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Abstract: Argentina is the current and three-time “World Cup” Champion, as well as the current
and most successful team in “Copa América” history. We aimed to evaluate the cardiopulmonary
fitness profile of youth soccer players from the first league of the Argentine Football Association
(AFA). We evaluated ten highly trained youth soccer players from the AFA by applying an on-field
cardiopulmonary exercise test (20-meter Shuttle Run Test - 20m-SRT) with wearable gas analyzer
(mix-chamber mode). Mean velocity at maximal oxygen uptake (vVOzmax) was 12.3+0.7 km-h-. The
maximal oxygen uptake (VOamax) on-field was 67.1 + 5.3 mL-kg-'min-\. The VO at the first and
second ventilatory thresholds (VT1 and VT2) were identified at 67.0+3.0% and 84.7 + 3.7%,
respectively. Argentine soccer players exhibit exceptional cardiopulmonary fitness, comparable to
that of professional athletes, underscoring their potential for high performance. Support staff, fitness
or health professionals, and researchers can now compare cardiopulmonary differences between
Argentine youth soccer players and other populations.

Keywords: Soccer; Cardiorespiratory Fitness; CPET; 20m-SRT; Training Process; Sports Training

1. Introduction

Maximal oxygen uptake (VOzmax) is one of the most studied indicators of physical fitness across
different approaches and age groups [1,2]. It has been used to categorize levels of physical activity
and its relationship with coronary heart disease mortality [3]. From a sports perspective, VOzmax has
been used to compare athletes and different sports, monitor performance, and verify changes among
other applications [4-8]. Typically, treadmill or cycle ergometer are used to access VOzma, allowing
for the dynamic analysis of cardiopulmonary responses [1]. In fact, it delivers information of VOzmax
related variables (e.g., velocity at maximal oxygen uptake —vVO:max), ventilatory thresholds, heart
rate, and respiratory quotient, among others [1].

We are observing an increasing interest in this physiological parameter among pediatric and
adolescent populations [2,9]. Nevertheless, some studies involve quite heterogeneous populations,
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including school-aged youth, young athletes in training, and young athletes with professional
prospects [10-13]. Baquet et al. [10] analyzed the response to seven weeks of high-intensity endurance
training in schoolchildren aged 9 to 10 years. The authors measured VO:max on-field using the 20-
meter shuttle run test (20m-SRT), where the schoolchildren improved their VO2max by ~8% [10]. Ruiz
etal. [12] compared values of VO:max from schoolchildren when applying the 20m-SRT, and observed
excellent correlation (r = 0.97) between on-field measured and estimated VOamax values [12]. Ramirez
et al. applied the 20m-SRT with gas analysis in adolescents to study the association between VOamax
and physical activity levels [11]. Bruzzese et al. [13] analyzed VO: kinetics during a simulated
competition in adolescent tennis players. All these studies have something in common, they
employed on-field tests using portable or wearable equipment for gas exchange assessment, allowing
researchers explore VO: response and related variables among different scenarios [10-13].

Despite that, studies measuring VOamax in youth and/or adolescent soccer players are scarce.
Chamari et al. [5] reported average VO:max values of 4.3 + 0.4 L-min (61.1 + 0.4 mL-kg-min")
adolescent soccer players. Gomez-Piqueras et al. [6] measured VOamax in soccer players under 15
years old, reporting average values of 56 mL-kg-‘min~!, however, they do not report data in absolute
terms (L-min). In younger age categories, scientific evidence in soccer is limited [14]. However, these
studies have directly measured VO:max by applying protocols on treadmills. While VOazmax values
should not differ from those obtained in field tests, a significant disparity in the velocity at which
VOazmax is reached (vVOamax) would be expected, with lower values observed in field tests [8,15]. The
vVOamax is typically used by coaches to segment training loads at these ages [8,16].

Argentina being the current and three-time World Cup champion, as well as the current and
most successful team in Copa América history, but there are no cardiopulmonary related studies on
this population. On-field tests, particularly if using portable or wearable equipment for gas exchange
assessment, are valuable to better understand the cardiopulmonary response in soccer players,
providing relevant health and performance related information for the development of youth and
professional athletes. Thus, the primary aim was to identify on-field cardiopulmonary fitness profile
of youth players from the Argentine Football Association (AFA). Our hypothesis was that youth
players from AFA have lower cardiopulmonary fitness than elite first-division soccer players.

2. Materials and Methods

2.1. Participants

The study population consisted of ten (N = 10) highly trained youth Argentine soccer players
participating in the first league of the Argentine Football Association (AFA) in the youth categories.
Regarding inclusion criteria, participants should be federated AFA soccer player, actively competing,
and having trained continuously for at least two years. This study was approved by the Ethics
Committee while adhering to Resolution 1480/11 of the Ministry of Public Health of Argentina. All
players received medical clearance from the club's physician, including a physical fitness
certification, and parental approval was obtained.

2.2. Procedures

The experimental protocol took place in Buenos Aires, Argentina, in November 2022, during the
break for the Qatar 2022 World Cup. The players were scheduled to arrive at 9:00am. Measurements
were taken on the training field with the players wearing their competition attire (Figure 1). Each
volunteer completed one testing session under similar atmospheric conditions. Each session
comprised anthropometric assessments, baseline measurements (5 min of passive rest), 5 min on-
field warm-up at a moderate intensity followed by 5 min of passive recovery, and an on-field 20m-
SRT while coupled with a wearable metabolic system for cardiopulmonary assessment.
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Figure 1. Clothing, measurement location, and the wearable metabolic system

2.3. Anthropometric Component

Body mass and standing height were measured according to the protocols established by the
International Society for the Advancement of Kinanthropometry. The players were weighed without
shoes using a portable electronic scale (TANITA) with a resolution of 0.1 kg. Height was measured
with a stadiometer (SECA 206). Body Mass Index (BMI; kg-m2) was calculated. Peak height velocity
(PHV) was estimated [17].

2.4. Cardiopulmonary Component and 20-Meter Shuttle Run Test

The cardiopulmonary exercise test was conducted on-field using the 20-meter shuttle run test
(20m-SRT) [16,18]. This test involves running back and forth between two lines set 20 meters apart,
following the pace set by an audio signal. The test starts at a running velocity of 8.5 km-h' and
increases by 0.5 km-h! each minute. The average temperature during the test ranged from 22 to 24°C.

All participants used a portable gas-analyzer for cardiopulmonary assessment, the K5 wearable
metabolic system® (Cosmed K5, Cosmed, Rome, Italy), Initially, preliminary warm-up and
calibration routines were applied according to the manufacturer’s instructions. Pulmonary gas
exchange was continuously measured using the mixed chamber method, at rest (2 min) and during
the 20-mSRT. The mixing chamber option applied to K5, involves a dynamic micro-mixing chamber
technology (IntelliMET™, Patent US 9581539) where proportional fractions of expired gas of some
breaths are sampled inside a small chamber of ~2 mL (a conventional mixing chamber has 6-8 L),
thus a moving average of gas fractions is obtained to calculate mean VO: and carbon dioxide
production (VCO2) values.

First (VT1) and second ventilatory thresholds (VT2), their respective running velocities (vVT1
and vVT2), as well as the respiratory exchange ratio (RER), were calculated (19). The VOamax and
respective velocity (vVOzmax) was accepted when at least two of the following criteria were met: a)
flattening off VOzmax despite an increase in running velocity (AVO: < 150 ml Oz), b) reaching an RER
of 1.09 or higher, and c) inability to continue running. All participants avoided vigorous exercise in
the previous 24 h, were well-fed and hydrated, and abstained from caffeine, alcohol, or any stimulant
drink the day prior to and on test days. Similar meals 24 hours before both tests were recommended
for the participants.
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2.5. Statistical Analysis

The sample size was selected by convenience, focusing on highly trained Argentine soccer
players participating in the first league of the Argentine Football Association (AFA) in the youth
categories. Normality was verified and confirmed with the Shapiro-Wilk’s Test, with alpha
significance level established at 0.05. A descriptive analysis was applied and reported for all
variables.

3. Results

A total of 10 male youth soccer players were measured on-field. The average maturational age
was at the point of peak height velocity (PHV). However, the minimum and maximum values found
indicate that there were children who were -2.17 years and +2.16 years from PHV, suggesting they
were between Tanner stages 2 and 5. Figure 2 (Panel A and B) displays the VO2 and VCO: kinetics,
along with the identification of the ventilatory thresholds VT1 and VT2 of a single participant. Figure
2 panel C shows mean values and standard deviations for VO2 at VT1, VOat VI2 and VOzmax, and
respective velocities during the 20m-SRT.
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Figure 2. Plots from a representative participant showing VO2 and VCO: vs time during a 20m-SRT
(Panel A), and ventilatory thresholds VT1 and VT2 (panel B); Panel C shows mean values and
standard deviations for VO2 at VT1, VO at VT2 and VOzmax, and respective velocities during the 20-
meter shuttle run test (20m-SRT; N=10).

4. Discussion

The main aim of the current study was to identify on-field cardiopulmonary fitness profile of
youth players from the Argentine Football Association (AFA). This was the first time such on-field
measurements were conducted at in Argentina with youth soccer players (see Table 1 and Figure 2).

Table 1. Anthropometrics and cardiopulmonary response to a 20-meter shuttle run test (20m-SRT;
N=10) while using a wearable metabolic system. There are displayed mean + SD values with
respective 95% confidence intervals.

Anthropometrics
Mean + SD 95%CI
Age (years old) 13.6+1.5 12.5 to 14.6
Body mass (kg) 56.7 £11.8 48 to 65
Height (cm) 163.9 +12.3 155 to 172

BMI (kg-m?) 209+22 19.3 to 22.4


https://doi.org/10.20944/preprints202410.2017.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 October 2024

d0i:10.20944/preprints202410.2017.v1

PHYV (years) 01+14 -0.93 to 1.09
20m-SRT
Shuttles (n) 74.2 £14.0 64 to 84
Total distance (m) 1484.0 +£279.2 1284 to 1683
Stage achieved 85+14 7.5t09.4
Maximal Velocity (km-h) 12.3+0.7 11.7 to 12.7
Cardiopulmonary
VOzmax (mL-kg-min-1) 67.1+5.3 63.2 to 70.8
VO2zmax (L-min) 3.82+0.88 3.20 to 4.45
vVOamax (km-h) 12.3+0.7 11.7 to 12.7
VOzat VT1 (mL-kg!-min) 449+33 42.5 to 47.2
VO:at VT2 (mL-kg'min-) 56.8 +3.8 54 to 59
VO2at VT1 (%VO2max) 67.0 +3.0 64.8 to 69.1
VO2at VT2 (%VOzmax) 84.7 +3.7 82 to 87
vVT1 (km-h) 9.1+0.2 8.9t09.1
vVT2 (km-h) 10.8 0.5 10.3to 11.1
RER 1.1+0.1 1.02to 1.1
VE at VOomax (L-min) 118.5 +28.2 98 to 138

Legend: BMI: body mass index; PHV: peak height velocity; VO2: oxygen uptake; VOzmax: maximal oxygen
uptake; vVOzmax velocity at VOamax; VT1: first ventilatory threshold; VT2: second ventilatory threshold. vVT1:
velocity at first ventilatory threshold; vVT2: velocity at second ventilatory threshold RER: respiratory exchange
ratio. VE: minute ventilation; @: at; 20m-SRT: 20-meter shuttle run test.

In our study, mean VO2max during the 20m-SRT was 67.1 + 5.3 mL-kg-min, similar to those
found in professional adult soccer players [4], which is consistent with several previously published
studies. Chamari et al. [5] measured VOamax in 34 youth soccer players from Tunisia and reported
average values of 61.1+4.6 mL-kg->min-'. The same research group measured VOzmax in ten youth
soccer players from Norway [20] and reported average values of 65.4 + 5.0 mL-kg-min-'and 70.7+4.3
mL-kgmin~'. On the other hand, McMillan et al. [21] measured VOomax in eleven youth soccer
players from Scotland and reported average values of 63.4 + 5.6 mL-kg--min-1.

Other studies have reported lower values than those found in the present work for youth soccer
players. Sperlich et al. [22] measured VO:zmax in nine German soccer players and reported average
values of 55.1 + 4.9 mL-kg"-min'. Sporis et al. [23] measured fourteen Croatian soccer players and
reported average values of 57.9 + 4.7 mL-kg'min~'. Gémez-Piqueras et al. [6] evaluated three
categories of Spanish soccer players aged 15 to 17 years and reported average values of 56.0
mL-kg-''min. Vanttinen et al. [24] measured three youth categories in Finnish soccer and reported
average values of 52.3 + 3.1, 53.1 + 3.0, and 55.0 + 3.9 mL-kg"-min~'. Wong et al. [25] measured forty-
six Chinese soccer players and reported average values of 54.9 + 0.9 mL-kg''min'. The only
Argentine study [14] reported average values of 49.8 + 7.4 and 53.0 = 5.5 mL-kg'-min'. As can be
seen, the values found are like or higher than those reported in other leagues. However, none of the
cited studies measured VOzmax in an ecological condition, i.e., on-field. Another contribution of this
current on-field approach was the analysis of ventilatory thresholds (VI1 and VT2) in this population
(youth soccer players), which were assessed on-field, which is scarce in the literature. In fact, we are
not similar studies in youth soccer players.

One important reason for on-field evaluations is that certain physiological variables respond
differently in the field compared to a treadmill. Although VOzmax does not differ between treadmill
and field conditions in adults [15], the vVOzmax is affected when comparing treadmill versus field
conditions [8]. Additionally, ventilatory thresholds and respective velocities may differ between the
two environments [7,8]. Currently, there are no studies in children and youth that compare
physiological responses on a treadmill (laboratory) versus the field. This makes comparison with
other studies challenging. Although young athletes train and compete on the field, making it
important to assess physiological responses in that setting, most sports centers in Argentina lack
portable analyzers.
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Thus, the most cost-effective way to study cardiopulmonary behavior in youth athletes is by
measuring the final velocity achieved in an indirect field test. The most used test, due to its validity,
reliability, safety, and sensitivity, is the 20m-SRT [16]. This is the only aerobic test with international
standards for global comparisons [25]. In Argentina, there is scientific evidence using the 20m-SRT
indirectly in school populations [26,27]. However, until the present study, no direct V Ozmax
measurements during the 20m-SRT had been conducted in our country. The aerobic performance
level of the Argentine soccer players in this study was above the 80t percentile when compared with
international standards [28] or national data [26,27]. It is important to note that the reference tables
were created in a school setting. Therefore, it would be valuable in the future to establish aerobic
performance norms for youth soccer players in the AFA (Argentine Football Association).

The high VOzmax values found may be due to several factors. Typically, in AFAs’ clubs, players
are selected at early ages through a series of ball-focused tests, choosing those who perform best
during gameplay. Subsequently, they are exposed to three weekly sessions of high-intensity exercise.
It is well reported that high-intensity training produces significant improvements in VOzmax [4,10]
Weekend matches also present a significant workload (external and internal). It is important to be
aware that the same field dimensions of adults are used at these categories, i.e., considering that the
playing field is the same as that for adults, and the stride length is shorter the younger the age, they
end up taking a greater number of steps. There is a higher exertion level. Castagna et al. monitored
soccer players with an average age of 11 years during competitive matches and found they covered
an average of 6175 m per match [29]. Algroy et al. (2021) monitored 14-year-old soccer players in 23
official Norwegian league matches and found they covered an average of 7645 meters [30]. Bucheitt
et al. (2010) measured players from six youth categories and found they covered between 6549 meters
(13 years) and 8707 meters (18 years) [31]. The high VOzmax values obtained can be explained by the
weekly training stimuli and the demands of competition.

We acknowledge some shortcomings and potential limitations in our study. A small sample size
is typical in research involving athletes of this caliber, compounded by the complexities of the sports
calendar and the use of portable gas analyzers in the field. Nonetheless, the results obtained provide
a significant contribution to pediatric medicine, physical education, and sports science.

The 20m-SRT is the most widely used field test globally. If a gas analyzer is not available, the
alternative is to identify test velocity as a performance indicator. If the club has a wearable gas
analyzer with oxygen and carbon dioxide cells inside (breath-by-breath or mix-chamber mode), the
staff can apply the 20m-SRT to measure performance with cardiopulmonary responses of players
during on-field test.

5. Conclusions

We reported the cardiopulmonary fitness of Argentine youth soccer players, which exceeds
those reported in other related studies, but comparable to those found in soccer players from the
Argentine first division. Youth Argentine soccer players exhibit similar traits to professional athletes,
highlighting their potential for high performance. Support staff, fitness or health professionals, and
researchers can now compare cardiopulmonary differences between Argentine youth soccer players
and other populations.
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