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Abstract

Purpose. The aim of the study was to examine the differences of the anaerobic speed reserve (ASR) in soccer players
according to the playing positions (defenders, midfielders, and forwards).
Methods. Overall, 120 elite-level national Brazilian soccer players (46 defenders, 45 midfielders, and 29 forwards) performed
a field incremental test to estimate maximal aerobic speed (MAS) and a 30-m sprint to determine maximal sprinting speed
(MSS). The difference between MAS and MSS was used to estimate ASR. Players were classified by position and by MAS
and MSS performance. For each playing position, they were ranked and divided into higher and lower MSS (MSS-H and MSS-L,
respectively) and MAS (MAS-H and MAS-L, respectively) groups. The players’ ASR was compared among these groups.
Results. The comparison of ASR within playing position showed no difference among defenders, midfielders, or forwards.
In addition, a higher ASR was found for the fastest players (MSS-H) in all playing positions as compared with their MSS-L
counterparts. When ASR was compared between MAS-H and MAS-L, a significant difference (p < 0.05) was observed.
A high correlation was noted between ASR and MSS (r = 0.72; p < 0.001) and between ASR and MAS (r = –0.63; p < 0.001).
Conclusions. MSS is the main index that determines the magnitude of ASR, which should be considered when characterizing
the soccer players’ running speed profile. However, no difference was found when the playing positions were compared, indicating
similar characteristics of the running profile in a large sample of soccer players.
Key words: aerobic assessment, metabolic profile, running speed, physical capacity

Introduction
The assessment of aerobic and anaerobic maximal
speed in soccer players individually supports the running training [1], as well as provides a better comprehension of the differences in match performance among
players [2]. In addition, the concept of anaerobic speed
reserve (ASR), which represents the variation between
the maximal aerobic and anaerobic power – i.e. maximal aerobic speed (MAS) and maximal sprinting speed

(MSS), respectively – could determine individual distinctions of fitness profiles within a soccer team.
Considering that ASR is an important measure
capable to define tolerance during supramaximal-intensity exercise [1, 3, 4], it can be useful when comparing players of the same tactical function or between
playing-position groups [5, 6]. Traditionally, the upper
and lower boundaries of ASR have been considered
for the analyses of soccer players’ physical profile [7–9].
During the dynamics of a soccer match, players from
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different playing positions constantly interact with each
other, e.g. defenders with the opposing forwards, midfielders with the opposing defenders, or forwards with
the opposing midfielders [10, 11]. From this interaction,
players with a similar technical status, but with higher
ASR, regardless of the playing position, could have an
advantage over an opponent with lower ASR and similar MAS [1, 4].
From a practical application perspective, Buchheit
and Mendez-Villanueva [9] compared the magnitude
of changes in the repeated-sprint performance in young
soccer players during soccer matches in relation to
changes in MSS and MAS between five successive
seasons and showed that these results were dependent
on the tactical function. On the other hand, the achievement of peak running speeds during soccer matches is
positively related to MSS, regardless of the playing position, as demonstrated by Mendez-Villanueva et al. [4].
Beyond that, for a team with a similar technical
level, it is preferable that players from all sectors of
the field have a higher ASR, translating into a possible
greater capacity to sustain the demands of supramaximal intensities related to the glycolytic system [1, 12].
Thus, a team with players presenting higher capacity
to sustain supramaximal intensities during a match
could be advantageous, which one can consider as an
alternative for analyses during the development of the
fitness profile team, before and/or during the season,
and for a specific match context [12, 13].
The comparative analysis of the running profile
based on ASR and the physiological responses to supramaximal interval training from this magnitude
should be observed carefully because some players
present similar MSS, but different MAS could trigger
discrepancies in the exercise tolerance during supramaximal intensities [1, 3, 9]. On the other hand,
players may exhibit similar MAS but different MSS.
Therefore, the higher the MSS, the better the ‘running
economy’ will be at given supramaximal running
speeds [14–16].
In a soccer match, the ability to perform sprints at
higher speed thresholds, such as 31.0 km ∙ h–1, could be
determinant for certain playing positions and consequently allows for better recovery/economy when successive sprints are demanded at the highest speeds.
In this context, Mendez-Villanueva et al. [4] compared
the match performance between the fastest and the
slowest players according to their positions (i.e. wide
midfielders and central defenders). Indeed, the authors
found that faster players reached higher peak running
speeds during the matches in comparison with their
slower counterparts, regardless of the playing position.
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Accordingly, the aim of this study was to analyse
soccer players’ running profile on the basis of ASR and
compare it among the playing positions, i.e. defenders,
midfielders, and forwards. To the authors’ knowledge,
no studies have compared ASR among and within
playing positions in high-level soccer players. The within-position comparisons were also made between groups
with similar MSS or similar MAS.
Material and methods
Participants
The maximal aerobic and anaerobic running performances were collected from high-level male soccer
players: 46 defenders, 45 midfielders, and 29 forwards (age: 20.9 ± 3.3 years; height: 1.76 ± 6.4 cm;
body mass: 70.1 ± 1.2 kg; body fat percentage: 10.8
± 1%). The participants were recruited from two soccer
teams which played in the first and second national
division in Brazil. The individuals had been training
and competing on a regular basis for a minimum of
5 years and were training 6–8 hours per week, with
one match every week during the season.
Testing procedures
Maximal aerobic speed
MAS was determined on the basis of the peak speed
in the Carminatti’s test (TCAR). It is an intermittent
progressive field test with changes of direction of 180°,
which allow the players to perform 5 repetitions of running in 12 seconds before the increase in speed at each
stage (90 s), until exhaustion and voluntarily stopping the test [17]. The initial running speed of the
TCAR is 9 km ∙ h–1, with progressive increases of 1 m
(0.6 km ∙ h–1). The test was finished when the players
failed to reach the return line audio cues in two consecutive repetitions in the required time. The TCAR
peak speed was calculated in accordance with Kuipers et al. [7] for the athletes that could not complete
the last stage.
Maximal sprinting speed
The subjects were assessed over a 30-m running
sprint test with a split time in the first 10-m distance.
Each athlete repeated the sprint 3 times, and an at least
45-s passive rest was allowed. Thus, the best 20-m
(flying) time was used to determine the MSS. The 30-m
sprint test was conducted outdoors, on a natural turf

Human Movement, Vol. 19, No 5, 2018, SPECIAL ISSUE (SCIENCE IN SOCCER and futsal)
humanmovement.pl

HUMAN MOVEMENT
J.G. Ortiz et al., Anaerobic speed reserve profile in soccer

field, and the sprint time was recorded with a photocell system (CEFISE – Speed Test 6.0, São Paulo, Brazil).
The participants started each sprint with the front
foot placed 5 cm before the first timing gate and covered the distance in all-out running [18].
Anaerobic speed reserve
ASR was calculated as the difference between MSS
and MAS, with the following equation

ses were performed with the SPSS software (version
17.0) and the graphs were prepared with the GraphPad Prism (GraphPad Software).
Ethical approval
The research related to human use has been complied with all the relevant national regulations and
institutional policies, has followed the tenets of the
Declaration of Helsinki, and has been approved by
the Federal University of Santa Catarina (university
ethics committee approval number 2.047.140).

ASR (km ∙ h–1) = MSS – MAS [5].
Playing-position analysis
For comparison purposes in descending order, i.e.
from the fastest to the slowest players, all participants
were divided into 3 groups: the fastest (or the first third
group), the median third players (or the second group),
and the slowest players (or the last third group). The
median third was excluded from forming the groups
of higher (MSS-H) and lower speed players (MSS-L)
in order to compare the fastest and slowest players for
each playing position. An identical process was applied for MAS analyses within each playing position
(i.e. defenders, midfielders, and forwards). There was no
overlapping in MSS or MAS values between the groups.
Statistical analysis
Descriptive statistics (mean ± SD) were calculated for all the dependent variables (ASR, MSS, and
MAS) and their distributions were confirmed as normal via the Shapiro-Wilk test. To compare the differences among the playing positions between MSS and
MAS groups, a one-way analysis of variance was used
for each dependent variable. In addition, a t-test was
used within the groups to compare MSS-H vs. MSS-L
and MAS-H vs. MAS-L. The level of statistical significance was set at p < 0.05 for all analyses. The analy-

Informed consent
Informed consent has been obtained from all individuals included in this study and their legal guardians, after being advised, both verbally and in writing, of the risks and benefits involved in this study.
Results
The performance measurements for each test are
presented in Table 1. All the grouped data presented no
differences among the playing positions for the ASR,
MAS, or MSS indices.
However, when the data were stratified (higher versus lower), significant differences were observed within
playing positions and among playing positions (Table 2).
The defenders’ group with MSS-H presented ASR 17.4%
higher than their MSS-L counterparts (p < 0.019), while
the group of midfielders with MSS-H showed ASR
13.4% higher than those with MSS-L (p < 0.001). The
forwards’ group with MSS-H showed ASR 17.4% greater
in comparison with their MSS-L counterparts (p <
0.001). For the within-playing-position comparison,
the MSS-H group showed higher values for MSS measurement in comparison with the MSS-L for all positions
(p < 0.001). No significant differences were found for
MAS in the within-playing-position analysis.
For the comparisons of ASR among the playing positions, the group of defenders with MSS-H showed no

Table 1. Descriptive data of the time performance in sprints and acceleration and the values of MSS, MAS,
and ASR among positions
Grouped data
30 m (s)
20 m (s)
10 m (s)
MSS (km ∙ h–1)
MAS (km ∙ h–1)
ASR (km ∙ h–1)

Defenders (n = 46)

Midfielders (n = 45)

Forwards (n = 29)

4.093 ± 0.1
1.700 ± 01
2.391 ± 0.2
30.1 ± 1.1
17.5 ± 0.9
12.7 ± 1.4

4.090 ± 0.3
1.775 ± 0.4
2.422 ± 0.1
29.8 ± 1.0
17.4 ± 0.9
12.4 ± 1.3

4.084 ± 0.1
1.679 ± 0.1
2.408 ± 0.1
29.9 ± 1.1
17.4 ± 1.1
12.6 ± 1.5

MSS – maximal sprinting speed, MAS – maximal aerobic speed, ASR – anaerobic speed reserve
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differences in comparison with the midfielders (MSS-H);
however, the group of defenders with MSS-H was 15.2%
higher than the group of midfielders with MSS-L (p <
0.001). No differences were found between defenders
and forwards with MSS-H, but the defenders with
MSS-H were 17.4% higher than forwards with MSS-L
(p = 0.054). Moreover, a significantly greater value of
15.6% was observed for the midfielders’ group with
MSS-H in comparison with defenders with MSS-L. The
same difference was found between midfielders with
MSS-H and forwards with MSS-L (p < 0.001). Conversely, no dissimilarities were noted between midfielders
and forwards with MSS-H.
Regarding the MSS, for the among-playing-position comparison, the group of defenders with MSS-H
demonstrated a higher MSS in comparison with the
midfielders and forwards with MSS-L (8.1% and
7.7%, respectively). Nevertheless, no differences were
observed between the MSS-H defenders and MSS-H
midfielders, or between MSS-H defenders and MSSH forwards. A significant difference between the
MSS-H midfielders and MSS-L defenders (5.9%) and
between the MSS-H midfielders and MSS-L forwards (6.2%) was found. On the other hand, no variances were noted between the midfielders and forwards with MSS-H. The MSS-H forwards showed a
higher MSS in comparison with the defenders and
midfielders with MSS-L (6.8%, p < 0.001 and 6.2%,
p < 0.001, respectively). Finally, MAS presented no
distinctions among the playing positions.

MSS-H vs. MSS-L
Figure 1A shows a significant difference between
MSS-H vs. MSS-L groups for MSS (p = 0.032) and ASR
(p < 0.001), yet no difference was found for MAS.
MAS-H vs. MAS-L
Figure 1B displays a significant difference between
MAS-H vs. MAS-L groups for MAS (p < 0.001) and ASR
(p < 0.001), but no difference was found for MSS in
both groups.
Figure 2A shows the relationships between ASR
and MSS (r = 0.72; p < 0.0001), and Figure 2B demonstrates the relationships between ASR and MAS (r =
–0.63; p < 0.0001). There was no relationship between
MAS and MSS (r = 0.07; p = 0.406) (Figure 2C).
Discussion
The main purpose of the present study was to compare the magnitude of ASR between (and within) soccer
playing positions among players who presented similar
MAS and those who presented similar MSS. The findings allow to identify differences in the magnitude of
ASR when comparing the faster and slower players,
on the basis of their sprint speeds.
The primary findings of the present study in relation to ASR were that variations within each playing
position and between the playing positions were only

Table 2. Within-playing-position and between-position differences considering the faster vs. slower players in MSS,
MAS, and ASR and between-playing-position differences in MSS, MAS, and ASR
Defenders
MSS reference

MSS-H
(n = 18)

MSS-L
(n = 15)

MSS (km ∙ h–1)
MAS (km ∙ h–1)
ASR (km ∙ h–1)

31.2 ± 0.4aA
17.3 ± 0.8
13.8 ± 0.8bA

28.9 ± 0.6
17.6 ± 0.9
11.4 ± 0.8

Defenders

Midfielders
MSS-H
(n = 17)
30.7 ± 0.5aA
17.2 ± 0.9
13.5 ± 1.0aAB

Forwards

MSS-L
(n = 15)

MSS-H
(n = 12)

MSS-L
(n = 10)

28.7 ± 0.6
17.0 ± 0.9
11.7 ± 1.1

30.8 ± 0.6aA
17.0 ± 0.9
13.8 ± 0.6Aa

28.8 ± 0.6
17.4 ± 1.2
11.4 ± 1.2A

Midfielders

Forwards

MAS reference

MAS-H
(n = 16)

MAS-L
(n = 17)

MAS-H
(n = 18)

MAS-L
(n = 15)

MAS-H
(n = 12)

MAS-L
(n = 10)

MAS (km ∙ h–1)
MSS (km ∙ h–1)
ASR (km ∙ h–1)

18.5 ± 0.5a
30.3 ± 1.0
11.9 ± 1.1

16.5 ± 0.3
29.9 ± 1.2
13.4 ± 1.3

18.3 ± 0.5a
30.0 ± 0.9
11.7 ± 1.1

16.5 ± 0.4
29.7 ± 1.2
13.2 ± 1.2

18.4 ± 0.9a
30.2 ± 0.6
11.8 ± 0.6

16.3 ± 0.3
29.6 ± 0.6
13.4 ± 1.2

MSS – maximal sprinting speed, MAS – maximal aerobic speed, ASR – anaerobic speed reserve, MSS-H – higher MSS,
MSS-L – lower MSS, MAS-H – higher MAS, MAS-L – lower MAS
Significant differences within positions:
Significant differences among positions:
a
A
p < 0.001
p < 0.05
b
B
p < 0.05
p < 0.001
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* significant difference between groups (p < 0.05)
MSS – maximal sprinting speed, MAS – maximal aerobic speed,
ASR – anaerobic speed reserve, MSS-H – higher MSS,
MSS-L – lower MSS, MAS-H – higher MAS, MAS-L – lower MAS

ASR – anaerobic speed reserve, MSS – maximal sprinting speed,
MAS – maximal aerobic speed

Figure 1. Running speed profile (MAS and MSS)
from faster and slower players. Panel A: Players
with same MAS; B – Players with same MSS

Figure 2. Relationships between (A) ASR and MSS,
(B) ASR and MAS. (C) MAS and MSS

observed when the reference was related to players with
a similar MAS. Nonetheless, no differences were noted
when similar MSS was set as a reference. To the best of
the authors’ knowledge, this is the first study to describe ASR in a large group of high-level soccer players.
Regardless of the playing positions, ASR was greater
for the faster players’ group (i.e. MSS-H) than for the
slower ones. For instance, ASR values around 13.5–
13.8 km ∙ h–1 were observed for defenders, midfielders,
and forwards with higher sprint speeds, while values
around 11.4–11.7 km ∙ h–1 were detected for their slower
counterparts.

The aim of stratifying players within the same playing position was to analyse if the upper and lower strata
were the same among the positions. In the literature,
forwards have proven to be faster than defenders or
midfielders [5, 19, 20]. In the present study, forwards
with MSS-H demonstrated no differences from defenders or midfielders with MSS-H. On the other hand,
significant distinctions (ca. 6%) were found among
all the positions with MSS-H and MSS-L (Table 2).
From a practical perspective, ASR may be an important measure for player selection when considering
a particular strategy for the team. When taking into
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account players with different running speed profiles
(within the same playing position), those who exhibit
better performances in supramaximal intensities are
preferable for specific games or competitions. This practical application is in accordance with the comparisons among youth age categories demonstrated by Buchheit and Mendez-Villanueva [14] in highly trained soccer
players. The authors assessed the supramaximal intermittent running performance in regard to the age
and running profiles and showed that for a similar
MAS (16.2 km ∙ h–1 and 16.7 km ∙ h–1 for U-16 and U-18),
a higher ASR (around 15 km ∙ h–1) was found for U-18
compared with the U-16 athletes (around 13 km ∙ h–1).
In the same way, Mendez-Villanueva et al. [5] identified distinctions for ASR among several team categories,
such as 10.9 km ∙ h–1 in U-13, 11.7 km ∙ h–1 in U-14,
12.9 km ∙ h–1 in U-15, 12.7 km ∙ h–1 in U-16, 14.3 km ∙ h–1
in U-17, and 14.7 km ∙ h–1 in U-18. Thus, it can be observed that there is a similarity with the current
study values of the U-18 category, specifically owing
to the similarity between MAS values.
Selmi et al. [21] demonstrated a great magnitude
of ASR in 3 different contexts of the maturity status on
the basis of peak height velocity (PHV). They found
an ASR value of 16 km ∙ h–1 for pre-PHV, 19 km ∙ h–1
for intra-PHV, and 22 km ∙ h–1 for post-PHV in U-14
soccer players. Probably because of the maturational
status, which may influence the aerobic and anaerobic performances of young U-14 players, a higher
ASR for the 3 maturation levels was observed in their
study when compared with this study, which allowed
for the magnitude of ASR among youngsters. This
must be viewed with caution when comparing with
adult athletes. In addition, MAS was evaluated by an
incremental 20-m shuttle run test, which certainly underestimated the real MAS, thus inflating the ASR.
In this context, it is important to highlight that
ASR is dependent on the way in which MAS and MSS
are assessed [22]. Therefore, any comparison of ASR
magnitude among studies might present some limitations. The peak speed of an incremental field test
was used herein to assess MAS, which was demonstrated to detect the speed at VO2max precisely [17, 23].
On the other hand, a flying 20-m sprint speed was
employed to set MSS. Many studies have used a flying
10-m sprint speed to define MSS [4, 14, 18]. Even if
it could be considered a limitation, the present study
compared a large sample of athletes using the same
test setting.
Considering MSS, the current study detected the
mean values of 30.1 km ∙ h–1 for defenders, 29.8 km ∙ h–1
for midfielders, and 29.9 km ∙ h–1 for forwards, which
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is somewhat similar to other reports from the literature.
Djaoui et al. [24] presented MSS values of 30.5 km ∙ h–1
for central defenders, 31.0 km ∙ h–1 for wide defenders,
and 30.8 km ∙ h–1 for central defenders. Mendez-Villanueva et al. [16] observed MSS values compatible with
the above ones for wide defenders (30.2 km ∙ h–1), but
for all other positions, the results were higher: 35 km ∙ h–1
for central defenders, 34.3 km ∙ h–1 for wide midfielders, and 31.2 km ∙ h–1 for central midfielders in elite
youth soccer players. In amateur soccer players, Ferro
et al. [25] showed higher values for MSS in relation to
this study for all playing positions (ranging from 31.4
to 33 km ∙ h–1). On the other hand, the present study
revealed superior results for MSS in comparison
with Al Haddad et al. [26], whose study, conducted
among youth elite soccer players, demonstrated that
defenders, midfielders, and forwards had a mean MSS
near 28.7 km ∙ h–1 and wide defenders and central defenders exhibited the mean value of 27.7 km ∙ h–1. The
MSS that represents the upper limit of ASR has been
used as a reference for repeated sprints in a practical
context, such as a match, and this variable allows for
a better comprehension of the behaviour of the running profile in soccer athletes during training and
competitions.
Regarding MAS, the results showed that when
the whole dataset was grouped by playing position
(17.5 ± 0.9 km ∙ h–1 for defenders, 17.4 ± 0.9 km ∙ h–1
for midfielders, and 17.4 ± 1.1 km ∙ h–1 for forwards),
the values were in agreement with those reported by
Fessi et al. [27] in professional male soccer players
(17.6 ± 2.3 km ∙ h–1).
In addition, when the current study values were
compared between players (within each position)
with MAS-H (about 18.4 km ∙ h–1) and MAS-L (about
16.5 km ∙ h–1), the results presented similarities with
a pre-post intermittent training period, as reported by
da Silva et al. [23] in U-20 elite soccer players. This
study found an improvement of MAS after 5 weeks of
intermittent running training from 16.8 to 18.1 km ∙ h–1
for the group that ran without changes of direction and
from 16.6 to 17.5 km ∙ h–1 for the group that performed
a shuttle-run protocol. Supposedly, MAS could be
more sensitive to improvement after a training period
than MSS [26]. In this case, MAS-H could decrease
the ASR magnitude if MSS was kept at the same level.
The importance of a high aerobic fitness level for soccer
players has been established by da Silva et al. [23] as an
essential component which could allow the athletes
to sustain the high demand of a competitive season.
The lack of available literature on this matter reveals the necessity for further transversal and longi-
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tudinal studies of ASR, in order to better understand
how it could determine soccer match running performances.
Finally, monitoring ASR during a season is suggested in order to assist coaches in establishing parameters regarding the players’ running speed profile, and
potentially to aid the decisions about player selection
for a given match or competition.
Conclusions

4.

5.

6.

In conclusion, no differences in ASR were detected
between playing positions in a large sample of soccer
players. However, when the players were ranked and
divided by their maximal aerobic and anaerobic speeds,
significant differences were observed for all positions.
In addition, the functional aerobic and anaerobic
speeds indicate the importance of analysing running
profiles in soccer players on the basis of ASR. Understanding the speed running profile of ASR could be
relevant for increasing the competitive level of a team
and improving the defensive and offensive technical
vulnerabilities. Beyond that, these data provide a reference for other studies and coaches regarding the
values of all playing positions, which present higher
and lower ASR. Thus, this measure could be utilized
for individual training prescription and tracking player
profiles during a competitive season.
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