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INTRODUCTION The algorithm for the K-means clusters randomly chooses a
centroid within each variable and separates the groups' elements
through the distance between elements and the centroid, aggre-
gating elements closer to the centroid through Euclidian distance.
After the groups' formation, an F test is used to verify whether the
groups are statistically different, justifying hence its formation®.
Thus, the aim of the present study was to demonstrate the use
of the K-means Clustering technique in the identification of groups
based on physiological variables of a professional soccer team.

In a soccer game, the different tactical functions played by each
athlete require different physiological needs', which also require
differentiated adaptations in the physiological processes?. Soccer
is a sports modality which implies in the practice of many inter-
mittent exercises of variable intensity?, with recruitment of many
energy sources and different behavior form the body when facing
the external load received, and it can hence be characterized as a
sport with aerobic-anaerobic metabolic demand®.

A great difficulty in the physical preparation in soccer is the  METHODS
need to work with a great number of athletes in a team, and de-
spite of that, lead in consideration the inter-individual variability
principle. A way of decreasing this problem would be subdividing
the athletes in smaller groups according to similar physiological
responses, specific characteristics of the tactile function and need
of development of physical abilities in common. For instance, a
group of athletes predominantly composed of left and right-backs
and forwards, presenting high indices of aerobic power, but deficit
in the velocity characteristic; therefore, similar training needs.

The K- means cluster (grouping analysis) is a non-hyerarchic
statistical instrument used to classify a set of values of a sample in

Participants

The non-probabilistic sample used was composed of 33 profes-
sional athletes namely: seven central forwards, four forwards, two
goalkeepers, six wide midfielders, 11 midfielders and five midfield
sweepers of a professional club from the city of Curitiba-PR, par-
ticipant of the first league of the Brazilian Championship (table 1).

In order to participate in the present study, all players signed the
Free and Clarified Consent Form (TCLE), which contained informa-
tion about the tests protocols of the study, as well as the probable
risks and benefits to the volunteers. The TCLE was previously de-
signed and approved by the Ethics in Research Committee of the

groups which have characteristics as similar as possible between each Federal University of Parana under the number: 1024.149.10.10/2010,
other, making different classification groups determined a priori to

the test. The same way it preserves the values within each group ~ Anthropometric analyses
which are very close; it performs the heterogeneity of these sets of The anthropometric evaluations were always performed by
data grouping them in clusters (grouping) as distinct as possible *”.  the same evaluator, with experience for more than five years in
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Table 1. Descriptive data of the athletes participating in the present study, composed
of mean, standard deviation (SD), minimum and maximum values.

Variables Mean + sd Minimum Maximum
Age (years) 2254 +2.89 18.00 30.00
Body mass (kg) 7532 +£6.96 63.15 89.65
Stature (m) 1.78 +0.05 167 1.90
%F 1221 +1.70 8.87 15.54
LM (kg) 66.00 + 5.56 56.77 77.79
VO2max (ml/kg/min) 59.77 +3.31 50.00 66.80

physical evaluations involving professional soccer athletes. In
order to participate in the evaluation procedures the individuals
did not perform physical exercises in the 24 hours before the tests
and, in order to avoid circadian variations, all the evaluations were
performed at the same period of the day (from eight to ten o’clock
in the morning). Initially, stature and body mass were verified with
a Sanny stadiometer with precision of one millimeter and a Toledo
scale with precision of 50 grams.

Chest, biceps, subscapular, triceps, mid-axillary, suprailiac,
abdominal, mid-thigh and calf skinfold measurements were
collected using a Harpenden adipometer with precision of 0.2 mm
and pressure of 10 g/mm? The measurements were performed
according to the technique described by Petroski®,

Body composition (%F) was analyzed using the equation de-
veloped by Faulkner® and the lean mass (LM) index by subtraction
of the body mass values by the fat equivalent.

Incremental test and VO,,,, velocity (vVO,,,..)

Maximum exertion was evaluated on a treadmill model X-Fit 7
Power Treadmill. Maximum oxygen consumption (VO,,,,) was deter-
mined with the metabolic system Parvo Medics TrueOne® 2400 Me-
tabolic Measurement System — USA, analyzing data breath-by-breath
and the gas analyzer was calibrated according to the manufacturer’s
specifications every three tests with the aid of a three-liter calibrating
syringe (Hans Hudolf, USA) and the gas cylinder containing a known
amount of CO, 3.98% and 16.02% of O..

The used protocol in the present study was incremental, with
steady inclination of one per cent, starting at the velocity of eight
km/h with increments of one km/h in one-minute stages. The VO,,...,
was obtained according to the criteria established by the ACSM'° as
oxygen acquisition plateau with exertion intensity increase (< 2.1
ml/kg/min), respiratory quotient (R) above 1.15, signs of extreme
physical tiredness (voluntary exhaustion), as well as heart rate in the
last stage + 10 bpm in relation to the predicted maximum heart rate
(HRya0)- The HRy,,, was determined by the equation HR,.,= 220-age,
which despite not being specific to this population, was used only
to characterize the physical exertion of the athletes, always added
to the remaining criteria mentioned before.

The VO,,,,,, was determined through the values obtained in the
30 final seconds of the two progressive stages when there was no
variation (<2.1 ml/kg/min), while the running velocity correspon-
ding to the VO, .., (WO,,.,) Was the exercise intensity at which the
lowest VO, ., value was obtained.

The velocity corresponding to the ventilatory threshold (VLim)
was determined based on the ventilatory responses derived from the
maximum incremental test; the protocol described by Meyer et al."!
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characterized by the ventilation (VE) and expired carbonic gas volume
(VCO,) ratio was used for determination of the ventilatory threshold,
a criterion named anaerobic threshold of gas exchange.

The moment the sudden increase occurred was determined
based on the insertion of two lines by visual inspection, so that it
was possible to determine the velocity corresponding to this marker
during the incremental test.

Agility and vertical jump tests

Agility was assessed with the Little and Williams test'?. This test
consists of a 20 m path with successive changes of direction at
every four meters (figure 1). Two pairs of photoelectric cells (Cefise®
Speed Test 6.0) were placed, one pair at the beginning (0 m) and
another at the end of the path (20 m). The athletes started the
test passing by the first pair of photoelectric cells, starting the
time count, performing all the changes of direction marked until
crossing the second pair of photoelectric cells at the end of the 20
m path, where the time count ended. Each participant was allowed
to perform the path once for familiarization with the test, followed
by a recovery period of two minutes before the test itself.

The vertical jump was performed with the aid of a jump plat-
form Jump System Fit (CEFISE") with useful area of 500 mm x 5,000
mm, in counter movement with the aid of the upper limbs. During
the test, the subjects performed kneee flexiono f approximately
110°, justified for being an optimum angle for application of force '3,

4 meters

Figure 1. Representation of the path to be completed by the participant during the
agility test (Little and Williams!?).

Statistical analysis

Group distribution in relation to the position on the field was
analyzed with the Kruskal-Wallis test. The data were calculated so
that the groups were statistically arranged by similarities derived
from the applied tests, determined by K-means Cluster technique.
The differences of the variables between each group was assessed
through the F test adopting significance level of p < 0.05 in all
analyses, using the SPSS 17 software.

RESULTS

The anthropometric and physiological measurements obtained
from the athletes involved in the present study are represented
in table 1, composed of mean, standard deviation, minimum and
maximum values.

Cluster K-means, three groups were arranged through statisti-
cal analysis of group distribution by K-means cluster, where the
number of players distributed in each group (n) and the F test to
demonstrate the differences between each group are presented in
the table below (Tabela 2).

According to the F test, there are significant differences between the
groups created for VLim (p < 0.05), LM (p < 0.001), VO,,,.., (p < 0.05) and
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VJ (p < 0.001), indicating that these groups should receive differentiated
training for these values; for the AG and %fF variables the groups are
homogeneous, which did not justify the sub-groups.

We can observe the display of the groups through K-mean clus-
ter below concerning position on the field, where no significant
difference was evidenced (p = 0.198) between them (tabela 3).

After group sorting by the statistically significant characteristics
(L, VJ, VLim and VO,,,.,,), a gradual distribution between groups and
the distribution concerning the position on the field was observed.

Concerning the VJ, it is possible to rank groups, where Group 2
(56.2 + 5.89) with the best result, Group 3 (51.3 £ 2.75) intermediate,
followed by Group 1 (41.4 + 3.21), since these groups were statisti-
cally different, confirmed by the F test (p = 0.000).

Concerning physiological characteristics such as VO,., and
VLim, Group 1 presented (VO,,., 61.76 £ 2.62; VLim 13.08 + 0.54),
Group 2 (VO,,. 59.64 + 2.25;VLim 13.15 £ 0.47) and Group 3 (VO
57.93 +3.9;VLim 1265 + 1.16).

Thus, Group 1 presented better aerobic performance and was
characterized by higher concentration of midfield players (40%) and
lateral players (30%). Group 2, characterized with better VJ and LM
result, revealed higher concentration of central forwards (38.5%)
and midfield sweepers (23.1%).

This ranking and positioning of the players on the field within
each group allows better training guidance applied to the groups.

Table 2. Mean and standard deviation distribution of the Agility (AG), Vertical Jump (VJ),
Fat Percentage (%F), Lean Mass (LM), Threshold Velocity (VLim) and VO, variables
in each group by K-means cluster.

Group 1 Group 2 Group 3

Variables | N |Mean| SD | n ([Mean| SD | N |Mean |SD | F p
AG (s) 10 | 546 | 039 | 13| 543 |037]12| 539 [0.29/0.08| 0.922
VJ(cm) 10 | 4140 | 321 | 13| 5620|589 12| 51.03 |2.75(19.07|0.000**
%F 10 [ 1178 | 141 | 13 [ 1278 |1.71 12| 11.97 [1.88]1.19| 0317
M (kg) 10 | 6332 | 288 | 13| 7200 |3.89] 12 | 61.92 |2.26(37.89/0.000**
VLim (km/h) | 10 | 13.80 | 0.54 | 13 | 13.15 [047[ 12| 12.65 [1.16[5.39|0.011*
(ml\fgz?rarxwin) 10 | 61.76 | 262 | 13| 5964 |2.25] 12| 57.93 [3.90|4.06| 0.029*

Significance: * p < 0.05** p < 0.01.

Table 3. Group distribution by tactical functions and frequency of participation in
each of the groups.

Tactical Group 1 Group 2 Group 3
function Frequency | % |Frequency| % | Frequency | %
Forward - - 2 154 2 16.7
Lateral 3 30 - - 3 250
Midfielder 4 40 2 154 5 41.7
Midfield sweeper 1 10 3 23.1 1 83
Central forward 2 20 5 385
Goalkeeper - - 1 76 1 83
Total 10 100.0 13 100.0 12 100.0
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DISCUSSION

Some studies indicate that the physical training adopted in
soccer does not present the specificity necessary to the different
actions during the game'.

Balikian etal, in a study with the aim to compare soccer players of
different positions concerning the Anaerobic Threshold (Lan) variable,
found significant differences when confronting the VLim results of
goalkeepers (12.66 + 0.89 km/h) with the remaining positions and
when comparing the results of the laterals (14.33 + 0.66 km/h) and
midfielders (14.11 + 0.51 km/h) compared with the central forwards
(13.15 + 1.56 km/h) and forwards (13.23 + 0.86 km/h).

Wittich et al’> found significant differences when compared
the %F of soccer players who played as midfielders (13.6 + 3.3%)
compared with central forwards (11.2 + 2.8%) and forwards (11.0 +
2.3%). As in our study, the author did not find significant differences
in the LM of central forwards (75.3 + 4.7 kg), midfielders (754 + 5.3
kg) and forwards (75.5 + 5.4 kq).

Santos and Kokubun'®, in a study with the aim to detect oc-
casional differences in the body composition, VO,..,, Lan, and VJ
concerning the functional specialization of soccer athletes, did not
find significant differences in the body fat percentage (midfield
sweepers: 10.7 + 2.2%; laterals: 11.4 + 2.7%; midfielders: 12.0 £ 2.2%
and forwards: 12.1 + 2.9%) and VLim (midfield sweepers: 14.5 +
1.7 km/h; laterals: 14.4 + 1.2 km/h; midfielders; 14.0 = 1.0 km/h
and forwards: 12.9 + 1.3 km/h), corroborating the results of this
investigation.

The same fact did not occur with the VO,,, (midfield
sweepers: 59.5 + 6.7 ml/kg/min; laterals: 59.3 £ 3.6 ml/kg/min;
midfielders: 56.8 + 5.5 ml/kg/min; forwards: 54.9 + 8.2 ml/kg/min)
and VJ (midfield sweepers: 33.4 + 4.9 cm; laterals: 35.7 + 4.2 cm;
midfielders: 36.3 = 3.9 cm; forwards: 37.5 + 4.3 cm), where the
authors found significant differences in VO,,.., between laterals
(59.3 £ 3.6 ml/kg/min) and forwards (54.9 + 8.2 ml/kg/min), as
well as significant difference in the VJ test with the midfielders
(36.3 £ 3.9 cm) and forwards (37.5 £ 4.3 cm).

Balikian et al." compared soccer of different positions concerning
the VO, ,.,,» and did not find significant differences, except concerning
the goalkeepers, who presented oxygen maximum consumption
values lower than the athletes who play in the front.

Concerning the use of the K-means cluster, we found in the
literature some studies involving physical exercise and sport.
Bamman et al” applied the statistical technique to assess the
myogenic expression during myofibrillar hypertrophy after resisted
training in humans.

Petrella et al.'® used the K-means cluster to classify individuals,
having as criterion the extent to which they have been responsive
concerning the myofibrillar hypertrophy after resisted training
applied to the knee extensor musculature.

Paes et al® applied the technique with the aim to classify young
athletes according to their level of sports performance, having as
parameters anthropometric variables and physical fitness tests.

Kiss et al."” indicated that this statistical technique has been
used in the evaluation of the long-term training process; however,
with the aim to select sports talents.

Chan et al'8, based on technical variables obtained during the
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game (technical scout), used the statistical technique K-means
cluster to define different types of players within each position in
a team of the National Hockey League (NHL).

Unfortunately, we could not find in the literature other scientific
studies which have used the K-means cluster technique as an
alternative to place athletes closer based on their main physiological
needs, making it impossible hence to compare the results obtained
in the present study with the remaining investigations involving
soccer athletes or other team sports.

The present study demonstrated that common needs to the
players concerning improvement in LM, VJ, VLim and VO,,,, can be
found; however, AG and %F did not demonstrate difference even
when athletes with different tactical functions are assessed as a whole.

Therefore, this statistical technique seems to demonstrate sensi-
tivity in distinguishing the level of physical fitness of the professional
soccer players who are under the same training regimen, except
for the goalkeepers of the sample who develop specific training
for their functions.

Within the context of physical preparation in soccer, the group
distribution by the used technique in the present study may fa-
cilitate the training plan, optimizing the time for development of
physical abilities the athletes present deficiencies.

Thus, further research with the aim to investigate the sensitivity
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