried out
used ranges in percentage of maximum values for a more
individualized assessment.

Piratical Implications

e Match analysis in soccer was done mainly from the
video, an additional method allows us to compare the
different parameters in order to have more reliable data.

e With a proper kinematic profile of soccer players is
therefore possible a higher accuracy in the modulation
of the training loads.

e The different physical demands in different tactical roles
may allow coaches and trainers to a more
individualized training program.
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