Rev Bras Cineantropom Desempenho Hum original article
| oomogmsss

Variations of workload and well-being measures
across a professional haskethall season

Variagoes das medidas de carga e bem-estar durante um
periodo profissional de basquetebol

Ménica Ferreira’

@ https://orcid.org/0000-0003-2901-5639

Miguel Camdes'?

@ https://orcid.org/0000-0002-7786-8970

Ricardo Franco Lima'?

@ nttps://orcid.org/0000-0003-3552-7534

Rui Silva'

@ https://orcid.org/0000-0003-3380-864X

Henrique de Oliveira Castro®

@ nttps://orcid.org/0000-0002-0545-164X

Bruno Mendes*

@ nttps://orcid.org/0000-0003-2462-7847

Pedro Bezerra'?

@ https://orcid.org/0000-0001-8219-5427

Filipe Manuel Clemente'®

@ nttps://orcid.org/0000-0001-9813-2842 1 Instituto Politécnico de Viana do
Castelo. Escola Superior Desporto e
Lazer. Viana do Castelo. Portugal.

Abstract — The aims of this study were: (i) to describe weekly variations of acute load (AL),

acute:chronic workload ratio, delayed onset muscle soreness (DOMS), and fatigue; (ii) to 2 The Research Centre in Sports
analyze variations of weekly workload and well-being in three periods of the season (P1, P2, Sciences. Health Sciences and

and P3); and (iii) to analyze the relationships between workload and well-being measures. Human Development. Vila Real.
Fifteen professional basketball players from a first-league European club were monitored Portugal.

throughout the season using the CR-10 Borg scale and the Hooper questionnaire. Weekly

AL and acute:chronic workload ratio (ACWR) were weekly calculated for monitoring of the 3 Federal University of Mato Grosso.

internal load. In addition, DOMS and fatigue values were weekly calculated. Greater AL, Cuiaba, MT. Brazil.

DOMS, and fatigue values were found during the early season, and the highest ACWR value o )

was found during the second period. Overall, AL presented large correlations with DOMS 4 University of Lisboa. Faculty of
(r=0.60) and fatigue (r=0.62). The results of this study indicate that load is higher in the first Human Kinetics. Lisboa. Portugal.
period and then decreases throughout the season. The results also showed that AL is more
closely related to well-being parameters than ACWR.

Key words: Athletes; Basketball; Training; Workload.

5 Instituto de Telecomunicagdes. De-
legacdo da Covilha. Lisboa. Portugal.

Received: July 22,2020

L. . . . Accepted: October 20, 2020
Resumo — O objetivo deste estudo foi: (1) descrever as variagées semanais de carga aguda (CA), razio

da carga de trabalho aguda:cronica, dor musuclar tardia (DOT) e fadiga; (ii) analisar as variagoes How to cite this article

da carga semanal de trabalho e bem-estar entre trés periodos da temporada (P1, P2 e P3); e (iii) Ferreira F, Camdes M, Lima RF, Silva
analisar as relages entre carga de trabalho e medidas de bem-estar. Quinze jogadores profissionais R, Castro HO, Mendes B, Bezerra P,
de basquetebol de um clube de primeira liga Européia foram monitorados ao longo de uma temporada Clemente FM. Variations of workload
utilizando a escala CR-10 Borg e o questiondrio de Hooper. A CA semanal e a razdo da carga de and well-being measures across a
trabalho aguda:cronica (RCTAC) foram calculadas semanalmente para monitorar a carga interna. professional basketball season. Rev

Além disso, os valores de DOT e fadiga foram calculados semanalmente. Maiores valores da CA, DOT Bras Cineantropom Desempenho Hum

e fadiga foram ensontrados durante o inicio da temporada e o maior valor de RCTAC foi encontrado 2021, 23:¢75863. DOI: http://doi.
durante o segundo periodo. No geral, a CA apresentou grandes correlagoes com a DOT (r = 0,60) e 0rg/10.1590/1980-0037.2021v23¢75863
Jfadiga (r=0,62). Os resultados deste estudo indicam que a carga é maior no primeiro periodo e depois
diminui ao longo da temporada. Os resultados também motraram que a CA estd mais relacionada
com os parametros de bem~estar do que a RCTAC.

Copyright: Thiswork is licensed
under a Creative Commons Attribution
4.0 International License.

Palavras-chave: Atletas; Basquetebol; Carga de trabalho; Treinamento.



http://dx.doi.org/10.5007/1980-0037.2019v21e53036 

http://doi.org/10.1590/1980-0037.2021v23e75863

Load variations and well-being in basketball

INTRODUCTION

Basketball is an intermittent team sport that involves high-intensity ac-
tions with brief interruptions’. Thus, athletes must be physically and psy-
chologically well prepared for the specific needs of the sport. According
to study conducted with male basketball players?, there are about 1000
total movement patterns, with change of movement occurring every 2-3
seconds on average (usually, these are changes of direction, accelerations,
or rapid decelerations).

Individuality is an essential principle of training because different ad-
aptations may occur between athletes presented with the same stimulus®.
Quantifying the specific demands of a sport is important for developing
team training regimens and analyzing individual athletic performances®*.
'The monitoring of training loads is of utmost importance, as they assist
coaches in understanding athletes’ responses to stimuli, allowing training
to be increasingly individualized and adjusted, thereby minimizing risks of
overreaching, detraining, and injury’. However, determining the process
that should be implemented to reach the desired workload is complex and
requires precise analysis and objective and subjective measures, combined
with the experience and perspective of coaches®.

Quantifying the training load is one of the possibilities for conducting
such an analysis. This method can be divided into two main dimensions:
(i) external load and (ii) internal load’. External load represents the physi-
cal demands derived from external stimulus applied to the athlete. It is
monitored based on the athletes’ work during training and/or matches
according to various parameters, such as distance-based and accelerometry-
based measures®. These types of external measures are usually obtained by
global positioning systems (GPSs) and inertial sensor units (IMUs), which
are usually integrated into GPSs’. On the other hand, internal load is the
psychobiological response to the stimuli imposed by the external load. It
can be measured by heart rate, rate of perceived exertion (RPE), and blood
lactate concentration, among other factors that are fundamental to the
athlete’s perception of the load determination and adaptation °. Internal
load can be objectively or subjectively quantified. Thus, numerous meth-
ods have been developed as monitoring tools to quantify internal training
load. Among them, RPE scales are interesting instruments due to their
validity and reliability, as well as their low cost and easy application in the
majority of contexts''. RPE represents a measure of intensity. However,
multiplication of the training session duration by RPE scores has been
used to determine the load volume 2.

In training load monitoring, weekly load determination is also crucial
to understanding progressions and changes between weeks. In these terms,
acute load (AL) represents the load accumulated in a regular training
week, but when greater ALs are imposed on athletes, they experience more
fatigue’®. Chronic load is the average weekly load and is usually calculated
over the most recent four weeks; higher progressive chronic load values are
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related to greater capacity to overcome ALs’”. The relationships between
acute and chronic loads (calculated by dividing AL by chronic load) are
denoted as the acute:chronic workload ratio (ACWR). This measure can
be useful in describing the exposure of athletes to injury risk scenarios
(load spikes or severe load decreases ) and identifying weekly variations
(to control progression or overload strategies)'™.

Some studies”® have shown that it is especially important to monitor
players’ training load and well-being statuses, as this type of monitoring
helps to maximize players’ physical performance while avoiding poor over-
reaching or exposure to injury. Moreover, the understanding of the link
between load and well-being must be improved. Well-being can be subjec-
tively quantified using questionnaires (e.g., the Hopper questionnaire) and
may represent an important way to track changes in variables such as delayed
onset muscle soreness (DOMS) fatigue, stress, sleep quality , or mood™.

Mood states (e.g., tension, anger, depression) can be useful for adjusting
workloads and assessing overtraining'’. Anxiety and stress can impair or
improve athletic performance and are present in competitive environments.
Both training sessions and competitions present stress factors and influ-
ence the well-being of athletes. Due to the sport characteristics, basketball
players have decreased hemoglobin levels and higher stress levels in the
competitive phase'®.

The aims of this study were: (i) to describe the weekly variations of
AL, acute:chronic workload ratio, DOMS, and fatigue; (ii) to analyze
weekly variations of AL, acute:chronic workload ratio, DOMS, and fatigue
in three periods of the season (P1, P2, and P3); and (iii) to analyze the
relationships between load and well-being measures.

METHODS

Participants

Fifteen professional basketball players from a first-league European club
(271 + 5.2 years old; 195.3 + 9.9 cm; 97.2 + 13.1 kg; 7.6 + 5.6 years of
experience in elite basketball) participated in this study. Inclusion criteria
were: (i) players participated in 80% of all training sessions of the season;
and (ii) players did not stop practice training for more than two weeks. The
experimental approach was presented to participants, after being informed,
they signed the free consent form. The ethical standards of the Declaration
of Helsinki for studies with humans were followed. The experiment was

approved by the ESDL-IPVC scientific council .

Experimental approach

This study followed an observational analytic prospective cohort design.
Analysis of variation tested differences of training load and well-being
measures in 3 periods of the season (first period (P1) — week 1 to week
14; second period (P2) — week 15 to week 28; and last period (P3) — week
29 to week 42). Correlation analysis was performed to test relationships
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between load and well-being. The research had duration of eleven months,
from August to June.

Internal load
'The CR-10 Borg scale’ was used to monitor players’ perceptual exertion
by answering the question — always asked by the same researcher — “How
difficult was the training session?”. This question was always asked 30 min-
utes after the training session/match and its classification varies between
1 (very light activity) and 10 (maximal exertion). Values collected were
multiplied by the duration of the training/match (in minutes) resulting in
s-RPE (session-RPE), which allows assessing the internal load’. Players
were familiarized with the scale and answers were individually provided.
Using s-RPE, acute load and acute: chronic workload ratio (ACWR)
were calculated. Acute load represents the sum of the internal load of each
session during a week. ACWR represents the acute load divided by the
average load of the past 28 days (4 weeks)®. Both acute load and ACWR

were calculated in each week for each of player.

Well-being
The Hooper questionnaire'® was used to analyze well-being parameters.
Athletes were familiar with the scale after a session dedicated to procedures.
'The Hooper questionnaire was applied every morning, 30 min before
the training session or game. Four categories were analyzed: (i) stress;
(i1) fatigue; (iii) sleep; and (iv) delay onset muscle soreness (DOMS). The
seven-point scale version was used, in which for DOMS, stress and fatigue
1 means very very low and 7 means very very high and regarding sleep, 1
means very very good, and 7 means very very poor’. Questionnaire answers
were individually collected. The Hooper index was calculated based on
the sum of 4 categories - rate corresponding to each item and the weekly
value corresponding to each category was calculated based on the sum of
all weekly rates.

Statistical procedures

Results were expressed as mean, SD and 90% confidence intervals, unless
otherwise stated. The Kolmogorov — Smirnov test was performed to assess
sample normality and the Levene test was used to analyze homogeneity
before performing further inferential tests. Associations between train-
ing load measures and well-being variables were made using the Pearson
correlation test (r). The magnitude of correlations was defined as follow?!
r <0.1, trivial; 0.1 <r < 0.3, small; 0.3 <r < 0.5, modern; 0.5 <r < 0.7, large;
0.7 <r<0.9, verylarge; and r 2 0.9, nearly perfect. Correlations were always
represented with 90% confidence intervals. Within-group changes across
the 3 in-season periods were assessed using repeated-measures analysis
of variance, followed by Tukey post hoc test to determine the P value in
pairwise comparisons. Significance level was set at P <.05. Standardized
Cohen’s effect sizes (d) were also calculated to determine the magnitude

Rev Bras Cineantropom Desempenho Hum 2021, 23:75863



Load variations and well-being in basketball

of pairwise comparisons. Hopkins’ thresholds were used for the interpre-
tation of inferences about the effect size magnitude *% d <0.2, trivial; 0.2
<d £ 0.6, small; 0.6 <d < 1.2, moderate; 1.2 <d < 2.0, large; and d > 2.0,
very large. The SPSS software (version 24.0; IBM, Armonk, NY) was

used for the analysis.
RESULTS

Weekly load and acute:chronic workload ratio (ACWR) variations dur-
ing the season are shown in Figure 1. The week with the highest weekly
load is w2 and, on the other hand, the week with the lowest weekly load
is w18. The week with the highest ACWR value is w14 and w18 presents
the lowest ACWR value of the season.
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Figure 1. Weekly load and acute:chronic workload ratio (ACWR) variations throughout the season.

Figure 2 shows the DOMS and fatigue values, also showing w18 as
the week with the lowest recorded values, like values found in the first
figure. DOMS and fatigue values are higher in w7.

In this study, 42-week data were collected and analyzed, later divided
into 3 periods of the season (early, mid and end). Comparison of training
loads and well-being in these periods are shown in Table 1. Regarding the
first table, the highest AL (Acute Load), DOMS and Fatigue values were
found in the first period of the season (P1). In the mid period (P2), the high-
est ACWR and lowest DOMS values were recorded. The last period (P3)
of the season, the lowest AL, ACWR, and Fatigue values were recorded.

Statistically significant differences (p) in relation to AL in P1vs P2 (p=
0,032) and P1 vs P3 (p=0,024) were observed. No significant differences
were found in the remaining variables and periods.

Regarding ACWR, all three periods of the season showed trivial
relationships between them (P1 vs P2: d = 0.135; P1 vs P3: d = 0.046; P2
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vs P3: d = 0.178). Regarding DOMS, small relationship in the P1 vs P2
period (d = 0.258) and trivial relationship in the remaining two periods (P1
vs P3:d =0.127; P2 vs P3: 0.132) were observed. Regarding Fatigue, small
relationship was observed when comparing early with mid and end periods

(P1vs P2:d =0.401; P1 vs P3: d = 0.568) and trivial when comparing the
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Figure 2. Delayed onset muscle soreness (DOMS) and fatigue variations throughout the season.

Tahle 1. Differences between periods of season (P1, P2, P3), considering training load and well-being.

P1 P2 P3

(mean+SD) (mean+SD) (mean+SD) p o] LG

P1vs. P2:0.032 P1vs. P2:1.022 | Moderate
AL (A.U) 4578.99+1083.87  3623.89+756.45  3594.91:913.46  P1vs.P3:0.024  P1vs. P3:0.982 | Moderate
P2 vs. P3:0.921 P2 vs. P3:0.035 | Moderate
P1vs. P2:0.720 P1vs. P2:0.135 | Trivial
ACWR (A.U.) 1.07+0.21 1.10+0.23 1.06+0.22 P1vs. P3:0.927 P1 vs. P3:0.046 | Trivial
P2 vs. P3:0.247 P2 vs. P3:0.178 | Trivial
P1vs. P2:0.577 P1vs. P2:0.258 | Small
DOMS (A.U.) 13.51+2.41 12.83+2.85 13.19+2.61 P1vs. P3:0.747 P1vs. P3:0.127 | Trivial
P2 vs. P3:0.735 P2 vs. P3:0.132 | Trivial
P1vs. P2:0.399 P1vs. P2: 0.401 | Small
Fatigue (A.U.) 14.43+2.17 13.29+3.38 13.11+2.47 P1vs. P3:0.191 P1vs. P3:0.568 | Small
P2 vs. P3:0.835 P2 vs. P3:0.061 | Trivial

Note. P1: week 1 to week 14; P2: week 15 to week 28; P3: week 29 to week 42; Acute load: sum of all RPE of the week; ACWR: acute:chronic
workload ratio; A.U.: arbitrary units; DOMS: delayed onset muscle soreness

Table 2. Correlation coefficient (mean [95%Cl]) between well-being and load measures.

Acute load (A.U.) ACWR (A.U.)

DOMS (A.U.) 0.60[0.36;0.78] 0.45[0.17;0.66]
Large Moderate

. 0.62[0.39;0.78 0.55[0.30;0.73

el L l[_arge : Earge ]

Note. DOMS: delayed onset muscle soreness; ACWR: acute:chronic workload ratio; A.U.: arbitrary units
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last two periods of the season (P2 vs P3: d = 0.061).

Large correlation was found between DOMS and Acute Load (0.60),
Acute Load and Fatigue (0.62) and between Fatigue and ACWR (0.55).
Regarding correlation between ACWR and DOMS, moderate relation-
ship was found (0.45).

DISCUSSION

This study aimed to analyze AL, acute:chronic workload ratio, DOMS,
and fatigue variations throughout a basketball season, as well as the rela-
tionships between load and well-being measures. The main finding was
that AL, DOMS, and fatigue values were greater at the beginning of
the season than during in-season periods, although only AL presented
significant differences between periods. In addition, greater DOMS and
fatigue values were related to greater AL and ACWR values.

'The highest values of variables were found during P1 as follows: Weekly
Load (week 2), ACWR (week 14), DOMS (week 7), and Fatigue (week
7). On the other hand, the lowest values were found during P2. These
values may be higher in the first period due to the high training volume
characteristic of the pre-season period®. Recent research regarding weekly
workloads of elite basketball players showed pattern of higher AL in the first
weeks of the season, which is consistent with our results?*. Also, the lowest
values found during in-season periods (P2 and P3) corroborate the study of

Manzi et al.?

, which revealed that AL was higher during weeks without
matches than weeks with one or more matches. This may be because this
is usually the period with the greatest number of matches, and, therefore,
there is a decrease in the training load and more recovery sessions®*.
Further, as AL increased or decreased throughout the season in the
present study, similar and simultaneous pattern was observed for DOMS
and fatigue. Conversely to the trend of decreasing AL until the end of
the season, DOMS and fatigue remained consistently high throughout
the season. This seems to be somewhat obvious, as high AL values during
the first weeks of the season, as well as accumulated AL values during P2
and P3, are expected to cause fatigue in athletes?®. Nevertheless, ACWR
values were maintained within the “sweet spot” (between 0.8 and 1.3
A.U.), which means that a balance between acute and chronic loads was
maintained throughout the season, diminishing the risks of injuries #’. This
can provide new insights into AL management and its consequences in
relation to the fatigue/freshness of a team during a season, as well as the
adjustment of training protocols in accordance with recovery strategies.
Analysis of variance found significant differences for AL only for two
of the three periods observed: P1vs. P2 (p=0.032) and P1 vs. P3 (p=0.024).
These differences were also observed in a similar study conducted with
volleyball players, although in that study, differences with respect to
weekly ACWR values were also observed, which is in contrast with our
findings®. However, in the study of Clemente et al.%, no significant differ-
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ences between DOMS and fatigue were found, which is consistent with
results of the present study. As previously mentioned, higher AL values
are expected during the first weeks of the season, following a leveling-off
phase without major variations for the rest of the season®.

Considering the relationships between well-being measures and work-
load measures during a full season, large correlations were found between
AL and well-being measures (DOMS and fatigue). Similar significant
relationships between well-being and AL measures have been found in
other studies on team sports>?®. On the other hand, ACWR showed large
correlations with fatigue, but only moderate correlations with DOMS. In
fact, a study conducted with 15 elite first-league European basketball play-
ers revealed that players presented greater fatigue levels during competition
weeks in relation to regular weeks, although perceived AL was lower?. This
is consistent with results of the present study, as significant decreases in AL
were observed from the pre-season to the in-season period until the end of
the season, while DOMS and fatigue levels remained high. It is imperative
to monitor the lack of variation on well-being status during the in-season
period, as it may cause significant decreases in team performance. This
can be controlled by including tapering and recovery strategies during the
training process, which may lead to decreases in fatigue and DOMS levels®.

The present study had some limitations. One of them was the sample
size, as only one team was analyzed. Future studies should include more
than one team with the aim of achieving greater consistency of findings.
Also, possible dependencies on player position and external loads were
not considered. It would be interesting to analyze AL, ACWR, training
monotony variations, and strain based on internal and external measures
throughout the season.

Despite these limitations, our study presents some practical applica-
tions. The most valuable evidence presented in this work is that greater AL
values are expected during the first weeks of the season, whichdecrease
before becoming stable during in-season phases. Although AL decreases
throughout the season, fatigue and DOMS levels remain consistently high
during the season. Even though well-being measures were largely correlated
with workload measures, ACWR values were maintained in the safe zone
throughout the three periods.

CONCLUSION

The aim of the present study was to analyze AL, ACWR, DOMS and
fatigue variations throughout a basketball season, as well as the relation-
ships between load and well-being measures. The results revealed that
AL was significantly higher during the first period of the season when
compared to the last two periods. However, AL was the only study variable
that presented significant differences between pre-season and in-season
periods. In addition, AL showed the strongest correlation with well-being
parameters. On the other hand, ACWR values were consistent throughout
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the season. Thus, these results may provide coaches new insights about AL,
ACWR, fatigue and DOMS variations throughout a season and enable

them to adjust the training process accordingly.
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