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Purpose: Training methods based on small-sided game (SSG) seem to promote
physiological and tactical benefits for soccer players as they present characteristics
more specific to the game. Thus, the main objective of the present study was to analyze
the hormonal, biochemical, and autonomic parameters in an acute manner and the
recovery dynamics (up to 72 h after) in a SSG.

Methods: Thirteen professional female soccer players participated in the study
(18.8 £ 0.8 years, body mass 59.4 + 6.2 kg, and height 1.68 £+ 0.05 m). During and
after the SSG session (4 min x 4 min separated by 3 min of passive interval and 120 m?
coverage per player), autonomic modulation was analyzed in the time and frequency
domains using heart rate variability, and blood samples (5 ml) were collected before (O h)
and after (10 min and 24, 48, 72 h) the SSG for biochemical and hormonal analysis.

Results: The SSG induced an increase effect for LF (low frequency) (92,52%; Very
likely increase) and a decrease effect for HF (high frequency) values (—65,72%;
Very likely decrease), after 10 min of recovery. The LF/HF increase after 10 min of
recovery (386,21%; Very likely increase). The RMSSD (square root of the mean squared
differences of the successive N-N intervals) and pNN50 (measure of the number of
adjacent NN intervals which differ by more than 50 ms) values presented a decrease
effect 10 min after SSG (61,38%; Very likely decrease and—90%; Very likely decrease).
The CK (creatine kinase) values presented no changes 10 min after SSG. The LDH
(lactate dehydrogenase) values presented an increase effect 10 min after the SSG
(19,22%; Likely increase). Both testosterone and cortisol concentrations presented
the same behavior after SSG, where no alterations were observed with after 10 min
(<0,37%; Most likely trivial).

Conclusion: The SSG promoted significant cardiovascular stress that was restored
within the first 24 h of recovery. Parasympathetic parameters continued to increase while
sympathetic parameters declined significantly during the 72 h of recovery. In addition,
the reduced game did not alter biochemical or hormonal responses during the 72 h.

Keywords: training, soccer, heart rate variability, muscle damage, hormone, fatigue, recovery, sport science
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INTRODUCTION

Decisive actions during an official football match are carried out
at maximum intensity over short periods of time (i.e., anaerobic
efforts), however, the majority of energy required during a match
is supplied by the aerobic metabolism (Jones and Drust, 2007;
Hill-Haas et al., 2009a,b; Casamichana and Castellano, 2010). As
a result, several training methods, with and without the ball, have
been tested (Helgerud et al., 2001; Hoft et al., 2002; Impellizzeri
et al., 2006; Little and Williams, 2006; Rampinini et al., 2007; Iaia
etal., 2009).

In this sense, different small-sided game have become widely
used alternatives, mainly to include actions with the ball,
opponents, and specific situations of the game such as defensive
or offensive numerical superiority or inferiority (recurring and
decisive context in a game of soccer) (Costa et al., 2009). SSGs
present specificity, subjecting the participant to the technical,
tactical, and physical aspects inherent in soccer practice due to
characteristics very close to the formal game (i.e., physical and
physiological impact, ball actions, and the presence of opponents
and teammates that imply specific situations of the game
such as defensive or offensive numerical superiority/inferiority)
(Michailidis, 2013). In this way, different SSGs present a
high degree of specificity, subjecting the participant to the
technical, tactical, and physical aspects inherent in soccer (Owen
et al., 2004; Little and Williams, 2006; Jones and Drust, 2007;
Michailidis, 2013). By exposing the athletes to a certain level
of physical stress, SSGs promote changes in blood lactate
concentration, rate of perceived exertion and heart rate, as well
as alterations in the autonomic nervous system (Boullosa et al,,
2013). One method used to evaluate the autonomic nervous
system and its sympathetic and parasympathetic branches is
HRV which describes the dynamics of the intervals between
consecutive heart beats.

Vanderlei et al. (2009) described that part of the control
of the cardiovascular system is performed by the autonomic
nervous system and is closely linked to heart rate. Thus, the
increase in HR is a consequence of the greater action of the
sympathetic pathway and the lower parasympathetic activity.
The authors state that irregularities in HRV indicate the heart’s
ability to respond to multiple stimuli such as exercise. Thus,
the rigorous training programs that professional athletes follow
lead to significant changes in the mechanisms of cardiovascular
adaptation, improving cardiac function (Francavilla et al., 2018).

After acute physical exercise, HRV can allow easy and non-
invasive analysis of the neural control of heart rate, besides
being able to measure important modifications in the functioning
of the cardiovascular system and its mechanisms of autonomic
adjustments (Alonso et al, 1998). The cardiac autonomic

Abbreviations: AM, before midday; C, cortisol; CK, creatine kinase; HE
high frequency; HR, heart rate, HRV, heart rate variability; LDH, lactate
dehydrogenase; LE, low frequency; pNN50, proportion of interval differences of
successive N-N intervals greater than 50 ms; RMSSD, square root of the mean
squared differences of the successive N-N intervals; RR, interval beat-to-beat;
SDNN, standard deviation of the normal-to-normal intervals; SSG, small-sided
game; T, testosterone; VO, oxygen consumption; VOzpax, maximum oxygen
consumption.

modulation index has been used as a marker of the quality
of cardiac function, representing a technique that allows the
evaluation of risks of sudden cardiac death (Sessa et al., 2018)
and also of the stress induced by exercise (Mazon et al., 2013).
This analysis is an attempt to avoid states of fatigue, in order to
promote adequate recovery, thus optimizing the training (Bricout
et al,, 2010). Moreover, it presents sensitivity to the effects of the
SSG on the autonomic system as observed by Hammami et al.
(2016). The study found low parasympathetic reactivation 10, 20,
and 30 min after an SSG effort.

In addition to variables related to the cardiovascular system,
the determination of injury biomarkers and physiological stress
are also frequently used to determine the internal training load
(Nakamura et al., 2010; Souza et al., 2010; Coelho et al., 2013;
Mazon et al,, 2013). Previous studies have shown that both
soccer training and formal games can alter plasma concentrations
of catecholamines (adrenaline and noradrenaline), cortisol,
testosterone, creatine kinase, and lactate dehydrogenase as a
consequence of the efforts (Coelho et al., 2011, 2013; Silva et al.,
2012, 2014), which could be partially attributed to intermittent
repetitions of intense eccentric activation (Ispirlidis et al., 2008).

Different responses are observed between the sexes, mainly
in the inflammatory profile (Souglies et al., 2015). Bowtell
et al. (2016) investigated the CK response in women with little
or no experience of American football during two sessions
of different SSGs and found elevated levels of the protein
up to 48 h post-game. Ispirlidis et al. (2008) investigated
performance, muscle damage, and inflammation during a 6-
day recovery period in elite soccer players after a simulated
game and found elevated CK and LDH levels up to 96 and
72 h after, respectively, while cortisol levels reached a peak
immediately after the game and returned to baseline within the
first 24 h of recovery. No change was observed in testosterone
levels.

Although it is possible that the delay in HRV recovery after
exercise may be indicative of the overall magnitude of the induced
stress response, the course of recovery time does not indicate total
recovery from the systemic stress response (Seiler et al., 2007).
Therefore, simultaneous evaluation of HRV and other markers
of stress and fatigue is of utmost importance. Thus, the main
objective of the present study was to determine and understand
the recovery dynamics of autonomic, biochemical, and hormonal
parameters after SSG effort in soccer players.

The SSG seems to be advantage to the training routine,
however, little is known about the dynamics of recovery of
physiological parameters with this stimulus. Therefore, the main
innovative factor of the research was the determination and
the understanding of the dynamics of recovery of autonomic,
biochemical, and hormonal parameters after the SSG with
women soccer players.

MATERIALS AND METHODS

Participants
Thirteen athletes belonging to a professional women’s soccer
team participated in the study, who competed in state
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championships, with minimum experience of 5 vyears of
systematized training, all affiliated to the Brazilian Football
Confederation (CBF) [age: 18.8 + 0.8 years; body weight:
594 £ 6.2 kg (Evolution Sanny Professional Precision-
Scale); height: 1.68 + 0.05 m (Sanny Standard Stadiometer);
VOzmax: 36,07 £ 7,50]. All procedures were approved by the
University’s Institutional Review Board for Human Subjects
(Human Research Ethics Committee) and were conducted
according to the Declaration of Helsinki. Athletes were
informed about the experimental procedures and risks and
signed an informed consent form prior to participation
in the study. This study was performed in accordance
with international ethical standards (Harriss and Atkinson,
2015).

Experimental Design

The evaluations were performed 2 months after the
competitive period (August, 2017) and all sessions took
place on synthetic grass (where the formal games of the team
took place) wearing cleats. On the first day, a progressive
test (20 m go and back) was performed on the field to
determine maximum oxygen consumption (VOjzmayx). The
SSG was applied on the second day of evaluations, 1 week
after the application of the progressive test. All players
did not practice any physical activity for 48 h preceding
the SSG.

Heart rate variability and HR were evaluated constantly (i.e.,
prior to, during the SSG, and in the first 30 min and 24, 48, 72 h
of recovery). At 0 h, 30 min, 24, 48, and 72 h after the SSG,
HRV monitoring was performed for 20 min. Blood samples for
biochemical and hormonal analysis were collected prior to, and
5 min and 24, 48, 72 h after the SSG session.

The SSG took place at the team training center in atmospheric
conditions of 25-28° C, 40-44% humidity, wind 13 km/h,
and atmospheric pressure 1013-1016 hPa (App The Weather
Channel).

Progressive Test and Backward

Extrapolation Technique

Before the beginning of the tests, the athletes were kept in a seated
position for 5 min to determine the baseline of the blood lactate
concentration and oxygen consumption (VO;). The participants
performed 20 m races in the form of go and back on the
soccer field. They started the test at an intensity of 8 km/h and
increased 1 km/h every 3 min. The intensity of each stage was
controlled by sound stimuli and the athletes were instructed to
pass the 20 m demarcation lines at each signal. Exhaustion was
defined as the player’s inability to continue the test or when she
could not complete the 20 m at each beep for three consecutive
times.

After each effort, athletes were instructed to breathe
immediately into a face mask, connected to a gas analyzer system
(V0O2000, Medgraphics, EUA). VO, values were log-transformed
and plotted against time, which was linearly adjusted. Thus,
the y-intercept was considered as VO, at the end of exercise
(Montpetit et al., 1981) and assumed as the first point of recovery.

Small-Sided Game

The coverage area per player was set at 120 m? (Kelly and Drust,
2009; Jastrzebski et al., 2016). The evaluated model was the 4x4;
each session lasted 25 min, with 16 min of effort (four efforts of
4 min) and 9 min of passive rest (three rest intervals of 3 min).
To perform the evaluations in a staggered way and to respect
the minimum interval between evaluations post-SSG, a total of
16 sequential games of 4 min duration and 3 min interval were
played. The players warmed up before the start of the SSG with
three laps running around the field and short runs with a change
of direction for 8 min.

The game consisted of passing the end lines with the ball
controlled and possession of the ball was alternated, that is, when
a team scored or exceeded the demarcation limits of the game,
the ball was quickly returned to the other team. The athletes were
motivated by the coaches throughout all games.

Analysis of Heart Rate Variability (HRV)

The HRV was analyzed pre, 10 min after, and at 24, 48, and
72 h of recovery after the SSG. With the exception of collections
10 min after play, the collections were part of the players’ first
daily activity. The players woke up at the training center and
went to a pre-determined room for evaluation to begin at 6:30
AM. The HRV was recorded beat-to-beat (RR intervals) by a
heart rate monitor — Polar Team? (Polar Kempele®, Finland)
in a continuous manner and later transmitted to a computer
through interface model - IR interface (Polare®, Finland) using
the Software “Kubios HRV, for Windows (Polar Electro Oy,
Kempele, Finland, 2010).

Heart rate variability was analyzed in the frequency domain:
the power of the high frequencies (HF: 0.15-0.40 Hz) and low
frequencies (LF: 0.04-0.15 Hz) in normalized units and the
LF/HF in ms? (milliseconds). In the time domain, the following
indices were used: mean RR (mean of RR intervals), SDNN
(standard deviation of all normal RR intervals recorded in a time
interval, expressed in ms), RMSSD (square root of the difference
between adjacent normal RR intervals in a time interval expressed
in ms), and pNN50 (percentage of adjacent RR intervals with
duration difference greater than 50 ms) (Task Force of the
European Society of Cardiology and the North American Society
of Pacing and Electrophysiology, 1996).

TABLE 1 | Mean + standard deviation (SD) values of the anthropometric
characteristics and the physiological variables of the players.

Variables Mean SD
Age (years) 18,80 0,80
Weight (kg) 59,40 6,20
Height (m) 1,70 0,10
BMI (kg/m?) 21,00 1,30
LAN (km/h) 11,41 0,39
iVOomax (km/h) 12,23 0,33
VOomax (L.min) 3,85 1,38
VOomax (Ml.kg.min) 36,07 7,50

BMI, body mass index; LAN, anaerobic threshold; iVOomay, intensity of maximum
oxygen consumption, VOomax, maximum oxygen consumption.
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Blood Collection and Analysis

All venous blood collections were performed under the
responsibility of an accredited nurse, following all hygiene and
asepsis care. Analyzes of the samples were performed by the
Clinical Analysis Service (CAS) of the Faculty of Pharmaceutical
Sciences of Ribeirdo Preto. The athletes were instructed to
maintain a 12-h fast, not to practice physical activities, and
not to consume alcohol or drinks containing caffeine. While
the female athletes were still fasting, 5 mL of blood was
collected (7 AM) at moments 0, 24, 48, and 72 h after the
SSG in a predetermined room in the training center. The
collection 5 min after the game was performed between 10
and 12 AM in a room next to the field where the SSG was
played.

For collection and storage of blood samples, BD Vaccutainer®
EDTA tubes with separator gel were used (1 Becton Drive,
Franklin Lakes, NJ, United States). After collection, the blood was
centrifuged for 8 min at 3000 rpm and 8°C and stored at 8°C for
further biochemical and hormonal analysis.

For quantification of cortisol and free testosterone,
specific radioimmunoassay procedures were used through
the IMMULITE/IMMULITE 1000 Total Testosterone and
Cortisol Kit (Siemens Medical Diagnostics, Los Angeles, CA,
United States). As a marker of muscle damage, CK and LDH
were determined with the aid of a specific kit provided by Wiener
lab. CK dosing was performed using the optimized UV method
(IFCC) in serum. LDH was performed through the optimized
UV method (SFBC) in serum.

Statistical Analysis

The normality of the data was confirmed using the Shapiro-
Wilk test, which allowed the description of the variables using
mean =+ standard deviation. The values observed in each
recovery time were compared with baseline values using the
Magnitude Based Inferences using the spreadsheets proposed
by Hopkins et al. (2009). The effects on HRV, biochemical
and hormonal parameters were classified qualitatively as an
increase effect, trivial effect or decrease effect. For this, the
differences from baseline values were expressed as standardized
differences (Cohen’s d) and the smallest standardized change

was assumed to be 0.20 (Cohen, 1988). Qualitative inferences
were classified as most unlikely (<1%), very unlikely (1-
5%), unlikely (5-25%), possibly (25-75%), likely (75-95%),
very likely (95-99%), and most likely (>99%). The inference
was Unclear when both the increase and the decrease effects
were > 5%.

RESULTS

Anthropometric and Physiological

Characteristics

Table 1 presents the values referring to the anthropometric
characteristics and physiological variables found in the
progressive test performed by the players.

Small-Sided Game

The players presented a mean blood lactate concentration
([La]mean) of 2.66 = 0.95 mM at the anaerobic threshold during
the incremental test. During the SSG, the [La]mean and %HRmax
attained were 6.35 £ 2.22 mM and 94.67 £ 0.87%, characterizing
the high energy demand in this activity.

Heart Rate Variability

The HRV responses were demonstrated in Table 2. In the
frequency domain (Figure 1), SSG induced an increase effect for
LF (92,52%; Very likely increase) and a decrease effect for HF
values (—65,72%; Very likely decrease), after 10 min of recovery.
Both LF and HF returned to baseline values after 24 h (<2,13%;
Very likely trivial effect) and presented effects related to the
autonomic adaptation after 48 h (Likely decrease for LF and
Likely increase for HF), which was maintained after 72 h. The
LF/HF increase after 10 min of recovery (386,21%; Very likely
increase), returned to baseline values after 24 h (13,44%; Possibly
trivial) and decrease after 48 and 72 h of recovery (—53%;
Likely decrease). In the time domain (Figure 2), the RMSSD
values presented a decrease effect 10 min after SSG (61,38%;
Very likely decrease) but showed an increase effect from 24 h
of recovery (>57,04%; Likely increase). The same behavior was
observed for pNN50, where a decrease effect occurred after

TABLE 2 | Descriptive values for the heart rate variability parameters.

Recovery

24 h 48 h 72h

Baseline 10 min
RR (ms) 1083, 32 + 165, 55 739,63 + 87,57
LF (un) 41,49 + 16,32 79,88 + 6,08
HF (un) 58,43 + 16, 31 20,03 + 6,08
LF/HF (ms?) 0,91+0,85 4,43 +1,66
RMSSD (ms?) 61,68 + 32,62 23,82 + 12,89
PNN50 (%) 40,53 + 24,75 4,05+ 4,55
SDNN (ms?) 63,62 4+ 27,80 55,01 + 31,97

1150, 16 + 205,17 1097, 32 £ 209, 01 1137,35 +£ 192, 49

42,38 + 19,65 34 +12,95 27,95+ 12,37
57,56 + 19, 64 65,92 + 12,97 71,77 £ 12,42

1,03+ 1,05 0,57 0,33 0,43+ 0,25
96,87 + 77,96 137,65 + 129, 58 102, 33 + 89, 34
46,72 + 27,78 50,23 + 32, 36 50,34 + 23,95
04,81+ 51,67 122,98 + 58,85 40,53 + 24,75

RR, interval beat-to-beat; LF, low frequency; HF, high frequency; LF/HF, low frequency/high frequency, RMSSD, square root of the mean squared differences of the
successive N-N intervals; SDNN, standard deviation of the normal-to-normal intervals; pNN50, proportion of interval differences of successive N-N intervals greater than

50 ms.
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FIGURE 1 | Standardized differences (Cohen’s d) and magnitude-based
inference analysis for HRV responses in frequency domain. Chances of effects
(decreasef/trivial/increase; inference) for Low frequency (LF) values were: after
10 min (2/1/97; Very likely increase), 24 h (0/97/3; Very likely trivial), 48 h
(92/8/1; Likely decrease), and 72 h (95/4/1; likely decrease). For high
frequency (HF) were: after 10 min (97/2/1; Very likely decrease), 24 h (0/97/3;
Very likely trivial), 48 h (1/8/92; Likely increase), and 72 h (1/5/94; likely
increase). For LF and HF ratio (LF/HF): after 10 min (2/1/97; Very likely
increase), 24 h (42/58/0; Possibly trivial), 48 h (93/6/1; Likely decrease), and
72 h (94/5/1; likely decrease).
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FIGURE 2 | Standardized differences (Cohen’s d) and magnitude-based
inference analysis for HRV responses in time domain. Chances of effects
(decrease/trivial/increase; inference) for RMSSD values were: after 10 min
(96/3/2; Very likely decrease), 24 h (1/5/94; Likely decrease), 48 h (1/4/95;
Likely increase), and 72 h (1/6/93; Likely increase). For pNN50 were: after
10 min (97/2/1; Very likely decrease), 24 h (1/9/90; Likely increase), 48 h
(1/9/90; Likely increase) and 72 h (1/12/88; Likely increase). For SDNN: after
10 min (40/60/0; Possibly trivial), 24 h (1/4/95; Likely increase), 48 h (1/3/96;
Very likely increase), and 72 h (93/7/1; Likely increase).

10 min (—90%; Very likely decrease), which was followed by
an increase from 24 h of recovery (>15,28%; Likely increase).
Although the SDNN values demonstrated no alterations 10 min
after the SSG (—13,52%; Possibly trivial), an increase effect
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TABLE 3 | Descriptive values for the muscle markers and hormonal variables.

Recovery
Baseline 10 min 24h 48 h 72h

CK (UL 231,62 £127,44 237,92 £ 95,09 186, 23 &+ 81, 61 147,77 £ 47,06 108, 38 &+ 33,68
LDH (UL) 397,38 + 127,87 473,77 + 98,29 366,85 + 107, 13 374,62 + 96, 51 343,85 + 84,05
Cortisol (ug/dL) 16,30 £ 3,66 16,36 £ 3,35 10,98 £ 3,87 14,85 £ 3,67 16,85 £ 3,68
Testosterone (ng/dL) 32,44 +£ 9,88 32,49 £ 12,39 19,11 £8,32 29,51+ 8,42 32,41+ 10, 56
T/C 2,11 +0,81 2,01+ 0,70 1,79 40,72 2,06 +0,75 2,01+ 0,83
CK, creatine kinase; LDH, lactate dehydrogenase; T/C, testosterone/cortisol.
was also observed from 24 h of recovery (>49,03%; Likely 18-
increase). o

0.5 1
Biochemical and Hormonal Examinations 1
Biochemical and hormonal responses were presented in Table 3. o oe ". _
Figure 3 shows the muscle damage values obtained before E 054
and during recovery after SSG. The CK values presented no &S
changes 10 min after SSG (2,72%; Most likely trivial) and ': -1.0 4
decrease progressively from 24 h of recovery (> —19,59%; =
Likely decrease until 48 h and Very likely decrease at 72 h). % i
Although the LDH values presented an increase effect 10 min O 204
after the SSG (19,22%; Likely increase), these concentrations :
decrease progressively from 24 h of recovery (> —7,68%; 2.5
Likely decrease until 48 h and Very likely decrease at 72 h). oo -
Both testosterone and cortisol concentrations presented the :
same behavior after SSG (Figure 4), where no alterations were 1.5

observed with after 10 min (<0,37%; Most likely trivial), an
decrease effect occurred after 24 h (> —32,65%; Very likely
decrease) and 48 h >8,92%; Likely decrease), with the return
to the baseline values after 72 h of recovery (< —0,09%;
Most likely trivial for testosterone and Likely trivial for
cortisol).

DISCUSSION

The investigation of the autonomic, biochemical, and hormonal
parameters pre- and post-SSG, demonstrate that the stimulus
promoted a break in the organic homeostasis of soccer players.
In this sense, was determined and monitored the dynamics of
recovery of autonomic, biochemical, and hormonal that promote
specific and desired adaptations in women soccer players in the
training routine.

The temporal course of cardiac autonomic recovery reflects
the restoration of cardiovascular homeostasis, which is an
important component of general recovery (Stanley et al., 2013).
Thus, HRV indices may be useful for monitoring the effects
of soccer training as they are sensitive to periods of stress
and recovery (Bara-Filho et al., 2013). In relation to this,
the findings of Boullosa et al. (2012), with male and female
Spanish soccer players, suggest that a higher baseline HRV
may allow greater use of autonomic resources for responses
of soccer players to stress. Dutra et al. (2013) investigated
baseline HRV indices in women divided into three groups
according to aerobic capacity and found values similar to those

Cohen’s d for LDH

-1.0 -

FIGURE 3 | Standardized differences (Cohen’s d) and magnitude-based
inference analysis for muscle damage markers. Chances of effects
(decreasettrivial/increase; inference) for CK were: after 10 min (0/100/0; Most
likely trivial), 24 h (87/13/0; Likely decrease), 48 h (95/4/1; Likely decrease),
and 72 h (96/3/1; Very likely decrease). For LDH were: after 10 min (1/7/92;
Likely increase), 24 h (69/31/0; Possibly decrease), 48 h (51/49/0; Possibly
decrease), and 72 h (89/10/1; Likely decrease).

of the present study for RR, LE HF, and the LF/HF ratio.
In a study conducted with trained and highly trained runners
(Seiler et al., 2007), baseline values for all autonomic indices
corroborate with the data of the present study. Similar values
were also found in soccer players during the pre-season (Oliveira,
2012).
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FIGURE 4 | Standardized differences (Cohen’s d) and magnitude-based
inference analysis for hormonal variables. Chances of effects
(decrease/trivial/increase; inference) for cortisol values were: after 10 min
(0/100/0; Most likely trivial), 24 h (96/3/1; Very likely decrease), 48 h (85/15/0;
Likely decrease) and 72 h (0/77/23; Likely trivial). For testosterone were: after
10 min (0/100/0; Very likely decrease), 24 h (96/3/2; Very likely decrease),

48 h (79/21/0; Likely decrease), and 72 h (0/100/0; Most likely trivial). For
testosterone and cortisol ratio (Testosterone/Cortisol): after 10 min (12/88/0;
Likely trivial), 24 h (86/14/0; Likely decrease), 48 h (0/100/0; Most Likely
trivial), and 72 h (8/92/0; Likely trivial).

The results of the present study demonstrate a high mean
RR and HF (parasympathetic predominance index) pre-game,
followed by a significant decrease 10 min after the SSG. The
values of HF pre- SSG corroborate with a study conducted
with female professional basketball players (Messina et al.,
2012). The authors suggest that a lower resting heart rate is
a consequence of high vagal tone due to the training effect.
In relation to the LF and LF/HF ratio (indices related to
the predominance of the sympathetic component action on
the heart), low pre-SSG means were observed followed by a
significant increase in the first 10 min of recovery. These results
reflect an increase in sympathetic stimulation or an attenuated
parasympathetic modulation mitigated by the SSG (Boullosa
et al., 2012) in order to bring the ANS to a stress condition
and consequently, low HRV values that are attributed to a
decrease in the efferent vagal tonus and a lower B-adrenergic
response capacity (Dong, 2016). That is, during exercise, with
the increase in HR, autonomic dysfunctions occur such as
vagal inhibition and increased sympathetic activation (Buchheit
et al., 2009). This post-exertion behavior has been reported in
several studies with varied efforts in soccer among young trained
individuals, untrained individuals, players, and elite players
(Bricout et al., 2010; Boullosa et al., 2012, 2013; Bara-Filho et al,,
2013; Dellal et al., 2015; Flatt et al., 2016, 2017; Hammami et al,,
2016).

When the recovery data were observed 24 h after exercise,
it was observed that HRV values returned to baseline and
continued to decrease (LF and LF/HF) or increase (RR, HE
RMSSD, pNN50, and SDNN) in the following hours. This is
due to parasympathetic cardiac reactivation. We emphasize the
decrease in LF and a significant increase in HF found at 72 h in
relation to the pre-game and 24 h recovery moments. This result
may be associated with the recommendation not to practice any
physical activity for only 48 h preceding the test. It is possible
that if there had been a pause in the training sessions in the
72 h that preceded the SSG, the values found in the pre-analysis
would not show a significant difference in relation to the 72 h
moment. Another hypothesis is based on the fact that the SSG
and other collections performed in the study may have altered
the daily autonomic control of the players. The participants in
the study of Boullosa et al. (2012) presented significantly lower
HRV before and after a football match compared to the day of
rest. The authors state that concern or mental preparation for
the soccer game may lead to an increased sympathetic response
and/or attenuated parasympathetic modulation, resulting in
lower player HRV.

Based on the results, the players demonstrated significant
cardiovascular stress during the SSG with decreased cardiac
autonomic control, evidenced in the first minutes of recovery
(10 to 30 min) in relation to the pre-game. Previous studies
with a simulated formal game in soccer players observed low
HRV in up to 10 h of recovery (Boullosa et al, 2013). In
contrast, Seiler et al. (2007) in a study with highly trained
runners observed recovery at approximately 120 min post-
exercise, regardless of the intensity of the training. However,
Stanley et al. (2013) demonstrate that the time required for
complete autonomic cardiac recovery after a single aerobic
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training session is up to 24 h after low-intensity exercise, 24—
48 h after moderate exercise, and at least 48 h after high intensity
exercise. However, the authors suggest that individuals with
higher fitness are more resistant to training stress and require
less time to recover due to lower variations and faster recovery
of cardiac parasympathetic activity after exercise. In the present
study, although the SSG was an intense aerobic activity (92.7-
94.77% HRmax), cardiovascular autonomic recovery occurred
after 24 h.

The baseline plasma CK concentrations of the present study
are close to those found by Coelho et al. (2011) when evaluating
soccer players of the first division of Brazilian soccer. The
authors evaluated the team throughout the training period and,
therefore, values close to 300 U/L are expected during the season.
These values are also similar to those of Zoppi et al. (2003),
Ascensio et al. (2008), and Souglies et al. (2015). In contrast,
Lazarim et al. (2009) found higher resting values (493 U/L) and
Andersson et al. (2007), lower values (158 & 33 U/L) when
analyzing protein concentrations in professional soccer players.
The latter author, however, did not report the interval between
CK collection and team training. In relation to LDH, Bezerra
et al. (2016) found resting values close to those of the present
study and reported that the interval between the final training
and collections was 24 h, suggesting that the values found were
influenced by the daily training. Ispirlidis et al. (2008), when
evaluating professional soccer players, pre- and post-game, found
CK and LDH resting values below 200 U/L, however the author
states that the athletes did not practice any strenuous activity
for 7 days before and after the game. In the present study,
the players stopped training 48 h preceding the SSG, and for
this reason it was possible to observe a significant reduction
in CK and LDH at 48 h in relation to at 5 min and 24 h of
recovery.

Despite resting values close to those reported in the literature,
there was no significant increase in CK in the 72 h of recovery
in relation to rest. On the other hand, it was possible to observe
a significant increase in LDH soon after (10 min) the SSG.
Observing the other results, this increase is associated with
a decrease in the O, demand in the muscle and, therefore,
intensification in the lactate formation in order to provide energy
for muscular action.

No studies were found that assessed muscle damage in
response to an SSG with female soccer players. Bowtell et al.
(2016) analyzed the CK response using soccer SSGs in untrained
women, however, the rest values presented were much lower
(69 & 23 U/L) than in the present study. After the SSG the authors
found values significantly higher than pre-game, with the peak at
48 h of recovery (108 & 39 U/L). The literature is vast concerning
responses to game stimuli and muscular damage in soccer players
(Andersson et al., 2007; Ascensdo et al., 2008; Ispirlidis et al.,
2008; Coelho et al.,, 2011; Souglies et al., 2015). Thus, it can be
concluded that although the practice of the SSG chosen may be
intense, it does not impose stimuli that produce muscular stress
when compared to the formal game, probably because of its short
duration.

By monitoring the quantitative changes in hormones with
anabolic and catabolic properties, such as testosterone and

cortisol, it is possible to identify a momentary catabolic state
(Mazon et al., 2013). Several studies have reported the behavior
of these hormones against stimuli from formal male and female
soccer games (Ispirlidis et al., 2008; Oliveira et al., 2009; Maya
et al., 2016). Haneishi et al. (2007), in addition to evaluating
the post-game responses, analyzed the cortisol responses after
training of 105 min. The authors found that the post-game
cortisol response was 250% higher than the post-training values,
which did not present any significant differences in relation
to the pre-training evaluation. Competitive events (i.e., games)
are more likely to generate acute hormonal responses than
routine training activities (e.g., SSGs), as they promote an
early increase in cortisol levels to prepare the individual for
action (Oliveira et al., 2009). In the present study, there was
no significant increase in cortisol or testosterone during the
72 h of recovery after the SSG. Waal (2017) evaluated the
acute endocrine responses of soccer players in an SSG close
to the model proposed in the present study and also found
no significant difference after the SSG in relation to rest. This
appears to be the only study to evaluate hormonal responses from
stimuli using SSGs. The author also concludes that training based
on SSGs or unofficial (i.e., friendly) matches does not seem to
produce the same significant hormonal responses to the stimulus
as the competitive environment. Consequently, no significant
alterations were observed in the T/C ratio.

It can be concluded that the athletes presented cardiovascular
stress during the SSG with reduced cardiac autonomic control,
evidenced in the first minutes of recovery. The parasympathetic
cardiac reactivation was reestablished after 24 h although the
values at 72 h still demonstrated a significant reduction. However,
although the physical requirements related to the SSG caused a
decrease in the autonomic parameters, the hormonal and muscle
damage markers were not altered.

The limitation of the present study was the relatively small
number of participants. The study evaluated 13 players, however,
a total of 23 players took part in the study to make the ideal
scheduling possible in the participation in each of the SSG efforts
(fundamental aspect so that the collection moments are met post-
SSG for each player) besides the precaution related to possible
injuries from the SSG. Nevertheless, the study offers valuable
insights into the SSG among women soccer players.

Further studies should be devoted to verifying the influence
and recovery time required for autonomic, neuromuscular,
inflammatory, and hormonal parameters using generic training
methods (e.g., interval aerobic training, intermittent high-
intensity training) which seek improvement in aerobic fitness and
game performance in male and female amateur and professional
soccer players. In addition, new efforts should be directed in an
attempt to simulate competitive scenarios using SSGs and generic
training methods.

As a practical implications, it is important that high
performance  coaches  simulate  competitive  practice
environments in order to make training, based on internal
loads, as close as possible to the context and physiological
demand experienced during a formal competitive football
match. Thus, the understanding and monitoring of certain
stress markers during the season could contribute to the
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systematization and optimal control of individual training loads
in an attempt to minimize the onset of the fatigue process and
enhance performance of the athletes.

AUTHOR CONTRIBUTIONS

RM, VDA, RB, CK-E and MP: conceived and designed the
experiments. RM and VDA: performed the experiments. RM,

REFERENCES

Alonso, D. O,, Forjaz, C. L. M., Rezende, L. O., Braga, A. M., Barretto, A. C. P,,
Negrao, C. E,, et al. (1998). Comportamento da frequéncia cardiaca e da sua
variabilidade durante as diferentes fases do exercicio fisico progressivo maximo.
Arq. Bras. Cardiol. 71, 787-792. doi: 10.1590/50066-782X1998001200008

Andersson, H., Raastad, T., Nilsson, J., Paulsen, G., Garthe, I., and Kadi, F.
(2007). Neuromuscular fatigue and recovery in elite female soccer: effects
of active recovery. Med. Sci. Sports Exerc. 2, 372-380. doi: 10.1249/mss.
0b013e31815b8497

Ascensdo, A., Rebelo, A., Oliveira, E., Marques, F., Pereira, L., and Magalhaes, J.
(2008). Biochemical impact of a soccer match — analysis of oxidative stress
and muscle damage markers throughout recovery. Clin. Biochem. 41, 841-851.
doi: 10.1016/j.clinbiochem.2008.04.008

Bara-Filho, M. G., Freitas, D. S., Moreira, D., Matta, M. O., Lima, J. R. P,, and
Nakamura, F. Y. (2013). Heart rate variability and soccer training: a case study.
Motriz 19, 171-177. doi: 10.1590/S1980-657420113000100017

Bezerra, J. A., Farias, N. O., Melo, S. V. A,, Silva, R. P. M., Castro, A. C. M., Martins,
F.S. B, etal. (2016). Respostas de indicadores fisiologicos a um jogo de futebol.
Rev. Bras. Med. Esporte 22, 200-205. doi: 10.1590/1517-869220162203137068

Boullosa, D. A., Abreu, L., Nakamura, F. Y., Mufioz, V. R.,, Domingues, E., and
Leicht, A. S. (2013). Cardiac autonomic adaptations in elite Spanish soccer
players during preseason. Int. J. Sports Physiol. Perform. 8, 400-409. doi: 10.
1123/ijspp.8.4.400

Boullosa, D. A., Abreu, L., Tuimil, J. L., and Leicht, A. S. (2012). Impact of a soccer
match on the cardiac autonomic control of referees. Eur. J. Appl. Physiol. 112,
2233-2242. doi: 10.1007/s00421-011-2202-y

Bowtell, J. L., Jackman, S. R,, Scott, S., Connolly, L. J., Mohr, M., Ermidis, G., et al.
(2016). Short duration small sided football and to a lesser extent whole body
vibration exercise induce acute changes in markers of bone turnover. Biomed
Res. Int. 2016:3574258. doi: 10.1155/2016/357458

Bricout, V. A., DeChenaud, S., and Juvin, A. F. (2010). Analyses of heart rate
variability in young soccer players: the effects of sport activity. Auton. Neurosci.
154, 112-116. doi: 10.1016/j.autneu.2009.12.001

Buchheit, M., Peiffer, J. J., Abbiss, C. R., and Laursen, P. B. (2009). Effect of cold
water immersion on post exercise parasympathetic reactivation. Am. J. Physiol.
Heart Circ. Physiol. 296, H421-H427. doi: 10.1152/ajpheart.01017.2008

Casamichana, D., and Castellano, J. (2010). Time- motion, heart rate, perceptual
and motor behavior demands in small- sides soccer games: effects of sized.
J. Sports Sci. 14, 1615-1623. doi: 10.1080/02640414.2010.52116802640414.2010.
521168

Coelho, D. B., Morandi, R. F., Melo, M. A. A., and Silami-Garcia, E. (2011). Cinética
da creatina quinase em jogadores de futebol profissional de uma temporada
competitiva. Rev. Bras. Cineantropometria Desempenho Hum. 3, 189-194. doi:
10.5007/1980-0037.2011n13n3p189

Coelho, D. B., Pimenta, E. M., Veneroso, C. E., Morandji, R. F., Pacheco, D. A. S,,
Pereira, E. R, etal. (2013). Assessment of acute physiological demand for soccer.
Rev. Bras. Cineantropometria Desempenho Hum. 6,667-676. doi: 10.5007/1980-
0037.2013v15n6p667

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences, 2nd Edn.
New York, NY: Lawrence Erlbaum Associates.

Costa, I. T., Garganta, J. M., Greco, P. J., and Mesquita, I. (2009). Principios taticos
do jogo de futebol: conceitos e aplicagdo. Motriz J. Phys. 15, 657-668.

Dellal, A., Casamichana, D., Castellano, J., Haddad, M., Moalla, W., and
Chamari, K. (2015). Cardiac parasympathetic reactivation in elite soccer players
during different types of traditional high-intensity training exercise modes and

VDA, and RB: analyzed data. RM, VDA, RB, and CK-F:
contributed materials and analysis tools. RM, VDA, JL, CK-E and
MP: wrote the paper.

FUNDING

This study was supported by Fundagdo de Amparo a Pesquisa do
Estado de Sdo Paulo (FAPESP), process No. 2015/24833-7.

specific tests: interests and limits. Asian J. Sports Med. 4:¢25723. doi: 10.5812/
asjsm.25723

Dong, J. G. (2016). The role of heart rate variability in sports physiology (Review).
Exp. Ther. Med. 11, 1531-1536. doi: 10.3892/etm.2016.3104

Dutra, S. G. V., Pereira, A. P. M., Tezini, G. C. S. V., Mazon, J. H,,
Martins-Pinge, M. C., and Souza, H. C. D. (2013). Cardiac autonomic
modulation is determined by gender and is independent of aerobic physical
capacity in healthy subjects. PLoS ONE 8:77092. doi: 10.1371/journal.pone.007
7092

Flatt, A. A, Esco, M., Nakamura, F. Y., and Plews, D. J. (2016). Interpreting daily
heart rate variability changes in collegiate female soccer players. J. Sports Med.
Phys. Fit. 57, 907-915. doi: 10.23736/50022-4707.16.06322-2

Flatt, A. A., Esco, M. R.,, and Nakamura, F. Y. (2017). Individual heart
rate variability responses to preseason training in high level female soccer
players. J. Strength Cond. Res. 31, 531-538. doi: 10.1519/JSC000000000000
1482

Francavilla, C. V., Sessa, F., Salerno, M., Albano, G. D., Villano, I., Messina, G.,
et al. (2018). Influence of football on physiological cardiac indexes in
professional and young athletes. Front. Physiol. 9:153. doi: 10.3389/fphys.2018.
00153

Hammami, A., Kasmi, S., Yousfi, N., Bouamra, M., Tabka, Z., and Bouhlel, E.
(2016). Cardiac parasympathetic reactivation after small-sided soccer games
and repeated sprints in untrained healthy adolescents. J. Sports Med. Phys. Fit.
58, 341-347. doi: 10.23736/S0022-4707.16.06783-9

Haneishi, K., Frey, A. C., Moore, C. A., Schilling, B. K., Li, Y., Fry, M. D., et al.
(2007). Cortisol and stress responses during a game and practice in female
collegiate soccer players. J. Strength Cond. Res. 2, 583-588.

Harriss, D. J., and Atkinson, G. (2015). Ethical standards in sport and exercise
science research: 2016 update. Int. J. Sports Med. 36, 1121-1124. doi: 10.1055/s-
0035-1565186

Helgerud, J., Engen, L. C., Wisloff, U., and Hoff, J. (2001). Aerobic endurance
training improves soccer performance. Med. Sci. Sports Exerc. 11, 1925-1931.
doi: 10.1097/00005768-200111000-00019

Hill-Haas, S. V., Dawson, B. T., Coutts, A. J., and Rowsell, G. J. (2009a).
Physiological responses and time- motion characteristics of various small-
sided soccer games in youth players. J. Sports Sci. 1, 1-8. doi: 10.1080/
0240410902761199

Hill-Haas, S. V., Rowsell, G. T., Dawson, B. T., and Coutts, A. J. (2009b). Acute
physiological responses and time- motion characteristics of two small- sided
training regimes in youth soccer players. J. Strength Cond. Res. 23, 111-115.
doi: 10.1519/JSC.0b013e31818efcla

Hoff, J., Wisloff, U., Engen, L. C., Kemi, O. J., and Helgerud, J. (2002). Soccer
specific aerobic endurance training. Br. J. Sports Med. 36, 218-221. doi: 10.1136/
bjsm.36.3.218

Hopkins, W. G., Marshall, S. W., Batterham, A. M., and Hanin, J. (2009).
Progressive statistics for studies in sports medicine and exercise science. Med.
Sci. Sports Exerc. 41, 3-13. doi: 10.1249/MSS.0b013e31818cb278

Taia, F. M., Rampinini, E., and Bangsbo, J. (2009). High-intensity training in
football. Int. J. Sports Physiol. Perform. 4, 291-306. doi: 10.1123/ijspp.4.
3.291

Impellizzeri, F. M., Marcora, S. M., Castagna, C., Reilly, T., Sassi, A., laia, F. M.,
et al. (2006). Physiological and performance effects of generic versus specific
aerobic training in soccer players. Int. J. Sports Med. 27, 483-492. doi: 10.1055/
5-2005-865839

Ispirlidis, I, Fatouros, I. G., Jamurtas, A. Z., Nikolaidis, M. G., Michailidis, I.,
Douroudos, L, et al. (2008). Time-course of changes in inflammatory and

Frontiers in Physiology | www.frontiersin.org

July 2018 | Volume 9 | Article 887


https://doi.org/10.1590/S0066-782X1998001200008
https://doi.org/10.1249/mss.0b013e31815b8497
https://doi.org/10.1249/mss.0b013e31815b8497
https://doi.org/10.1016/j.clinbiochem.2008.04.008
https://doi.org/10.1590/S1980-657420113000100017
https://doi.org/10.1590/1517-869220162203137068
https://doi.org/10.1123/ijspp.8.4.400
https://doi.org/10.1123/ijspp.8.4.400
https://doi.org/10.1007/s00421-011-2202-y
https://doi.org/10.1155/2016/357458
https://doi.org/10.1016/j.autneu.2009.12.001
https://doi.org/10.1152/ajpheart.01017.2008
https://doi.org/10.1080/02640414.2010.52116802640414.2010.521168
https://doi.org/10.1080/02640414.2010.52116802640414.2010.521168
https://doi.org/10.5007/1980-0037.2011n13n3p189
https://doi.org/10.5007/1980-0037.2011n13n3p189
https://doi.org/10.5007/1980-0037.2013v15n6p667
https://doi.org/10.5007/1980-0037.2013v15n6p667
https://doi.org/10.5812/asjsm.25723
https://doi.org/10.5812/asjsm.25723
https://doi.org/10.3892/etm.2016.3104
https://doi.org/10.1371/journal.pone.0077092
https://doi.org/10.1371/journal.pone.0077092
https://doi.org/10.23736/S0022-4707.16.06322-2
https://doi.org/10.1519/JSC0000000000001482
https://doi.org/10.1519/JSC0000000000001482
https://doi.org/10.3389/fphys.2018.00153
https://doi.org/10.3389/fphys.2018.00153
https://doi.org/10.23736/S0022-4707.16.06783-9
https://doi.org/10.1055/s-0035-1565186
https://doi.org/10.1055/s-0035-1565186
https://doi.org/10.1097/00005768-200111000-00019
https://doi.org/10.1080/0240410902761199
https://doi.org/10.1080/0240410902761199
https://doi.org/10.1519/JSC.0b013e31818efc1a
https://doi.org/10.1136/bjsm.36.3.218
https://doi.org/10.1136/bjsm.36.3.218
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.1123/ijspp.4.3.291
https://doi.org/10.1123/ijspp.4.3.291
https://doi.org/10.1055/s-2005-865839
https://doi.org/10.1055/s-2005-865839
https://www.frontiersin.org/journals/Physiology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/Physiology#articles

Mascarin et al.

Post Small-Sided Game Recovery Dynamics

performance responses following a soccer game. Clin. J. Sport Med. 18, 423-431.
doi: 10.1097/JSM.0b013e3181818e0b

Jastrzebski, Z., Radziminski, L., and Stepien, P. (2016). Comparison of time motion
analysis and physiological responses during small sided games in male and
female soccer players. Balt. J. Health Plys. Act. 7,42-50.

Jones, S., and Drust, B. (2007). Physiological and technical demands of 4v 4 and 8v
8 games in elite youth soccer players. Kinesiology 2, 150-156.

Kelly, D., and Drust, B. (2009). The effect of pitch dimensions on heart rate
responses and technical demands of small-sided soccer games in elite players.
J. Sci. Med. Sport 12, 475-479. doi: 10.1016/j.jsams.2008.01.010

Lazarim, F. L., Antunes-Neto, J. M., da Silva, F. O., Nunes, L. A., Bassini-
Cameron, A., Cameron, L. C., et al. (2009). The upper values of plasma
creatine kinase of professional soccer players during the Brazilian National
Championship. J. Sci. Med. Sport 12, 85-90. doi: 10.1016/j.jsams.2007.10.004

Little, T., and Williams, A. G. (2006). Suitability of soccer training drills for
endurance training. J. Strength Cond. Res. 20, 316-319.

Maya, J., Marquez, P., Penaililo, L., Ferrat, A. C., Deldicque, L., and Zbinden-
Foncea, H. (2016). Salivary biomarker responses to two final matches in
women’s professional football. J. Sports Sci. Med. 15, 365-371.

Mazon, J., Gastaldi, A., Di Sacco, T., Cozza, 1., Dutra, S., and Souza, H.
(2013). Effects of training periodization on cardiac autonomic modulation and
endogenous stress markers in volleyball players. Scand. J. Med. Sci. Sports 23,
114-120. doi: 10.1111/j.600-0838.2011.01357.x

Messina, G., Vicidomini, C., Viggiano, A., Tafuri, D., Cozza, V., Cibelli, G., et al.
(2012). Enhanced parasympathetic activity of sportive women is paradoxically
associated to enhanced resting energy expenditure. Auton. Neurosci. 169,
102-106. doi: 10.1016/j.autneu.2012.05.003

Michailidis, Y. (2013). Small sided games in soccer training. J. Phys. Sport 13,
392-399. doi: 10.7752/jpes.2013.03063

Montpetit, R. R, Leger, L. A., Lavoie, ]. M., and Cazorla, G. (1981). VO,
peak during free swimming using the backward extrapolation of the O2
recovery curve. Eur. J. Appl. Physiol. Occup. Physiol. 47, 385-391. doi: 10.1007/
BF02332966

Nakamura, F. Y., Moreira, A., and Aoki, M. S. (2010). Monitoramento da carga de
treinamento: a percepgao subjetiva do esforgo da sessdo ¢ um método confidvel?
Rev. Educ. Fis. 21, 1-11. doi: 10.4025/reveducfis.v21i1.6713

Oliveira, R. S. (2012). Relago entre variabilidade da frequéncia cardiaca e aumento
no desempenho fisico em jogadores de futebol. Rev. Bras. Cineantropometria
Desempenho Hum. 14, 713-722. doi: 10.5007/1980-0037.2012v14n6p713

Oliveira, T., Gouveia, M. J., and Oliveira, R. F. (2009).
responsiveness to winning and losing experiences in female soccer players.

1056-1064. doi: 10.1016/j.psyneuen.2009.

Testosterone

Psychoneuroendocrinology 34,
02.006

Owen, A. L., Twist, C., and Ford, P. R. (2004). Small sided games: the physiological
and technical effect of altering pitch size and player numbers. Insight 7, 50-53.

Rampinini, E., Impellizzeri, F. M., Castagna, C., Abt, G., Chamari, K., Sassi, A.,
et al. (2007). Factors influencing physiological responses to small- sided soccer
games. J. Sports Sci. 25, 659-666. doi: 10.1080/02640410600811858

Seiler, S., Haugen, O., and Kuffel, E. (2007). Autonomic recovery after exercise in
trained athletes: intensity and duration. Med. Sci. Sports Exerc. 39, 1366-1373.
doi: 10.1249/mss.0b013e318060f17d

Sessa, F., Anna, V., Messina, G., Cibelli, G., Monda, V., Marsala, G., et al. (2018).
Heart rate variability as predictive factor for sudden cardiac death. Aging 10,
166-177. doi: 10.18632/aging.101386

Silva, A. S. R, Papoti, M. Pauli, J. R, and Gobatto, C. A. (2012).
Elaboragdo de tabelas de percentis através de pardmetros antropométricos,
de desempenho, bioquimicos, hematoldgicos, hormonais e psicologicos em
futebolistas profissionais. Rev. Bras. Med. Esporte 18, 148-152. doi: 10.1590/
S1517-86922012000300001

Silva, J. R., Rebelo, A., Marques, F., Pereira, L., Seabra, A., Ascensdo, A., et al.
(2014). Biochemical impact of soccer: analysis of hormonal, muscle damage,
and redox markers during the season. Appl. Physiol. Nutr. Metab. 39, 432-438.
doi: 10.1139/apnm-2013-0180

Souglies, A. G., Papapanagiotou, A., Bogdanis, G. C., Travlos, A. K., Apostolidis,
N. G,, and Geladas, N. D. (2015). Comparison of inflammatory responses to a
soccer match between elite male and female players. J. Strength Cond. Res. 29,
1227-1233. doi: 10.1519/JSC.000000000000767

Souza, C. T., Medeiros, C., Silva, L. A,, Silveira, T. C,, Silveira, P. C., Pinho, C. A.,
et al. (2010). Avaliagdo sérica de danos musculares e oxidativos em atletas apds
partida de futsal. Rev. Bras. Cineantropometria Desempenho Hum. 12, 269-274.
doi: 10.5007/1980-0037.2010V12N4P269

Stanley, J., Peake, J. M., and Buchheit, M. (2013). Cardiac parasympathetic
reactivation following exercise: implications for training prescription. Sports
Med. 43, 1259-1277. doi: 10.1007/s40279-013-0083-4

Task Force of the European Society of Cardiology and the North American Society
of Pacing and Electrophysiology (1996). Heart rate variability: standards of
measurement, physiological interpretation and clinical use. Circulation 93,
1043-1065. doi: 10.1161/01.CIR.93.5.1043

Vanderlei, L. C. M., Pastre, C. M., Hoshi, R. A., Carvalho, T. D., and Godoy,
M. F. (2009). Nogdes bésicas de variabilidade da frequéncia cardiaca e sua
aplicabilidade clinica. Braz. J. Cardiovasc. Surg. 24, 205-217. doi: 10.1590/
$0102-76382009000200018

Waal, S. J. (2017). Endocrine Response to Small-Sided Games and Match Play in
Elite ul9 South African Soccer Players. Master’s thesis, Stellenbosch University,
Stellenbosch.

Zoppi, C. C., Neto, J. A., Catanho, F. O., Goulart, F. L., Moura, N. M., and
Macedo, D. V. (2003). Alteragdes em biomarcadores de estresse oxidativo,
defesa antioxidante e lesaio muscular em jogadores de futebol durante uma
temporada competitiva. Rev. Paul. Educ. Fis. 17, 119-130. doi: 10.11606/issn.
2594-5904.rpef.2003.137562

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Mascarin, De Andrade, Barbieri, Loures, Kalva-Filho and Papoti.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Physiology | www.frontiersin.org

10

July 2018 | Volume 9 | Article 887


https://doi.org/10.1097/JSM.0b013e3181818e0b
https://doi.org/10.1016/j.jsams.2008.01.010
https://doi.org/10.1016/j.jsams.2007.10.004
https://doi.org/10.1111/j.600-0838.2011.01357.x
https://doi.org/10.1016/j.autneu.2012.05.003
https://doi.org/10.7752/jpes.2013.03063
https://doi.org/10.1007/BF02332966
https://doi.org/10.1007/BF02332966
https://doi.org/10.4025/reveducfis.v21i1.6713
https://doi.org/10.5007/1980-0037.2012v14n6p713
https://doi.org/10.1016/j.psyneuen.2009.02.006
https://doi.org/10.1016/j.psyneuen.2009.02.006
https://doi.org/10.1080/02640410600811858
https://doi.org/10.1249/mss.0b013e318060f17d
https://doi.org/10.18632/aging.101386
https://doi.org/10.1590/S1517-86922012000300001
https://doi.org/10.1590/S1517-86922012000300001
https://doi.org/10.1139/apnm-2013-0180
https://doi.org/10.1519/JSC.000000000000767
https://doi.org/10.5007/1980-0037.2010V12N4P269
https://doi.org/10.1007/s40279-013-0083-4
https://doi.org/10.1161/01.CIR.93.5.1043
https://doi.org/10.1590/S0102-76382009000200018
https://doi.org/10.1590/S0102-76382009000200018
https://doi.org/10.11606/issn.2594-5904.rpef.2003.137562
https://doi.org/10.11606/issn.2594-5904.rpef.2003.137562
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/Physiology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/Physiology#articles

	Dynamics of Recovery of Physiological Parameters After a Small-Sided Game in Women Soccer Players
	Introduction
	Materials and Methods
	Participants
	Experimental Design
	Progressive Test and Backward Extrapolation Technique
	Small-Sided Game
	Analysis of Heart Rate Variability (HRV)
	Blood Collection and Analysis
	Statistical Analysis

	Results
	Anthropometric and Physiological Characteristics
	Small-Sided Game
	Heart Rate Variability
	Biochemical and Hormonal Examinations

	Discussion
	Author Contributions
	Funding
	References


