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Abstract
This study aimed to verify the relationship between perceived exertion (session-RPE) and heart rate (HR) methods when 
quantifying internal training loads in different judo training sessions. Nine male judo athletes performed two training ses-
sions lasting 60 min with a 48 h interval between them: (1) randori and (2) technical–tactical. The internal training load was 
quantified through the session-RPE (CR 0–10) and the HR methods, as suggested elsewhere (Banister’s and Edwards meth-
ods). The Pearson’s linear correlation was used to verify the relationship between session-RPE and HR methods (p < 0.05). 
A significant positive correlation was found between session-RPE and HR method as suggested by Banister’s (r = 0.93; 
p < 0.001) or Edwards methods (r = 0.81; p = 0.007) in randori session. Accordingly, session-RPE was also correlated with 
HR of Banister’s (r = 0.90; p = 0.001) and Edwards methods (r = 0.81; p = 0.008) in technical–tactical session. Results of 
the present study suggested that the session-RPE may be reliable to quantify training load during judo training randori and 
technical–tactical when compared to different HR methods.
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Introduction

Judo is an intermittent combat sport characterized by high-
intensity effort periods interspersed by rest and low-intensity 
effort periods [1]. During a competition, medalist judo ath-
letes perform five to seven matches, therefore, aerobic and 
anaerobic fitness levels are considered as an important factor 
[1, 2] to achieve success in judo competition. Actually, judo 
athletes use to engage in training programs to improve com-
bat simulation (randori), technical–tactical training (uchi-
komi and nage-komi), and physical preparation focused on 
these factors. In this regard, the monitoring of physiological 
(i.e., heart rate and lactate) and perceptual (i.e., perceived 
exertion and perceived fatigue) responses to training ses-
sions may be useful when quantifying the dose–response 
relationship during training sessions [3].

Different training load monitoring methods have been 
mainly based on physiological aspects such as heart rate 
(HR) responses so that these HR-based methods have been 
commonly applied in sports training environments [3]. In 
this sense, while the HR method suggested by Banister 
called as training impulse (TRIMP) considers the HR 
responses to the training session duration, Edwards method 
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recommends the use of a HR method based on the HR 
zones summation. Additionally, the fact that these methods 
rely on HR devices may constitute a practical problem, 
as HR monitors are not authorized during official judo 
competitions.

A likely alternative method to HR-based methods is the 
use of the ratings of perceived exertion (RPE) during a train-
ing session, as the session-RPE is considered as a simple and 
practical tool to quantify the intensity of training session. 
This method determines the training load by multiplying 
the individual RPE score by the training session duration (in 
minutes). This tool has gained considerable attention from 
athletes and coaches when quantifying the training loads as 
this is a noninvasive, inexpensive means to avoid overtrain-
ing and optimize sports performance [3].

Moreover, one may argue that session-RPE method is 
preferable when compared to HR-based methods as this 
method considers a perceptual rather than a single physi-
ological response, as suggested by different combat sports 
studies [4, 5]. However, to the best of our knowledge, no 
study has been designed to verify the session-RPE and 
HR-based methods relationship when quantifying the 
training load in technical–tactical and randori judo train-
ing sessions.

Materials and methods

Participants and design

A sample size of nine subjects was required, considering 
a power of 0.80 and an effect size of 0.7, at a significance 
level of 0.05 with (G-power software 3.1.2; Germany). 
Thus, nine male judo university athletes were recruited 
to take part in this study. The anthropometric characteris-
tics and time of practice were present in Table 1. Briefly, 
the athletes were national judo player, regularly training 
(physical, technical, and tactical training) 4–5 times a week 
when the study was performed. During two experimental 
visits athletes performed two training sessions (~ 60 min) 
in 2 days (interval 48 h). Experimental sessions with ran-
dori and technical–tactical were equally composed of 

general elements and fundamentals of judo, with addition 
of specific parts such as combat simulation in randori and 
Uchi-komi (technique repetition without throwing) and 
Nage-Komi (technique repetition with throwing) in techni-
cal–tactical session.

Internal training load was quantified according to the fol-
lowing proposed methods. The session-RPE was calculated 
by multiplying the training duration in minutes by the RPE 
scored on the 10-points category ratio Borg’s scale (CR10). 
Additionally, two HR-based methods were used to measure 
internal training load: The Edwards methods which deter-
mines the internal load by multiplying the accumulated 
training duration (minutes) in each HR zone by its corre-
sponding coefficient (50–60% of HRMAX in zone 1, 60–70% 
of HRMAX in zone 2, 70–80% of HRMAX in zone 3, 80–90% 
of HRMAX in zone 4 and 90–100% of HRMAX in zone 5), 
before summing them. In contrast, Banister’s method con-
siders the duration of the training sessions as the following 
Eq. 1:

where training session duration is expressed in min-
utes, ΔHRratio is determined as: HREX − HRREST/
HRMAX − HRREST (where HREX is the averaged HR dur-
ing exercise, HRREST is the rest heart rate and HRMAX is 
the maximal heart rate) and Y is 0.64e1.92x for males and 
e = 2.712 and x = ΔHRratio. The HR was recorded through a 
chest belt (Suunto, Vantaa, Finland), after each training ses-
sion. The HR data were downloaded into a laptop computer 
using specific software. Individual training load session for 
RPE, Banister’s and Edwards methods were demonstrated 
in Fig. 1.

Statistical analysis

The data normality and homoscedasticity were tested 
through the Shapiro–Wilk’s test. Pearson’s correlation was 
used to verify the relationship between session-RPE and 
HR-based methods of Edwards and Banister’s in techni-
cal–tactical and randori sessions. The level of significance 
was set at p < 0.05. To make eventual comparisons possible, 
we also calculated the effect size (expressed as Pearson r) 
in post-hoc analysis, and interpreted as: r = 0 − 0.1 (trivial), 
0.1 − 0.29 (small), 0.3 − 0.49 (moderate), 0.5 − 0.69 (large), 
0.7 − 0.89 (very large), and 0.9 − 1.0 (almost perfect).

Results

Figure 2 shows Pearson correlation coefficient between 
HR-based and session-RPE methods. Significant positive 
correlation was found in session randori session between 

(1)
Banister’s trimp = duration of training × ΔHRratio × Y ,

Table 1   Mean and SD of anthropometric characteristics and time of 
practice of judo athletes (N = 9)

Variable Mean ± SD

Age (years) 23 ± 3
Height (cm) 170.5 ± 6.5
Body mass (kg) 76.3 ± 13.9
Body fat (%) 17.6 ± 8.3
Time of practice (years) 7 ± 3



711Sport Sciences for Health (2019) 15:709–712	

1 3

session-RPE and Banister’s method (r = 0.90; almost per-
fect), and session-RPE and Edwards method (r = 0.81; very 
large). In technical–tactical session, we observed a positive 

correlation coefficient between session-RPE and Banister’s 
method (r = 0.93 almost perfect), as well as session-RPE and 
Edwards method (r = 0.81; very large).

Fig. 1   Individual training load for session-RPE, and heart rate-based methods in the training session technical–tactical and randori. a Rating of 
perceived exertion; b Banister’s method; c Edwards method

Fig. 2   Correlations between session-RPE methods and HR-based methods in the training session technical–tactical and randori. a Technical–
tactical session; b Randori session
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Discussion

The present study was the first investigating session-RPE 
and HR-based methods in judo athletes. The aim of the pre-
sent study was to verify the relationship between training 
load quantified through session-RPE and HR-based methods 
such as Edwards and Banister’s in judo athletes. Significant 
correlations between session-RPE and HR-based methods 
suggested a relationship between physiological and percep-
tual responses, likely making attractive the use of session-
RPE to monitor training loads of judo athletes submitted 
to both technical–tactical and combat simulation sessions.

The technical–tactical training sessions of the judo 
involve a number of factors, including specific motor ges-
tures such as uchi-komi (technique repetition without throw-
ing) and nage-komi (technique repetition with throwing), 
using different techniques and time structures. In addition, 
tactical strategies to combat the opponent are also performed 
during these sessions [1]. The high correlation reported 
between both methods indicates that technical–tactical train-
ing session monitoring can be measured through session-
RPE. Accordingly, similar results have been reported else-
where, as significant correlations have been found between 
session-RPE and Banister’s method (r = 0.60) as well as 
session-RPE and Edwards method (r = 0.61) in young taek-
wondo athletes [4].

Simulated combats in judo training sessions have been 
denominated as randori, which encompass a brief warm-up 
period followed by matches. The training load control in ran-
dori sessions is important, given the reliability of this type 
of training in simulating official competition [1]. Study by 
Invernizzi et al. [5] highlighted the usefulness of the session-
RPE to monitor the training load when athletes matches at 
different intensities in karate combats. Similar to our study, 
Haddad et al. [4] assessed the relationship between session-
RPE and HR-based methods for training loads monitoring 
and found a significant association between session-RPE and 
both HR Banister’s method (r = 0.74) and Edwards methods 
(r = 0.68) in official taekwondo competition. Together, those 
earlier results and the present study may suggest the use of 
session-RPE in training load monitoring of combat matches 
in randori training as well as in official competition.

A likely limitation of the present study was the number 
of training sessions investigated, as we cannot confirm the 
session-RPE and HR-based methods relationship in longer-
term training. However, this pilot study shows promising 
perspectives to future studies investigating session-RPE 

and HR-based methods in long-term training load in judo 
athletes. Results of the present study may suggest that ses-
sion-RPE is a simple, low-cost and practical tool to quantify 
training loads in judo training and competition, given the 
session-RPE is a non-invasive, available mean to moni-
tor judo-training loads in different scenarios. Thus, future 
investigations may be required to confirm the session-RPE 
utility in long-term judo training programs and official judo 
competitions.
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