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Abstract

Although differential rating of perceived exertion (RPE) scales have been supported in quantifying internal
load across various sports, their application in basketball remains to be comprehensively investigated. Con-
sequently, we aimed to: (1) quantify and compare session- and weekly-RPE loads using global and differential
RPE scales; and (2) compare session-RPE load between individual sessions across the week using each scale in
basketball players. Ten semiprofessional, male players reported RPE using global and differential (respiratory
and muscular) scales following each training session and game during the in-season. RPE was multiplied by
session duration to derive session-RPE load, which were summed to determine weekly-RPE load. Weekly-RPE
load was higher using global (P = 0.003, n2 = 0.343, large) and muscular (P = 0.004, n2 = 0.209, large) scales
than the respiratory scale. Likewise, session-RPE load was higher using global (P = 0.049, n2 = 0.314, large)
and muscular (P = 0.054, n2 = 0.298, large) scales than the respiratory scale only in games, with differences
between scales during other sessions being trivial-to-medium (P >0.05). Across all scales, higher session-RPE
loads were apparent in the second training session than all other sessions in the week (P <0.05, n2 = 0.105-
0.561, medium-to-large), and during games than the first training session (P <0.001, n2 = 0.202-0.223, large).
While session-to-session load changes were similarly detected across scales, the greater weekly and game
muscular loads than respiratory loads support the potential for differential RPE scales to provide more detailed
internal load data in basketball settings.
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Introduction

Monitoring player loads has become commonplace among
basketball teams (Fox, Scanlan, et al., 2020). Player loads can
be categorized as external or internal, whereby external load
represents the physical stimuli applied while internal load rep-
resents the responses of players to the external stimuli (Bour-
don et al., 2017). While basketball practitioners prescribe the
training load according to the external load, it is the internal
load that determines the training outcome in players (Impel-
lizzeri et al,, 2019). In this way, measuring player ratings of
perceived exertion (RPE) following training sessions or games
and multiplying these individualized ratings by the session du-
ration to determine session-RPE load is the most frequently
used approach to quantify internal load in basketball players
(Piedra et al., 2021).

When applying the session-RPE method to measure in-
ternal load, it has been argued that a single RPE scale is insuf-
ficient to represent the various perceptual sensory respons-
es experienced during exercise (Hutchinson & Tenenbaum,
2006). Consequently, differential RPE scales have been ap-
plied in several team sports for internal load monitoring to
represent more distinct sensory inputs than traditional glob-
al RPE scales (Los Arcos et al., 2016; McLaren et al., 2017;
Weston et al., 2015). Differential RPE scales were developed
to distinguish between central and peripheral factors contrib-
uting to the global RPE (Ekblom & Golobarg, 1971). In this
way, central factors are typically measured using perceptual
RPE breathlessness scales, or respiratory RPE, and peripher-
al factors are typically measured using perceptual leg-muscle
exertion scales, or muscular RPE (Borg et al., 2010; Ekblom &
Golobarg, 1971; Pandolf et al., 1975). However, research us-
ing differential RPE scales to quantify internal load is lacking
in basketball, with studies only examining basketball players
during 3 vs. 3 national-level games within a two-day tour-
nament (McGown et al., 2020) as well as 4 vs. 4 small-sided
and competitive wheelchair games (Tturricastillo et al., 2016,
2017). Consequently, no research has applied differential RPE
scales to quantify internal loads during training in any bas-
ketball populations and during games in traditional 5 vs. 5
competitions.

When examining load monitoring methods, it is im-
portant to ensure translatable outcomes stem from research.
In this regard, basketball practitioners consistently imple-
ment load monitoring to understand how training demands
differ between sessions and relative to games (Fox, Scanlan,
etal., 2020). Indeed, research has supported differential RPE
scales in providing unique insight compared to global RPE
scales regarding differences in session-RPE loads encoun-
tered between training sessions in field-based team sport
(McLaren et al., 2017); however, these findings should not
be simply transferred to basketball given the varied de-
mands encountered (Taylor et al., 2017) will likely impose
specific perceived respiratory and muscular exertion across
sports. Nevertheless, differential RPE scales to measure ses-
sion-RPE load specifically in basketball players has been en-
couraged in the literature to identify whether they provide
added insight into the training response (Fox et al., 2022).
Therefore, this study aimed to: (1) quantify and compare
session- and weekly-RPE loads using global and differen-
tial RPE scales; and (2) compare session-RPE load between
individual sessions across the week using each scale in bas-
ketball players.

Materials and methods
Participants

Ten semiprofessional, male basketball players (age:
23.3 + 3.0 years [range: 19-28 years]; height: 1.94 + 0.12
m; body mass: 87.1 + 13.2 kg; competitive basketball ex-
perience: 14.9 + 3.1 years) competing in the Liga Espanola
de Baloncesto Aficionado (EBA) were recruited for this
study. Players completed 84-100% of sessions during the
monitoring period. Players completed three on-court team
training sessions lasting between 50-140 min and one of-
ficial game each week (Table 1). All procedures conformed
to the Declaration of Helsinki and the Code of Conduct
Ethics Committee of Publications. This study was ap-
proved in advance by the Institutional Review Committee
of the Sports and Youth Institute of Navarre. Each partici-
pant voluntarily provided written informed consent before
participating.

Table 1. The weekly training and game schedule completed by the semiprofessional, male basketball players
throughout the monitoring phase in this study.

Day Physical fitness contents Basketball-specific contents
Monday Core stability or agility Technique
Tuesday Rest Rest

Wednesday Strength or speed Technique + tactics
Thursday Rest Rest
Friday Injury prevention Tactics + shooting
Saturday/Sunday Official game played on either day

Study design

An exploratory team-based case series study design was
adopted. This observational approach involved all players
from the same semiprofessional basketball team being mon-
itored during a 6-week in-season period (January-March)
across the 2021/22 season (Figure 1). Internal load was mea-
sured throughout the monitoring period via individualized
session-RPE being collected from each player following train-
ing and games using global, respiratory, and muscular scales.
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Session-RPE was used to derive loads for each individual
session within the week and cumulatively across the week.
Comparisons in load were then made between scales (for each
session and weekly) and between sessions within the week (for
each scale).

Procedures

Players reported individualized RPE from 0 (rest) to 10
(maximal) using Foster’s 0-10 scale (Foster et al., 2001) sep-
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Figure 1. The training and match schedule completed by the semiprofessional,
male basketball players throughout the six weeks of this study

arately for global, central (respiratory), and peripheral (mus-
cular) exertion 10-20 min following each training session and
game (Iturricastillo et al., 2017; Los Arcos et al., 2016; McLar-
en et al., 2017). Each player provided their RPE to the strength
and conditioning coach in the absence of other players to
avoid peer influence (Minett et al., 2022). Players consistently
answered the following questions when providing their RPE
(Foster et al., 2001): How hard has the session been? How hard
has the session been at the respiratory level? How hard has the
session been at muscular level?

The duration of each training session was recorded from
the commencement of the warm-up to the completion of
training activity with rest periods included and cool-down
exercises excluded (Ferioli et al.,, 2018). The duration of
each game was recorded from commencement (tip-off) to
completion including rest periods (Ferioli et al., 2018). RPE
using each scale were multiplied by the duration (minutes)
for each training session and game to calculate session-RPE
load (Foster et al., 2001). When players completed all sched-
uled training sessions and were available to compete in the
game for a given week, their data were tabulated to calculate
weekly-RPE load using each scale. Players were familiarized
with using each RPE scale for four weeks prior to data col-
lection.

Analysis

All variables did not meet the assumptions for a normal
(Gaussian) distribution, and therefore were log-transformed
(Newans et al., 2022). In turn, data are described using means

and 95% confidence intervals (CI). Linear mixed models
were used to compare weekly session-RPE load between
scales with scale inputted as a fixed effect (43 samples per
scale) and player (n = 10) inputted as a random effect to ac-
count for repeated observations. Furthermore, separate lin-
ear mixed models were used to compare session-RPE load
between sessions within the week for each scale (i.e., first
training session [52 samples] vs. second training session [53
samples] vs. third training session [59 samples] vs. game [48
samples]), where session number was inputted as a fixed ef-
fect, while week (n = 6) and players (n = 10) were inputted
as random effects. Eta squared (n2) was calculated to assess
the magnitude of pairwise differences — interpreted as: trivial,
<0.01; small, 0.01-0.06; medium, 0.06-0.14; and large, >0.14
(Cohen, 1988). Statistical significance was set at P <0.05 and
analyses were performed using Jamovi software (The jamovi
project [2022], version 2.3.2).

Results

Mean weekly- and session RPE loads using each scale are
presented in Table 2 with effect sizes for all pairwise compar-
isons shown in Table 3. Comparisons between scales revealed
weekly-RPE load was higher using global (P = 0.003, large)
and muscular (P = 0.004, large) scales than the respiratory
scale. In contrast, trivial-to-medium differences (P >0.05) in
session-RPE loads were evident between scales in each ses-
sion, except during games where global (P = 0.049, large) and
muscular (P = 0.054, large) scales yielded higher session-RPE
loads than the respiratory scale.

Table 2. Mean [95% Cl] weekly- and session-RPE load using different RPE scales in a semiprofessional, male basketball team.

RPE load

RPE scale

Global (AU)

Respiratory (AU) Muscular (AU)

Weekly-RPE load
Session-RPE load

2407 [1933; 2880]*

483 [363; 602]
791 [646; 93711
558 [456; 660]+
633 [495; 770]+#

Training session 1
Training session 2
Training session 3

Game

2187 [1714; 2660] 2414 [1942; 2888]*
442 [322;562]
745 [600; 8911+
517 [415; 618]*
571[433;708]+

488 [368; 608]
787 [642; 933]t
559 [457;660]
651 [513;788]+

Abbreviations: Cl, confidence intervals; RPE, rating of perceived exertion; AU, arbitrary units. Note: * significantly (P <0.01) higher weekly-RPE
load than respiratory scale; T significantly (P <0.05) higher session-RPE load than training session 1, training session 3, and game for that scale;
¥ significantly (P <0.05) higher session-RPE load than training session 1 for that scale; # significantly (P <0.05) higher session-RPE load than

respiratory scale during games.
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Table 3. Effect sizes (n2) for pairwise comparisons in weekly- and session-RPE load between scales and in session-RPE load
between sessions for each scale in a semiprofessional, male basketball team.

RPE scale

Global vs. respiratory

Global vs. muscular Respiratory vs. muscular

Weekly-RPE load 0.343, large
Session-RPE load
Training session 1 0.020, small
Training session 2 0.064, medium
Training session 3 0.162, large
Game 0.314, large
Comparison Global
Training session 1 vs. 2 0.561, large
Training session 1 vs. 3 0.045, small
Training session 2 vs. 3 0.433, large
Training session 1 vs.game 0.223, large
Training session 2 vs. game 0.182, large
Training session 3 vs. game 0.104, medium

0.016, small 0.209, large
0.001, trivial 0.021, small
0.001, trivial 0.028, small
0.002, trivial 0.113, medium
0.028, small 0.298, large
Respiratory Muscular
0.426, large 0.450, large
0.036, small 0.042, small
0.302, large 0.331, large
0.217, large 0.202, large
0.145, large 0.105, medium
0.053, small 0.115, medium

Abbreviations: RPE, rating of perceived exertion. Note: All effect sizes are presented as positive values to show the magnitude of differences in

pairwise comparisons.

Comparisons between individual sessions in the week us-
ing each RPE scale revealed higher (P <0.05, medium-to-large)
session-RPE loads in the second training session than all other
sessions, as well as during games than the first training ses-
sion (P <0.05, large). Moreover, while significantly higher
session-RPE loads were detected in the third training session
than the first training session using global (P = 0.009) and re-
spiratory (P = 0.024) scales, these differences were only small
in magnitude.

Discussion

Our exploratory team-based case series provides the first
internal load data derived using differential RPE scales during
training and games in basketball players, with some notable
findings, including: (1) higher weekly-RPE loads and ses-
sion-RPE loads during games were measured using global and
muscular scales than the respiratory scale; and (2) all scales
yielded the highest session-RPE load in the second training
session as well as in games than the first training session with-
in the week.

The comparisons made in weekly-RPE load and ses-
sion-RPE load between scales suggest that deconstructing
global RPE into respiratory and muscular components elu-
cidates a lower central and higher peripheral contribution to
perceptual loading accumulated across the week and in games,
but not during individual training sessions. Unlike our find-
ings, similar loads have been reported using respiratory and
muscular RPE scales across the week (Gil-Rey et al., 2015)
and during games (Los Arcos et al., 2014) among male soccer
players. These discrepancies across sports might be expected
given the greater running requirements across longer periods,
and therefore higher cardiopulmonary demands, during soc-
cer activity (Bangsbo et al., 2006) compared to basketball (Sto-
janovi¢ et al., 2018). Consequently, muscular RPE scales may
be particularly useful in quantifying internal load accumulated
across weekly timeframes and during games in basketball giv-
en the high neuromuscular stress relative to the cardiopulmo-
nary demands encountered (Stojanovi¢ et al., 2018); however,
further research is warranted to explore this notion given we
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also found comparable weekly and game loads between global
and muscular scales. The limited differences in session-RPE
load between respiratory and muscular scales during individ-
ual training sessions concurs with previous research exploring
entire training sessions in male soccer players (Los Arcos et al.,
2014) and 16-min 4v4 small-sided games among male, wheel-
chair basketball players (Iturricastillo et al., 2017). Therefore,
the collective evidence suggests that the combined central
and peripheral inputs may limit the ability of differential RPE
scales to provide unique insight into the perceptual demands
experienced at the session level in training settings.

Comparisons in session-RPE load within the week re-
vealed similar load periodization schemes were detected
across scales, with elevated loads in the second training ses-
sion and game alongside reduced loads in the first and third
training sessions in the week. This trend mirrors those report-
ed previously in professional, male basketball players (Man-
zi et al., 2010), suggesting coaches in senior basketball teams
likely prescribe less stressful sessions early in the week to pro-
mote post-game recovery and late in the week as a taper to
mitigate players carrying residual fatigue into games (Mujika
et al, 2018). Interestingly, the game did not yield the high-
est session-RPE load within the week using any scale, prob-
ably due to variations in playing time during games among
the monitored players (mean live playing time: 10-28 min).
In this way, significantly higher session-RPE loads have been
observed during games but not training in players complet-
ing high playing times compared to players completing low
playing times among national-level, female basketball players
(Paulauskas et al., 2019).

While our exploratory investigation provides novel insight
into the use of differential RPE scales in basketball players, the
team-based case series we implemented limited the sample
size for each analysis. Further research incorporating larger
and wider (i.e., different age groups and competition encom-
passing males and females) basketball player samples are en-
couraged to confirm our findings. Moreover, we determined
internal load during on-court team training sessions in their
entirety. In turn, more research is encouraged quantifying
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session-RPE load using different scales during specific train-
ing modes in basketball players (e.g., conditioning, technical,
tactical, resistance) given variations between scales have been
documented to emerge according to training mode in other
team sports (McLaren et al., 2017; Wright et al., 2020). Never-
theless, our study supports the potential utility of differential
RPE scales in providing unique insight into the internal loads
experienced among basketball teams given variations in the
accumulated weekly loads and game loads observed between
scales.

Conclusions

Given the simplicity and cost-effectiveness of using RPE
scales combined with the minimal burden placed on players
in collecting data, basketball coaching staff may be able to eas-
ily include differential RPE reporting within team monitoring
systems to gain more detailed insight into the internal load
encountered among their players. More precisely, the higher
weekly-RPE load and session-RPE load during games we ob-
served with the muscular compared to respiratory scale sug-
gests basketball activities involve a greater contribution of pe-
ripheral neuromuscular stress than central cardiopulmonary
stress in eliciting perceptual demands. Consequently, differen-
tial RPE scales may inform the development of more precise
player preparation strategies considering respiratory and mus-
cular exertion each provoke specific recovery requirements
and adaptive responses. Also, session-to-session fluctuations
in perceptual demands across the week appear to be similarly
detected using global, respiratory, and muscular RPE scales in
a basketball team environment.
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