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Abstract

The aim of this study was to evaluate the reproducibility and
validity of the “Footeval” test, which evaluates football players’
aerobic level in conditions close to those of football practice
(intermittent, including technical skills). Twenty-four highly
trained subjects from an elite football academy (17.8 + 1.4
years, 5 training sessions per week) performed two Footeval
sessions in a period of 7 days. Physiological variables measured
during these sessions (VO.,max 58.1 + 5.6 and 58.7 + 6.2
ml-mintkg?; RER 1.18 + 0.06 and 1.19 + 0.05; LaMax 11.0
+1.4 and 10.8 +1.1 pmol-L™Y; HRmax 194 + 6 and 190 + 7
b-min’*: Final step 10.71 + 1.2 and 10.83 + 1.13 and the RPE =
10) highlighted maximal intensity and confirmed that players
reached physiological exhaustion. Comparison of values meas-
ured in both sessions showed large to very large correlations
(Final level; 0.92, VO,max; 0.79, HRmax; 0.88, LaMax; 0.87)
and high ICC (Final level; 0.93, VO,max; 0.87, HRmax; 0.90,
LaMax; 0.85) except for RER (r = 0.22, ICC = 0.21). In addi-
tion, all subjects performed a time limit (TIm) exercise with
intensity set at maximal aerobic specific speed + 1 km-h, in
order to check the maximal value obtained during the Footeval
test. Statistical analysis comparing VO,max, HRmax and RER
from the Footeval and TIm exercise proved that values from
Footeval could be considered as maximal values (r for VO,max;
0.82, HRmax; 0.77 and ICC for VO,max; 0.92, HRmax; 0.91).
This study showed that Footeval is a reproducible test that al-
lows maximal aerobic specific speed to be obtained at physio-
logical exhaustion. Moreover, we can also affirm that this test
meets the physiological exhaustion criteria as defined in the
literature (RER > 1, 1; LaMax > 8 pmol-L™Y; HR = HRmax; no
increase of VO2 despite the increase of speed; RPE =10).
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Introduction

Footballers’ performance levels rely on many simultane-
ous factors, including athletic, technical, tactical, mental,
and physiological abilities. Performance in football has
been described in the literature using the athletic factor
(Anderson et al., 2008; Bradley et al., 2009; Di Salvo et
al., 2009; Krustrup et al., 2003; Mohr et al., 2003;
Rampinini E et al., 2007) or, more recently, based on
actions performed with the ball (Wisloff et al., 1998;
Hugues et al., 2005). We believe that those two compo-
nents must be considered together in order to get a com-
plete performance overview of a football game. The dura-
tion of a football game being 90 minutes, it is essentially
based on aerobic metabolism. Bangsbo et al. (2008) and
Krustrup et al. (2006a) show that high demands are made

on the aerobic metabolism (average heart rate and peak
respectively 85% and 98% maximum heart rate (HRmax).
Footballers’ aerobic potential is of paramount importance
to their performance since it is the main factor determin-
ing speed of movement in the sport (Bangsbo et al., 2006)
and also appears as a key factor in recovery during the
repetition of efforts at very high intensity (Girard et al.,
2011a; 2011b). Similarly, Bangsbo et al. (2006), Drust et
al. (2000) and Stolen et al. (2005) have shown the positive
effects of a high level of aerobic fitness on player perfor-
mance in a game. Wisloff et al. (1998) reported a signifi-
cant difference (P<0.05) in maximal oxygen uptake be-
tween the top ranked and lowest ranked teams in the
Norwegian first division championship. Helgerud et al
(2001) report that an increase in maximal oxygen uptake
(VO,max); 5ml/min/kg and in running economy (RE) of
7% influences physical performance during a game (dis-
tance covered +20%, p < 0.01; number of sprints +100%,
p < 0.001). This increase also influences technical per-
formance during the game (rate of involvement with the
ball, +24.1%, p < 0.005) (Castagna et al., 2006a; Chamari
et al., 2005). The anaerobic pathway plays a substantial
role in performance, because it is the foundation for high-
intensity actions, which influence the result of a match.
According to MacMillan et al. (2005), the anaerobic peri-
od, or period of high intensity, represents about 10% of
the total energy produced during a football game. It is
used to perform sprints, high intensity runs, duels, and
high-speed technical actions. These actions are decisive
during a game (Sporis et al., 2009). The recovery times,
frequency, and duration of these actions vary according to
events during the match. Players with the greatest oxida-
tive potential show a greater ability both to re-synthesize
phosphocreatine and lactate and to eliminate H* ions
(Buchheit et al., 2010; Bishop et al., 2004; Bishop et al.,
2006) during periods of recovery following periods of
high intensity during a game.

Given the importance of the aerobic system in
football performance, as described above, evaluating this
feature is therefore crucial when developing physical
training programs. Physical tests must reproduce, as much
as possible, the specific patterns of the sport they are
tailored to, whether under laboratory conditions or on the
field. The aim of the present study was to investigate the
validity and reproducibility of the Footeval Test.

Presentation of “Footeval”
Footeval is an incremental, intermittent test based on the
spatial organization of Léger’s “20m shuttle run” test
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(Léger et al., 1982) in order to include direction changes
(180°). The purpose of this test is to determine a global
index of football players, providing a clear idea of their
level, including their physical and technical skills. Nota-
tion takes into account players’ aerobic power and tech-
nical capacities in real football conditions (MASS). This
test allows VO,max to be measured in specific conditions
and will be influenced by many factors such as running
economy, muscular abilities, or technical skills with the
ball. It differentiates football players according to their
level (Ziogas et al., 2011).

Protocol design

Footeval is an intermittent incremental test with thirty
seconds of passive recovery between each step. The first
step is designed as a warm-up and lasts two minutes (Fig-
ure 1). All other steps last one minute followed by a re-
covery phase of thirty seconds. The protocol was de-
signed to reproduce the requirements of football as much
as possible. Several studies have demonstrated that most
recovery periods during a football game last less than
thirty seconds (Bloomfield et al., 2007; Spencer et al.,
2005; Vigne et al., 2010). For each step in this test, the
intensity is set by speed in km/h. The first level starts at
6.5km/h and intensity is increased by 0.5 km/h between
each workout phase. To ensure players accurately follow
intensity increases, a specific soundtrack is played to
provide audio feedback to players, allowing them to ad-
just their speed at each extremity of the test area (20m). A
single beep signals the beginning or intermediate posi-
tions in the step, while a double beep indicates the end of
the workout.

Speed (km/h)

: LUUULaLL

¢ 2 4 6 & 10 12 14 16 18 20 322 24 26 28 30
Time (min)

Figure 1. Workload protocol of the Footeval Test.

The test is over when the subject is no longer able
to maintain the intensity indicated by the audio beep. If
the player is more than 3 meters from the line, and not
able to reduce the gap, we consider that the test is over.
The test is also considered to have ended when the player
is not able to restart a workout session after the recovery
phase. Furthermore, the player is stopped if he makes
more than 2 technical errors within a step. We considered
bad passes, bad shots, or bad ball control to be technical
errors.

The intermittent structure of the Footeval test is
based on analysis of football as a sport and is designed to
induce a substantial turnover of aerobic and anaerobic
pathways. The duration of the different steps (two

minutes for the first and one minute for the others), inter-
spersed with a recovery period of 30", is justified by the
works by Astrand et al. (2003). They have highlighted
that respiratory and heart rate adjustments during the first
two minutes of activity result in a deficiency of oxygen.
During this period, the body relies on its anaerobic system
(depending on the intensity of the exercise). Thus, the
first two-minute level of Footeval was designed to obtain
a stable cardiovascular level and to ensure a gradual warm
up. After several different experiments, we decided to
adjust the duration of each subsequent step to 1 minute,
because a shorter duration might lead to overestimating
the MASS and link the final result to anaerobic pathway.
This balance between steps and recovery duration also
allows for gradually improving fatigue and leads to an
expected duration of the test that is between 12 and 18
minutes. This duration allows the player to adapt his own
capacity to different physiological demands. Reilly et al.
(1984; 2005) show an increase (8%) in VO, when the
player runs with the ball compared to running at the same
speed without a ball. Similarly, Stolen et al. (2005) point
out that a change in speed of 1 km-h™ generates a VO,
increase of 5 ml-min™-kg™ and a 10-beat HR increase.

A passive recovery time of 30 seconds corresponds
to the recovery times generally observed during official
games. Balsom et al. (1992) have shown that VO, is di-
rectly influenced by recovery time: the shorter the recov-
ery time, the more oxygen uptake will increase. Balsom et
al. (1992) found respectively a 52, 57 and 66 ml/min/kg
oxygen concentration for the same exercise (15x40m)
with intermittent recovery times of 120 seconds, 60 se-
conds and 30 seconds. Recovery periods are short in foot-
ball, less than 30 seconds according to Spencer et al.
(2005), so the importance of the kinetics of the VO, is
primary (Dupont et al., 2005; 2010 ). This refers to the
concept of the metabolic efficiency of the aerobic system.
30 seconds is not sufficient time to allow complete recov-
ery and maintains a high level of aerobic pathway for the
start of the next level. The speed increase between each
step during the test is of 0.5 km/h and the first step starts
at 6.5 km/h." The goal of this increment is to delay sub-
stantial demands on the anaerobic pathway, as this will
strongly impact assessment of the subject’s aerobic poten-
tial. A higher increment of speed between each level
could cause fast blood lactate accumulation and lead to
the test ending too soon. Muscular acidosis increases
results in a pH decrease, which leads to the reduction of
muscular contractility (Westerblad et al., 2002) and gly-
colytic activity inhibition (Hollidge-Horvat et al., 1999).
The oxidative potential that we want to assess relies on
oxygen delivery and VO, (Buchheit et al., 2010; Glaister
etal., 2005).

Footeval track

Figure 2 shows the spatial lay out of the “Footeval”. To
comply with the distance of 20m, as in Léger’s “20m
shuttle run test”, we drew an optimal trajectory in the
slalom using plastic strips (0.5m long and 1lcm thick)
located 0.5m from the center of the poles, which did not
interfere with the player or the ball. The route of this
optimal trajectory aims to help the player to respect the
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tempo beeps. We placed a marker at 0.4m from the first
pole, so that the player would start his slalom at this point
and not before. The last step completed by the player
provides the Maximal Aerobic Speed Specific (MASS).

During each level, the subject must be at one end
or the other, i.e. in the shooting zone or at line A. At the
first beep, the player has to:

¢ Run with the ball for a distance of 2.6 m

e Slalom between poles separated by 2.5m

e After the last cone, the player has to run with the
ball for a distance of 2.5m

e Then the player has to make a pass on the plastic
board, located on the right or the left, and then con-
trol the ball. After controlling the ball, the player has
to run with the ball for a distance of 4m up to line A,
located 19m from the start.

e At the second beep, the player has to stop the ball on
line A with the sole of his foot and do a U-turn.

If the player loses the ball in the first part of the
route, he must finish it without the ball and pick up a new
one at line A.

e For the return, the player has to run with the ball to-
wards the shooting zone (width = 2m; depth = 0.5m)
passing outside the cones. At the next beep, the
player has to shoot from the shooting zone.

20m

Line A

Figure 2. Material organization of the Footeval Test

Concerning the shot, in order to upgrade the diffi-
culty, the player has to kick the ball directly into the goal
without any rebound or grass contact. The ball must enter
the goal directly without touching the ground. During the
first levels, the player is asked to gradually increase the
power of his shots in order to complete the warm-up. As
soon as the player has kicked the ball, he has to take a
new ball and perform the same exercise again, whilst
respecting the beeps. The end of the level is marked by a
double beep. The player then has thirty seconds of recov-
ery time at line A or in the shooting zone. He then has to
wait for the next beep to start the next level.

Methods

Experimental design
Our study is designed to assess the validity and reliability

of the Footeval test. To realize this assessment, subjects
performed the Footeval test twice in a period of 7 days
and took part in a third measurement session where they
performed a special limited time exercise (TIm). During
the TIm exercise, the athletes did the Footeval track with
the speed set at the best speed they had obtained during
the Footeval test + 1 km-h™. Such a protocol has already
been used by (Dupont et al., 2003; 2004) to confirm the
maximal intensity that could be reached during an exer-
cise.

Each session was preceded by a period of rest of
48 hours. In order to standardize the test, it was carried
out on the same field (synthetic), in favorable weather
conditions, (ho wind or rain), and at a temperature be-
tween 25 and 28°C.

Subjects

The study participants were twenty-four male, highly-
trained (5 times/week), subjects from a 1st division train-
ing academy (height: 1.75 + 0.06 m; weight: 66.9 + 6.2
kg; body fat: 9.1 + 1.6 %; age: 17.8 = 1.4 years). All par-
ticipants were informed that data was being collected for
a study and gave their written consent (in the case of
minors, the parents provided this consent). In addition, all
players had already performed the Footeval test at least
once during the last two seasons.

Physiological Measurement

Maximum Oxygen Uptake

During all sessions, Oxygen Uptake (O,) was continuous-
ly measured breath-by-breath using a portable metabolic
measurement device: Metamax 3B (Cortex Biophysics
Gmhb, Liepzig, Germany). This tool measured respiratory
flow with a bidirectional digital turbine and CO, and O,
concentrations during inspiration and expiration. These
data were computed by Metasoft 3.9.3 (Cortex Biophysic
Gmhb, Liepzig, Germany) to calculate O, consumption
(VO,) and CO, output (VCO,), Respiratory Exchange
Rate (RER) and Maximum Oxygen Consumption
(VO,max). VO,max was determined at the final complet-
ed level and corresponded to the peak value obtained in
the last 15 seconds of this level (Castagna et al., 20063;
Castagna et al., 2006b; Glaister et al., 2005). Heart Rate
(HR) was also recorded using a Polar Wearlink chest belt
(Polar, Onlu, Finland) linked to the Metamax 3B. The
highest 5-second average HR value obtained was consid-
ered as the HR peak value (b/min) and consequently con-
sidered as the Maximum Heart Rate (HRmax).

Regarding the TIm exercise, we used the same
process in order to determine VO,max, RER, and
HRmax.

As recommended by the manufacturer, the gas was
introduced before each test series and volume calibration
was performed before each test. The validity and repro-
ducibility of this device has been demonstrated by
Voggler et al. (2010) and Macfarlane et al. (2012).

Blood lactate measurement

Blood lactate was measured at rest, during each recovery
period and 1, 3, 5, and 7 minutes after the end of the test
in order to collect the blood Lactate Peak (LaMax). A
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capillary blood sample was extracted from the finger (0.5
pL) and analyzed using the Lactate Scout+ (EKF Diag-
nostic Gmhb, Barleben, Germany): its reproducibility and
the validity of its measures have both been highlighted by
Tanner et al. (2011). A verification process was per-
formed before each test session.

Rating exercise perception

At the end of each step and at the end of the test, the sub-
jects provided a rate of exercise perception using the
CR10 Borg scale (CR-10) (Borg, 1974). These data were
collected to assess the subjects’ maximum exercise per-
ception (RPE); the magnitude of effort and fatigue experi-
enced.

Statistical analysis

Statistical analysis was performed using Sigmaplot soft-
ware v12 (SAX Software, Karlsruhe, Germany) and Mi-
crosoft Excel 2007 (Microsoft, Redmond, USA). First, the
distribution of each variable was examined with the
Shapiro-Wilk normality test.

Data in tables are presented as means with stand-
ard deviations and 90% confidence intervals/limits
(CI/ICL). These probabilities were used to make a qualita-
tive probabilistic mechanistic inference about reproduci-
bility. The mean bias (in % and expressed as a standard-
ized difference based on Cohen’s effect size principle,
using pooled standard deviations), the typical error of the
estimate (TEE, both in % and standardized units), and the
magnitude of the correlations between the approaches
were all calculated. Reliability was assessed using the
typical error of measurement (TE), expressed as a CV (in
% and standardized units), and the single measure intra-
class coefficient correlation (ICC).

The magnitude of the ICC was assessed using the
following thresholds: >0.99, extremely high; 0.99-0.90,
very high; 0.90-0.75, high; 0.75-0.50, moderate; 0.50-
0.20, low; <0.20, very low. Finally, the following criteria
were adopted to interpret the magnitude of the correlation:
r <0.1, trivial; 0.1 <r < 0.3, small; 0.3 <r < 0.5, moder-
ate; 0.5 <r < 0.7, large; 0.7 <r < 0.9, very large; and 0.9
<r < 1.0, almost perfect. If the 90% CI overlapped small

positive and negative values, the magnitude was deemed
unclear; otherwise that magnitude was deemed to be the
observed magnitude (Hopkins et al. 2009).

Results

The results of the different measurements taken during the
Footeval Test, Re-test and TIm exercise look very similar.
Values from the three sessions can be found in Table 1.
This table shows the average and standard deviation value
of the group for each session: VO,max, HRmax, RER,
LaMax. Regarding reproducibility, we noted that for the
maximal values collected during the test and retest ses-
sions, there was a very large correlation for the final level,
0.92 and a large correlation for VO,max; 0.79, HRmax;
0.88, LaMax; 0.87, except for RER; 0.22. When assessing
the agreement between both sessions for physiological
variables and final level, the mean biases were very low
for MASS; (1.2%, 90% confidence limits, CL, -0.3; 2.7),
VO,max; (1.5%, 90% confidence limits, CL, -0.4; 3.4),
HRmax; (0.2%, 90% confidence limits, CL, -1.8; 2.3),
and LaMax (-1.55%, 90% confidence limits, CL, -
3.7;0.8), and the TEE results were low for the final level,
(3.0%, 2.4;4.0), VO, max; (2.8%, 2.8;4.1), HRmax; (2.2%,
3.4;5.7), LaMax (2.6%, 2.7;3.12). TEE for RER values
were moderate between both sessions (1.5%, 1.2; 2.0).
The results from statistical analysis shown in Table 2 also
highlighted a high ICC for VO,max; 0.87, HRmax; 0.90,
LaMax; 0.85 and a very high ICC for the final level, 0.93,
whereas RER was moderate (0.21).

Regarding validity, comparison of the physiologi-
cal values obtained during Footeval (average of both
sessions) with those from the supra max exercise (TIm)
showed a high correlation for VO,max; 0.82, HRmax;
0.77 and a trivial correlation for RER; 0.17. When as-
sessing the agreement between both the Footeval and TIm
session for physiological variables, the mean biases were
very low for VO,max; (-0.4%, 90% confidence limits,
CL, -0.8; 0.6), HRmax; (-0.3%, 90% confidence limits,
CL, -0.2; 0.8), and the TEE were low for VO,max;
(6.5%,4.7; 10.7), HRmax; (1.6%, 1.2; 2.6). TEE for RER

Table 1. Average values, standard deviation, for test and re-test sessions.

VO,max HRmax LaMax MASS RPE
(mikg™min)  (bmin) RER (mmolY)  (KmhY)  (CRI0)
Test 58.1 (5.6) 194(6)  118(06) 110(L4)  113(6)  10(0)
Re-test 58.7 (6.2) 191(7)  119(05) 108(L1)  114(6)  10(0)
Tim 58.3 (4.2) 190(5)  1.17(.07) ] - ]

Table 2. Statistical analysis of test and retest sessions and comparison between Footeval and TIm sessions.

Between Test and Retest

Between Footeval and TIm

Bias (%) TEE (%) ICC Bias (%) TEE (%) ICC

(90% CL) (90% CL) (90% CL) (90% CL) (90% CL) (90% CL)
Final level 12(03.27) 3.0 (24:40)* 0.93(0.87,0.97) - - -
z’nﬁfkrgﬁ’fmm_l) 15(-04:34) 28(2141)* 087(0.76:0.94) -0.4(-0.806) 65 (4.7:10.7)* 0.92 (0.78:0.97)
girl?s?i) 0.2(1823) 223457 090(0.81,095 -03(0.2:08 16(L2,26) 0.91(0.74,0.97)
RER 0.5(-02:1.3) 15(L2;2.0)* 021 (-0.14:051) -01(-0.02:0.02) 2.3(L2;3.9)** 0.07 (-0.44;0.55)
z-rﬁr'\r’l'jl)f_l) _155(-3.7:0.8) 2.6 (2.7;3.12)* 0.85 (0.72:0.93) - - -

TE: typical error. ICC: intraclass correlation coefficient. *: small standardized TE. **: moderate standardized
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Was moderate between Footeval and Tim (2.3%, 1.2;
3.9). ICC for VO,max and HRmax were very high, re-
spectively 0.92 and 0.91 whereas ICC for RER was very
low (0.07).

As previously mentioned, this test was designed
based on a determinant of football performance analysis.
Footeval is intended to allow players to reach physiologi-
cal exhaustion with an incremental load that closely re-
sembles the requirements of football. In order to check
whether a player had reached physiological exhaustion
during Footeval, we compared the physiological values
collected during sessions with several criteria used to
validate maximal tests in the literature (Lemmink et al.,
2004).

¢ VO,max achieved with the observation of a plateau
(VO, steady state of 15 seconds)HRmax reached

e RER>1.1

e LaMax > 8 umol/L

e The subject is no longer able to keep pace despite en-
couragements.

In order to set the value and the achievement of
VO,max, we relied on Krustrup et al. (2003) and
Castagna et al. (2006a; 2006b) who studied the YoYo
Intermittent Recovery Test 2 (YoYo IR2) (Bangsho et al.,
2008). Castagna et al. (2006a; 2006b) indicates that
VO,max corresponds to the peak value measured during
the last 15 seconds of the test and that this must appear in
a plateau where oxygen consumption increase is
<150ml-min™ despite a speed increase (Sanchez-Otero et
al., 2014). In our case, we found similar values for
VO,max and HRmax during Footeval and TIm (ICC,
VO,max; 0.92 and HRmax; 0.91). In the TIm session, we
observed a plateau for all tests performed by players. In
addition, we noted that the RER achieved at the end of the
test were always over 1.1 during Footeval sessions (table
1) and the LaMax measured were also always over 8
umol-L™* (Table 1). Finally, all athletes finalized the Foot-
eval test setting RPE at 10. This does not allow us to
perform statistical analysis with this parameter.

Discussion

This study presented a new test allowing a global evalua-
tion of subjects’ aerobic potential in the football context.
This test takes more skills into consideration than tradi-
tional tests (VamEval, Yo-Yo R2, 30-15 IFT, etc.) as it
also evaluates technical skills, direction changes capabil-
ity, and endurance. During the Footeval test, speed incre-
ments (0.5km-h™-step™) and exercise duration lead to a
technical and physiological increase in intensity until the
player is not able to maintain the required speed. As we
have noted, this point is an original feature of our test, in
contrast to the most commonly used tests, which evaluate
more isolated capabilities. For example, the VamEval
(Sanchez-Otero et al., 2014) test or the University of
Montréal Track Test (Cazorla, 1990) are only affected by
endurance capability and running economy capability.
Other tests, such as the 20-m shuttle run (Léger et
al.,1982), 30-15 IFT (Buchheit, 2008), and Yo-Yo R2

(Bangsbo et al. 2008), include direction in their track
design and make it possible to obtain different neuromus-
cular and metabolic responses (Buchheit, 2008) in order
to closer approximate team sports. Closer to actual prac-
tice, the 30-15 IFT, 45-15 Gacon, and Yo-Yo R2 tests
propose recovery phases to obtain intermittent exercise.
The Footeval test has combined and built on the benefits
of all these previous studies. Contrary to many other tests,
the Footeval test protocol incorporates technical skills that
are specific to football in order to be more specific and to
more closely resemble the requirements of actual practice.
Based on these facts, we can assume that the results from
such a test offer a more accurate way of differentiating
between players’ levels in football than other tests, which
only evaluate physical or physiological capabilities. Fur-
thermore, it is likely that the Footeval test would be more
sensitive to training, and especially to technical training,
which does not affect other tests, and that it could there-
fore be a better tool for identifying the best players during
the scouting process. Today, many young player scouts
use aerobic test evaluations, sprint speed measurements,
and football games to evaluate players’ technical and
tactical capabilities. Our proposal would allow players to
be ranked in order to then select the best ones for a final
evaluation with a reduced number of players.

However, the fact that this test includes more skills
could therefore mean it would be less readable for trainers
or physical trainers. We noted that the MASS obtained in
Footeval is largely correlated to VO,max (ml'min-kg™)
(r = 0.73) but we can consider that many other factors
may impact final performance. Given the multi-factorial
nature of Footeval, future studies to further our under-
standing of the test will need to investigate the different
determinants of performance it entails.

The present study has investigated the validity of
the Footeval test. To perform this investigation, we real-
ized two Footeval test sessions and one special TIm Exer-
cise with a set of subjects. Our results showed that the
physiological values reached during the test are in accord-
ance with physiological exhaustion and furthermore that
they are close to those obtained in other studies (Dupont
et al., 2005; 2010; Reilly et al., 1984). Maximum physio-
logical values are interesting, but several studies have
shown that they are related to measurement context (Car-
minatti et al., 2013; Hader K et al., 2014) and that physio-
logical exhaustion can be reached with only small differ-
ences in the data. The best illustration of this is that the
maximum values obtained during physical evaluation on a
bike or a treadmill can differ (Basset et al. 2000). Com-
parison with a new exercise session set at MASS + 1
km/h is even more informative on this point because this
significantly greater intensity does not produce higher
physiological values. Our Footeval protocol was designed
taking into consideration several important points leading
to a gradual increase in physiological demands. Firstly,
we chose to set the beginning of the test at 6.5 km/h, after
performing the test with a different intensity. This allows
the player to start at an intensity that is significantly lower
than first ventilatory threshold intensity and also inte-
grates a warm up into the test. This parameter also induc-
es a test duration of 15 minutes, which is a perfect point
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for athletes to gradually reach their maximum perfor-
mance. We found that a higher start intensity led to rapid
lactate accumulation and slower VO,max reached during
the test. We also tested several exercise and recovery time
combinations. In all other combinations (45s/30s, 30s/15s,
45s/15s), it was impossible for the player to obtain steady
physiological values during exercise phases with smooth
gradual increases in intensity.

Finally, our study demonstrates the high reproduc-
ibility of the Footeval test. This major attribute of the
evaluation process was made possible due to extensive
work on the protocol design and multiple preliminary
evaluations. However, the high reproducibility of this test
could also be caused by low sensitivity. We noted that
standard deviations of MASS during the Footeval test and
re-test sessions were 0.6 km-h™. This is due to the fact
that the majority of players from our study (>60 %; 2 x
standard deviation) obtained results spread across three
different intensities (11.0, 11.5 and 12.0 kmh™). These
inter-player differences from the same categories allow us
to assume that Footeval might be sufficiently sensitive to
rank athletes. At this stage, we do not yet have any evi-
dence regarding sensitivity that could allow us to confirm
that the test could be a relevant tool in evaluating the
effect of training or of different training methods. Further
studies need to be performed to investigate the sensitivity
of Footeval and to provide additional evidence regarding
the possibilities that this new test can offer.

Our study did identify some limitations regarding
RER reproducibility (r = 0.21, ICC = 0.22). This lower
reproducibility of RER can be linked to the physiological
statements made by the subjects at the end of the exercise.
We noted that different subjects have different respiration
strategies and may also have an unstructured respiration
rate at exhaustion. These situations can lead to VCO,
variability measured breath-by-breath, thus inducing RER
variability. In addition, it is well established that low RER
dispersion of values can lead to reduced r and ICC values.

Nevertheless, Footeval provides an index (MASS)
allowing an athlete’s capabilities to be assessed in football
conditions, unlike VamEval, Gacon (45/15), or 30-15
FIT. However, due to its complexity, the results obtained
in the Footeval test do not enable evaluation of the inten-
sity of exercise during training sessions. Many other tests,
such as YoYo IR2, offer a less specific evaluation of
football players’ capacities, but do provide evaluations
that can be more helpful during the training process.

The Footeval test enables evaluation of the play-
er’s capabilities and also quantifies performance im-
provement due to training (both technical and physical). It
could therefore be a very helpful tool in the scouting
process with young players (both boys and girls).

Additionally, it should be noted that this test has to
be performed in neutral meteorological conditions (no
wind or rain) in order to obtain a reliable evaluation.
Windy or rainy conditions can lead to random difficulty
during the test and make any interpretation of results less
reliable.

Conclusion

The purpose of our study was to assess the reproducibility
and validity of the Footeval test in evaluating football
players’ levels. Physiological variables collected during
both the test and retest sessions highlighted high correla-
tions (r values: final level; 0.92, VO,max; 0.79, HRmax;
0.88, LaMax; 0.87) and high to very high reproducibility
(ICC values: final level 0.93, VO,max; 0.87, HRmax;
0.90, LaMax; 0.85). Comparison of physiological values
between Footeval and a supra maximal test (TIm) con-
firmed that Footeval is able to bring players to a state of
physical exhaustion by reproducing the same maximum
values (r values; VO,max; 0.82, HRmax; 0.77 and ICC
values; VO,max; 0.92, HRmax; 0.91). This study also
verified that the physiological values obtained during
Footeval are in accordance with the criteria defined in the
literature attesting to physiological exhaustion, such as
VO,max plateau, HRmax reached, RER >1.1, LaMax
>8umol/L and the inability of the subject to continue with
the intensity despite encouragements. Our findings con-
firm that performance during the Footeval test respects
these criteria and leads to a valid and reproducible as-
sessment of a football player’s level in a situation that
more closely resembles actual practice than traditional
incremental tests.

References

Anderson, H., Ekblom, B. and Krustrup, P. (2008) Elite football on
artificial turf versus natural grass: Movement pattern, technical
standard and player opinion. Journal of Sports Sciences 26(2),
113-122.

Astrand, P.O., Rodhal, K. and Dhal, H.A. (2003) Physiological bases
exercise. 4th edition Windsor (Canada). Human kinetics.

Balsom, P.D., Seger, JY. Sodjin, B. and Ekblom, B. (1992) Maximal
intensity intermittent exercise; effect of recovery duration. In-
ternational Sports of Medicine 13, 528-533.

Bangsbo, J., Mohr, M. and Krustrup, P. (2006) Physical and metabolic
demands of training and match- play in the elite football play-
ers. Journal of Sports Sciences 24, 665-674.

Bangsbo, J., Marcello laia, F. and Krustrup, P. (2008) The Yo-Yo
Intermittent Recovery Test a useful tool for evaluation of phys-
ical performance in intermittent sports. Journal of Sports Medi-
cine 38(1), 37-51.

Basset, F.A. and Boulay, M.R. (2000) Treadmill and cycle ergometer
tests are interchangeable to monitor triathletes annual training.
Journal of Sports Science and Medicine 2, 110-116.

Bishop, D., Edge, J. and Davis, C. (2004) Induced metabolic alkalosis
affects muscle metabolisms and repeated-sprint ability. Medi-
cine and Science in Sports and Exercise 36, 807-13.

Bishop, D. and Edge, J. (2006) Determinants of repeated-sprint ability in
females matched for single-sprint performance. European
Journal of Applied Physiology 97, 373-379.

Bloomfield, J., Polman, R.C.J. and O’Donoghe, P.G. (2007) Physical
demands of different positions in FA premier League Soccer.
Journal of Sports Science and Medicine 6, 63-70.

Borg, G.A.V. and Noble, B.J. (1974) Perceived exertion. Exercise and
Sport Sciences Reviews 2, 131-153.

Bradley, P.S., Sheldon, W. Wooster, B. Olsen, P. Boanas, P. and
Krustrup, P. (2009) High-intensity running in English FA
Premier league soccer matches. Journal of Sports Sciences
27(2), 159-16

Buchheit, M. (2008) The 30-15 intermittent fitness test: accuracy for
individualizing interval training of young intermittent sport
players. Journal of Strength Conditioning Research 22(2), 365-
74.

Buchheit, M. and Ufland, P. (2010) Effects of endurance training on
performance and muscle reoxygenation rate during repeated-
sprint running. European Journal of Applied Physiology 111
(2), 293-301.



676

Validity and reliability of Footeval Test

Castagna, C., Impellizziri, F.M. Belardinelli, R.M. Abot, G. Coutts, A.
Chamari, K. and D’Ottavio, S. (2006a) Cardiorespiratory re-
sponse to Yo-Yo intermittent endurance test in nonelite youth
soccer players. Journal of Strength and Conditioning Research
20(2), 326-330

Castagna, C., Impellizzeri, F.M. Chamari, K. Carlomagno, D. and
Rampinini, E. (2006b) Aerobic fitness and Yo-Yo continuous
and intermittent tests performances in soccer players: a correla-
tion study. Journal of Strength and Conditioning Research
20(2), 320-325.

Carminatti, L.J., Possamai, C.A.P. de Moraes, M. da Silva, J.F. de
Lucas, R.D. and Dittrich, N. (2013) Intermittent versus contin-
uous incremental field tests: Are maximal variables inter-
changeable. Journal of Sports Science and Medicine 12, 165-
170.

Cazorla, G., (1990) Field tests to evaluate aerobic capacity and maximal
aerobic speed. In: Proceedings of the International Symposium
of Guadeloupe. Edts: Actshng and Areaps 151-173.

Chamari, K., Hachana, Y. Kaouech, F. Jeddi, R. Moussa-Chamari, I.,and
Wisloff, U. (2005) Endurance training and testing with the ball
in young elite soccer players. British Journal of Sports Medi-
cine 39, 24-28.

Di Salvo, V., Gregson, W. Atkinson, G. Tordoff, P. and Drust, B. (2009)
Analysis of High intensity in premier league soccer. Interna-
tional Journal of Sports Medicine 30, 205-212.

Drust, B., Reilly, T. and Cable, NT. (2000) Physiological responses to
laboratory-based soccer-specific intermittent and continuous
exercise. Journal of Sports Sciences 18, 885-892.

Dupont, G., Millet, G.P. Guinhouya, C. and Berthoin, S. (2005) Rela-
tionship between oxygen uptake kinetics and performance in
repeated running sprints. European Journal Applied Physiology
95, 27-34.

Dupont, G., McCall, A. and Prieur, F. (2010) Faster oxygen uptake
kinetics during recovery is related to better repeated-sprint abil-
ity. European Journal Applied Physiology European 110(3),
293-301.

Dupont, G., Blondel, N. and Berthoin, S. (2003) Time spent at VO,max:
a methodological issue. International Journal of Sports Medi-
cine 24, 291-297.

Dupont, G. and Berthoin, S. (2004) Time Spent at a High Percentage Of
VO2max for Short Intermittent Runs: Active versus Passive
Recovery. Canadian Journal of Applied Physiology 29
(Suppl.), S3-S16.

Girard, O., Mendez-Villanueva, A. and Bishop, D. (2011a) Repeated
Sprint Ability- Part 1. Factors contributing to fatigue. Sports
Medicine 41(8), 673-694.

Girard, O., Mendez-Villanueva, A. and Bishop, D. (2011b) Repeated
Sprint Ability- Part 1l. Recommendations for Training. Sports
Medicine 41(9), 741-756.

Glaister, M. (2005) Multiple sprint work: physiological responses,
mechanisms of fatigue and the influence of aerobic fitness.
Sports Medicine 35, 757-77.

Hader, K., Mendez-Villanueva, A. Ahmaidi, S. Williams, B.K. and
Buchheit, M. (2014) Changes of direction during high- intensi-
ty intermittent runs: neuromuscular and metabolic responses.
BMC sports science, medicine and rehabilitation 6(1), 2.

Helgerud, J., Englen, LC. and Wisloff, U. (2001) Aerobic endurance
training improves soccer performance. Medicine Science in
Sports and Exercise 33, 1925-31.

Hopkins, W.G., Marshall, S.W. Batterham, A.M. and Hanin, J. (2009)
Progressive statistics for studies in sports medicine and exercise
science. Medicine Science in Sports Exercise 41, 3-13.

Hollidge-Horvat, M.G., Paolin, M.L. Wong, D. Jones, N.L. and Heigen-
hauser, G.J. (1999) Effect of induced metabolic acidosis on
human skeletal muscle metabolism during exercise. American
Journal of Physiology 277, E647-E658.

Hugues, M. and Franks, I. (2005) Analysis of passing sequences shots
and goals in soccer. Journal of Sports Sciences 23, 509-14.

Krustrup, P., Mohr, M. Amstrup, T. Rysgaard, T. Johansen, J. and
Steensberg, A. (2003) The yo-yo intermittent recovery test:
Physical response, reliability, and validity. Medicine and Sci-
ence in Sports and Exercise 35, 697-705.

Krustrup, P., Mohr, M. Nybo, L. Jensen, J.M. Nielsen, J.J. and Bangsbo,
J. (2006) The Yo-Yo IR2: Physiological response, reliability
and application to elite soccer. Medicine and Science in Sports
and Exercise 38, 1666-1673.

Léger, L. and Boucher, R. (1980) An indirect continuous running multi-
stage field test: the University de Montréal Track Test. Canadi-
an Journal of Applied Sport Sciences 5, 77-84.

Léger, L. and Lambert, J. (1982) A maximal multistage 20-m shuttle run
test to predict VO2max. European Journal of Applied Physiol-
ogy and Occupational Physiology 49, 1-12.

Lemmink, M., Elferink-Gemser, M.T. and Visscher, C. (2004) Evalua-
tion of reliability of two field hockey specific sprint and dribble
tests in young field hockey players. British Journal of Sports
Medicine 38, 138-142.

McMillan, K., Helgerud, J. and Hoff, J. (2005) Physiological adapta-
tions to soccer specific endurance training in professional youth
soccer players. British Journal of Sports Medicine 39, 273-277.

Macfarlane, D.J. and Wong, P. (2012) Validity, reliability and stability
of the portable Cortex Metamax 3B gas analysis system. Euro-
pean Journal of Applied Physiology 112, 2539-2547.

Mohr, M., Krustrup, P. and Bangsbo, J. (2003) Match performance of
high-standard soccer players with special reference to develop-
ment to fatigue. Journal of Sports Sciences 21, 519-528.

Rampinini, E., Coutts, A.J. Castagna, C. Sassi, A. and Impellizzeri, F.M.
(2007) Variation in top level soccer performance. International
Journal of Sports Medicine 28, 1018-1024

Rampinini, E., Impellizzeri, F.M. Castagna, C. Coutts, A.J. and Wisloff,
U. (2009) Technical Performance during soccer matches of the
Italian Serie A League: effect of fatigue and competitive level.
Journal of Science and Medicine in Sport 12, 227-233.

Reilly, T. and Ball, D. (1984) The net physiological cost of dribbling a
soccer ball. Research Quarterly for Exercise and Sport 55, 267-
71.

Reilly, T. (2005) An ergonomics model of the soccer training process.
Journal of Sports Sciences 23, 561-572.

Sanchez-Otero, T., Iglesias-Soler, E. Boullosa, D.A. and Tuimil, J.L.
(2014) Verification criteria for the determination of VO,max in
the field. Journal of Strength and Conditioning Research
28(12), 3544-3551.

Spencer, M., Bishop, D. Dawson, B. and Goodman, C. (2005) Physio-
logical and metabolic responses of repeated-sprint activities:
specific to field-based team-sport. Sports Medicine 35, 1025-
1044.

Sporis, G., Ruzic, L. and Leko, G. (2009) Fitness profiling in soccer:
Physical and physiologic characteristics of elite players. Jour-
nal of strength and Conditioning Research 23(7), 1947-1953.

Stolen, T., Chamari, K. Castagna, C. and Wisloff, U. (2005) Physiology
of Soccer. Journal of Sports Medicine 35, 501-536.

Tanner, R.K., Fuller, K.L. Ross, M.L. (2010) Evaluation of three porta-
ble blood lactate analyzers: Lactate Pro, Lactate Scout and Lac-
tate Plus. European Journal of Applied Physiology 109(3), 555-
559.

Vigne, G., Gaudino, C. Rogowski, I. Alloati, G. and Hautier, C. (2010).
Activity Profile in Elite Italian Soccer Team. International
Journal of Sports Medicine 31, 304-310.

Vogler, A., Rice, A. and Gore, C. (2010) Validity and reliability of the
Cortex Metamax3B portable metabolic system. Journal of
Sports Sciences 28(7), 733-742.

Westerblad, H., Allen, D.G. and Lannergen, J. (2002) Muscle fatigue:
lactic acid or inorganic phosphate the major cause? News in
Physiological Sciences 17, 17-21

Wisloff, U., Helgerud, J. and Hoff, J. (1998) Strength and endurance of
elite soccer players. Medicine and Science in Sports and Exer-
cise 30(3), 462-467.

Wong, D.P., Carling, C. Chaouachi, A. Dellal, A. Castagna, C. Chamari,
K.G. and Behm, D. (2011) Estimation of oxygen uptake from
heart rate and ratings of perceived exertion in young soccer
players. Journal of Strength and Conditioning Research 25(7),
1983-1988.

Ziogas, G.G., Patras, K.N. Stergious, N. and Georgoulis, A.D. (2011)
Velocity at lactate threshold and running economy must also
consider along with maximal oxygen uptake when testing elite
soccer player during pre-season. Journal of strength and condi-
tioning Research 25(2),414-419.



Manouvrier et al.

677

Key points

e “Footeval” is a new test for football that is able to
evaluate aerobic capacity in football specific condi-
tions.

e This study evaluates reproducibility and validity of
the “Footeval” test in elite football players.
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