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ABSTRACT

Sangnier, S, Cotte, T, Brachet, O, Coquart, J, and Tourny, C.
Planning training workload in football using small-sided games
density. J Strength Cond Res XX(X): 000-000, 2018-To
develop the physical qualities, the small-sided games’ (SSGs)
density may be essential in soccer. Small-sided games are
games in which the pitch size, players’ number, and rules are
different to those for traditional soccer matches. The purpose
was to assess the relation between training workload and
SSGs' density. The 33 densities data (41 practice games
and 3 full games) were analyzed through global positioning
system (GPS) data collected from 25 professional soccer play-
ers (80.7 = 7.0 kg; 1.83 * 0.05 m; 26.4 * 4.9 years). From
total distance, distance metabolic power, sprint distance, and
acceleration distance, the data GPS were divided into 4 cate-
gories: endurance, power, speed, and strength. Statistical
analysis compared the relation between GPS values and
SSGs' densities, and 3 methods were applied to assess mod-
els (R-squared, root-mean-square error, and Akaike information
criterion). The results suggest that all the GPS data match the
player's essential athletic skills. They were all correlated with
the game's density. Acceleration distance, deceleration dis-
tance, metabolic power, and total distance followed a logarith-
mic regression model, whereas distance and number of sprints
follow a linear regression model. The research reveals options
to monitor the training workload. Coaches could anticipate the
load resulting from the SSGs and adjust the field size to the
players’ number. Taking into account the field size during
SSGs enables coaches to target the most favorable density
for developing expected physical qualities. Calibrating intensity
during SSGs would allow coaches to assess each athletic skill
in the same conditions of intensity as in the competition.
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INTRODUCTION

or the past few years, integrated physical training

(the athletic training with ball in specific game sit-

uations in soccer including adversaries and part-

ners) has been used as an alternative to athletic
training without a ball. This type of training relies partly on
small-sided games (SSGs) (11,23,24,41). Small-sided games
are training games or matches in which the size of the
pitch, the number of players, and the rules of the game are
different to those for traditional soccer matches (19,20). By
incorporating a ball and opponents (12,31), skill and fitness
coaches can develop simultaneously technical, tactics, and
physical skills (18,21,22,32). Studies have compared effects
on development of physical qualities between interval training
without a ball and training based on SSGs (27,41,44). For
example, Reilly and White (41) compared these 2 modes of
training on 18 young professional soccer players in the
English premier league. They compared sprint interval train-
ing of 4 X 6 minutes at 85-90% of the maximum heart rate
(HR nax) and active recovery at 50-60% HR ., to small-sided
5 v 5 games with the same time pattern for working and the
same mode of recovery. The different physical performance
tests showed similar evolutions that led the authors to con-
clude that the 2 modes of training were equally effective in
terms of aerobic and anaerobic results. Another study, by
Impellizzeri et al. (27) on 29 young Italian soccer players,
compared the effects of different types of SSGs 3 v 3,4 v
4, and 5 v 5) with aerobic interval training of 4 X 4 minutes at
90-95% HR,,.x and 3-minute active recovery at 60-70%
HR,, .. Apart from the time spent above 95% HR_,.,, the
results showed no differences in terms of intensity (% HR .y,
rating of perceived exertion [RPE], and concentration of lac-
tate [La]) or progress (3% running economy for each group,
and 8 and 7% of high maximal oxygen uptake [VO,max],
respectively). The literature clearly demonstrated that SSGs
could be used as an effective training mode to enhance aero-
bic fitness and match performance in soccer players.
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TaBLE 1. Regression models based on the selected GPS parameters.*

GPS parameter Best regression model (with no game data) R? RMSE AIC p

D_Tot (m-min—") y = 19.243InX — 5.029 0.873 6.965 281.504 <0.001
EEE (kJ-kg-min~1) y = 0.11InX — 0.036 0.849 0.044 —133.934 <0.001
D_Mp (m-min~1) y = 7.042InX — 15.255 0.867 2.616 201.206 <0.001
#_Mp (number-min—1) y = 0.001x + 0.024 0.605 0.051 —119.661  <0.001
D_Sprint (m-min—1) y =0.18x — 0.844 0.867 0.599 80.301 <0.001
#_Sprint (number-min—1) y = 0.001x — 0.046 0.899 0.038 —144.745 <0.001
D_Acc (m-min~1) y = 1.321InX — 0.629 0.515 1.218 138.519 <0.001
#_Acc (number-min~1) y = 0.212InX — 0.230 0.562 0.178 —19.332 <0.001
D_Dec (m-min~—") y=1.157InX — 0.418 0.469 117 135.2568 <0.001
#_Dec (number-min—1) y = 0.104InX — 0.096 0.347 0.136 —41.200 <0.001

*GPS = global positioning system; RMSE = root-mean-square error; AIC = Akaike information criterion; EEE = estimated energy

expenditure; Cl = confidence interval.

+All the selected models were based on the data sets from training sessions. All the correlations are significant (p < 0.05). For
linear model, the 95% Cl is based on asymptotic normality. For nonlinear model, the 95% CI is based on second-order Taylor

expansion and Monte Carlo simulation.

However, it was important to look at the results of these
studies in detail, as a number of the parameters affecting the
intensity of the SSGs differed from one study to another
(39). Many studies had shown that HR .., [La], and the
RPE increased as the surface area of the pitch increases
(23,29,36). The authors suggested that the increase in surface
area of the pitch provided both more time for players to be
in possession of the ball as well as forcing players who do not
have possession to run greater distances to intercept the ball.
Inversely, when the number of players increased, Rampinini
et al. (39) noted a reduction in HR ..y, [La], and RPE in all 4
types of SSGs (3 v 3,4 v 4,5v 5, and 6 v 6). These authors
were in agreement with a number of publications (13,25,35)
which demonstrated that the fewer the players the greater
the degree of intensity. All these studies had in common the
fact that they examined the number of players and the sur-
face area of play as separate parameters. It was also possible
to combine these 2 parameters to examine the density of
players per meter squared. This key concept consisted in
calculating the theoretical surface area of play per individual
by dividing the total surface area of play by the number of
players. Little and Williams (31), in one of the few studies to
look at the influence of the ratio of players per meter
squared, use 6 combinations of different numbers of players
and surface areas of play (=100 vs = 120 vs = 190 m? per
player). In this study, the physiological markers (HR and
RPE) increased when the number of players and the surface
area of play decreased. Hill-Hass et al. (26) confirmed these
conclusions using a ratio of 150 m? per player for the 3
format of 3 v 3,4 v 4, and 6 v 6. In a similar study, Casa-
michana and Castellano (5) looked at 3 other player densi-
ties (75, 175, and 275 m?). These authors found that there
was a significant difference between the SSGs of 75 m? and
275 m? for all but one of the variables considered (total
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distance covered, distance covered per minute of play, max-
imum speed reached, distance covered in each of the speed
categories, the work-to-rest ratio, and sprint frequency), the
exception being the distance covered at speeds <7 km-h~™..
Although it was relevant to look at player density, these
studies only investigated a small number of possible player
ratios per meter squared. Yet, there was an enormous range
of possible densities in the SSGs which could be varied
throughout a season and depending on the trainer’s objec-
tives. Thus, knowing more about the evolution of these
physiological parameters, regardless of the density, would
increase our understanding of the physical demands of SSGs.
The training load could be evaluated by HR (and [La])
because of numerous research had demonstrated that HR
was a valid indicator representative of exercise intensity in
soccer (14,26). However, there were several limitations when
using HR in SSGs, Little and Williams (31) pointed out that
HR underestimates high-intensity anaerobic activity in SSGs
(2 v 2). Krustrup et al. (30) came to the same conclusion with
respect to the weak correlation between [La] and intensity in
SSGs. Also, the validity and reproducibility of parameters
derived from global positioning system (GPS) to quantify
the training load have been well recognized in the literature
(3,9,28,30,31,45). The authors underlined the interest in
accurately monitoring intensity by GPS during SSGs’ drills
intended for physical development to allow for the improve-
ment of performance parameters.

Therefore, the main purpose of our study was to assess
the relation between training workload and SSGs’ density
in soccer using GPS data to quantify workload. The
hypothesis was that training workload was linked to SSGs’
density. The second purpose of this study was to examine
the relationship between models of physical qualities as
a function of the density of SSGs and match. The
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TaBLE 2. Comparison between GPS parameters values recorded during games and those predicted by each

regression model build from the SSG (+=SD).*

Average Predicted

GPS parameter Recorded games’ data recorded value value Min Max

D_Tot (m-min~'") 107.594 =+ 8.25 108.280 *+ 6.85 108.901 = 9.17 108.258 = 0.65 108.08 106.15 110.00

EEE 0.610 = 0.02 0.619 = 0.04 0.610 * 0.03 0.61 = 0.01 0.61 0.60 0.62
(kJ-kg-min~1)

D_Mp (m-min~") 29.011 = 542 31.019 * 498 30.278 = 5.17 30.102 * 1.02 26.14 25.41 26.86

# Mp 0.255 = 0.06 0.366 = 0.10 0.245 £ 0.04 0.289 = 0.07 0.32 0.27 0.37
(number-min—1)

D_Sprint 5164 = 1.87 7.408 £1.73 6.217 £ 155 6.263 = 1.23 5.51 496 6.06
(m-min—1)

#_Sprint 0413 £ 0.08 0.455 £ 0.06 0.391 £ 0.07 0.419 = 0.03 0.43 0.40 047
(number-min—1)

D_Acc (m-min~') 6.452 = 1.05 7513 +1.25 6.545 * 1.02 6.837 = 0.59 7.13 6.80 7.47

#_Acc 0.867 = 0.17 0.928 £ 0.13 0.805 £ 0.12 0.867 = 0.06 1.02 0.97 1.06
(number-min—1)

D_Dec (m-min—1) 5915 +1.03 7.109 = 1.07 6.308 * 1.04 6.444 * 0.61 6.39 6.06 6.71

# Dec 0.509 £ 0.04 0.615 *= 0.25 0.48 = 0.03 0.534 * 0.07 0.52 0.48 0.56

(number-min—1)

*GPS = global positioning system; SSG = small-sided game; EEE = estimated energy expenditure.

hypothesis was to show that physical qualities extracted by
GPS’s data did not changing in proportion with the
increase of the density per player.

METHODS

Experimental Approach to the Problem
To review the assumptions of this study, during the period
October to December of the 2015-2016 season, the physical

performances have been examined during 65 SSGs and 3
friendly matches (in the same field and same conditions).
In terms of analysis of these full-length matches, the physical
performances were examined over 2 time periods: the aver-
age for the 8 first minutes, to equate to the SSGs; and the
average for the whole match. The whole data recorded (by
GPS) in match and in training (SSGs) with the same players
were examined a posterior of the period of study.

140 Total distance (D_1ot)

120

80

60

(m.min1)

40

D_Tot

20

0 50 100 150

200 250 300 350

Density (m¥Number player)

Figure 1. Total distance run per minute (m-min~") as a function of the player density per meter squared in the SSGs (@), during the full 90-minute match (@), and during

the first 8 minutes of the match (0).

Logarithmic regression model based on the performances of SSG, ---logarithmic regression model based on the

performances of the first 8 minutes of the match, and ------- extrapolation of the regression models for the SSGs using match density. SSG = small-sided game.
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Figure 2. A) Sprint distance per minute (m-min~"'); (B) number of sprints per minute (n-min~—") as a function of the player density per meter squared in SSGs

(@), during the full 90-minute match (@), and during the first 8 minutes of the match (0).

Linear regression model based on the performance of SSG,

-|inear regression model based on the performances of the first 8 minutes of the match, and ------- extrapolation of the regression models for the SSGs

using match density. SSG = small-sided game.

Subjects

All the players belonged to the same team, which is in the
professional French championship (league 1) and the European
league. They were all professional players (mean = SD, body
mass: 80.7 = 70 kg; height: 1.83 * 0.05 m; age: 264 = 4.9
years [ age range: 19-32 years old]; and number of years’ expe-
rience: 16.9 + 3.4 years). Of the 25 recorder players, 11 were
internationals. All subjects gave written consent to participate in
the study, which was conducted in accordance with the Uni-
versity of Saint Etienne’s ethical procedures and according to
the Declaration of Helsinki.

Procedures
The study was conducted over a 3-month period all along
the 2015-2016 competitive season. During this period, 65

4 Journal of Strength and Conditioning Research

SSGs were recorded. Available studies have shown that rules
of the game (12,13) and coach encouragement (39,41,43,45)
are among the factors that can modify physical responses
during the SSG training drills. The different SSG training
efforts, either intermittent or continuous, could have an
impact on the game intensity. Finally, to control the impact
of length of time of play (44), only those sequences of 8 mi-
nutes were kept for the SSGs. To monitor the time played,
only SSGs with duration of 8 minutes with no intervention of
the coach and no planned intervals for recess were consid-
ered. Thus, of 65 SSGs, 41 were selected for this article.
Among them, 32 different densities were studied: 7, 8, 10,
12, 30, 46, 48, 66, 67, 76, 84, 86, 90, 100, 111, 117, 132, 136,
138, 144, 150, 151, 156, 162, 173, 187, 197, 198, 272, 291, 300,
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Figure 3. A) Acceleration distance per minute (m-min~"); (B) number of accelerations per minute (n-min~1); (C) deceleration distance per minute (m-min~"); and (D)
deceleration distance per minute (m-min~') as a function of the player density per meter squared in SSGs (@), during the full 90-minute match (@), and during the first

8 minutes of the match (0).

Logarithmic regression model based on the performance of SSG, ----logarithmic regression model based on the performances of

the first 8 minutes of the match, and ------- extrapolation of the regression models for the SSGs using match density. SSG = small-sided game.

and 319 m2. The player density was obtained as follows: (field
length field width)/total number of playing players = density
(m?). All the games were scheduled at the same time of the
day, at 10:00 Am

No time was deducted for free-kicks, corner kicks, or
scored goals during the SSGs. Each time the ball went out of
the field, it was thrown back in by an assistant coach and
stoppage time related to major injury was not counted in the
total duration of the training. Moreover, friendly games
(density is 357 m?) against European teams were analyzed in
addition to the training sessions.

The data of 10 GPS variables used to quantify the external
training load of professional soccer players were monitored
and analyzed during 41 training and 3 games. Players’ physical
performances were assessed using GPS technology with an
operational sampling frequency of 10 Hz (K-Gps; K-Sport,
Montellabate, Italy). The GPS devices inserted into a pur-
pose-built backpack positioned on the upper part of their
backs. Castellano et al. (8) shown the validity and reproduc-
ibility of GPS device (Minimax v4.0, Catapult Innovations,
Melbourne, Australia); these GPS had the same sampling
frequency of 10 Hz as GPS used in our study. All data were
converted to a 1-minute baseline as a reference for compari-
son. The recorded GPS data were downloaded from K-Sport
to Playsharp data analytics platform (Innovation Performance
Analytics, version 2.1.1, Clermont-Ferrand, France). The re-
corded data were included and classified into 4 categories of
parameters: endurance, power, speed, and strength.

Endurance or metabolic parameters aerobically domi-
nated, corresponding to total distance (D_Tot) covered

per minute by the player and to estimated energy expendi-
ture (EEE). Estimated energy expenditure was calculated by
multiplying metabolic power (MP) by time. Metabolic
power is a measure of the overall amount of energy required,
per unit of time, to reconstitute the ATP used for work
performance. The product of the instantaneous velocity (v,
m-s~ 1) and the corresponding energy cost per unit body
mass and distance (Cr, J-kg=!-m™1), as obtained from the
acceleration (and hence the equivalent slope), yields the
instantaneous MP (W -kg™!) necessary to run at the required
speed. Power or metabolic parameters anaerobically domi-
nated, corresponding to distance MP (D_Mp): Total dis-
tance covered at high MP (>20 W-kg™1!) and the number
of MP (#_Mp) defined as number of times the player passes
the high MP threshold of 20 W-kg~! and maintains this MP
for at least 0.4 seconds. Speed parameters corresponding to
sprint distance (D_Sprint) covered at high-intensity speed
(>21 km-h~1!) and to number of sprints (#_Sprint) defined
as the number of times the player passes 21 km-h~! and
maintains this speed for at least 0.5 seconds. Strength param-
eters corresponding to the acceleration distance (D_Acc)
covered with acceleration above +2 m-s~2; to the number
of accelerations (#_Acc) defined as number of time the
player passes +3 m-s~2 and maintains this value for at least
0.4 seconds; to deceleration distance (D_Dec) covered with
acceleration above —2 m-s~2; and to number of decelera-
tions (#_Dec) defined as number of time the player passes
—3 m-s~2 and maintains this value for at least 0.4 seconds.
Acceleration and deceleration were defined according to
Samozino et al. (42) to access the strength parameters.
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Figure 4. A) Distance of metabolic power per minute (m-min~1); as a function of the player density per meter squared in SSGs (@), during the full 90-minute match (@),

and during the first 8 minutes of the match (0).

Logarithmic regression model based on the performance of SSG, ---logarithmic regression model based on

the performances of the first 8 minutes of the match, and ----- -~ extrapolation of the regression models for the SSGs using match density. B) Number of MP per minute
(m-min~"); as a function of the player density per meter squared in SSGs (@), during the full 90-minute match (@), and during the first 8 minutes of the match (0).

Linear regression model based on the performance of SSG, ---Linear regression model based on the performances of the first 8 minutes of the match, and

——————— extrapolation of the regression models for the SSGs using match density. SSG = small-sided game; MP = metabolic power.

Statistical Analyses
First, to analyze the correlation between the GPS values and
the density, the statistical analysis has tested the following
models: linear, polynomial of second degree, power, expo-
nential, and logarithmic models. Three common statistical
methods were used to compare and to choose between the
regression models. Three statistical methods were used to
compare and to assess models using: an approximation of R-
squared (R?), the root-mean-square error (RMSE), and the
Akaike information criterion (AIC).

The selected regression model was the one with the
strongest R? and the weakest RMSE and AIC. The statistical

6  Journal of Strength and Conditioning Research

significance has been searched to validate the relationship
between GPS values and density. The statistical significance
was checked using the F test with the significance level set to
a < 0.05. This selected model was used to predict GPS
values including confidence interval (CI) for games density.
As a next step, the selected regression model helped to pre-
dict the outcome of each GPS parameter in game situation, i.
e, a 357 m? density per player. For each GPS variable, the
model predicted with a CI of 95% (CI). Finally, the model’s
performance was assessed by comparing actual GPS data
recorded during games and results predicted from the
model. All data for the statistical analyze were retrieved from
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TasLe 3. Density (square meters per number of players) of the SSG required to allow a level of game intensity which
will meet the expected development of physical qualities of force, endurance, speed, and power.*t

Density for Density for Density for Density for
% of endurance Ex. of power Ex. of speed -Ex. of force Ex. of
game development  field for development field for development field for development field for
intensity (m2/N° players) 6v 6 (m2?/N°players) 6v6 (m2?/N°players) 6v6 (m2?/N°players) 6v6
85 155 38 X 49 225 45 X 59 347 56 X 74 115 33 X 42
75 90 29 X 38 160 38 X 50 250 48 X 63 70 25 X 33
65 50 21 X 28 125 34 X 44 220 45 X 59 45 20 X 27
50 25 15 X 20 85 28 X 36 160 38 X 50 20 14 X 18

*SSG = small-sided game.
tExample of SSG field for 6 vs 6 players.

the Playsharp data analytics platform. The statistical com-
puting and graphics were performed using cran R software.

REsuLTS

The results of this study have shown that there was a positive
correlation between the surface density per player during
SSGs and the different parameters recorded by GPS (Table 1).
The results have not revealed that all the physical parameters
evolved after the same regression model (Table 1), nor were
they all proportional to the increase in density of the game.

Logarithmic regression model could be used to represent
the evolution of the total distance covered (R? = 0.873), the
distance MP (R? = 0.867), and the energy expenditure (R? =
0.849) as a function of the density. These 3 R? values showed
a high correlation between each of these parameters and the
player density for SSGs. Concerning acceleration (R? =
0.515) and deceleration (R? = 0.469) distances, the number
of accelerations (R? = 0.562) and decelerations (R? = 0.347),
their R? values were all below 0.57, which meant that up to
57% of the variation from these parameters could be ex-
plained by these models. Table 2 shows that the data re-
corded during the games were within the Cls predicted by
the models, except for the number of accelerations and the
distance MP. The models predicted a number of accelera-
tions per minute between 0.97 and 1.06, whereas the re-
corded average match performance was 0.87 accelerations
per minute. Concerning the distance MP, the model fore-
casted performances between 254 and 269 meters
per minute, whereas the recorded average was 30.1 meters
per minute.

The sprint distance and the number of sprints could be
represented by a linear regression model. These 2 parame-
ters had a very strong correlation, with R? = 0.898 and 0.900,
respectively. Finally, if the MP value was fitted to the same
linear regression model, its R2 = 0.605 is termed strong. The
comparison between the predicted values, from recordings
of the SSGs, with values recorded during the matches

indicated that the different regression models provided valid
means of predicting match performance, apart from the MP
number, where the model predicted values between 0.19 and
0.26 when the average values recorded during a match was
0.29 (Table 2).

Figure 1 represents the logarithmic evolution of the total
covered distance, in meters per minute (m-min 1), as a func-
tion of the player density in the SSGs, the entire game (gray-
filled circles) and the 8 first minutes of the 3 recorded games
(open circles). We could see that the total covered distances
during the 8 first minutes were 20% higher than the ones
from the entire games. It showed that the SSGs did not
reproduce the start of a game. The dotted line represents
the required rhythm that needs to be achieved during the
different densities of SSG in order for the logarithmic model
to be correlated with the maximum intensity recorded dur-
ing a game.

Figure 2 shows the sprint distance per minute (Figure 2A)
and the number of sprints per minute (Figure 2B) as a func-
tion of the player density per m? during the SSGs and games.
The distance and the number of sprints had a positive linear
correlation with the player density per m?. This regression
line showed that SSGs with a player density of less than
50 m? did not produce a sprint distance. On the other hand,
the frequency of sprints for the first 8§ minutes of the matches
was 30% higher than the average for the entire match. The
dotted line represents the required rhythm that needs to be
achieved during the different densities of SSG in order for
the linear model to be correlated with the maximum inten-
sity recorded during a game.

Figure 3 shows a logarithmic evolution of the accelera-
tions (Figure 3A, B) and decelerations (Figures 3C, D) of
players as a function of the player density in the SSGs and
during the games. It should be noted that there was no
significant difference between the number of accelerations
and decelerations for the overall match average and those
for the first 8 minutes of the match.
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Figure 4 shows that the distance of MP (Figure 4A) fol-
lowed a logarithmic regression curve, whereas the number of
MP actions (Figure 4B) followed a linear regression.
Although the match average lied along the model regression
line, the frequency of actions and the distance sustained at
the metabolic level under predominantly anaerobic or power
conditions was much higher in the average of the first 8 mi-
nutes of the match compared with the SSGs (+30% vs.
match). The dotted line represents the required rhythm that
needs to be achieved during the different densities of SSG in
order for the logarithmic and linear models to be correlated
with the maximum intensity recorded during a game.

Table 3 presents the number of players per m? needed to
achieve a certain percentage of the intensity of the match.
Thus, for example, to attain 85% of the intensity of the
match, a density of 225 m? per player was needed to target
development of speed, and only 155 m? to target develop-
ment of aerobic qualities.

DiscussIoN

The purpose of the current study was to identify that
training load evolved as a function of the surface area of
play for the SSGs and the number of players involved.
Therefore, to focus on the increasingly exacting constraints
of match conditions, the SSGs integrated into the physical
training of players had to address either match situations or
the training of players in terms of developing a specific
physical component (power, strength, speed, and endur-
ance). This study served as a means of directing the trainer
toward the most appropriate combinations for achieving
their objectives and helps them draw up a training sched-
ule. In practical terms, the study demonstrates that to
achieve an objective on the 4 targeted physical compo-
nents, the player density in the SSGs is different. For
example, to reach 85% of game intensity, players should
play SSGs of 115 m? to develop strength, whereas they
should play SSGs of 150, 225, and 280 m? to develop
endurance, power, and sprint, respectively.

In addition to determining the player densities in the
SSGs to target specific training objectives, this study also
made it possible to predict the workload ahead of training.
This evaluation of the training load was indispensable both
in terms of optimizing the players’ performances by avoid-
ing undertraining through conditions which were too far
removed from those of matches, as well as preventing over-
training and injuries. Using GPS to construct models was
innovative because these data took into consideration the
external training load imposed on players by the action on
the pitch as opposed to many SSGs that have been ana-
lyzed using biological markers or RPE (4,10,31,38). This
type of analysis was used to evaluate HR,,,,, [La], and
RPEs, which have been shown to be limited in terms of
their application to professional soccer. Little and Williams
(31) showed that using the HR as a marker resulted in an
underestimation of the training load imposed on players

8  Journal of Strength and Conditioning Research

during anaerobic drills. In addition, Borg (4) highlighted
that, since 1982, RPE may be used as a reliable indicator
of physical activity. Nevertheless, although different studies
(10,28) considered RPE as a good general indicator of
intensity, it was difficult to measure the sincerity of players’
responses (1), as competition between them and economic
interests could prevail over it. Given these limits, these in-
dicators seemed to be insufficient or difficult to use to quan-
tify the training load during specific soccer activities.
Therefore, this study focused on parameters of external
load recorded by GPS. The results have shown that it
was possible to establish regression models that were rep-
resentative of the evolution of movement parameters with
respect to the player density of SSGs. However, not all the
physical components evolved in the same way or with the
same ratios relative to an increase in player density.

The indicators of the volume of training load such as
total distance run and estimated energy expended could
reach, for the same player density as in matches, 108
m-min~! and 0.609 KJ-kg=!-min~1, respectively. These
results were in agreement with those found in the literature
for total distance run per minute, with Pereira et al. (37)
finding similar results for the Brazilian U20 team, and Ca-
samichana et al. (6) for Spanish semi-professionals. When
the surface area of the pitch was reduced, this study
showed that the total distance run and the EEE decreased.
This evolution was in agreement with the findings of Ca-
samichana and Castellano (5) who found a decrease in
distance run to 125, 113, and 87 m per minute, respectively,
for player densities of 273, 175, and 74 m? per player. These
results were between 10 and 20% higher than the perform-
ances of our chosen population, despite the latter being of
a higher level. This could be explained by the difference in
age between the 2 populations. Pereira Da Silva et al. (37)
have shown that the under 15-second run was significantly
more than the under 20 seconds (118 vs. 109 m-min™1).
This difference could be partly explained by better techni-
cal mastery and tactical organization.

However, looking in detail at only 3 player densities,
Casamichana and Castellano (5) could not predict the total
distance run for all the other player densities. The results of
our study showed that the reduction in total distance run
per minute and the EEE followed a logarithmic regression
curve. This information allowed the training load to be cali-
brated with respect to a match, and in addition, this can be
performed for any player density in SSGs. For example, to
obtain 85% of the match intensity (92 m per minute), the
density of the SSGs game should be around 155 m? per
player, which was only 40% of the match density. Although
the physical parameters cited above were indicators of the
volume of SSGs and matches, other features, such as sprint
distance, accelerations, decelerations, and MP were indica-
tors of the intensity of training.

In terms of sprints, increasing the number of meters
squared per player provided more space, which in turn
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favored longer, high-intensity sprints. This increase followed
a linear regression both for the number and distance of the
sprint. Thus, in contrast to the parameters for the training
load, a player density of 280 m? was needed to attain 85% of
the match intensity. During the 3-month period of this study,
the trainers only chose 3 SSGs which exceeded this player
density. As a result, during this time, the anaerobic lactate
process was not at all, or very little solicited by this type of
workout, at least compared with the requirements of match
conditions. These results backed the findings of Gabbett and
Mulvey (18) highlighted that, in women’s soccer, SSGs stim-
ulated all the movement patterns found in international
competitions, with the exception of those linked to the de-
mands of high-intensity movements and repeated sprints.
Casamichina et al. (6) confirmed the existence of significant
differences between friendly matches and SSGs for almost all
the repeated-sprint variables. These authors concluded that
SSGs should have been mainly used to develop aerobic
qualities and tactical skills. However, it was not impossible
to stimulate the demands of high intensity and repeated
sprints to a sufficient degree, although our study revealed
that during the study period, the necessary player density
to achieve a high percentage of the match intensity was
rarely chosen by the trainers. These results should have been
used to raise trainers’ awareness about the choice of player
density for SSGs to achieve specific physiological perfor-
mance objectives (43).

Finally, the results of this study showed that the
acceleration, deceleration, and MP parameters followed
logarithmic regression curves, with the exception of the
number of MP events, which followed a linear regression.
Castellano et al. (7) found a frequency of around 0.6 accel-
erations per minute for a player density of 210 m2. These
results are lower than in our study, which found a frequency
of 0.9 accelerations per minute for the same player density.
The explanation for this discrepancy was probably due to
the difference in level of play between semi-professionals
and professionals. Apart from the study by Castellano et al.
(7), few studies have looked at these parameters for high-
intensity activity. This might have seemed surprising given
that Osgnach et al. (34) have shown that energy used by
this type of action accounts for more than 20 W-kg™1,
equivalent to 42% of the total energy budget for the match.
The low utilization and interpretation of this parameter was
probably partly due to the modest correlation of this
parameter with the player density of SSGs (0.562 and
0.347 for the number of accelerations and decelerations,
respectively). Hypothetically, one could postulate that ac-
celerations and decelerations happened mainly in the area
of the pitch containing the ball when players moved toward
the person controlling the ball, or when moving away from
an opponent. In addition, with the exception of the distance
of MP and the number of accelerations, the average match
intensities for all the physical parameters correlated with
the mathematical models based on the SSGs. The results of

this study were not intended to predict match performance
in competitions, which is affected by other factors (e.g.,
score and choice of tactics). However, these results indi-
cated that the average intensity of the match followed the
mathematical model based on the training session record-
ings. On the other hand, comparison of the data per minute
for the first 8 minutes of the match with the SSGs, apart
from the number of accelerations and decelerations,
showed that they cannot be used to predict the data for
the start of a match. This new information comparing
intensity data from the start of the match with the average
data for the match should be taken into consideration by
coaches and physical trainers in deciding the amount and
load of training. Thus, the data for the SSGs for each phys-
ical parameter could be expressed with respect to the inten-
sity at the start of a match (in other words be considered as
a reference for the maximum intensity attainable during
a game) and with respect to the average intensity for the
entire match.

PRACTICAL APPLICATIONS

The results of this study show that there is a relationship
between the physical performance and the density of the
pitch surface area per player in SSGs. It is thus possible to
construct regression models for all the physical parameters
as a function of player density in SSGs. In the first place, this
research offers practitioners fresh insight that should enable
the resultant training load of SSGs to be anticipated. For
example, using the regression models, it is possible to see
that a 10-minute 7 v 7 game on a pitch 40 m X 52 m (pro-
viding a player density of 150 m?) is equivalent to around
760 m total distance run, 40 m sprint, 40 m acceleration,
34 m deceleration, and 160 m MP. This objective prediction
is of major importance in quantifying the training load and
consequently in avoiding overtraining. Second, by inverting
this reasoning, these new data should make it possible to
choose the most appropriate player density for the develop-
ment of a target physical quality during integrated physical
training. Thus, thanks to this innovative information,
coaches and physical trainers can achieve the target training
load by altering objective parameters such as the size of the
pitch, the number of players, and the length of play. For
example, to develop speed capacity, the player density
should be around 280 m?, which is equivalent to a pitch size
of 55 m by 72 m for a total of 14 players. Finally, by knowing
the intensity of the match as well as the maximum intensity
at the start of the match for each of the physical parameters,
the trainers are able to calibrate the training load with
respect to the intensity of the match and the day of training.
Working at 85% of the match intensity in terms of the
parameter linked to anaerobic metabolism (power) requires
a player density of 225 m?, which is equivalent to 49 m by
64 m for a 7 v 7 game. This calibration provides the best
conditions for the players to prepare for the rigors of
a match.
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