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The relationship between performance in physical tests and the match intensity from the heart rate (HR) response has not been 

studied in soccer. Thus, this study aimed to verify the correlation between the performance in physical tests and the intensity of 

the soccer match. Eleven Under-20 soccer players from the first division were evaluated in 2 official matches. The Yo-Yo intermittent 

aerobic test level 1 (YYIR1), 10-m and 30-m speed, repeated sprints ability (RSA, 6 x 20-20 m), the squat (SJ) and countermovement 

(CMJ) jump tests were performed. The heart rate (HR) was used to calculate the impulse training (M-TRIMP) by Edwards’s methods, 

and the time spent above 90% of HRmax (HR> 90%) was considered a high-intensity parameter. Pearson’s correlation was applied, 

considering the significance level of p< 0.05. Significant correlations occurred between YYIR1 and M-TRIMP (r= 0.72) and the time 

in HR> 90% (r= 0.51) and between the best time in RSA (RSAbest) and HR> 90% (r= -0.50). YYIR1 was the best test related to the match 

intensity measured by the HR. RSAbest was also a good high-intensity indicator of the match, while jump and speed tests were not.
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INTRODUCTION
Soccer is characterised by intermittent efforts and sprints 

with different durations, accelerations, decelerations, jumps, 
and constant changes of direction, which are performed with 
and without a ball (Modric et al., 2023). The match has a 
predominance of the aerobic energy system, with actions of 
walking, back running, and standing still (Andersson et al., 
2008; Modric et al., 2023). On the other hand, many deci-
sive actions require anaerobic metabolism, such as dribbling, 
acceleration, deceleration, and sprinting, characterising soc-
cer as a high-intensity intermittent sport (Gonçalves et al., 
2021; Mohr et al., 2016). 

Considering the high demand of soccer matches on phys-
ical capabilities of endurance, speed, strength, and coordina-
tion skills (Chmura et al., 2015), the physical fitness evalua-
tion should consider the intermittent aerobic characteristic, 

the demand for explosive actions and power, speed, and the 
repeated sprints ability (RSA). Tests such as Yo-Yo recov-
ery level 1 (YYIR1), the jump tests, such as squat jump (SJ) 
and countermovement jump (CMJ), the speed at 10-m and 
30-m, and the test of RSA have been widely used to assess 
physical fitness in soccer players (Castagna et al., 2019; 
Doncaster et al., 2016; Gonçalves et al., 2021; Rampinini 
et al., 2007; Rodríguez-Rosell et al., 2017) since they present 
specificity with the match actions. The YYIR1 test assesses 
intermittent aerobic fitness with similar characteristics to 
the actions of the match, a 20-m shuttle run with a change 
of direction and recovery between runs, discriminating play-
ers of different levels and presenting sensitivity to changes 
after training (Bangsbo et al., 2008; Castagna et al., 2020). 
Although the YYIR test has two distinct versions (levels 1 
and 2), we chose to use the YYIR1 test because it focuses 
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on maximal activation of the aerobic system. In contrast, the 
Yo-Yo recovery level 2 (YYIR2) assesses the individual’s abil-
ity to recover from repeated exercise with a high contribu-
tion from the anaerobic system (Bangsbo et al., 2008), i.e., 
the RSA test would already bring us information about the 
anaerobic demand. The vertical jump tests, SJ and CMJ, are 
also widely used to control soccer training (Claudino et al., 
2017) considering their correlation with explosive strength 
(Rodríguez-Rosell et al., 2017), speed (Shalfawi et al., 2011), 
and maximum strength (Wisløff et al., 2004) in soccer play-
ers. Because soccer players perform most sprints in the match 
at distances ranging up to 30 m, tests of 10 m and 30 m are 
the most used distances in the evaluation of speed in soc-
cer players, with the 10 m being more sensitive to changes 
in training (Stolen et al., 2005). The performance variables 
obtained in the RSA are sensitive in discriminating players of 
different competitive levels and positions (Aziz et al., 2000; 
Impellizzeri et al., 2008), in addition to correlating with the 
speed and SJ tests (Lockie et al., 2017). 

While physical tests are used to identify the level of phys-
ical fitness and verify training changes, the training process 
has been described based on the training load, described as the 
input variable that is manipulated to elicit the desired train-
ing response (Coutts et al., 2018), depending on whether the 
measurable aspects occur internally or externally to the ath-
lete, i.e., the external load (training prescribed by the coaches 
or physical work prescribed in the training plan), and the 
internal load (psychophysiological responses of the body to 
the requirements elicited by the external load) (Impellizzeri 
et al., 2005; Impellizzeri et al., 2019). An external load of 
the match has shown a positive correlation with the per-
formance of soccer players in physical tests, i.e., the YYIR1 
test (Castagna et al., 2019; Doncaster et al., 2016) and the 
average time of the six sprints in RSA correlates with the 
distance covered at high intensity and sprints (Rampinini 
et al., 2007). In addition, the maximal sprinting speed in 10-m 
from the 40-m test can impact what a player can do in actual 
playing (Mendez-Villanueva et al., 2011). However, actual 
match internal load responses have not been correlated with 
physical fitness tests.

The internal load can be determined by physiological vari-
ables such as blood lactate, skeletal muscle damage marker 
enzymes, heart rate (HR), and psychophysiology variables as 
the rating of perceived exertion (RPE). Among those inter-
nal load variables, HR has been widely used to quantify the 
internal training load by calculating the training impulse 
(TRIMP). The TRIMP is an HR-based method that con-
siders the volume (in minutes) and intensity of training ses-
sions determined by the HR, expressed in arbitrary units (AU) 

(Banister, 1991). There are different approaches to determining 
TRIMP, including this proposed by Edwards (1993), which 
is calculated by measuring the product of the accumulated 
exercise duration (min) of five different intensity zones rela-
tive to the percentage of maximum HR (%HRmax) by a coef-
ficient (1-5) relative to five intensity zones. This approach has 
been used in soccer to validate the use of RPE as a param-
eter of internal training load (Impellizzeri et al., 2004), to 
compare the dose-response relationship between training 
load and changes in aerobic performance (Fitzpatrick et al., 
2018), and to compare the intermittent performance change 
(Campos-Vazquez et al., 2017).

In addition to using HR to determine TRIMP, HR has 
also been used as an indicator of high-intensity physical activ-
ity (Castagna et al., 2009; Fox et al., 2018) and can present 
important information regarding the level of physical fitness. 
For example, in team sports, significant associations exist 
between the volume of high-intensity activity completed, 
defined as time spent above 90% of maximum HR (HR˃ 90%), 
and changes in aerobic performance (Fox et al., 2018). In soc-
cer, both HR˃ 90% and TRIMP from the training sessions and 
matches have been studied in comparison to intermittent 
performance change (Campos-Vazquez et al., 2017). 

Considering the importance of the high level of physical 
fitness that soccer players must have to support the intensity 
of the match, the present study aimed to verify the relation-
ship between physical fitness in tests YYIR1, RSA, SJ, CMJ, 
10-m, and 30-m tests with the time spent in the high-inten-
sity (HR˃ 90%) and the internal load in the match (M-TRIMP) 
in Under-20 (U20) soccer players. It was expected that the 
players with better performance in physical tests would play 
at a higher intensity and present higher M-TRIMP.

MATERIALS AND METHODS
This study is quasi-experimental research since there 

was no control group, in addition to randomization of the 
sample, as the group was already formed before the experi-
ment (Yin, 2001).

Subjects
Eleven players from a U-20 team in the first division 

of the State Championship participated in the study: three 
midfielders, three forwards, three full-backs, and two defend-
ers (19.1± 0.9 years, 177.0± 6.0 cm, 70.7± 6.7 kg, 9.7± 0.9% 
fat). Only players who participated in more than 75% of the 
match (67.5 minutes) were considered in the analysis (Coelho 
et al., 2013). The players were evaluated in two matches (M-1 
and M-2), with seven players participating in both M-1 and 
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M-2, while two players participated only in M-1 and other 
two only in M-2, resulting in 18 observations for statistical 
analysis. The players trained five days a week, two hours a day 
(three days: 2 times/day, two days: 1 time/day). Strength train-
ing: 3 sessions; technical-tactical training: 4-6 sessions; and 
physical training for injury prevention, with proprioceptive, 
balance, and core exercises: 1 session/week. As defined by the 
coach, the team played in the 4-3-3 formation, marking the 
opponent’s ball out (high pressure), and when in possession 
of the ball, the team organized itself with short passes from 
defence to attack, trying to retain possession of the ball, and 
avoiding long throws to the attack field.

Before data collection, the project was approved by the 
University’s ethics committee (Process: 64920317.1.0000.5398), 
according to the laws of the country, which was carried out 
following the ethical principles of the Declaration of Helsinki. 
Before the study started, the team’s technical committee had 
been contacted to request permission and explain the proce-
dures. After the consent of the team’s technical committee, 
as well as the awareness of the team’s board, the players were 
invited to participate in the study. All players agreed to par-
ticipate spontaneously after having understood the objectives 
and read the informed consent term, signed by the players 
(all players were over 18 years old).

Procedures
The data were collected in the final part of the first qual-

ifying phase of the competition (August-September) after a 
pre-season of 3 weeks (April-May) plus -three months of a 
competition in which the team played 14 matches. This period 
of data collection was chosen because of the little variation 
in the physical fitness of the players during the competition. 
The team finished in 5th place in the first qualifying phase. 
The team won the match M-1 by 7 x 0 and lost the M-2 by 
0 x 1. The opponents finished the classification phase in the 
11th (M-1) and 1st positions (M-2), respectively. 

The matches took place on Saturdays (3:00 to 5:00 p.m.), 
and the anthropometric and physical performance assessments 
were made on Mondays (at the same time as the matches), 
48 hours after the matches, without the players having made 
any physical effort during the recovery period. The evalu-
ations were made on a weekday to not interfere with the 
team’s training process since it was the final classification 
stage. Week 1= anthropometry and pilot match (for better 
familiarization of players with HR monitors and other adjust-
ments for data collection); weeks 2 and 3= physical evalua-
tion (week 2= SJ, CMJ, and RSA, week 3= 10-m, 30-m, and 
YYIR1); Week 4 and 5= data collection in matches (M-1 
and M-2 in the 19th and 20th round of the competition). 

The matches were held at the evaluated team’s home field, a 
105 x 70 m natural grass field. HR was monitored throughout 
the matches to determine the M-TRIMP using Edwards’s 
method. The players wore soccer shoes during the matches 
and the YYIR1 and RSA tests.

Body composition
Body composition was determined using the bi-compart-

mental model by measuring skinfolds. First, body density 
was calculated by measuring seven skinfolds: triceps, sub-
scapular, middle axillary, pectoral, abdominal, supra-iliac, and 
thigh ( Jackson & Pollock, 1978). The collection was made 
with a scientific adipometer of the brand Cescorf® (Porto 
Alegre, Rio Grande do Sul, Brazil), and the percentage of 
body fat was determined with the Siri equation (Siri, 1961). 
Body mass and height were measured using a digital scale 
with an adult ruler Welmy® brand (Santa Bárbara do Oeste, 
São Paulo, Brazil).

Intermittent aerobic assessment (YYIR1)
The YYIR1 protocol, proposed by Bangsbo (1994), consists 

of travelling the distance of 20 m of the shuttle run (40 m) 
with an active recovery of 10s in the space of 5 m (recovery 
area) between each shuttle run. The test was conducted on 
a natural grass field with a CD player and a sound box for 
speed control. The test started with a speed of 10 km∙h-1, and 
the speed was increased progressively, according to the pro-
tocol previously recorded on the CD player, until the player’s 
voluntary exhaustion. At the end of the test, the total dis-
tance covered (m) was registered. Players who were unable 
to follow the sound signals for more than two consecutive 
times were eliminated from the test, and their last completed 
stage was considered the test result, and the total distance 
travelled was recorded in meters. 

Speed test (10-m and 30-m)
The speed protocol adopted was described by Chamari 

et al. (2004). The athlete started from the standing position 
and ran 30 meters in the shortest time possible. The times 
of 10-m and 30-m were recorded using three photocells 
(CEFISE®, Campinas, Brazil) placed in the zero, 10-m, 
and 30-m marks. The times were recorded in hundredths of 
a second, considering the best time of three attempts, with 
a two-minute recovery interval between runs.

Repeated run test
The RSA test was performed in six 40-m shuttle runs (20-

20 m) with 20 s of recovery between the bouts (Impellizzeri 
et al., 2008). The time was recorded using the photocell system 
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(CEFISE®, Campinas, Brazil). For data analysis, we consid-
ered the average time of the six sprints (RSAmean), the best 
time achieved in the six sprints (RSAbest), and the index of 
the decrement (RSAdecrement), using Equation 1, proposed by 
Rampinini et al. (2007): 

([RSAmean] / [RSAbest] × 100) – 100� (1)

Jumping test (SJ and CMJ)
The vertical jumps were evaluated using two jumps, SJ and 

CMJ, as proposed by Bosco et al. (1995). In both jumps, the 
players started on a contact platform (CEFISE®, Campinas, 
Brazil) with their hands on their hips and feet hip-width 
apart. The players were instructed to jump as high as possi-
ble in three attempts. The average value of the three attempts 
of each jump, SJ and CMJ, was considered for the analysis, 
with an interval of 2-3 min between jumps (Claudino et al., 
2017). In SJ, the player starts the jump from the standing 
position and then flexes his knees up to 90º, holding this 
position for two seconds before jumping. In CMJ, the player 
starts the jump standing up, with the knees extended, and 
after the signal, he must flex the knee to 90º as quickly as 
possible and jump. Before the evaluation, the players had 
gone through a jumping learning session with the main 
researcher of the study.

Heart rate
HR was recorded by second, using the Team System2 

monitor and the software from the same manufacturer 
(Polar, Kempele, Finland). Subsequently, the data were 
transferred to a computer for analysis using the spreadsheet 
editor Excel version 2013 (Microsoft Office, Washington, 
USA). Before the collections, the players had performed 
two training sessions and a pilot match with the HR mon-
itors to familiarise themselves with the equipment. HRmax 
was considered the highest value reached by the player in 
the match or the YYIR1 test.

The HR from the match was used to calculate the 
M-TRIMP, according to the method proposed by Edwards 
(1993), as described below: HR was divided into five inten-
sity zones according to the HRmax: zone 1: 50 to 60%; zone 

2: 60 to 70%; zone 3: 70 to 80%; zone 4: 80 to 90%; zone 5: 
90 to 100%. The accumulated time in each of the five inten-
sity zones was multiplied by the value of each zone (1-5). 
The sum in the five intensity zones was the total M-TRIMP, 
expressed in arbitrary units (UA). In addition to TRIMP, 
the most intense zone (HR> 90%), considered the zone of 
high-intensity activity (Fox et al., 2018), was also used in 
the statistical analysis.

Statistical analysis
The normality of the data was tested using the Shapiro-

Wilk test, and the data showed normal distribution. The rela-
tionship between the physical tests and the M-TRIMP was 
tested using Pearson’s correlation. The correlation classi-
fication was adopted according to the correlation coeffi-
cient (r): 0-0.1 very weak; 0.1-0.3 weak; 0.3-0.5 moder-
ate; 0.5-0.7 strong; 0.7-0.9 very strong; 0.9-1.0 almost 
perfect (Hopkins, 2000). The significance level adopted 
was p< 0.05, and the data were expressed as mean and 
standard deviation. The data were analysed using the 
Statistical Package for Social Sciences (SPSS) (IBM Corp. 
Released 2011. IBM SPSS Statistics for Windows, Version 
20.0. Armonk, NY: IBM Corp.).

RESULTS
The results of the physical tests are shown in Table 1. 

The average participation of players per match was 80.2± 
5.2 min since not all players played the 90 min (see subjects 
description). Table 2 shows the HR results, time in the five 
intensity zones, and the calculated M-TRIMP (348.46 UA). 
Players spent over 50% of their time playing on high inten-
sity, ≥ 90%FCmax. The three zones of lesser intensity (Z-1 to 
Z-3) represented less than 15% of the spent in the game. 

Only YYIR1 and RSAbest showed significant correla-
tions with match intensity parameters (Table 3). YYIR1 pre-
sented a very strong correlation with M-TRIMP (r= 0.72) 
and correlated strongly with the time ≥ 90%FCmax (r= 0.51). 
RSAbest presented significant correlation only with ≥ 90%FCmax 
(r= -0.50). The other physical tests showed correlations 
between weak-moderate (r= -0.129–0.448). 

Table 1. Results of the physical tests.

YYIR1 (m) 10-m (s) 30-m (s) SJ (cm) CMJ (cm) RSAmean (s) RSAbest (s) RSAdecrement (%)

Mean 1,596 1.83 4.28 39.0 40.0 7.24 6.91 4.85

SD 304 8.25 1.34 4.04 3.79 1.49 1.22 2.35

YYIR1: Yo-yo intermittent recuperative level 1; 10-m: Speed of 10 meters; 30-m: Speed of 30 meters; SJ: Squat jump; CMJ: Countermovement 
jumps; RSAmean: mean time; RSAbest: best time; RSAdecrement: Decrement time. Values expressed in mean and standard deviation (SD).
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DISCUSSION
The present study aimed to evaluate whether the per-

formance in physical tests correlates with the M-TRIMP 
and the time in the HR> 90%. M-TRIMP presented a very 
strong correlation only with YYIR1 (r= 0.72) and a strong 
correlation with the time in the zone of highest HR inten-
sity, HR> 90% (r= 0.51). RSAbest presented a significant cor-
relation (r= -0.50) with the HR> 90%. On the other hand, the 
other parameters of the RSA test, just as the SJ with CMJ, 
did not present a significant correlation with the M-TRIMP 
and HR>9 0%. Our results indicate that not all physical tests 
correlate with the intensity that the player performed in the 
match. This is likely because TRIMP is a general response 
to the exercise period, while some physical tests are more 
specific, explaining specific responses and not global ones, 
such as some RSA test parameters, jumps, and speed tests, 
as opposed to YYIR1, respectively.

YYIR1 assesses intermittent aerobic physical fitness 
(Bangsbo et al., 2008; Castagna et al., 2020) and has an import-
ant anaerobic demand (Rampinini et al., 2010). YYIR1 also 
has a positive correlation with the distance travelled at high 
speed and speed (Castagna et al., 2019; Doncaster et al., 
2016), the number of sprints (Castagna et al., 2019), and the 
total distance covered in the match (Castagna et al., 2019; 
Doncaster et al., 2016). Our results with M-TRIMP (r= 0.72) 
and HR> 90% (r= 0.51) confirm that the YYIR1 test is a good 
indicator of the intensity of the soccer match, indicating the 

intermittent aerobic fitness and that M-TRIMP can also be 
used to calculate the internal load of the match, as done in 
training sessions. Training intensity at HR> 90% is also strongly 
related to aerobic performance in team sports (Fox et al., 
2018), demonstrating that HR> 90% is a good indicator for 
analysing aerobic performance in team sports. 

Another physical test used in the present study was the 
RSA. Among the test variables, only the RSAbest showed a 
significant negative correlation with the HR> 90%, indicat-
ing that the players with the best performance, i.e., lower 
time in the RSA test, remained longer at high intensity in 
the match. On the other hand, the RSAbest did not present 
a significant relationship with physical performance in the 
match (Rampinini et al., 2007). Even so, the authors did not 
exclude the possibility that the RSAbest may be related to the 
other variables of the match. Our results confirm that idea. 
RSAbest represents the best sprint among the six maximal 
sprints. However, the recovery between each sprint is 20 s, 
which is insufficient to complete recovery. Thus, RSAbest does 
not represent the player’s maximum speed; there is an aer-
obic demand during the recovery in the RSA test that can 
influence RSAbest and explain a relationship with the time 
in HR> 90%. RSAbest can also be useful for evaluating the time 
the player remains at high intensity during the match, time 
in the HR> 90% zone. On the other hand, no RSA’s variable 
did not correlate significantly with M-TRIMP. A possible 
explanation for the lack of significant relationships between 
the RSA and M-TRIMP is the fact that M-TRIMP is a 
more general indicator. M-TRIMP considers all the time of 
the match, including the lower-intensity zones, which rep-
resent the moments of the match in which the players are 
in aerobic activities, such as walking, jogging, or even resting 
without displacement.

Regarding jump tests, SJ and CMJ did not show a signif-
icant correlation with M-TRIMP or HR> 90%. Vertical jumps 
are used to assess the power of lower limbs (Claudino et al., 
2017) and have a significant correlation with explosive strength 
(Rodríguez-Rosell et al., 2017), speed in soccer (Loturco 
et al., 2020), speed in basketball (Shalfawi et al., 2011), and 
the number of balls stolen by basketball players (Gomes 
et al., 2017). The SJ and CMJ test performance depends on 

Table 2. Distribution of internal match load and time at the 
zone of intensity relative to HRmax. 

Zone of 
Intensity

HRmax
(%)

Time
(min)

Time
(%)

TRIMP
(UA)

Z-1 50–60 0.06± 0.12 0.07± 0.16 0.06± 0.25

Z-2 60–70 2.21± 1.66 2.75± 2.18 4.42± 4.10

Z-3 70–80 9.29± 5.64 11.57± 7.02 27.85± 20.75

Z-4 80–90 27.06± 7.55 33.72± 7.58 108.22± 45.43

Z-5 90–100 41.58± 13.41
51.84± 
14.47

207.90± 94.69

Total 80.20± 5.25 100 348.46

UA: arbitrary units; TRIMP: Training impulse calculated; HRmax: Maximum 
heart rate; *High intensity zone, HR> 90%: minutes above 90% of HRmax.

Table 3. Correlation between the indicators of the intensity of the match with the physical tests.

r-value YYIR1 (m) RSAmean (s) RSAbest (s) RSAdecrement (%) 10-m (s) 30-m (s) SJ (cm) CMJ (cm)

M-TRIMP 0.722# 0.192 -0.245 0.448 -0.197 -0.363 0.011 0.142

HR>90% 0.512* -0.129 -0.507* 0.323 -0.146 -0.282 0.139 0.229

Significant correlation: *p< 0.05; #p< 0.01; M-TRIMP: Training impulse of the match; HR> 90%: minutes above 90% HRmax; YYIR1: Yo-yo intermittent 
with recovery level 1; 10-m: Speed of 10 meters; 30-m: Speed of 30 meters; SJ: Squat jump; CMJ: Countermovement jump.
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the simultaneous rapid and vigorous contractile strength of 
the knee and hip extensor muscle groups (Requena et al., 
2011; Tsiokanos et al., 2002). Therefore, the evaluation of 
very short-duration muscle power, such as jumps, does not 
affect HR elevation, i.e., jumps do not depend on the cardio-
respiratory response, which certainly explains why the per-
formance in jumps did not correlate with the internal load 
and time at high-intensity in the present study, M-TRIMP 
and HR> 90%, respectively.

The 10-m and 30-m speed tests did not correlate with 
M-TRIMP and HR> 90% either. In the speed tests, the move-
ments are also made with vigorous and rapid contractions of the 
hip and knee muscles (Bloomquist et al., 2013). Although they 
have a longer duration than the jumping tests, the cardiorespi-
ratory dependence for the test is not large enough for cause-
and-effect relationships to be detected between the test perfor-
mance and the HR response of the entire match. Jumping tests 
correlate with speed performance and have been proposed to 
control the training of speed athletes (Loturco et al., 2018), 
which may help to explain, in part, why the jumps and sprint 
runs did not correlate with TRIMP or HR> 90%. The M-TRIMP, 
as a method of assessing the intensity of the match, as well 
as time in HR> 90%, did not show enough sensitivity to distin-
guish players with better performance in neuromuscular tests, 
such as jumping and speed tests since the TRIMP considers 
the HR of the entire match. Complementing our results, Fox 
et al. (2018) concluded in a systematic review that the asso-
ciations between training load and neuromuscular tests are 
not clear. In addition, the maximal sprinting speed in 10 m 
from the 40-m test can impact what a player can do in actual 
playing (Mendez-Villanueva et al., 2011), the maximum speed 
achieved in the match is higher than that verified in the 40-m 
field test (Massard et al., 2018). 

The present study confirmed that the YYIR1 test is a good 
test for assessing the intermittent aerobic performance of 
soccer players, capable of estimating the internal load of the 
match. At the same time, the RSAbest correlated only with time 
in HR> 90%, reinforcing the idea that activity time above HR> 

90% is also a good indicator of physical performance. On the 
other hand, the performance in the power and speed tests 
with short durations were not good indicators of the over-
all intensity of the match, the M-TRIMP. As for practical 
applications, our results indicate that the YYIR1 is of great 
value for coaches and physical trainers to obtain informa-
tion about the intermittent aerobic capacity of the players 
and if the players played the match at high intensity, while 
the tests with anaerobic characteristics, RSA and jumps SJ 
and CMJ are not indicative of the overall intensity at which 
players will develop in the match.

On the other hand, it would be interesting that in future 
studies, in addition to physical tests, the M-TRIMP also be 
correlated to the external load of the match through the anal-
ysis of displacement during the match to add more informa-
tion since Aquino et al. (2018) analysing the displacement 
of players of the same age in the present study, with 30 Hz 
cameras as opposed to 1-5 Hz GPS from other studies, did 
not find correlations between high-intensity activity with 
field tests, YYIR1 correlated positively only with medi-
um-intensity running. A Zig-Zag test only correlated sig-
nificantly with the maximum speed of the match. In contrast, 
the 10-m and 30-m speed tests and the RSA test (RAST) 
did not present significant correlations with any match dis-
placement variables.

The use of only one method of determining the TRIMP, 
proposed by Edwards (1993), can be pointed out as a lim-
itation of the present study. For example, the individual 
TRIMP proposed by Manzi et al. (2009) presented a better 
understanding of the dose-response relationship, consider-
ing the comparison between a load of training sessions with 
physical performance and aerobic and anaerobic variables 
(Malone et al., 2020). Thus, in future studies with objectives 
like those of the present study, we propose comparing dif-
ferent TRIMP methods and displacement analysis to add 
more information about M-TRIMP.

CONCLUSIONS
Among the physical tests studied, YYIR1 correlated pos-

itively with M-TRIMP and with playing time in the most 
high-intense zone (HR> 90%), reaffirming that the YYIR1 test 
is a good performance indicator for soccer players. In the 
RSA test, only the RSAbest correlated with the spent time 
HR> 90% during the U-20 soccer match, indicating that the 
RSA test adds information about the players’ physical fit-
ness about the possibilities of what they can perform in the 
real match. The present study leaves a practical application 
for the coaches and physical trainers of soccer teams using 
the YYIR1 and RSA tests as a parameter for analysing the 
physical capacity of the players. They can predict that players 
with higher performance on those tests will be able to play the 
game at a greater intensity than players who perform less on 
those tests. However, although all physical tests used in this 
study are supported by the literature, presenting specificity 
with the actions of the match and correlations with exter-
nal load variables of the match, the results in physical tests 
should be viewed with caution. When one intends to cor-
relate the results of the physical tests with the internal load 
and high-intensity time of the real match, coaches should 
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carefully consider the purposes of doing an extensive battery 
of physical tests, mainly the jump speed tests. Based on our 
results and considering the studied population, YYIR1 and 
RSA tests can help to understand the internal load response 
and the time spent in high intensity in the game. Further stud-
ies are needed to understand better the relationship between 
physical tests and M-TRIMP in soccer players. 
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