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Abstract: 
Training load quantification plays an important role in performance maximization and injury prevention in elite 
soccer. The aim of the present study was to quantify the internal training load (TL) of elite soccer players during 
an 8-week preseason period. A second aim was to investigate the relationship between total internal TL measures 
and changes in aerobic fitness during the preseason period. The quantification of internal TL of sixteen elite 
professional soccer players was assessed using the session rating of perceived exertion (s-RPE) and a heart rate 
(HR) based method (Edwards-TRIMP) during an 8-week preseason period. Aerobic capacity was measured both 
in field (interval shuttle run test- ISRT) and a using VO2max laboratory test before and after the preseason. Total 
s-RPE, TL, and Edwards-TRIMP were significantly (p<0.05) higher during the second and third weeks 
compared to the other weeks of preseason. The VO2max, v-VO2max, and distances completed during ISRT were 
significantly (p < 0.05) improved after the preseason period by 3.3+2.1%, 14+6%, and 29+16%, respectively. No 
relationship was found between the changes in aerobic parameters and total s-RPE TL or Edwards-TRIMP 
during the preseason period. The relative time spent in high heart rate zone (90-100% HRmax) was significantly 
correlated (p<0.01) with the relative changes in distance completed during ISRT. These results provide critical 
information about the periodization of internal TLs during preseason in elite professional soccer players. In 
addition, the proportion of time spent in high HR zone during preseason is an essential load monitoring factor, 
which is correlated with aerobic improvements during the preseason in elite soccer players.     
Key Words: s-RPE; training impulse; periodization; endurance; soccer training 

 
Introduction 

Training load (TL) quantification is an important systematic process of elite athletes monitoring, to 
optimize sport performance, avoid illness or injury and prevent overreaching (Foster, 1998; Brink et al., 2010; 
Halson, 2014; Owen et al., 2015). According to the model developed by Impellizzeri et al. (2005), the 
combination of individual player characteristics and the external TL (the stimulus) influences the internal TL 
(the response) of the player, which provides a specific outcome. A simple, valid, and reliable index of global 
internal TLs is the sessional rating of perceived exertion (s-RPE) (Foster et al., 1996; Foster, 1998).  In soccer, 
the quantification of internal TL with s-RPE methods can accurately show a simple number representing the 
training stress from the whole training session, as well as from different training modalities and types of training 
(Foster, 1996; Borresen & Lambert, 2009). However, relatively few studies have examined the quantification of 
TLs during a competitive period, and even less during the preseason period in elite soccer players. These studies 
were conducted using elite soccer players from different championships (English Premier League, Italian 
Championship, Spanish 2nd Division, and Korean Super League), and they have shown large variations among 
their average weekly internal TLs during the preseason period (Jeong et al., 2011; Manzi et al., 2013; Malone et 
al., 2015; Campos-Vazquez et al., 2017). 

Another important use of the quantification of TL is monitoring training periodization. The appropriate 
periodization of TLs during preseason and competitive season is fundamental for the optimal physical fitness 
development and optimal performance in the matches, respectively (Borresen & Lambert, 2009). During the 
preseason period, TLs progressively increased, becoming two to four times higher than during in-season 
(Borresen & Lambert, 2009). An alternation of TLs exists between difficult and easy training sessions, and a 
taper period is undertaken when the competition approaches (Mujika & Padilla, 2003; Coutts et al., 2007; 
Borresen & Lambert, 2009; Buchneit et al., 2013; Moreira et al., 2015). However, there is limited information 
that describes the periodization of TLs in elite soccer teams during preseason, mainly due to the individualized 
training approaches and experiences of each coach (Jeong et al., 2011; Manzi et al., 2013; Malone et al., 2015; 
Campos-Vazquez et al., 2017). Malone et al. (2015) reported that the average weekly internal TL did not differ 
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significantly among six weeks of preseason, while similar results were found for %HRmax, RPE, high speed, 
and average speed in English Premier League soccer players. Although TL quantification is mainly used as a 
periodization strategy during pre- and in- season, it also provides information on the dose-response relationship 
during training, which determines players’ responsiveness to a given workload (Borresen & Lambert, 2009). 
According to the literature, HR based TL methods (individualized TRIMP – iTRIMP) have shown significant 
relationships with positive changes in aerobic fitness in team sport athletes (Akubat et al., 2012; Castagna et al., 
2013; Manzi et al., 2013), whereas the s-RPE method has shown conflicting results (Akubat et al., 2012; 
Campos-Vazquez et al., 2017). Most of previous studies did not present significant relationships between s-RPE 
and changes in endurance (Gabbett & Domrow, 2007; Brink et al., 2010; Akubat et al., 2012). However, a 
previous study (Campos-Vazquez et al., 2017) has reported that s-RPE, practice volume, and the sum of RPE 
during preseason were largely related to changes in intermittent performance in soccer athletes from a 2nd 
Division Spanish team. A possible reason for these differences among the studies may occur due to the different 
aerobic measures (laboratory and field tests).   

Limited information exists regarding the quantification of internal TL in elite soccer players during the 
preseason period. In addition, few data exist on the variation of internal TL in elite soccer, while it is important 
to clarify if there is a relationship between the total internal TL and changes in aerobic fitness during preseason. 
The first aim of this study was to quantify the internal TL of elite soccer players during a preseason period, using 
the s-RPE and a HR based method. The second aim was to examine the relationship between internal training 
load measures and changes in measures of aerobic fitness using two different methods of aerobic evaluation 
(laboratory and intermittent field tests) in elite soccer players.      
 
Material & methods  

Participants 
Sixteen (16) elite professional soccer athletes (mean ± SD; aged 26.8 ± 3.8 yrs, weight 77.8 ± 7.7 kg, 

height 1.79 ± 0.06 m) took part in the study. Participants belonged to the same soccer club competing in the 
Greek Super League, which is the first division of professional soccer in Greece. All participants had similar 
soccer training programs during the preseason period. Goalkeepers were excluded from participation due to the 
different training programs they follow. All participants were informed on the purpose of the study and gave 
their informed consent in accordance to the Declaration of Helsinki.  
The preseason period had aneight-week duration and was conducted from July to August. Players trained five to 
eight times a week (fifty-four training sessions in total) and played eight friendly matches in total during an 
eight-week pre-season period. Training sessions were usually 40 to 120 minutes, and included physical, technical 
and tactical aspects of training. All participants were evaluated before and after an 8-week preseason period on 
VO2max, v-VO2max and intermittent endurance performance using a laboratory field test (Interval Shuttle Run 
Test), respectively. Training load data was collected with two different methods, a HR based method (Edward-
TRIMP) and s-RPE method, over an eight-week preseason period. The preseason phase was separated into eight 
1-week microcycles for analysis of TL (Malone et al., 2015).  
Physiological Testing 

All participants were evaluated in VO2max, v-VO2max, distance, velocity and stage reached at interval 
shuttle run test (ISRT) the week before the beginning of the preseason period and at the start of the ninth week. 
Expired gas analysis was used for determination of VO2max (Kalapotharakos et al., 2011). In order to keep same 
dietary and exercise state for all athletes, instructions were meticulously given for the two days preceding 
laboratory testing. Conditions in laboratory were kept the same for all participants. The athletes were familiar 
with the procedure as they regularly take part in testing during the entire macrocycle. Prior to testing the 
metabolic cart (TrueMax 2400, ParvoMedics) was calibrated towards known calibration gases, and volume was 
calibrated with a three-liter syringe (Hans Rudolph).  The protocol followed consisted of a six- minute warm-up 
run at 8km/h on a treadmill and the main course, where the speed increased to 10 km/h and was elevated by 2 
km/h every three minutes until 16 km/h. After that, the speed was increased by 2 km/h every two minutes until 
volitional exhaustion. During that period, analysis of expired gas analysis was obtained at thirty second intervals. 
In order to determine maximal oxygen uptake at least three of the following four criteria had to be met:  RER 
over 1.10, heart rate within + 5% of the age-predicted HRmax, a plateau in oxygen uptake despite increased 
work rate, and maximum lactate concentration >8mmol/l. VO2max was considered the highest VO2 value 
obtained during the test. The measurement of heart rate was done throughout the test using a telemetry system 
(Polar Team 2 System, Polar Electro Oy, Kempele, Finland). The highest heart rate (HR) measured during 
VO2max test was used as HRmax. Also, participants were evaluated in intermittent endurance performance using 
the interval shuttle run (ISRT) field test (Brink et al., 2010). Participants run between two lines set twenty meters 
apart at a pace dictated by predetermined recorded beeps. The ISRT consists of thirty second shuttle runs 
interspersed with fifteen second walking recovery periods (Brink et al., 2010). During the walking periods, 
participants had to walk back and forth to the eight-meter line. The starting test speed is 10 km/h and this speed 
increases by 0.5 km/h every ninety seconds. From a speed of 13 km/h, the speed increases by 1 km/h. 
Participants were given instructions to complete as many runs as possible. when participants could not follow the 
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pace (more than three meters before the twenty-meter lines at two consecutive audio signals) or voluntarily quit 
from the run the test stopped. The total number of completed twenty-meter runs was recorded as the total test 
score (Brink et al., 2010). 
Training Load Quantification 

During the preseason period, fifty-four training sessions were performed. Training load quantification 
was performed with two different methods, a HR (Edwards’s method) and s-RPE based method. HR was 
measured using a telemetry system (Polar Team 2 System, Polar Electro Oy, Kempele, Finland) recording at five 
second intervals. Raw HR data for each training session and friendly matches were exported into excel 
spreadsheets for the calculation of training load according to Edwards method (Edwards, 1993). Edwards 
method for the quantification of the internal TL (Edwards training impulse – Edwards TRIMP), considers five 
zones of different intensity including the total volume of training intensity (Edwards, 1993). For each training 
session the calculation was performed by multiplying the accumulated duration in each HR zone (min) to a value 
assigned to each intensity zone and then adding the results.  The value assigned to 90–100% HRmax zone was 5, 
to 80–90% HRmax zone was 4, to 70–80% HRmax zone was 3, to 60–70% HRmax zone was 2 and to 50–60% 
HRmax zone was 1 (Edwards, 1993). 842 individual training sessions were analyzed for heart rate zone 
distribution during the preseason. Twenty-two (22) individual training sessions were not recorded from HR 
transmitter due to technical problems. In addition, all players were asked on subjective RPE approximately thirty 
minutes after the end of each training session and/ or friendly match (Foster et al., 1996; Foster, 1998; 
Impellizzeri, Rampinini, Coutts, Sassi, Marcora, 2004) using the Borg 10-point category-ratio scale. The RPE 
was subsequently calculated multiplying the RPE by the duration of the training session or match (Foster et al., 
1996; Foster, 1998). For the analysis of TL data, the preseason phase was separated into eight 1-week blocks 
(Malone et al., 2015). The time spent in high intensity HR zone (90-100% of HRmax) during the preseason 
period was calculated (both absolute and relative) for each player (Castagna et al., 2011; Castagna et al., 2013).    
Statistical Analysis 

Data were analyzed using the SPSS Statistics (SPSS Statistics for Windows: IBM Corporation, version 
23.0) Means + SD were calculated. Pre- and post-measures of VO2max, v-VO2max, ISRT stage and distance 
completed at ISRT were compared using paired t-tests. A repeated measures ANOVA test was used to examine 
if there were any differences among the eight (8) different microcycles (weeks) in the total weekly s-RPE TL 
and Edwards-TRIMP, average RPE, weekly volume and weekly average s-RPE TL and Edwards-TRIMP. If F 
ratios turned to be significant, post hoc comparisons of means were applied using the Bonferroni’s multiple 
comparison tests. Statistical significance was agreed at p<0.05. Cohen effect sizes (d) defined by Hopkins (2002) 
(0–0.19 trivial; 0.2–0.59 small; 0.6–1.19 moderate; 1.2–1.99 large; > 2.0 very large) are reported for differences 
that were significant. Relationships between the total s-RPE TL, total Edwards-TRIMP, relative (%) time 
completed in high heart rate intensity zone (90-100% HRmax) of the preseason period and changes in fitness 
(VO2max, v-VO2max, distance completed during ISRT, peak velocity reached during ISRT, and  measurements 
of interest) after the 8-week preseason period were defined using Pearson’s product-moment correlation 
coefficients.  
 
Results 

Paired t-tests found significant differences in v-VO2max [t(15)= -10.209, p<0.001; d =-2.14 (-2.73 to -
1.70), ES = very large], VO2max [t(15)= -6.100, p<0.001; d = -0.62 (0.60 to -2.14), ES = moderate], distance 
[t(15)= -8.359, p<0.001; d = -1.86 (-167.48 to 105.94), ES = large] and stages [t(15)= -10.368, p<0.001; d = -
2.10  (-10.38 to 3.14), ES = very large] completed during ISRT, peak velocity reached during ISRT [t(15)= -
8.267, p<0.001; d = -1.46 (-1.85 to -1.17), ES = large] after the preseason period (Table 1). 
 
Table 1. Pre- and post- endurance measurement. 
  
 
 
 
 
 
 

VO2max: Maximum Oxygen Consumption; v-VO2max: Velocity at VO2max; ISRT: Interval Shuttle 
Run Test; v-ISRT: Peak Velocity Reached during ISRT 
# P<0.001 Significant difference between pre- and post- measurement 
 

ANOVA for repeated measures revealed a significant microcycle effect on weekly average s-RPE TL 
(F3.553, 53.288=5.396, p<0.002, power = 0.946, 2 = 0.265), weekly average Edwards-TRIMP (F4.536, 68.035=13.158, 
p<0.001, power = 1, 2 = 0.467), weekly average s-RPE (F2.842, 42.627=3.955, p<0.016, power = 0.782, 2 = 
0.209), total weekly volume (F2.202, 33.025=40.895, p<0.001, power = 1, 2 = 0.732), total weekly s-RPE TL (F3.351, 

Endurance Variables Pre  

M + SD 

Post  

M + SD 

VO2max  (ml/kg/min) 58.6 + 3.1 60.3 + 2.5# 
v-VO2max (km/h) 16.8 + 1.2 19 + 0.9# 
ISRT stage 94.2+ 16.9 123 + 10.7# 
ISRT Distance (m) 1924+338 2438 + 220# 
v-ISRT (km/h) 16 + 0.8 17 + 0.6# 
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50.268=33.077, p<0.001, power = 1, 2 = 0.688) and total weekly Edwards TRIMP (F4.743, 71.150=67.073, p<0.001, 
power = 1, 2 = 0.817). Bonferroni’s multiple comparison tests revealed significant (p<0.05) differences among 
weeks of preseason on total weekly s-RPE TL and Edwards-TRIMP, average weekly s-RPE TL, Edwards-
TRIMP and s-RPE and total weekly volume. Especially, significant (p <0.01) differences were observed on total 
weekly volume between week 2 and weeks 1 [d = 4.97 (-19.58 32.66), ES = very large], 4 [d = 6.35 (-18.20 
21.25), ES = very large], 5 [d = 6.50 (-18.05 23.94), ES = very large], 6 [d = 6.66 (-17.88 17.30), ES = very 
large], 7 [d = 7.26 (-17.29 23.14), ES= very large], 8 [d = 5.67 (-18.87 22.28), ES = very large]. Total volume of 
week 3 was higher in comparison to weeks 1 [d = 3.13 (-38.32 27.68), ES = very large], 4 [d = 3.39 (-38.06 
18.29), ES = very large], 5 [d = 3.62 (-37.84 21.06), ES = very large], 6 [d = 3.39 (-38.06 14.03), ES = very 
large], 7 [d = 4.04 (-37.4 19.92), ES = very large], 8 [d = 3.03 (-38.43 19.64), ES = very large].  
 
Table 2. Total weekly training volumes during the preseason.   
 
Weeks Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 

Volume (min) 

M + SD 
460.2 + 
56.5 

717.9 + 

50.1* 
670.9 + 
84.6# 

462.1 + 
30.4 

443.6 + 
35.6 

467.9 + 
21.7 

420.3 + 
32.4 

482.8 + 
33.9 

 
* P<0.001 Significant differences between week 2 and weeks 1,4,5,6,7,8; # P<0.001 Significant differences 
between week 3 and weeks 1,4,5,6,7,8 
 

Average s-RPE of week 4 was higher (p<0.05) than in weeks 2 [d = 1.31 (1.11 to 1.40), ES = large], 3 
[d = 0.74 (0.55 to 1.18), ES = moderate], 5 [d = 1.03 (0.84 to 1.23), ES = large], 8 [d = 0.73 (0.53 to 0.88), ES = 
moderate]. Significant differences (p <0.05) were observed on weekly average s-RPE TL between week 4 and 
weeks 1 [d = 1.17 (-14.02 to 20.28), ES = large], 2 [d = 1.47 (-13.72 to 9.31), ES = large], 5 [d = 1.35 (-13.84 to 
16.05), ES = large] and 8 [d = 1.40 (-13.79 to 11.69), ES = large], and between week 5 and week 6 [d = 1 (-15.70 
to 23.50), ES = large]. Weekly average Edwards-TRIMP was significantly lower (p<0.05) in week 1 than in 
weeks 2 [d = -2.19 (-11.01 to 11.53), ES = very large], 3 [d = -2.42 (-11.24 to 9.83), ES = very large], 4 [d = 1.05 
(-9.87 to 20.99), ES = large], 5 [d = -0.98 (-9.80 to 19.11), ES = large], 7 [d = -3.31 (-12.13 to 2.57), ES = very 
large] and 8 [d = -1.40 (-10.22 to 11.83), ES = large] (Figure 1).    
 

 
Figure 1. Weekly average s-RPE TL, Edwards-TRIMP and s-RPE during the preseason.   

s-RPE: session-Rating of Perceived Exertion; Edwards-TRIMP: Edwards Training Impulse; TL: Training Load; 
# P<0.004 Significant differences between weeks 4 and 3; * P<0.05 Significant differences between week 4 and 
weeks 2,5,8; ⁑ P<0.05 Significant differences between week 4 and weeks 1,2,5,8; ¶ P<0.05 Significant 
differences between weeks 5 and 6; § P<0.001 Significant differences between week 1 and weeks 2,3,7; ┼ 
P<0.014 Significant differences between week 1 and weeks 4,8 
 

Total weekly Edwards-TRIMP was significantly higher (p<0.001) in week 2 than in weeks 1 [d = 3.64 
(-128.86 to 77.18), ES = very large], 4 [d = 2.74 (-129.75 to 111.18), ES = large], 5 [d = 2.57 (-129.92 to 
141.48), ES = very large], 6 [d = 3.82 (-128.67 to 99.27), ES = very large], 7 [d = 3.23 (-129.26 to 97.94), ES = 
very large] and 8 [d = 3.10 (-129.39 to 87.58), ES = very large]. Similarly, total weekly Edwards-TRIMP was 
significantly higher (P<0.001) in week 3 than in weeks 1 [d = 3.79 (-122.73 to 77.34), ES = very large], 4 [d = 
2.84 (-123.68 to 111.27), ES = very large], 5 [d = 2.64 (-123.87 to 141.56), ES = very large], 6 [d = 3.96 (-
122.55 to 99.41), ES = very large], 7 [d = 3.35 (-123.17 to 98.06), ES = very large] and 8 [d = 3.23 (-123.29 to 
87.70), ES = very large]. Total weekly s-RPE TL was significantly higher (P<0.001) in week 3 than in weeks 1 
[d = 2.44 (-198.66 to 278.84), ES = very large], 4 [d = 1.74 (-199.35 to 233.51), ES = very large], 5 [d = 3.43 (-
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197.67 to 142.78), ES = very large], 6 [d = 2.56 (-198.54 to 147.59), ES = very large], 7 [d = 3.66 (-197.43 to 
121.01), ES = very large] and 8 [d = 3.46 (-197.63 to 79.85), ES = very large]. Total weekly s-RPE TL was 
significantly higher (p<0.001) in week 2 compared to week 1 [d = 2.52 (-99.20 to 298.2), ES = very large], 4 [d 
= 1.76 (-100.06 to 233.52), ES = very large], 5 [d = 4.33 (-97.49 to 143.69), ES = very large], 6 [d = 3.07 (-98.75 
to 148.10), ES = very large], 7 [d = 4.90 (-96.92 to 122.25), ES = very large] and 8 [d = 5.14 (-96.68 to 81.53), 
ES = very large] (Figure 2).  
 

 

 
Figure 2. Total weekly s-RPE TL and Edwards-TRIMP during the preseason.   

s-RPE: session rating of perceived exertion; Edwards-TRIMP: Edwards training impulse; TL: training load; # 
P<0.001 Significant differences between week 2 and weeks 4,5,6,7,8; $ P<0.001 Significant differences between 
weeks 2 and 1; * P<0.001 Significant differences between week 3 and weeks 1,4,5,6,7,8; ┼ P<0.001 Significant 
differences between week 2 and weeks 1,5,6,7,8; § P<0.009 Significant differences between weeks 2 and 4; ⁑ 

P<0.001 Significant differences between week 3 and weeks 1,5,6,7,8; ¥ P<0.001 Significant differences between 
weeks 3 and 4 
 

Figure 3 shows the correlations between the time spent at high intensity heart rate zone (90-100% 
HRmax) during the preseason with the absolute (m) distance (r=0.561; p< 0.024; CI: 0.09 to 0.82; ES = large), 
relative (%) distance (r=0.592; p < 0.016; CI: 0.13 to 0.84; ES = large), absolute (km/h) velocity (r=0.672; p < 
0.004; CI: 0.26 to 0.87; ES = large) and  relative (%) velocity (r=0.669; p < 0.005; CI: 0.25 to 0.87; ES = large) 
changes in ISRT performance, as measured by the distance completed and peak velocity reached during ISRT. 
No relationships were observed among total s-RPE TL, total Edwards-TRIMP during the preseason and changes 
in VO2max, v-VO2max, distance and stages completed and velocity reached during ISRT. 

 

 

 
Figure 3. Correlations between the relative time spent at high intensity heart rate zone (90-100% 

HRmax) and changes in ISRT performance. 
ISRT: interval shuttle run test; v-ISRT: Peak Velocity Reached during ISRT 
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Dicussion 

The results of the current study have shown that internal TL (both s-RPE and Edwards’s methods) was 
significantly increased during the first two weeks (after the adaptation week) in comparison to the last five 
weeks. Endurance performance was significantly improved as shown with changes in VO2max, v-VO2max and 
intermittent performance from the ISRT test. Other findings of the study were that s-RPE and Edwards methods 
were not related to changes in aerobic parameters or intermittent performance. Time spent in high intensity 
training, both absolute and relative (%), was largely correlated with changes in intermittent endurance 
performance.    

The ISRT evaluates the intermittent performance of soccer players (Brink et al., 2010). This study 
showed that intermittent performance was improved by 28% and 6.5%, as measured by the distance and velocity 
completed during the ISRT. Other investigators have used different intermittent field tests (Impellizzeri et al., 
2006; Castagna et al., 2011; 2013). Castagna et al. (2013) improved Yo-Yo IR-1test distance by 19.5% after 
eight weeks of a preseason period in elite soccer players. The same researchers (Castagna et al., 2011) reported a 
12.5% improvement in Yo-Yo IR-1 test after six weeks of preseason in elite professional soccer players. Higher 
improvements were found in elite soccer referees (31%) over a twelve-week training program without significant 
improvement in VO2max (Krustrup & Bangsbo, 2001). A possible reason for the variation in intermittent 
performance among the results of other studies may be due to the initial intermittent performance. During the 
laboratory measurement, lower improvements were found in VO2max and v-VO2max, 3.3% and 14%, 
respectively. These findings are similar with analysis performed by previous studies (Impellizzeri et al., 2006; 
Kalapotharakos et al., 2011; Castagna et al., 2013). Kalapotharakos et al. (2011) have reported a 4.5% and 8% in 
VO2max and v-VO2max, respectively, in a group of elite soccer players after a similar preseason period. The 
relative (%) differences in endurance changes between the laboratory and field endurance measurement may be 
due to the specificity of the field test and soccer, which is closer to the intermittent nature of training and 
matches of soccer players.  

The quantification of training may help the coach to implement appropriate periodization of TLs to 
achieve maximum improvements in physical fitness. The present study found an average s-RPE TL of 258 ± 160 
arbitrary units (au) for the total preseason. Varied results were reported for total or weekly average s-RPE TL 
throughout a preseason (Jeong et al., 2011; Malone et al., 2015). Jeong et al. (2011) examined the RPE load in 
only one week during preseason in professional Korean players, with their reported values to be higher [321 ± 23 
arbitrary units (au)] compared to the present study. Even higher RPE load reported by Malone et al. (2015), with 
an average of 447 ± 209 au in English Premier League professional soccer players from the during a six-week 
preseason period. These variations in weekly differences among the studies may be due to individual 
characteristics of the players, the different external loads performed by them, the different periodization plans 
followed during the preseason period, the inclusion of friendly matches, and from differences in the 
familiarization of the player with the Borg scale. 

Important findings of the current study were the significant differences in total weekly s-RPE TL and 
total weekly Edwards-TRIMP observed between the second and third week in comparison to the other weeks of 
the preseason period. This may be a result of the increased volume and training frequency of the 2nd and 3rd 
week of preseason. Consequently, the average s-RPE was increased significantly during the 4th week because of 
the higher intensity, as measured by s-RPE. Malone et al. (2015) did not find significant differences in average 
weekly s-RPE TL among the six-week-microcycles during the preseason period. These differences among the 
studies may occur due to the different periodization plans performed by the soccer players, which is a product of 
different managements of intensity and duration. 

The TL quantification in team sports may help to evaluate the dose-response relationship, which 
indicates a physiological response relative to a training stimulus. In this particular study, no significant 
relationship was found between s-RPE and endurance variables whether using a progressive incremental 
continuous running laboratory test for the assessment of VO2max, or using a field ISRT for the assessment of 
intermittent performance. The absence of significant correlations between the changes on VO2max, v-VO2max 
and total s-RPE TL in the current study is in accordance to a previous study (Akubat et al., 2012). However, in 
our study we also used a field intermittent test (ISRT) to examine the dose-response relationship. It has been 
suggested that the field test with intermittent nature may be more effective for examining the dose-response 
relationship between s-RPE TL and changes in intermittent performance of soccer athletes (Hill-Haas, Coutts, 
Rowsell, Dawson, 2009). Nevertheless, there is no significant relationship between changes in intermittent 
performance of ISRT and total s-RPE TL in the present study. Previous studies have reported varied results 
regarding the relationship between s-RPE TL and intermittent endurance (Gabbett & Domrow, 2007; Brink et 
al., 2010; Campos-Vazquez et al., 2017). Brink et al. (2010) who used the same field test as the present study 
reported that s-RPE didn’t contribute in the prediction of the performance during a submaximal field test in 
young elite soccer players during in-season. However, they found that the volume (duration) of training inside 
the week before the execution of ISRT test was significantly related with the field test performance (Brink et al., 
2010). According to Brink et al. (2010), the similar training duration of soccer sessions inside the week and the 
small range of s-RPE among the sessions were factors indicating that the s-RPE could not predict intermittent 
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performance and recovery. On the other hand, Campos-Vazquez et al. (2017) have reported that sRPE-TL, 
practice volume, and sums of RPE during a preseason period were strongly related to changes in intermittent 
performance, using the thirty-fifteen intermittent fitness test after a four-week preseason period in elite Spanish 
soccer players. Similarly, Gil-Rey, Lezaún, & Los Arcos (2015) reported significant correlations (r = 0.69–0.71) 
between s-RPE TL (respiratory and muscular) and changes in intermittent performance using the Universite´ de 
Montreal track test after a nine-week in-season period on junior soccer players. Reasons that may cause the 
differentiating results among the studies include the type of intermittent test used, the time period that is 
examined (preseason or in-season), the duration of that period, the age, the experience of the soccer players 
(amateur or professional soccer players), and the changes of s-RPE TL in respiratory and muscular aspects. In 
addition, no significant relationship was found between changes in intermittent performance of ISRT or changes 
in VO2max and total Edwards-TRIMP in the present study. Similar results were reported from previous studies 
that used laboratory or field measures (Campos-Vazquez et al., 2017; Taylor et al., 2018). Taylor et al. (2018) 
noticed that only Banister’s TRIMP and individualized TRIMP display a curvilinear dose-response relationship 
with changes in VO2max, whereas the other HR based internal TL and s-RPE TL scores exhibit below of 40% of 
variance with endurance change.  
 In the present study, the time spent at HI zone [both absolute and relative (%)] is significantly related to 
the changes in velocity reached and distance completed in ISRT. Castagna et al. (2011; 2013) have previously 
reported that time spent at the high intensity HR zone was significantly correlated to relative improvement in 
velocity at a certain blood lactate concentration of 2 mmol-1 and 4 mmol-1, in VO2max and Yo-Yo IR-1 
performance, after six and eight weeks of a preseason period in professional elite soccer players. Although high 
intensity training produces improvements in endurance of soccer players, the optimal relative (%) time spent in 
high intensity HR zone during preseason and in-season remains unclear, with little information existing. In our 
study, the relative (%) time spent at high intensity (90-100% HRmax) were 8.5% of the total training, 
respectively, during an eight-week preseason period. Castagna et al. (2011; 2013) have reported smaller relative 
(%) time spent in high intensity zone (7.3% and 8%) after an eight-week and six-week preseason periods, 
respectively, of elite soccer players. The same research group has found 7.3% of the total time spent in high 
intensity zone after eight weeks of preseason training in elite soccer players (Castagna et al., 2013). It seems that 
HR training intensity is a determining factor contributing to the enhancement of endurance in elite professional 
soccer athletes during a preseason period. For this reason, coaches have to consider and count the time that 
soccer players spent at high intensity zone for aerobic improvement during the preseason period. A limitation of 
this study is the absence of data for external load. 

 

To conclude, the findings of the current study’s methodological approach during a preseason period 
have shown that the total weekly internal TL increased significantly at the beginning of the preseason 
(accumulation phase), but then decreases and remains at the same level without significant changes. However, 
only the time spent in high intensity HR was significantly related with the intermittent endurance performance 
changes after the preseason period. On the other side, s-RPE TL and Edwards-TRIMP may not be appropriate 
for anticipating changes in fitness performance. Future studies will need to assess and evaluate more deeply into 
the quantifications of TL in different practices and periodization approaches of elite soccer teams, and how these 
approaches are related to physical performance. 
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