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Abstract

The aim of the study was to compare the maximal aerobic speed (MAS) obtained from the VAM-EVAL and Yo-
Yo intermittent recovery test (YYIR1), with an incremental (1km.h"* per min) treadmill test in soccer players.
Eighteen amateur male soccer players, were evaluated with the following tests: a) a treadmill test to directly
determine values of maximal oxygen uptake (VO2max) and MAS (Treadmill); b) an indirect VAM-EVAL Test;
c) an indirect YYIR1. The results demonstrated that the last speed, distance, and test duration values are
significantly different among the tests (p<0.05)]. The highest MAS value was recorded during the treadmill test
(17.10+£1.38 km.h'?) which was significantly different from YYIR1 and VAM-EVAL tests (15.8240.66 and
14.3340.69 km.h-1, respectively; p<0.001). The analysis also showed that treadmill MAS value was significantly
correlated with YYIR1 MAS (r=0.656) and VAM-EVAL MAS values (r =0.625), also YYIR1 MAS value was
significantly correlated with VAM-EVAL MAS value (r=0.662). It was concluded that the MAS and the VO,max
values are significantly different among YYIR1, VAM-EVAL and selected treadmill protocol, and support the
idea that they should not be used interchangeably. From a practical perspective, MAS seems to be more important
for coaches than VO.max. Both laboratory and field tests can be useful for assessing MAS; however, field tests
should be preferred for training purposes.
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Futbolcularda laboratuvar ve saha testleri ile degerlendirilen maksimal aerobik hizin

karsilastirilmasi

0z

Bu calismanin amaci, futbolcularda VAM-EVAL ve Yo-Yo aralikli toparlanma testinden (YYIRI) elde edilen
maksimal aerobik hizi (MAS), siddeti kademeli artan (dakikada, 1 km/s) kosu band testinden elde edilen MAS ile
karsilastirmaktir. On sekiz amator erkek futbolcu (vas:25,94+5,13 yil, boy uzunlugu:177,77+4,89 cm, viicut
agirhigi:75,74+7,14 kg) asagidaki testlerle degerlendirilmistir: a) maksimal oksijen tiiketimi (VO,maks) ve MAS
(kosu band) degerlerini dogrudan belirlemek i¢in, bir kosu bandu testi; b) dolayli bir VAM-EVAL Testi; c¢) dolayli
YYIRI. Sonug¢lar son hiz, mesafe ve test siiresi degerlerinin testler arasinda énemli dlgiide farkli oldugunu
gostermigtir [YYIRI-NVAM-EVAL;YYIR1 - kosu bandi testi ve VAM-EVAL - kosu band: testi arasinda (p<0,001).
Diger taraftan, kosu bandi VOomaks degeri, YYIR1 VOomaks degeri ile dnemli 6l¢iide iligkili oldugu, ancak kosu
bandi VO,maks le VAM-EVAL VO.maks degeri arasinda ise anlamly bir iligki bulunmadigi tespit edilmigtir. Sonug
olarak, YYIR1, VAM-EVAL ve se¢ilen kosu bandi protokoliiniin MAS degerleri arasinda istatistiksel agidan iliski
bulunmasina ragmen, bulgularimiz MAS ve VOomaks degerlerinin YYIRI, VAM-EVAL ve secilen kosu bandi
protokolii arasinda onemli olgiide farkl oldugunu gostermekte ve birbirlerinin yerine kullanilmamas: gerektigi
fikrini desteklemektedir. MAS, antrendrler icin VOomax'ten daha dnemli goriinmektedir. MAS"t degerlendirmek
icin hem laboratuvar hem de saha testleri faydali olabilir; ancak antrenman amaglarina yonelik olarak saha
testleri tercih edilmelidir.
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INTRODUCTION

Soccer is an intermittent sport, which requires different physiological components (Stolen
et al., 2005). The physiological demands of soccer require players to be competent in several
aspects of fitness, which include aerobic and anaerobic power, muscle strength, flexibility and
agility (Svensson & Drust, 2005). Therefore, to achieve the goals of the training, exercise
individualization is a key factor in physical fitness improvement. For aerobic exercises,
parameters such as percentage of maximal oxygen consumption (VOzmax), percentage of
velocity at lactate / ventilatory thresholds, percentage of heart rate reserve (HRR), and
percentage of maximal aerobic speed (MAS) have been mainly used to adapt exercises to the
physiological features of each individual (Berthoin et al., 2006).

Maximal aerobic speed is one of the most important training components used to develop
soccer players’ aerobic power and is defined as the minimal speed that elicits the maximal
oxygen consumption (Di Prampero et al., 1986, Lacour et al., 1991). This parameter can be
expressed as a velocity, it became a great tool for coaches to define percentages to train. Field
tests such as VAM-EVAL and YO-YO, as well as various laboratory tests including the Astrand
modified running, Submaximal discontinuous treadmill (SUBMAX) protocol, Oxygen
Consumption till Exhaustion, VO2 max, and Vsub%95, are employed for the determination of
an individual's MAS level (Balasekaran et al., 2023). Laboratory performance tests are often
time-consuming and require expensive equipment (Paradisis et al., 2014), for this reason,
different field tests have been created to estimate MAS with sufficient accuracy. Shuttle run
test, 5-minute running field test, Yo-Yo intermittent recovery test level 1 (YYIR1), University
de Montreal Track-Test (UM-TT), and VAM-EVAL tests are the most known field tests used
to determine MAS (Lacour et al., 1991; Berthoin et al., 1994; Berthon et al., 1997; Brocherie
et al., 2008; Dupont et al., 2010).

Although there are sufficient studies in the literature comparing field tests and laboratory
tests in terms of MAS, the results are conflicting. It has been reported that the MAS data of
VAM-EVAL test was significantly lower than the MAS data of treadmill test (15.5 + 0.9 km.h"
1vs. 17.4 £ 1.4 km.h'%, respectively) in professional soccer players (Brocherie et al., 2008).
Consistent with these findings, in a study conducted on physical education students, it has been
determined that the MAS value (13.1+1 km.h) of shuttle run test was significantly lower than
running track and treadmill tests (15.8+1.9 km.h and 15.9 £2.6 km.h™?, respectively) (Berthoin
etal., 1994). The differences in test methodologies may explain those different findings. On the
other hand, Los Arcos et al. (2019) reported that the MAS value estimated by UM-TT (16.6 +
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0.8 km-h-1) was most likely greater than the MAS value determined by laboratory test (15.9 +
0.9 km-ht), additionally, the VO,max estimated by the UM-TT was most likely lower than the
VO2max determined on the treadmill.

Although previous studies (Lacour et al., 1991; Berthoin et al., 1994; Brocherie et al.,
2008; Dupont et al., 2010; Los Arcos et al., 2019) have already presented some evidence
relating to the MAS data, there is still need of knowledge about MAS determined by different
procedures. In particular, the high validity and reliability of laboratory tests are essential;
however, in practical settings, football teams may have limitations in terms of feasibility.
Therefore, investigating the differences between field tests used in practice and laboratory tests
is important for accurate performance assessment in soccer players. Therefore, this study aimed
to compare MAS and VO2max data gathered from the laboratory (incremental progressive
protocol conducted on treadmill) and field tests (YYIR1 and VAM-EVAL) in amateur soccer

players.

METHOD

Participant

Eighteen amateur male soccer players, (age 25.94 & 5.13 years, height 177.77 + 4.89 cm,
weight 75.74 £ 7.14 kg, percent body fat (%) 17.73 + 3.58) volunteered to participate in this
study. All players were selected from amateur teams and had at least six years of competitive
playing experience. A priori sample size was performed (G*Power, version 3.1.9.2, University
of Kiel, Germany) for an ANOVA of repeated measurements, which a determined effect size =
0.35, power = 0.85, one group and three measures (YYIR1, VAM-EVAL, Treadmill), and that
accordingly to these, the sample size should be seventeen participants. The study protocol
adhered to the ethical guidelines of the 1975 Declaration of Helsinki, and written informed
consents were obtained from all participants, who were completely informed about benefits,
and risks. As for the ethical issues, the local Research Ethics Committee approved the research
(Board approval numbers: 17052).

Procedures

The study was conducted on amateur soccer players during the preparation period of
training season, for this reason no familiarization measurements were done. However, the day
before the tests, there was no training the day before the tests to ensure that all players were
rested. On the first, anthropometry and body composition were carried out at the Laboratory of
Kinanthropometry at the Faculty of Sport Sciences, Eskisehir Technical University. Afterwards
laboratory and field tests were conducted. Experimental sessions were carried out at the same
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time of day and were separated by one week. YYIR1, VAM-EVAL test, and laboratory test
(incremental progressive exercise test) in order to determine MAS and VO2max.

Anthropometric data collection

A stadiometer mounted on the wall (Holtain, UK) was utilized to measure the standing
height of individuals without shoes, with measurements rounded to the nearest 0.1 cm. Body
mass was determined using an electronic scale (SECA, Hamburg) with a precision of £ 0.1 kg.
Moreover, the percentage of body fat (PBF) was evaluated using DXA technology (Lunar
Prodigy Pro; GE Healthcare, Madison, WI, USA) with a precision of + 0.1%. After collecting
anthropometric data, the physiological variables were assessed under the three distinct

conditions outlined below.

Yo-Yo intermittent recovery test level 1 (YYIR1)

The assessment involves performing shuttle runs over a distance of 2 x 20 meters,
shuttling back and forth between the start, turning, and finish lines. The speed of the shuttle
runs progressively increases and is controlled by auditory cues from a computer. After each
running segment, there is a 10-second period of active rest, involving 2 sets of 5 meters of
jogging. This particular test format includes 4 running segments covering speeds from 10 to 13
km/h (0 to 160 m), followed by 7 runs at 13.5 to 14 km/h (160 to 440 m). Subsequently, the
speed increments by 0.5 km/h after every 8 running segments until the participant reaches
exhaustion, following the protocol established by Krustrup et al. (2001) and Dupont et al.
(2010). During the test, players receive verbal encouragement, and the test concludes if a
participant fails to complete the shuttle run in time on two occasions. Recorded parameters
include the total distance covered in meters, the time taken in minutes and seconds, and the

maximum speed reached during the final completed shuttle run (Roe and Malone, 2016).

The Maximum Aerobic Speed (MAS) and VO2max values for the Yo-Yo Intermittent
Recovery Test Level 1 (YYIRL1) are calculated using Equation 1 (Kuipers et al., 1985; Dupont
et al., 2010) and Equation 2 (Bangsbo et al., 2008) as follows:

YYIR1 MAS =V + 0.5 x (n/8) [Equation 1]

Within the equation, V symbolizes the velocity attained during the penultimate stage,
where the value 0.5 signifies the speed increment after each stage (in km/h), and n indicates the

count of runs within each stage starting from 14.5 km/h (Dupont et al., 2010).
The calculation for maximal oxygen consumption (VO2max) in milliliters per kilogram
per minute (ml.kg-1.min-1) is carried out using Equation 2 as follows:
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VO2max = (YYIRI distance in meters) x 0.0084 + 36.4 [Equation 2]

The VAM-EVAL.: Continuous multistage field test

The VAM-EVAL test commences at a running speed of 8 km/h, followed by a continuous
increase in speed by 0.5 km/h each minute until the point of exhaustion. Participants adjusted
their running pace according to auditory cues presented at 20-meter intervals, marked by cones
placed along a 200-meter long athletics track. The test was concluded if a participant failed to
reach the subsequent cone in time on two occasions. Throughout the test, researchers and
coaches provided verbal encouragement to the players. Recorded data encompassed the total
distance covered in meters, the time taken in minutes and seconds, and the highest speed
achieved (the last recorded speed in km/h) during the final completed run. The maximum speed
attained by players during the last 1-minute segment of the test was taken as their MAS in km/h
(Mendez-Villanueva et al., 2010). In cases where the last phase was not completed in its
entirety, the MAS was determined using the equation developed by Kuipers et al. (1985) as

shown in Equation 3.
VAM-EVAL MAS =V + 0.5 x (t/60) [Equation 3]

In the provided equation, V denotes the velocity during the penultimate stage, while the
value 0.5 signifies the incremental change in velocity between consecutive stages (in km/h).
The variable "t" represents the duration in seconds for which the last stage was maintained, and
"60" corresponds to the total seconds in the stage. This adjusted velocity achieved during the
test was then utilized to calculate VO,max using Equation 4, where "v" stands for the adjusted
velocity (MAS) in km/h, referring to the work of Léger and Mercier (1983) and Brocherie et al.
(2008).

The calculation for maximal oxygen consumption (VO2max) in milliliters per kilogram

per minute (ml.kg-1.min-1) is performed using Equation 4 as follows:
VO max = 1.353 + (3.163 x v) + 0.0122586 x v [Equation 4]

Laboratory test

The determination of MAS and VO2max was conducted on a motor-driven treadmill
(Cosmed T150, Italy) through an incremental progressive protocol adapted from Midgley et al.
(2007). The test commenced with an initial running speed of 8 km/h (at 0% incline) and was
subsequently subjected to a 1 km/h increment every minute. Throughout the test, the oxygen
consumption (VOy), carbon dioxide (VCO.), and heart rate (HR) were continuously measured
using the computerized breath-by-breath analysis system Master Screen-CPX (Care Fusion,
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Germany). The gas analyzer underwent calibration before each session according to the

manufacturer's guidelines.

To ascertain the VOzmax value, the mean of the final 30 seconds of the test was taken.
Likewise, the MAS value was derived from the mean speed recorded during the last 30 seconds.
VO2max was deemed to be achieved if two consecutive workloads demonstrated either no
increase (< 2.1 ml.kgt.min) in VO, or if at least two of the following criteria were met: i) the
respiratory exchange ratio (RER) exceeded 1.10, or ii) the participants attained their age-
predicted maximum heart rate (220 - age). Parameters recorded included total distance covered
(in meters), time taken (in minutes and seconds), and the maximum speed achieved (the last

recorded speed in km/h) at the final stage.

Statistical analyses

The statistical analysis was conducted using SPSS software (version 18, IBM, Chicago,
USA), where statistical significance was set at p < 0.05. The normality of the data was assessed
using the Shapiro-Wilk test, which indicated that all data followed a normal distribution. As a
result, repeated measure ANOVA was employed to compare both the MAS and VO,max data,
with a Bonferroni correction employed for multiple comparisons. In the context of ANOVA,
the partial eta-squared (%) was calculated as a measure of effect size. The interpretation of
np2 effect sizes was as follows: 0.01 denoted a small effect, 0.06 signified a medium effect,
and 0.14 indicated a large effect. For the presentation of results, all values were expressed as
means + standard deviation (SD). Furthermore, individual data for both MAS and VO2max

were visualized in figures.

RESULTS

Table 1 presents the physical performance data encompassing speed, distance, and test
duration. The outcomes unequivocally illustrate notable variations in the last achieved speed
(both in km/h and m/sec), covered distance (in meters), and test duration among the distinct
experimental sessions (p<0.001). Specifically, the highest speed was attained during the
treadmill test, while the longest distance was achieved in the VAM-EVAL test. Further pairwise
comparisons indicate significant disparities across the investigated variables when comparing
YYIR1 with VAM-EVAL tests, YYIR1 with treadmill tests, and also between VAM-EVAL
and treadmill tests (p<0.05).
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Table 1. The physical performance data of the soccer players

YYIR1 VAM-EVAL Treadmill F pvalue 1-p Mnp?
Sg’lf;dﬁ_'f)“ 16.0820.62 14.50+0.64 1 17.39+1.42 ** 82683  p<0.001 1.000 0.83
Distance oo
(m) 1604.44+425.51 2624.294+325.12 1 2069.39+386.06 85.799 p<0.001 1.000 0.84
Test 13 min4 sect3 min 14 min 48 sec + 9 min 54 sec+]l min
duration 20 sec 1 min 34 sec 28 sec
(min and (784.33+200.89 (887.86+82.36 (594.17+78.28sec) 41.914 p<0.001  1.000 071
sec) sec) sec) # faled

Speed last: the speed at which the test ended; ** p<0.001 significantly different from YYIR1 and VAM-EVAL
tests, # p<0.05 and § p<0.001 significantly different from YYIRI1 test.

Figure 1 and Figure 2 display the physical performance data for MAS and VO2max,
respectively. The outcomes reveal significant disparities in both MAS (in km/h) and VO2max
(in ml.kg-1.min-1) values among the experimental sessions (F=78.423, p<0.001, 1p>=0.82,
1B=1.000, and F=71.176, p<0.001, 1p>=0.81, 1-B=1.000, respectively). The peak MAS value
was achieved during the treadmill test (17.10+1.38 km/h), signifying a substantial difference
from the MAS values in the YYIR1 and VAM-EVAL tests (15.82+0.66 and 14.33+0.69 km/h,
respectively; p<0.001). Furthermore, the MAS value recorded in the VAM-EVAL test
significantly differed from that in the YYIRL1 test (p<0.001). Parallel to the MAS findings, the
highest VO2max value emerged from the treadmill test (60.58+6.10 ml.kg-1.min-1), indicating
a significant discrepancy when compared to the VO>max values in the YYIR1 and VAM-EVAL
tests (49.88+3.57 and 49.19+2.42 mlkglmin?, respectively; p<0.001). No significant
difference was observed between YYIR1 and VAM-EVAL tests in terms of VOzmax
(p=0.884).
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Figure 1. Maximum aerobic speed data of different experimental sessions.
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MAS: maximum aerobic speed; ** p<0.001 significantly different from YYIR1 and VAM-
EVAL tests, § p<0.001 significantly different from YYIR1 test. The figure shows individual

data points and mean + SD values.
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Figure 2. Maximum oxygen consumption data of different experimental sessions.
VO2max: maximum oxygen consumption; ** p<0.001 significantly different from YYIR1 and
VAM-EVAL tests. The figure shows individual data points and mean + SD values.

Regarding the correlation coefficients among the three distinct experimental sessions,
the results indicate several significant relationships. Specifically, the treadmill MAS value
exhibited a significant correlation with YYIR1 MAS (r=0.656; p<0.01) and VAM-EVAL MAS
values (r=0.625; p<0.01). Similarly, the YYIR1 MAS value demonstrated a significant
correlation with the VAM-EVAL MAS value (r=0.662; p<0.01).

Conversely, the treadmill VO2max value showed a significant correlation with YYIR1
VO2.max value (r =0.632; p<0.01). However, no significant correlation was identified between
the treadmill VO2max and VAM-EVAL VO.max values (r=0.368; p>0.05). Notably, a robust
correlation coefficient of r=0.661 (p<0.01) was observed between the VAM-EVAL VO.max
value and YYIR1 VO2max value.

DISCUSSION AND CONCLUSION
The aim of this study was to analyze and contrast the MAS and VO.max data acquired
from three distinct tests: VAM-EVAL, YYIR1, and an incremental treadmill test (with a speed
increase of 1 km/h per minute) in soccer players. The key outcomes of this investigation
demonstrate noteworthy disparities in terms of the last achieved speed, covered distance, and
overall test duration among the various tests. These differences were observed when comparing
YYIR1 versus VAM-EVAL, YYIRL1 versus treadmill tests, and VAM-EVAL versus treadmill
tests (p<0.001). Moreover, a significant correlation was identified between the MAS value
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attained during the treadmill test and the MAS values obtained from the field tests. On the other
hand, the VO2max value determined by laboratory test significantly correlate with YYIR1
VO2.max value, but do not significantly correlate with VAM-EVAL VO>max value. A study
involving professional soccer players established a significant difference in test duration
between VAM-EVAL and the treadmill test (16+1.8 minutes vs. 10.4+1.4 minutes,
respectively; p<0.01), as reported by Brocherie et al. (2008). In line with these findings, the
present study also reveals that the test duration for field tests is notably longer than that of the
treadmill test (13 minutes 4 seconds and 14 minutes 48 seconds vs. 9 minutes 54 seconds,
respectively). Conversely, Brocherie et al. (2008) found that the MAS derived from the VAM-
EVAL test was significantly lower than the MAS determined through the treadmill test
(15.5£0.9 km/h vs. 17.4£1.4 km/h, respectively; p<0.01). However, Ahmaidi et al. (1992)
demonstrated that the MAS value of the 20-meter shuttle run test (20-MST) was lower
compared to both the treadmill test (16.3%) and the UM-TT (19.3%). One can argue that the
disparities in the literature's results can be attributed to factors such as the comparison of direct
and indirect measurement methodologies and variations in the formulas employed for

estimating indirect measurements

Furthermore, it has been documented that the peak velocity in the Yo-Yo Intermittent
Recovery Test Level 1 (YYIR1) is notably lower than the peak velocity in a standard treadmill
protocol (Castagna et al., 2008). Consistent with similar studies mentioned above conducted on
soccer players, our study's results indicate that the MAS from the treadmill test is significantly
higher than the MAS derived from field tests. In our study, the laboratory test commenced at a
speed of eight km/h, identical to the VAM-EVAL test's starting speed. Additionally, to maintain
uniform conditions, a protocol with zero slope was adopted. However, unlike the field tests, the
speed increment was set at one km/h per minute instead of 0.5 km/h per minute. This difference
in speed increment may contribute to the laboratory test concluding earlier and yielding a higher
maximum speed result. Furthermore, in the current study the MAS value recorded for the
YYIRL1 test was significantly higher than the VAM-EVAL test’s MAS value (p<0.001). This is
probably because of the ten-second rest intervals, which are thought to provide recovery, after
every 40-meter shuttle run (Bangsbo et al., 2008). These recovery periods, additionally the stops
and the returns after every 20 meters may be the main reasons of different physiological
responses. A study comparing the intermittent (YYIR1) and the continuous (UM-TT) exercise
protocols has been indicated that the peak velocities of the YYIR1 and UM-TT tests should not

be used interchangeably (Dupont et al., 2010). However, contrasting outcomes to those
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aforementioned studies have also surfaced (Berthoin et al., 1996; Silva et al., 2011) wherein no
significant distinctions between the tests were observed. Berthoin et al. (1996) reported that
maximal speeds achieved on both the treadmill and the track were not significantly divergent;
the comparable speed increments possibly contributing to this result. Notably, a potential
elevation in the energy expenditure during treadmill testing, especially when set at a 3% incline,
might have led to the MAS treadmill being lower than the MAS UM-TT. Similarly, Silva et al.
(2011) found no noteworthy differences between peak running velocity in Carminatti's test and

the VO2max test conducted on the treadmill.

Brocherie et al. (2008) reported that the MAS data from the VAM-EVAL test did not
correlate with the treadmill velocity at VO.max. Conversely, research conducted on amateur
soccer players revealed a significant correlation between the MAS derived from the Université
de Montréal Track Test (UM-TT) and the YYIR1 MAS value (Dupont et al., 2010). Similarly,
Los Arcos et al. (2019) reported a strong correlation (r>0.67) between the MAS measured on
the UM-TT and the MAS measured on a treadmill in young soccer players. Furthermore, Lacour
et al. (1991) found that while the velocity corresponding to the last stage of the UM-TT was
slightly higher than the intermittent graded treadmill test performed on well-trained runners,
these two velocities were highly correlated (r=0.92, p<0.001). Consistent with the studies
mentioned above, the findings of our present study results were correlated among the MAS data
obtained from the treadmill, YYIR1, and VAM-EVAL tests (r>0.620). The results of this study,
particularly in similarity to the recent study by Los Arcos et al. (2019), are noteworthy for their

correlation coefficient.

Similar to the MAS data, the highest recorded VO2max value in our current study was
obtained during the treadmill test (60.58+6.10 ml.kg™.min™), which significantly differed from
the VO2max values of the YYIR1 and VAM-EVAL tests (49.88+3.57 and 49.19+2.42 ml.kg
1 min?, respectively; p<0.001). These results align with previous research findings. For
example, Brocherie et al. (2008) indicated that the VO>max estimated from the VAM-EVAL
test was notably lower (-7.3%) than the VO.max measured during the treadmill test among
professional soccer players. Additionally, Los Arcos et al. (2019) demonstrated that the

VO;max estimated by the UM-TT was likely lower than the VO2max measured on a treadmill.

In a study by Alemdaroglu et al. (2012), direct measurement of VO2max using a portable
breath-by-breath system was compared with VO.max estimates from three different
performance tests: YYIR1, 20-meter multistage fitness test (MST), and Bruce treadmill test
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(BTRT). The results showed no significant differences in measured VOzmax values among the
tests. However, VO2max values estimated from the YYIR1 test were significantly lower than
those estimated from the MST and BTRT. In contrast to this study, our present study's results
indicate no significant differences between the VOmax values estimated from the YYIR1 and
VAM-EVAL tests. It can be stated that one of the reasons for this is the non-identical nature of
the test procedures used in the mentioned study and the differences in the formulas utilized for

estimation.

Darendeli et al. (2021) demonstrated that the final scores obtained from the Yoyo IRT1,
20-meter shuttle run test (20-MST), and 5-minute time trial (5 min-TT) did not align with the
speed of VO,max (sVO2max) when considered individually. However, the final speed values
achieved during Yoyo IRT1 and 20-MST correlated well with the speed of VO2max values
derived from The Université de Montréal Track Test (UMTT) in our population of regional-
level amateur soccer players. This suggests that the equation models of Yoyo IRT1 and 20-
MST could be utilized for predicting sVO2max values. Benhammou et al. (2021) compared the
performance and physiological responses obtained from a new intermittent field test (Test3L)
with those from a standard continuous test (TestVAM) and examined its reproducibility. They
have demonstrated that the three-level test enabled the acquisition of a reproducible MAS,
comparable to that of a traditional test like VAM-EVAL. Consequently, both MAS and the
maximum heart rate derived from Test3L could be employed in the design of training programs.
It is mentioned that practitioners can use sVO2max to prescribe a 10-minute HIIT session
consisting of 15-second work and passive recovery intervals (Bok et al., 2023). Additionally, it
has been indicated that when prescribing short-format HIIT, the 30-15 intermittent fitness test,
which takes into account the portion of the anaerobic speed reserve (ASR) in the final test speed,
leads to a more homogeneous cardiopulmonary response compared to prescribing based solely
on MAS (Buchheit et al., 2021).

The results of the current study demonstrate a significant correlation between the VO,max
values obtained from the treadmill test and those from the YYIR1 test, whereas no significant
correlation was observed between the treadmill VO2max value and the VAM-EVAL VO2max
value. A study involving young soccer players found a strong correlation between VO2max
values derived from treadmill and shuttle run tests (r=0.69) (Higino et al., 2017). However,
Higino et al. (2017) highlighted that, despite this strong correlation, the VO>max determination
they employed the shuttle run test did not appear to be a robust predictor of aerobic fitness
among young soccer players. Contrary to the current study’s findings, studies conducted on
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soccer players have reported no significant correlations among VO2max values determined
from different tests [e.g. between YYIE2 test, shuttle run test, and treadmill test (Aziz et al.,
2005); between YYIR1 and treadmill tests (Castagne et al., 2006)]. The differences in results
in the literature can be attributed to factors such as participant characteristics, variations in
measurement methods, especially the comparison of direct and indirect measurement

methodologies, and differences in the formulas used for estimation.

Limitations

We acknowledge that certain facets of the study's design and execution could potentially
constrain the interpretation of our results. Firstly, we estimated the VO.max from performance
of the field tests instead of measure directly the VO during the field tests. Second, we did not
monitor the heart rate simultaneously during the field tests, which may limit our findings. Third,

the treadmill protocol selection may have affected the results.

Practical application

Although a strong relationship exists between the measured VO2max and the estimated
VO2.max from the YYIRL1 test, coaches in practical settings are likely to prioritize the absolute
performance in the field tests specifically, the distance covered during the tests. This directly

reflects a player's endurance level, which holds more relevance than their oxygen uptake rate.

In summary, while a significant correlation is evident among the MAS values of YYIR1,
VAM-EVAL, and the selected treadmill protocol, our findings emphasize that the MAS and
VO.max values substantially differ across YYIR1, VAM-EVAL, and the chosen treadmill
protocol. This underscores the notion that these values should not be used interchangeably.
Furthermore, the direct comparison between field tests and laboratory tests does not appear to

be a reasonable approach.

Recommendations

In summary, while a significant correlation is evident among the MAS values of YYIR1,
VAM-EVAL, and the selected treadmill protocol, our findings emphasize that the MAS and
VO2max values substantially differ across YYIR1, VAM-EVAL, and the chosen treadmill
protocol. This underscores the notion that these values should not be used interchangeably.
Furthermore, the direct comparison between field tests and laboratory tests does not appear to
be a reasonable approach.
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GENISLETILMIS OZET

GIRiS

Futbolun fizyolojik ihtiyaglari, oyuncularin aerobik ve anaerobik gii¢, kas kuvveti, esneklik ve
ceviklik gibi birkag fitness yoniinde yeterli olmalarini gerektirir (Svensson & Drust, 2005). Bu nedenle,
antrenmanin hedeflerine ulagsmak i¢in egzersiz bireysellestirilmesi, fiziksel fitness gelisiminde kilit bir
faktordiir. Aerobik egzersizler ic¢in, maksimal oksijen tiiketiminin yiizdesi (VO.maks), laktat /
ventilasyon esiklerinde hizin yiizdesi, kalp atis hizi rezervinin yilizdesi (HRR) ve maksimal aerobik hizin
ylizdesi (MAS), egzersizleri her bireyin fizyolojik ozelliklerine uyarlamak i¢in baglica kullanilan

parametrelerdir (Berthoin ve ark., 2006).

Son zamanlarda, MAS (Maksimal Aerobik Hiz), futbol oyuncularinin aerobik giiclerini
gelistirmek i¢in kullanilan en 6nemli antrenman bilesenlerinden biridir ve maksimal oksijen tiikketimini
en ist diizeye ¢ikaran minimal hiz olarak tanimlanir (Di Prampero Ve ark., 1986; Lacour ve ark., 1991).
Bu parametre hiz olarak ifade edilebilir ve antrendrler i¢in yiizde degerlerini belirlemek i¢in biiyiik bir
arag haline gelmistir. Bir¢cok laboratuvar ve saha testi bireysel MAS seviyesini belirlemek i¢in kullanilir.
Laboratuvar performans testleri genellikle zaman alic1 ve pahali ekipman gerektirir (Paradisis ve ark.,

2014); bu nedenle, yeterli dogrulukla MAS'1 tahmin etmek i¢in farkli saha testleri olusturulmustur.

Onceki galismalar (Lacour ve ark., 1991; Berthoin ve ark., 1994; Brocherie ve ark., 2008; Dupont
ve ark., 2010; Los Arcos ve ark., 2019), MAS verileri ile ilgili baz1 kamitlar sunmus olsa da, farkli
yontemlerle belirlenen MAS hakkindaki bilgiye hala ihtiya¢ vardir. Bu nedenle, bu ¢alisma amator
futbol oyuncularinda laboratuvar (kosu bandinda artan ilerleyici protokol) ve saha testleri (YYIR1 ve
VAM-EVAL) ile toplanan MAS ve VO.maks verilerini karsilastirmay1 amaglamigtir.

YONTEM

Caligmaya 18 amator erkek futbolcu goniillii olarak katilmigtir. Boy uzunlugu ve viicut agirligi
iki kez alinmis ve iki 6l¢timiin ortalamasi, 6l¢iim sonucu olarak kaydedilmistir (Lohman ve ark., 1988).
Viicut kompozisyon parametreleri Dual enerji X-1s1n1 absorptiometrisi (DEXA) cihazi ile belirlenmistir.
Tim katilimcilarin MAS ve VO;maks'ini belirlemek i¢in YYIR1 testi, VAM-EVAL testi ve laboratuvar
testi (kademeli siddeti artan) yapilmistir. Ug farkli test, birer hafta arayla, ayr1 giinlerde ve giiniin ayni
saatinde gerceklestirilmistir. Caligma, antrenman sezonunun hazirlik déneminde yapilmigtir. Testlerden

bir giin 6nce, tiim oyuncularin antrenman yapmadigi ve dinlendirildigi bir giin saglanmistir.

BULGULAR

Istatistiksel analizler sonucunda son hiz, mesafe ve test siiresi degerlerinin testler arasinda énemli
olgiide farkli oldugunu gostermistir. En yiiksek son hiz degeri, YYIR1 ve VAM-EVAL testlerinden
anlamli olarak farkli olan kosu band testi (17,10 £1,38 km / saat) sirasinda kaydedilmistir (sirasiyla
15,82+0,66 ve 14,33 + 0,69 km / saat; p <0,001). En fazla mesafe vameval testinde, test siiresi olarak en

kisa kosu bandinda gorilmiistiir.
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En yliksek MAS degeri, YYIR1 ve VAM-EVAL testlerinden anlamli olarak farkli olan kosu
bandi testi (17,10+1,38 km / saat) sirasinda kaydedilmistir (sirasiyla 15.82 + 0.66 ve 14,33+0,69 km /
saat; p<0,001). Ayrica analizler sonucunda, kosu bandit MAS degerinin YYIR1 MAS ve VAM-EVAL
MAS degerleri ile anlamli diizeyde korelasyon gosterdigini, ayrica YYIR1 MAS degerinin VAM-EVAL
MAS degeri (r>0,62) ile anlamli korelasyon gosterdigi bulunmustur.

MAS verilerine benzer sekilde, en yiiksek VO.maks degeri, YYIR1 ve VAM-EVAL testlerinden
(49,88+3,57 ve 49,19+2,42 ml) 6nemli dl¢iide farkli olan kosu bandi testi sirasinda (60,58 + 6,10 ml.kg"
! dak?) kaydedilmistir. Ote yandan, kosu band1 VO,maks degeri, YYIR1 VO,maks degeri ile dnemli
olgtide korelasyon gostermistir, ancak kosu bandi VO,maks ile VAM-EVAL VO,maks degeri arasinda

anlamli bir korelasyon saptanmamistir

TARTISMA VE SONUC

Bu c¢alismanin amaci, ii¢ farkli testten elde edilen Maksimal Aerobik Hiz (MAS) ve maksimal
oksijen tiiketimi (VO2maks) verilerini analiz etmek ve karsilagtirmaktir. Bu aragtirmanin temel
sonugclari, farkli testler arasinda son ulasilan hiz, katedilen mesafe ve genel test siiresi agisindan dikkate
deger farkliliklar gostermektedir. Bu farkliliklar, YYIR1 ile VAM-EVAL, YYIR1 ile kosu band testleri
ve VAM-EVAL ile kosu bandi testleri arasinda karsilastirildiginda gézlenmistir (p<0,05).

Ayrica, kosu bandi testi sirasinda elde edilen MAS degeri ile saha testlerinden elde edilen MAS
degerleri arasinda anlamli bir korelasyon belirlenmistir. Diger taraftan, laboratuvar testiyle belirlenen
VO.maks degeri YYIR1 VOzmaks degeri ile anlamli bir sekilde iligkili oldugu, ancak VAM-EVAL

VO.maks degeri ile anlamli bir iligki géstermemistir.

Sonug olarak, futbolcularda VO,maks belirlemek i¢in kosu bandi testleri, VAM-EVAL testine
gbre daha dogru bir yontem gibi gériinse de pratik bir bakis agisiyla MAS, antrenérler igin VO,maks
'dan daha 6nemli goriinmektedir. MAS' incelemek i¢in hem laboratuvar hem de saha testleri yararli

oldugunda, saha testleri antrenman amaciyla secilmelidir.
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