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Abstract

Objectives: The aerobic energy-delivery system substantially contributes to energy consumption while playing soccer. Fatigue and
recovery in soccer are hence closely related to this system’s efficiency, however research emphasizing this relationship is lacking.
This study aimed at examining if it is possible to detect post-match fatigue and recovery in soccer players by exploring markers (e.g.
oxygen consumption, heart rate, and blood lactate) of the aerobic energy-delivery system’s efficiency during a steady-state running
test in the laboratory.
Methods: Seventeen well-trained male soccer players (age of 21.94 (± 3.5) years, body mass of 77.95 (±6.76) kg, and a stature of 180.2
(± 5.98)) completed a repeated measures analysis where a sub-maximal steady-state running test was performed 3 times; a rested
condition (pre-match test) served as baseline values, immediately after match (post-match test) served as the rate of fatigue, and 24
hours later (24-hour post-match test) served as the state of recovery.
Results: The one-way repeated measures analysis of variance (ANOVA) revealed significant effect (P ≤ 0.01) on all variables (body
mass, oxygen consumption, heart rate, respiratory exchange ratio, blood lactate, and rating of perceived exertion). Multivariate
partial eta squared analysis further indicated that this effect for all variables was interpreted as a very large effect size (R ≥ 0.47).
Regarding pairwise comparison, all variables in the post-match test differed (P≤0.05) to the pre-match test. In the example, oxygen
consumption increased from pre-match to post-match from 175.59 to 183.02 (mL.kg-0.25min-1). Concerning the 24-hour post-match
test, heart rate and blood lactate was found to be significantly different (P ≤ 0.05) compared to the pre-match test. The remaining
variables were however, at this point, about to be re-established to their pre-match values.
Conclusions: In this study, markers of aerobic energy-delivering system were proved functional in detecting post-match fatigue
and recovery in soccer players.
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1. Background

The physiological match demands and the number of
matches of top-level international soccer seem to have in-
creased in the recent years (1-3). This development has
made top-level soccer more physically demanding and in
order to enable soccer players to perform at their high-
est level, and to avoid overload and injuries, previous re-
search has highlighted the need for good recovery between
matches (4, 5). Hence, it is considered important to un-
derstand the recovering process after match-play (4). The
aim in the recovery phase is to restore the players’ per-
formance ability; it is about re-establishing the baseline
levels, which the players had before the match took place
(6, 7). Three phases of fatigue are identified during soccer
(8, 9). First, evidence of a temporary fatigue following the
most intense periods of the match is proven to exist (2, 8).
In this phase, soccer players’ ability to perform sprints and

high-intensity running is reduced (10-12). Various physi-
ological factors, such as glycogen depletion, reduced pH,
lowered/empty creatine phosphate stores, and accumula-
tion of extracellular potassium, have been claimed to be
possible explanations behind this phase (8, 13, 14).

Secondly, lower levels of high-intensity activity at the
beginning of the match’s second half, compared to the
other parts of the match, is found (15, 16). The most plau-
sible explanation for this finding is lowered muscle tem-
perature after the 15-minute half-time break (9, 17).

Third, a fatiguing phase visible towards the end of each
half of the match, especially towards the end of the second
half, is found (10, 15). In this phase a reduction in sprint-
ing and high-intensity running is detected. This phase is
mainly explained by a lack of available glycogen (18), in-
dicated by findings of lowered muscle fibre glycogen and
lowered blood lactate, as well as increased levels of free
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fatty acid and plasma glycerol in the blood, towards the
end of soccer matches (8, 18). Muscle damage (both me-
chanical disruptions and subsequent inflammatory pro-
cesses) (7, 19, 20), dehydration and hyperthermia (16) were
also pointed out as possible factors behind this more sus-
tained fatigue phase. Although caused by different under-
lying mechanisms, the 3 fatiguing phases in soccer should
be considered as linked together in a chain (21). An alter-
ation in one part of the chain might effect other parts, but
this separateness also implies that the different phases are
not necessarily directly related to one another (8). In this
paper, only the more sustained fatigue, described as post-
match fatigue (6), was scrutinized.

Due to the significant contribution of the aerobic
energy-delivering system during soccer matches (22, 23),
and the multifactorial variables of physical performance
in soccer (10, 24, 25), it seems important to approach fa-
tigue and recovery process after soccer play using mark-
ers of this system. Furthermore, it has also been suggested
that in sports, such as soccer, knowledge about the recov-
ery process that extends the short-term effects are needed
(26). Hence, the main purpose of this study was to scruti-
nize if it was possible to detect fatigue in soccer players by
examining markers of the aerobic energy-delivery systems’
efficiency, immediately after the match. Secondly, another
aim was to examine the players’ state of recovery 24 hours
later.

2. Methods

2.1. Participants

Twenty-one soccer players provided their written con-
sent to participate in the study. Four players did not com-
plete the study and consequently, there were seventeen
well-trained male soccer players with a mean (± SD) anaer-
obic threshold at 11.75 (± 1.56) km/h, Vo2max of 64.48 (±
7.01) mL/kg/min, age of 21.94 (± 3.5) years, body mass of
77.95 (± 6.76) kg, and a stature of 180.2 (± 5.98) cm, who
participated in this study. The study was conducted during
the soccer season, implying that all players were training
and competing regularly (4 to 8 training sessions per week
and 1 to 2 matches per week). This study was approved by
the data protection official for research (project number
22048) and the University ethics committee, and was car-
ried out, according to the declaration of Helsinki. Before
the experiment was carried out, the players were familiar-
ized with the testing procedures.

2.2. Preliminary Tests

The preliminary tests were conducted to establish the
player’s aerobic capacity. To measure Anaerobic Threshold

(AT) a protocol of 5 to 7 that increased in speed of 1 km/hour
every fifth minute was carried out. Before each increase
in speed a blood sample was taken by finger stick and the
lactate level analysed. To define AT, a lactate level of 4.0
mmol/L-1 (OBLA), as first introduced by Sjodin and Jacobs,
(27), was applied. Then, after a 10-minute pause, a maxi-
mal oxygen consumption test (VO2max) was conducted. It
was completed as a continuous incremental protocol with
load increases every 30 seconds, with a total duration of 5
to 6 minutes. VO2max was defined as the average of the 2
highest oxygen values, and the exact criteria used to deter-
mine VO2max was at the point when a plateau in oxygen
consumption was observed with increasing load (28). Both
these procedures are also described elsewhere (29, 30).

2.3. The Experiment

In the current study a repeated measures experimen-
tal design was applied. Before the experiment was con-
ducted, all players completed preliminary tests of anaero-
bic threshold and maximal oxygen consumption, as well
as a familiarization procedure with the experiment. For
the participants, the experiment consisted of conducting
a regular league soccer match and the completion of the
aerobic steady-state running test, 3 times. The first time
(the pre-match test) was with a resting condition 2 to 5 days
prior to match-play, and served as the baseline test, which
the other tests were compared with. The second time (the
post-match test) was immediately post-match, and served
as the fatigue test and the third time (24 hours post-match
test) 24 hours after the match, served as the recovery test.
The same laboratory equipment was used in every test-
ing occasion and it was calibrated, according to the manu-
facturers guidelines. Regarding oxygen consumption and
respiratory exchange ratio, a SensorMedics model VMAX29
(VIASYS healthcare respiratory technologies, Yorba Linda,
California, USA) was used and for measuring blood lactate,
a lactate pro-analyser was used (model LT-1710, Arkray, inc.,
Kyoto, Japan). Heart rate was measured with a Polar© pulse
transmitter T31 and a Polar© pulse clock S610i (Copyright©

Polar Electro OY, Kempele, Finland), and the treadmill used
in this study was a Roadby RL3500 (Rodby Innovation AB,
Hagby, Sweden).

2.4. The Aerobic Steady-State Running Test

The objective of the running test was to measure dif-
ferent markers of the aerobic energy-delivery system at a
given external load. To be able to uphold high reliabil-
ity, and to avoid exhaustion among players, a submaximal
steady-state protocol on treadmill in the laboratory was
conducted. The individually-based external load was set
to a treadmill-speed corresponding to 90% of the speed
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achieved at anaerobic threshold, which had been detected
by preliminary testing. Before the running test was initi-
ated, the players completed a 15-minute standard warm-up
session, consisting of a general and a specific part, as well
as some light stretching. Furthermore, before initiating
the running test, the players were weighted. The players
then conducted a 10-minute long running test, where oxy-
gen consumption, respiratory exchange ratio (RER), and
heart rate (HR) were measured during the 3 final minutes
of the test. Immediately when the running test was fin-
ished, a blood lactate sample by a finger prick was taken
and the players were also asked to rate their perceived ef-
fort during the final three minutes of the test, using the
Borg scale (6 to 20 scale).

2.5. Statistical Analysis

All data were exported to SPSS version 24 (IBM SPSS
Statistics for Windows, Armonk, New York, USA) for analy-
sis. Differences between the 3 test occasions were assessed
using the Shapiro-Wilk test and were found to be normally
distributed. The differences were also checked for kurto-
sis and skewness and found to be within an acceptable
range. To explore differences between different test oc-
casions, one-way repeated measures Analysis of Variance
(ANOVA) was conducted. The size of the difference was also
calculated by Partial Eta Squared and interpreted accord-
ing to Cohen (31), as 0.01 = small effect, 0.06 = moderate ef-
fect, and 0.14 = large effect. The significance level was set to
P ≤ 0.05 for all analyses and standard deviation, standard
error, and the 95% confidence interval (95% CI) were also
calculated.

3. Results

A one-way repeated measures analysis of variance
(ANOVA) disclosed significant effect (P ≤ 0.01) for time of
all variables (Table 1 and Figure 1). Multivariate partial eta
squared further indicated that this effect for all variables
should be interpreted as a very large effect size. Regarding
the pairwise comparison, all variables in the post-match
test differed (P ≤ 0.05) to the pre-match test. Weight, oxy-
gen consumption, and heart rate increased by 0.86 %, 4.2%,
and 3.8%, respectively, while RER and blood lactate were
reduced by 4.54% and 34.03%, respectively. Also, the play-
ers rated the post-match test as being 14.82% more strenu-
ous than the pre-match test. Concerning the 24-hour post-
match test, heart rate and blood lactate (P ≤ 0.05) was
found to be significantly different compared to the pre-
match test. The remaining variables were however, at this
point, about to be re-established to their pre-match values.

4. Discussion

By examining markers of the aerobic energy-delivery
systems’ efficiency during a constant steady-state running
test immediately after soccer match-play, and comparing
these results to pre-match measurements conducted in
rested condition, this study revealed post-match fatigue in
soccer players. Twenty-four hours later, the markers of the
aerobic energy-delivery systems efficiency was about to be
re-established to pre-match values, although some differ-
ences from the rested state were still detected.

4.1. The Fatigue Test

Immediately after the soccer match, a substantial alter-
ation in the players’ aerobic energy-delivery system com-
pared to baseline (pre-match) values was identified. A ma-
jor finding was that the oxygen consumption increased by
7.42 (mL.kg-0.25min-1) compared to baseline. Such higher
oxygen demand following physical activity is associated
with decreased work efficiency and aerobic performance
ability, and is often characterised as excess post-exercise
oxygen consumption (EPOC) (32). The causes for this con-
dition are numerous (32-34), yet when examining during
subsequent activity, some factors have been proven to be
especially important. First, an alteration in the muscle fi-
bres’ recruitment pattern could result in less endurance
effective fibres (fast twitch) being involved in muscle con-
traction at an earlier stage than in normal conditions
and/or at submaximal intensities (33, 35). Krustrup et
al. (33) revealed that changed fibre recruitment pattern
caused by decreased slow twitch muscle fibre glycogen
storage resulted in an increased oxygen consumption of
9% when cycling at an intensity corresponding to 50% of
VO2max. A more sustained fatigue in soccer is closely re-
lated to reduced glycogen availability (2, 18, 36), and is thus
a possible explanation for the present findings. Another ex-
planation for the fast twitch fibres being involved in mus-
cle contraction earlier than normal is damage to the slow
twitch muscle fibres (37).

Secondly, an alteration in the substrate, which is pri-
marily being metabolized, could cause increased demand
for oxygen during subsequent activity. If glycogen be-
comes unavailable, the metabolism to a higher degree has
to depend on fat, and to produce a similar amount of en-
ergy, fat-metabolism requires more oxygen compared to
glycogen-metabolism (38). Thus, a higher degree of energy
delivery comes from fat metabolism and is supported by
present findings of RER and blood lactate, which were also
significantly reduced at the post-match test compared to
the pre-match results. Similar findings were also found by
Krustrup et al. (33), who conducted a muscle biopsy after
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Figure 1. Data Shown as Mean ± CI
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a cycling experiment and revealed that one group (CHO-
DEP) had ~ 55% less available glycogen in the slow twitch
fibres, and at the same time an ~ 8% lower RER level and a
blood lactate level of approximately 43% lower, compared
to another group (CON).

In line with the current findings of increased oxygen
consumption at the post-match test, an increased mean
heart rate of 6.11 (bpm) was found compared to baseline.
Heart rate at submaximal intensities provides a good indi-
cator of cardiovascular stress (39), and is affected by oxy-
gen demand. Factors causing increased oxygen consump-
tion could thus lead to a higher heart rate, and the present
findings are therefore not unexpected. However, heart

rate has been observed to increase without a matching
increase in oxygen consumption (33). However, a grad-
ual regulation of the autonomic nerve system following
physical activity (40) and circulatory alterations due to re-
duced blood volume (i.e. reducing stroke volume) caused
by dehydration have also been shown to increase heart
rate (41). Hence, dehydration could be a possible expla-
nation behind the current findings. This assumption is
strengthened by the finding of a significant reduction in
body weight after the match in the present study.

Moreover, the Borg scale was implemented in this
study as a way to supply the physiological measurements.
Traditionally, RPE scales are used for measuring an activ-
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Table 1. Markers of Aerobic Energy-Delivery System Measured Pre-Match, Post-Match and 24 Hours Post-Match and Assessed With One-Way Repeated Measures Analysis of
Variance (ANOVA) and Bonferroni Post-Hoc Testsa

Variables, (N = 17) Descriptive data Multivariate tests Pairwise comparisonb ,
Post-Match vs. Pre-Match

Pairwise comparisonb ,
24HourPost-Match vs. Pre-Match

Pre-Match ± SD Post-Match ± SD 24HourPost-Match ± SD Wilks’ Lambda (F; partial eta
squared)

Mean difference ± SE (95% CI) Mean difference ± SE (95% CI)

Body mass, kg 77.88 ± 6.69 77.21 ± 6.29 77.80 ± 6.52 0.52c (F = 6.76; R = 0.47) -0.67 ± 0.20d (0.13 to 1.21) -0.07 ± 0.16 (-0.51 to 0.35)

Oxygen consumption,
mL.kg-0.25 min-1

175.59 ± 26.55 183.02 ± 26.03 176.74 ± 25.31 0.19e (F = 31.27; R = 0.80) 7.42 ± 2.38d (1.06 to 13.79) 1.15 ± 2.27 (-4.91 to 7.22)

Heart rate, bpm 157.24 ± 10.28 163.35 ± 10.67 152.71 ± 10.55 0.18e (F = 34.14; R = 0.82) 6.11 ± 1.57c (1.89 to 10.33) -4.52 ± 1.59d (-8.79 to 0.26)

RER 0.92 ± 0.02 0.88 ± 0.03 0.92 ± 0.02 0.40e (F = 11.10; R = 0.59) -0.03 ± 0.008e (-0.05 to -0.01) 0.00 ± 0.00 (-0.01 to 0.01)

Blood lactate, mmol L-1 3.32 ± 1.45 2.19 ± 1.44 2.34 ± 0.99 0.49c (F = 7.59; R = 0.50) -1.13 ± 0.35d (-2.07 to -0.19) 0.98 ± 0.31d (0.15 to 1.81)

RPE (Borg scale) 11.94 ± 1.39 13.71 ± 1.68 12.00 ± 1.27 0.32e (F = 15.81; R = 0.67) 1.76 ± 0.31e (2.60 to 0.92) 0.05 ± 0.27 (-0.68 to 0.80)

Abbreviations: CI, Confidence Interval; bpm, Beats per Minute; mmol L-1 , mmol Lactate per Litre of Blood; RER, Respiratory Exchange Ratio, RPE, Rating Of Perceived Exertion.
a Data shown as mean ± SD.
b Adjustment for multiple comparisons: Bonferroni.
d P ≤ 0.05.
c P ≤ 0.01.
e P ≤ 0.001.

ity’s intensity (42), yet, the Borg scale has also been ap-
plied as an indicator of fatigue (43), and correlations be-
tween the Borg scale and increased oxygen demand and
increased heart rate have been reported as r = 0.93 and r
= 0.92, respectively (44). Current findings revealed a sub-
stantial increase on the Borg scale after the soccer match,
compared with values from a rested condition, indicating
that players were fatigued from the match, as compared
to being rested at baseline. The close link between glyco-
gen accessibility, decrements in physical function, and in-
creases in self-reported perceived exertion was also found
in a study by Chtourou et al., (45) and it was discussed that
both the decrements in physical function could be causing
the increased RPE while this could also be the other way
around.

4.2. The Recovery Test

In the 24-hour post-match test, the players’ oxygen
consumption was increased by 7.42 mL.kg-0.25min-1, com-
pared to pre-match measurements. This indicates that full
recovery was still not achieved among the players. Causes
behind the increased oxygen consumption are not easy to
determine, yet the re-synthesis of glycogen storages could
be a possible explanation. The replenishment of glycogen
has been shown to require up to 48 hours (46), and present
blood lactate findings support this, as blood lactate level
was still substantially lower under the 24-hour post-match
test compared to the pre-match test. A reduced aerobic
metabolic efficiency could thus be assumed to be the cause
behind the findings of elevated oxygen in the recovery test.
On the other hand, the findings of RER 24 hours after the
match showed no differences when compared to baseline,
and therefore does not support this assumption.

Another possible explanation for the sustained oxy-
gen increase is exercise-induced muscle damage (EIMD). In
the present study, neither markers of mechanical fatigue
(muscle damage) nor muscle stiffness/soreness (Delayed
onset muscle soreness: DOMS) were directly measured, yet
relationships between DOMS and ratings of perceived ef-
fort (RPE) have previously been proven to exist (47). The re-
sults of the Borg scale however showed that the players did
not experience the 24-hour post-match test to be more ex-
hausting than the baseline test. Regarding heart rate, the
results revealed a decrease, 24 hours after match compared
to pre-match results. As previously mentioned, the factors
leading to increased oxygen consumption also lead to in-
creased heart rate, and the disparity between oxygen and
heart rate findings is thus not easy to interpret. However,
it could be speculated in other contributing factors, such
as enhanced autonomic nerve system regulation (40), or
an improved mechanical efficiency (work efficiency) (48);
this may cause the lowered heart rate at this point. Further-
more, dissimilar fluid balance at different testing times
(dehydration/rehydration) with its effect on blood volume,
might also be an explanation (49). However, body weight
at this point was approximately similar to baseline, thus
suggesting that this was not a likely cause of the decreased
heart rate found in the 24-hour post-match test.

4.3. Limitations of the Study

There are clearly some limitations in the current study.
One was the number of participants that ideally could have
been higher. Another is that there is no randomization
to different experimental conditions and hence no control
group. The last limitation is that there could have been
more tests between the fatigue test and the recovery test
to examine the recovery process more thoroughly. How-
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ever, the 24-hour duration between the tests was chosen
because the tests themselves were tiring, and that imple-
menting additional tests thus could effect the time course
of the recovering process. Additionally, it has been proved
that the physiological responses to physical activity are al-
tered at different times of the day (50) and hence a 24-hour
cycle seems decisive. Nevertheless, these limitations show
that further research have to be implemented for under-
standing these underlying parts of soccer performance.

4.5. Conclusion

Because of the substantial contribution the aerobic-
energy delivering system has during soccer matches and
due to the complexity of physical performance in soccer,
it is important to scrutinize the fatigue and recovery pro-
cess in soccer with measures of this very system. Further-
more, it also seems important to extend the assessment be-
yond short-term effects, which have mostly been explored.
Hence, the aim of this study was to observe if it was possi-
ble to detect both post-match fatigue and recovery in soc-
cer players by examining markers of the aerobic energy-
delivery systems efficiency during a steady-state running
test. The results revealed that this was possible as the
present soccer players proved to be significantly fatigued
immediately after the match where all variables differed
significantly from baseline values. This enhanced strain
on aerobic energy-delivery system found immediately af-
ter the match was not fully, although closely, recovered
24 hours later. Hence, by measuring markers of the aero-
bic energy-delivering system efficiency during a constant
steady-state, running this study proved that it is possible
to detect post-match fatigue and recovery in soccer play-
ers. For future evaluation, it would be interesting to assess
soccer players’ rate of fatigue and recovery by the present
approach at other times in this lapse of time.
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