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Abstract: Background: This study examined external intensity and acute neuromuscular
responses across multiple games played during a single-day official 3 × 3 basketball tourna-
ment. Methods: Twelve male players (Tier 2–3; age: 24.7 ± 4.5 years; height: 186.4 ± 8.5 cm;
body mass: 86.5 ± 13.0 kg) were monitored with microsensors (Movement Intensity (MI),
while countermovement jump (CMJ) variables—jump height (JH); time to takeoff (TTTO);
and Modified Reactive Strength Index (RSImod)—were obtained before the start of the tour-
nament and after each game. Linear mixed models examined differences in MI and CMJ
variables across tournament phases. Additionally, the smallest worthwhile change (SWC)
calculations were applied to all comparisons. Results: No statistical differences were found
across tournament stages for MI (p = 0.466), JH (p = 0.762), TTTO (p = 0.990), or RSImod

(p = 0.951). SWC comparisons showed that MI was higher in GG1 than GG2, GG3, and QF;
higher in GG2 than GG3; and lower in G3 than QF and SF. Regarding JH, the post-QF value
was higher than the baseline and post-GG2. For TTTO, post-QF was higher than post-GG1.
RSImod post-GG2 was lower than post-GG3 and post-SF. Conclusions: While no significant
changes were observed, MI showed a practically meaningful decline in GG3 and recovery
in QF, while RSImod initially declined before improving post-SF. These findings highlight
the importance of pacing and recovery strategies in 3 × 3 basketball tournaments.

Keywords: athlete monitoring; microsensors; fatigue; team sports; Olympic sport; CMJ;
physical demands; three-on-three

1. Introduction
The game of 3 × 3 basketball is a rapidly growing team sport that has gained significant

attention from fans and sport scientists, particularly after its inclusion in the last two
Olympic games (Tokyo 2020 and Paris 2024), with its presence confirmed for Los Angeles
2028. This prestigious recognition follows the sport’s steady development, with 182 national
federations currently competing in official national, continental, and international (world)
competitions organized by the 3 × 3 International Basketball Federation (FIBA).
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A recent systematic review [1] revealed that 3 × 3 basketball presents intermittent
demands, characterized by a fast pace and short ball possessions (6–8 s), accumulating
62–94 changes in direction, 17–33 accelerations, 24–44 decelerations, and 17–24 jumps
per game [1]. A key characteristic of 3 × 3 basketball is its unique competition format,
consisting of a group stage followed by a knockout stage, requiring teams to play multiple
games (n = 2–3) per day over consecutive days. Consequently, players might accumulate
substantial external loads with non-sufficient recovery time, leading to fatigue [2] and
associated performance impairments [3]. Evidence from the FIBA 2019 World Cup [4]
showed that players spent less time performing high-intensity activities and more time
recovering during the knockout stage than the group stages, potentially indicating signs
of neuromuscular fatigue as the tournament progressed. However, no study has directly
assessed acute neuromuscular responses during single-day 3 × 3 basketball tournaments.
Furthermore, existing research has yet to establish a consensus on whether external load
intensity fluctuates across different tournament stages.

According to the external–internal load model [5], the response of an athlete’s bio-
logical systems, and, thus, their acute status (i.e., readiness) are dependent on the dose
(i.e., external load) imposed by training and competition. Thus, it is crucial to understand
how the external loads encountered in 3 × 3 basketball tournaments, which require multi-
ple games on the same day, influence players’ readiness and physical performances. Given
the high neuromuscular demands of this sport [1] and the congested competition schedule,
it would be useful for practitioners to determine whether 3 × 3 basketball players experi-
ence neuromuscular fatigue during different phases of a tournament. This is particularly
relevant, as fatigue has been shown to negatively impact basketball players’ physical [2]
and technical–tactical [6,7] performances, potentially affecting their team’s overall success.
Among the available methodologies for assessing the athletes’ neuromuscular status, coun-
termovement jump (CMJ) testing is one of the most widely implemented in applied sport
science thanks to its relevance for athletic performance [8], its validity and reliability [9,10],
and the short time necessary for testing procedures. Therefore, the aim of this study was to
monitor the external intensity outputs alongside neuromuscular status (monitored using
CMJ) during an official single-day 3 × 3 male basketball tournament. We hypothesize that
external load metrics are expected to progressively decrease throughout the tournament,
while neuromuscular fatigue markers are anticipated to show signs of impairment, particu-
larly in later matches, due to the high physical demands and limited recovery time inherent
to the 3 × 3 basketball competition format.

2. Materials and Methods
2.1. Participants and Design

This observational, repeated-measures study monitored 12 male athletes (age:
24.7 ± 4.5 years; height: 186.4 ± 8.5 cm; body mass: 86.5 ± 13.0 kg) belonging to 3 different
3 × 3 basketball teams during a single-day official tournament. The tournament took place
on a single day, with all games played outdoors. The recruited players regularly competed
in 5 vs. 5 basketball leagues at the regional level, demonstrating proficiency in sport-specific
skills (tier 2–3) [11]. Prior to participation, all players were informed about the monitoring
procedures and provided written informed consent. The study was approved by the Insti-
tutional Review Board of the University of Rome “Foro Italico” (approval number: CAR
208/2024). No injuries were reported during the monitored tournament.

2.2. Tournament Structure

During the tournament, each team played three group-stage games—group game 1
(GG1), group game 2 (GG2), and group game 3 (GG3)—with 30 min breaks between games.
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Following the group stage, there was a 60 min break, after which the team that qualified for
the elimination round played the quarterfinals (QF), semifinals (SF), and final (F), if they
advanced. Knockout-stage games were also interspersed by 30 min breaks. However, no
data from the final match were collected, as none of the monitored teams reached this stage.

All games were played following the official FIBA 3 × 3 basketball rules. Matches
were played on a 15 × 11 m (length × width) court with a single hoop, lasting 10 min or
ending earlier if a team reached 21 points. Teams were required to attempt a shot within
12 s of gaining possession. The scoring system awarded 1 point for successful shots inside
the arc or free throws, and 2 points for shots made from beyond the arc.

2.3. External Intensity Monitoring

Before the start of the first game, players were equipped with Firstbeat Sports devices
(Firstbeat; Jyväskylä, Finland), which comprise a lightweight, water and shock-proof 9-
axis motion sensor (accelerometer, gyroscope, and magnetometer). The devices were
firmly affixed to the players’ chests, and worn under the players’ sports jerseys at the
base of the sternum via textile straps, which were tightened as much as possible to reduce
motion artifacts and increase the accuracy of the accelerometry data. The textile straps also
feature a Movesense connector to which the motion sensor is clipped, securing it to the
athlete’s body and reducing data error further. The devices’ reliability has been previously
demonstrated [12], with a recent study also implementing them to monitor the physical
demands of 3 × 3 basketball settings [13]. The Movement Intensity (MI) variable was
calculated by dividing the sum of accelerations performed across the three movement axes
by the game duration (in minutes). This metric represents the external intensity imposed
on the athlete’s body. MI has been previously shown to discriminate external intensities
between basketball players of different competitive levels [14].

2.4. Neuromuscular Status

To monitor the players’ neuromuscular status, a bilateral, no-arm-swing countermove-
ment jump (CMJ) was implemented. CMJ testing provides valid and reliable insights into
an athlete’s neuromuscular status [10] and has been widely used in team sports due to
its involvement in the stretch-shortening cycle [8,15], making it particularly relevant for
3 × 3 basketball. CMJs were assessed at baseline (prior to the first game of the tournament)
and immediately after each completed game.

Before the baseline CMJ trial, athletes completed an 8 min standardized warm-up con-
sisting of jogging, dynamic stretching, squats, lunges, plyometrics, and three submaximal-
to-maximal CMJ trials. In contrast, subsequent CMJ assessments were conducted without a
warm-up, with players allowed a brief recovery period (<2 min) to rehydrate and recover.

CMJs were performed as follows [9,16]: athletes began in an upright, comfortable
position, with their legs fully extended, feet positioned at a self-selected width, and hands
resting on their hips. They then executed a countermovement to their preferred depth
before performing a maximal vertical jump. Athletes were instructed to exert maximal
effort and aim for the highest possible jump. To minimize measurement error, two CMJ
trials were conducted at each time point, with a 1 min rest between trials [9,16]. The
best performance value among the two trials was considered for analyses to mitigate any
confounding learning effects among players with varying CMJ experience [17].

The MyJump Lab smartphone application was used to analyze CMJ performance. This
application has been demonstrated to be valid and reliable in assessing the CMJ metrics
selected for this research [9,16,18]: jump height (JH; vertical displacement of the athlete’s
center of mass, in cm); time to take-off (time, in s, between the initiation of the coun-
termovement to the moment of take-off, TTTO), and Modified Reactive Strength Index
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(RSImod, the ratio between JH and TTTO, in AU). These variables were chosen for analy-
ses since JH represents the performance proxy measure, while TTTO and RSImod express
changes in the neuromuscular strategy of athletes, which are indicative of the athlete’s
neuromuscular status and fatigue [10]. Specifically, higher JH represents better overall per-
formance, while shorter TTTO alongside maintained JH and higher RSImod indicate better
neuromuscular status [10]. JH, TTTO, and RSImod obtained with MyJump Lab are highly
accurate, comparable to those measured with gold-standard instruments (e.g., 1000 Hz
force plates), demonstrating good to excellent reliability (intraclass correlation coefficient:
0.79–0.94) [9,19]. An experienced sport scientist (>5 years of experience) proficient in the
MyJump Lab application recorded and analyzed all CMJ trials. Videos were captured at
240 fps using an Apple iPhone 12 (Apple, Cupertino, CA, USA), ensuring the athlete’s
full body remained within the frame throughout the ground contact phase. The videos
were taken in proper lighting conditions, with excessive background light avoided. Dark
conditions were not applicable, as the tournaments took place during the day and the
court lights were turned on when the sun set. Neuromuscular fatigue was identified as
follows [2,10]: an increase in TTTO without a concurrent increase in JH compared to the
previous time point and/or a reduction in RSImod relative to the previous measurement.

2.5. Statistical Analyses

Data analyses were performed using Jamovi (Jamovi project) statistical software (ver-
sion 2.3) and customized Excel spreadsheets, with the α value set at 0.05. Linear mixed
models were performed to evaluate external load intensity (MI) and CMJ variables (JH,
TTTO, RSImod) across the different tournament phases. The game (five levels: GG1, GG2,
GG3, QF, SF) was inserted in the models as fixed effects, whereas players’ id was inserted
as random effects to account for repeated measures. Post-hoc Bonferroni tests were imple-
mented to identify changes between games for MI and CMJ variables. Akaike’s Information
Criterion (AIC), F, p values, and estimated marginal means (EMM) (mean ± standard error
[SE]) were reported for all models. For pairwise comparisons, effect sizes (ES) were calcu-
lated as Hedges’ g [20], and interpreted as follows: <0.20, trivial; 0.20 to 0.59, small; 0.60 to
1.19, moderate; 1.20 to 1.99, large; and >2.0, very large.

Additionally, the smallest worthwhile change (SWC) was calculated to identify prac-
tically significant changes in physical demands and CMJ variables [21,22]. For each vari-
able, the SWC was calculated by multiplying the between-group standard deviation by
0.2 [20,22], as this threshold permits the identification of changes that are more than trivial
across homogeneous samples (i.e., same competitive level), and is thus practically interest-
ing [23]. Then, the absolute difference in each pairwise comparison obtained from the mixed
models was compared to the SWC obtained to identify practically meaningful changes
(>SWC) in external load intensity and neuromuscular responses across tournament phases.

3. Results
Table 1 reports the average MI values for each player. Inter-trial variability for the

CMJ measures was good to excellent (intraclass correlation coefficients: 0.78–0.93). Table 2
presents the mixed model results for MI, JH, TTTO, and RSImod, with no effect of the
tournament stage on either external load intensity or CMJ variables.
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Table 1. Individual player Movement Intensity values (mean and standard deviation).

Movement Intensity

Player 1 2.63 ± 0.89
Player 2 5.40 ± 1.99
Player 3 4.27 ± 0.73
Player 4 3.19 ± 0.60
Player 5 1.72 ± 0.47
Player 6 3.46 ± 0.24
Player 7 3.19 ± 0.59
Player 8 3.55 ± 0.59
Player 9 3.17 ± 0.75

Player 10 2.85 ± 0.36
Player 11 3.44 ± 0.96
Player 12 2.28 ± 0.77

Table 2. Results of mixed models for the variables assessed.

Variable AIC F p Random-Effects Variance Residual Variance

Movement Intensity 119.994 0.922 0.466 0.705 0.523
Jump Height 269.826 0.516 0.762 12.99 2.83

Time to Take-Off 725.31150 0.107 0.990 14,000 8761
Modified Reactive Strength

Index −159.883 0.223 0.951 0.003 0.001

The SWC thresholds for the dependent variables were as follows: MI, 0.20 AU; JH,
0.79 cm; TTTO, 29.73 ms; and RSImod, 0.01 AU. Figures 1 and 2 present results (mean
and standard error) across tournament phases for MI and CMJ variables, respectively.
Bonferroni tests showed no significant pairwise difference between tournament phases (all
p > 0.05) for all variables. Regarding MI, GG3 tended to be lower than all other games, with
small ES; in contrast, all other comparisons held only trivial ESs. For JH, TTTO and RSImod,
all comparisons were non-significant and held trivial ESs [23].

Figure 1. Movement Intensity across tournament phases. GG1: group game 1; GG2: group game 2;
GG3: group game 3; QF: quarterfinals; SF: semifinals.

For practically meaningful results, considering SWC, MI was higher in GG1 than GG2,
GG3, and QF; additionally, it was higher in GG2 than GG3, and lower in GG3 than QF
and SF. Regarding JH, the post-QF value was higher than the baseline and post-GG2. For
TTTO, post-QF was higher than post-GG1. RSImod post-GG2 was lower than post-GG3
and post-SF.
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Figure 2. Countermovement jump responses across tournament phases. (A) JH: jump height;
(B) TTTO: time to take-off; (C) RSImod: Modified Reactive Strength Index. GG1: group game 1; GG2:
group game 2; GG3: group game 3; QF: quarterfinals; SF: semifinals.

4. Discussion
The aim of this study was to monitor the external intensity outputs alongside neuro-

muscular fatigue markers during an official single-day 3 × 3 male basketball tournament.
The main findings were as follows: (1) MI showed no statistically significant changes
across tournament phases, (2) MI was highest in G1 and SF, while it was lowest in G3,
(3) no statistically significant changes were observed in CMJ variables, and (4) a slight
improvement in RSImod post-G3 and post-SF compared to post-G2.

The lack of statistically significant changes in MI across tournament phases contrasts
with the findings of Willberg et al. [24], who initially suggested that external load param-
eters might decrease over the course of a tournament. However, their results showed
that external intensity per minute was highest in some parameters (jumps and meters
per minute) during the final games. In this regard, session-RPE values also progressively
increased throughout the tournament in their study [24], indicating a rising perceived
exertion. It is possible that 3 × 3 players strategically distribute their energy reserves,
particularly in a single-day tournament format, where the ability to sustain performance
across multiple games may be crucial. In addition, the rolling substitution rule may also
allow players to maintain similar physical intensity levels throughout the competition.
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The second key finding was that MI peaked in GG1 and SF, while it was lowest in GG3.
This pattern suggests that players exert maximal effort during the initial game, likely due
to their lack of accumulated fatigue. This pattern is similar to what most 5 vs. 5 basketball
research has found regarding physical intensity across game phases, with most studies
finding greater external intensity values in the first quarter of the game, when players are
fresh and in their best conditions. In the current study, higher MI was also found in critical
elimination rounds, aligning with findings by Ferioli et al. [25], who reported increased
game intensity in high-stakes 3 × 3 basketball matches. Along these lines, it is possible that
GG3 had lower intensity considering that some of the involved teams might have already
been qualified or eliminated from the knockout stage due to their group ranking following
previous games’ results.

No statistically significant changes were observed in any CMJ variables, suggest-
ing that neuromuscular fatigue was not manifested throughout the tournament. This
finding is consistent with the previous literature suggesting that short-term exposure to
3 × 3 basketball competitions does not necessarily induce significant decrements in physi-
cal performance [24]. The low-volume nature of 3 × 3 play, along with structured breaks,
may allow players to recover sufficiently between games, thereby mitigating excessive
declines in neuromuscular parameters [24]. These results reinforce the notion that neuro-
muscular fatigue in 3 × 3 basketball might be less pronounced than in traditional 5 vs. 5
formats [26], due to the major differences in single game volume.

Regarding the practically meaningful improvements in RSImod post-GG3 and post-SF
compared to post-GG2, this finding suggests an adaptive response in stretch-shortening
cycle efficiency. This phenomenon may be attributed to the potentiation effects of repeated
high-intensity efforts, a response also noted in other 5 vs. 5 basketball [27]. However, these
value changes were trivial in size, thus indicating that overall, players’ neuromuscular
status was substantially unchanged across the single-day tournament. Such findings
suggest that players might experience acute neuromuscular facilitation rather than pure
fatigue during certain phases of competition, particularly when sufficient recovery breaks
are allowed. In fact, in the current single-day tournament, players had a 1:3 gameplay/rest
ratio across the tournament, plus an additional recovery break of 60 min between the group
and the knockout phases, which altogether permitted players to sufficiently recover as seen
from the absence of neuromuscular fatigue.

The limitations encountered in completing this study should be considered when
interpreting our results. First, the sample size was relatively small, which may limit the
generalizability of the findings. Additionally, the study focused exclusively on adult male
players, excluding youth, female, and elite-level athletes, meaning that the results can only
be applied to similar populations. Another key limitation is the specific context of the
study—a single-day tournament. This format differs from multi-day 3 × 3 tournaments,
where recovery periods between days might influence players’ physical and neuromuscular
responses differently. Future research should explore these aspects in larger and more
diverse samples, as well as in multi-day tournament settings, to provide a more compre-
hensive understanding of external intensity and neuromuscular fatigue in 3 × 3 basketball.

5. Conclusions
No significant tournament-induced changes were observed either for external intensity

or CMJ variables, suggesting that players might have adjusted their pacing strategies to
manage accumulated neuromuscular fatigue. Movement intensity declined during the late
group stages and increased again during the knockout rounds, likely influenced by the
importance of knockout games and the opportunity for recovery permitted by the between-
games breaks. Furthermore, acute neuromuscular responses remained stable across the
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tournament. However, minor improvements in neuromuscular status were observed
following the longer break before elimination rounds, suggesting that recovery periods of
~60 min may provide benefit in maintaining neuromuscular status. These findings highlight
the importance of pacing and recovery strategies in optimizing performance during high-
density 3 × 3 basketball tournaments. Given the study’s limitations, including a small
sample size and focus on a single-day competition, future research should investigate
the effects of multi-day tournaments and different recovery protocols to enhance player
performance and fatigue management.
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GG3 Group game 3
JH Jump height
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RSImod Modified Reactive Strength Index
SF Semifinals
SWC Smallest worthwhile change
TTTO Time to take-off
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19. Gençoğlu, C.; Ulupınar, S.; Özbay, S.; Turan, M.; Savaş, B.Ç.; Asan, S.; İnce, İ. Validity and reliability of ‘My Jump app’ to assess
vertical jump performance: A meta-analytic review. Sci. Rep. 2023, 13, 20137. [CrossRef]

20. Turner, A.N.; Parmar, N.; Jovanoski, A.; Hearne, G. Assessing group-based changes in high-performance sport. Part 2: Effect
sizes and embracing uncertainty through confidence intervals. Strength Cond. J. 2021, 4, 68. [CrossRef]

21. Hopkins, W.G. Measures of Reliability in Sports Medicine and Science. Sports Med. 2000, 30, 1–15. [CrossRef] [PubMed]
22. Haugen, T.; Buchheit, M. Sprint Running Performance Monitoring: Methodological and Practical Considerations. Sports Med.

2016, 46, 641–656. [CrossRef]
23. Hopkins, W.G. How to Interpret Changes in an Athletic Performance Test. Sportscience 2004, 8, 1–7.
24. Willberg, C.; Wellm, D.; Behringer, M.; Zentgraf, K. Analyzing acute and daily load parameters in match situations—A comparison

of classic and 3 × 3 basketball. Int. J. Sports Sci. Coach. 2023, 18, 207–219. [CrossRef]
25. Ferioli, D.; Conte, D.; Rucco, D.; Alcaraz, P.E.; Vaquera, A.; Romagnoli, M.; Rampinini, E. Physical demands of elite male and

female 3 × 3 international basketball matches. J. Strength Cond. Res. 2023, 37, e289–e296. [CrossRef]
26. Pernigoni, M.; Ferioli, D.; Calleja-González, J.; Sansone, P.; Tessitore, A.; Scanlan, A.T.; Conte, D. Match-related fatigue in

basketball: A systematic review. J. Sports Sci. 2024, 18, 1727–1758. [CrossRef]
27. Ferioli, D.; Bosio, A.; Bilsborough, J.C.; La Torre, A.; Tornaghi, M.; Rampinini, E. The preparation period in basketball: Training

load and neuromuscular adaptations. Int. J. Sports Physiol. Perform. 2018, 13, 991–999. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1080/24748668.2021.1945878
https://doi.org/10.3390/sports12030063
https://www.ncbi.nlm.nih.gov/pubmed/38535726
https://doi.org/10.1016/j.jsams.2016.08.011
https://doi.org/10.2478/hukin-2022-0098
https://doi.org/10.1519/SSC.0000000000000772
https://doi.org/10.1123/ijspp.2021-0451
https://www.ncbi.nlm.nih.gov/pubmed/34965513
https://doi.org/10.1123/ijspp.2024-0289
https://www.ncbi.nlm.nih.gov/pubmed/40101726
https://doi.org/10.1123/ijspp.2024-0452
https://www.ncbi.nlm.nih.gov/pubmed/40073870
https://doi.org/10.3389/fpsyg.2024.1414339
https://doi.org/10.3390/sports6030091
https://doi.org/10.5114/biolsport.2023.118023
https://doi.org/10.1123/ijspp.2014-0540
https://doi.org/10.1080/02640414.2014.996184
https://doi.org/10.1038/s41598-023-46935-x
https://doi.org/10.1519/SSC.0000000000000613
https://doi.org/10.2165/00007256-200030010-00001
https://www.ncbi.nlm.nih.gov/pubmed/10907753
https://doi.org/10.1007/s40279-015-0446-0
https://doi.org/10.1177/17479541211067989
https://doi.org/10.1519/JSC.0000000000004338
https://doi.org/10.1080/02640414.2024.2409555
https://doi.org/10.1123/ijspp.2017-0434

	Introduction 
	Materials and Methods 
	Participants and Design 
	Tournament Structure 
	External Intensity Monitoring 
	Neuromuscular Status 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

