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Abstract

Background: This study examines how contextual factors influence the match load experi-
enced by U14 athletes. Methods: Ninety-six male players from eight Portuguese regional
selection teams were monitored during three official matches each, using WIMU Pro™
inertial devices with ultra-wideband (UWB) tracking systems. Fifteen internal and exter-
nal load variables were analyzed, including player load/min, high-speed running (HSR),
maximum heart rate (HRmax), and high impacts/min. Mixed linear models revealed
significant inter-individual variability in all variables, showing sensitivity to match context.
Results: Losing teams exhibited higher player load/min. Balanced matches provoked
greater cardiovascular and locomotor demands, particularly in HRmax and HSR metrics.
Cluster analysis identified three match typologies based on score margin. Team level
was strongly associated with final outcomes and quarter performance, reinforcing the
predictive value of intra-match consistency. In contrast, match type (score margin) showed
limited correlation with team quality or load distribution. Conclusions: These findings
demonstrate the multifactorial nature of match load in youth basketball, supporting the
implementation of individualized, context-aware training and recovery strategies while
guiding long-term athlete development.

Keywords: physiological performance; team level; final result; match type; athletes monitoring

1. Introduction
Youth basketball in Portugal, particularly within the under-14 (U14) category, plays a

significant role in the athletic development and long-term talent identification process. The
Portuguese Basketball Federation has institutionalized national tournaments that gather
the most promising U14 and U16 players, enabling early assessment of morphological
characteristics, biological maturity, and performance potential [1].

Studies have shown that players selected for regional and national teams at this age
tend to exhibit superior anthropometric and fitness profiles compared to their non-selected
peers, reinforcing the importance of early monitoring and structured training [2,3]. More-
over, technical skills developed during adolescence are influenced by training experience
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and physical fitness, with U14 players demonstrating significant improvements in drib-
bling, shooting, and defensive movement over time [2]. The relevance of competitive load
monitoring in youth categories has also been emphasized [4,5], as contextual factors such as
playing time and score margin can affect peak physical demands and influence player de-
velopment trajectories [6,7]. Another relevant physical demand that needs to be monitored
is acute fatigue, which substantially reduces sprinting and change-of-direction perfor-
mance in youth and adult basketball players, confirming its relevance as a determinant of
competitive physical output [8].

Additionally, Portuguese studies have shown that early maturation and body size
are often associated with selection and retention in youth basketball, suggesting that the
U14 category may be a critical window for both performance development and dropout
prevention [1]. Moreover, several investigations have provided detailed characterizations of
acceleration and deceleration profiles in youth basketball players, demonstrating that speed-
change actions follow distinct patterns across game periods and playing positions [9]. These
studies confirm that high-intensity actions occur only sporadically during competition,
while low-intensity movements predominate [9] as the main form of recovery for future
intense actions. These findings underscore the strategic importance of the U14 category in
Portugal as a foundation for elite performance and sustainable athlete development.

The understanding of physiological demands in youth basketball has gained increasing
relevance, particularly with the availability of contemporary technological data, which
informs and guides training paradigms toward more individualized approaches to load
management [10,11]. External load (player load, accelerations, decelerations, and jumps,
among other variables) differs not only with team level and playing style but also with the
competitive context [12]. Physiological responses such as fatigue, recovery, and adaptation
are modulated by factors including match opposition, tactical systems, and player rotation,
which in turn influence performance sustainability and injury risk [8,13,14].

In youth populations, the complexity of basketball and sport practice increases when
growth and maturation introduce variability in physical capacities and neuromuscular
responses, making it essential to monitor load in relation to biological maturity [15,16] to
provide athletes with the proper stimulus. Without this individualization, training plans
may fail to meet developmental needs or even increase injury risk [1,4,17,18]. Normative
data based on maturity status have proven useful for talent identification and performance
tracking, especially during critical growth phases such as the peak height velocity [1,19].
Additionally, as players get older, differences in load profiles across playing positions
reinforce the need for tailored approaches [17,20]. Training drills like 5 vs. 5 no-stop games
have been shown to produce higher neuromuscular demands than match play, offering
strategic value for conditioning [21,22]. The relationship between external and internal
loads—particularly among player load, high-intensity actions, and heart rate zones—during
training and competition highlights the importance of structured monitoring [23].

Monitoring competitive load in youth basketball is essential for optimizing per-
formance, guiding training prescription, and safeguarding long-term athlete develop-
ment [24,25]. As basketball is characterized by high-intensity intermittent actions (acceler-
ations, decelerations, jumps, impacts, and changes of direction, among others), external
load monitoring provides objective insights into the physical demands placed on players
during competition [26–28]. In youth categories, these demands are particularly relevant
due to the ongoing physiological and neuromuscular maturation of athletes, which ne-
cessitates individualized and developmentally appropriate training strategies [1,26,29].
Previous studies have shown that contextual variables such as playing time, final results,
and quarter outcomes can significantly influence peak external demands, with core players
often experiencing higher peak loads than both top and occasional players [7,20]. Fur-
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thermore, the distribution of accelerations and decelerations varies across game periods
and playing positions, underscoring the need for load profiling to inform position-specific
and time-sensitive training interventions [20,29], reinforcing the importance of systematic
competitive load monitoring as an evidence-based guide for training prescription and
injury prevention in youth basketball [3,4,30].

The integration of objective data into training and competition strategies has become
increasingly vital for optimizing performance [26,27] and minimizing injury risk in youth
basketball [18,30]. Advances in inertial measurement technologies and heart rate monitor-
ing have enabled precise quantification of internal and external loads, allowing coaches to
tailor training to match competitive demands [24,31]. The central role of inertial devices in
quantifying kinematic and neuromuscular variables and heart rate-based metrics allows
for the quantification of internal and external load, thus enabling an understanding of the
demands of basketball competition [32]. Moreover, accelerometry-based analyses reveal
that high-intensity actions vary significantly across game periods and player positions, pro-
viding actionable insights for designing position-specific conditioning programs [29]. Ad-
ditionally, research reinforces the importance of adjusting training strategies and load [25]
to account for biological variability among youth athletes, as early maturing players often
dominate selection processes due to temporary physical advantages [19,33,34]. These argu-
ments emphasize the value of objective data in informing evidence-based decisions that
align training loads with competitive realities and developmental trajectories.

Recent advances in microtechnology have improved the ability to quantify competi-
tive demands in youth basketball [25]; however, there is limited evidence explaining how
contextual factors, such as team level, final score margin, and quarter-by-quarter outcomes,
shape internal and external load in developing athletes. Understanding how these com-
petitive conditions influence physiological and mechanical stress is essential for designing
training strategies that match athletes’ developmental needs.

The central theme of this manuscript is to understand how contextual competitive
factors shape internal and external load in U14 regional basketball players. Therefore, this
study aimed to analyze the competitive load of U14 Portuguese regional selection teams by
examining (i) differences in physical demands according to team level; (ii) the influence of
final score margins based on match-type classifications; and (iii) variations in load between
winning and losing quarters. By combining objective internal and external load indicators
with key contextual variables, this study aims to explain variations in competitive demands
among U14 players and provide evidence to support individualized, developmentally
appropriate training approaches.

Based on the preceding rationale, it is hypothesized that contextual factors, such
as team level, score margin, and quarter outcomes, can significantly influence internal
and external load indicators in U14 basketball players. Specifically, it is expected that
physical load indicators may differ according to team level, with higher-level teams dis-
playing distinct locomotor and cardiovascular profiles compared to lower-level teams.
Also, matches classified by score margin (balanced, unbalanced, and very unbalanced) can
show significant differences in load, with balanced games eliciting greater cardiovascular
and neuromuscular demands. Moreover, load indicators can vary significantly between
winning and losing quarters, with losing quarters associated with higher acceleration,
deceleration, and overall player load values.

2. Materials and Methods
2.1. Design

A quantitative approach was adopted with a cross-sectional, descriptive, and correla-
tional design [35,36]. This ecological design enabled the analysis of competitive load under
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natural competitive conditions, as all data were collected without manipulating training or
match environments.

2.2. Participants

The study involved eight teams from the first division of the Portuguese regional selec-
tion program. Twelve official U14 boys’ games from the qualifying phase for the national
championship were analyzed, with all players from both competing teams monitored in
each match (12 players per team).

All team members were informed of the benefits and risks of participating in the
research. Participants decided to participate voluntarily, and an informed consent form was
signed by all coaches, coaching staff, and players’ legal guardians of all teams, as players
gave their assent to participate. The research followed the Declaration of Helsinki [37] and
the Ethical Standards in Sport and Exercise Science Research [38]. Additionally, the study
was approved by the Bioethics Committee of the University (approval nº 131/2024). The
investigation respected the framework of Organic Law 3/2018 of 5 December on Personal
Data Protection and the guarantee of digital rights.

2.3. Sample

The sample consisted of 96 male athletes (12 players × 8 teams) competing in Group
A of the Portuguese U14 National Regional Selections Tournament, providing a total of
694 player-quarter observations (96 players × multiple quarters across 12 games), which
corresponds to the aggregated number of valid player-quarter entries after considering
game participation. Data were collected during the qualifying phase for the national finals,
ensuring ecological validity by assessing the athletes under real competitive conditions.
Athlete eligibility criteria were determined exclusively by the coaching staff of each regional
selection team, based on internal standards and performance assessments. The research
team did not influence the selection process.

2.4. Variables

For this study, independent variables included contextual factors: team level (final
ranking victories vs. losses), final match result, quarter outcomes, and match type (cat-
egorized by score margin as balanced ≤19 points, unbalanced 20–44 points, and very
unbalanced >44 points). Dependent variables comprised 15 objective indicators of internal
and external load. Internal load metrics included maximum heart rate (HRmax, absolute
value) and distance covered above 80% HRmax (high HR/min). External load metrics
included locomotor variables (distance/min, explosive distance/min, high-speed running
(HSR) count and meters per minute, maximum speed (absolute, km/h)), neuromuscular
variables (accelerations/min, decelerations/min, maximum acceleration [absolute, m/s2],
maximum deceleration [absolute, m/s2], jumps/min, high impacts/min), and a composite
measure player load/min (composite accelerometry-based load metric). Thus, variables
expressed as rates per minute included distance, explosive distance, HSR meters, accelera-
tions, decelerations, jumps, high impacts, and player load. In contrast, maximum speed,
maximum acceleration/deceleration, and maximum HR were reported as absolute maxima.
All data were collected using WIMU ProTM (Almería, Spain) inertial devices (sampling fre-
quency: 100 Hz) and processed with SProTM v.990 software, ensuring precise quantification
of physiological and mechanical demands during competition [39].

2.5. Process and Equipment Used

To initiate the data collection process, the research team formally contacted the Por-
tuguese Basketball Federation, which facilitated access to the regional U14 selections and
authorized the implementation of the study. Upon approval of the research protocol, each
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regional team was contacted and provided with detailed information about the study
objectives and procedures. Informed consent forms were distributed to the legal guardians
of all participants, and assent was obtained from the athletes themselves, in accordance
with ethical standards. Once participation was confirmed, the research team prepared all
necessary equipment for data collection. All measurements were conducted on game day,
under standardized conditions to ensure consistency and ecological validity.

For the analysis of the competition, the UWB system was calibrated 1 h before the
start of the first game of the day, and the WIMU ProTM (Almería, Spain) inertial devices
were synchronized with the UWB system through ANT+ technology. Each player was
equipped 20 min before the start of the match with a WIMU ProTM (Almería, Spain) inertial
device that was attached and placed in a specific custom vest fitted tightly to the back of the
upper torso, as is typically used in games. This allowed for a familiarization period during
the warm-up [39]. The SVIVOTM software automatically analyzed all the data collected
by the inertial device and sent it to the computer screen in real time. The UWB system
solves the problem of satellite referencing using time-based positioning techniques in
which the signal propagates from the transmitter to the receiver [40]. After each game, the
devices were collected, and the recorded data were downloaded and processed using the
SPro™ software for subsequent analysis [41].

2.6. Statistical Analysis

Assumption tests were conducted to classify variables as parametric or non-parametric,
with significance set at p ≤ 0.05. Descriptive statistics (mean ± SD, minimum and max-
imum values) of all physical performance variables were conducted to characterize the
load demands of the athletes during the tournament. Next, a cluster analysis based on
the final point-difference outcomes was conducted to identify score-based groupings of
matches for subsequent comparisons. Subsequently, linear mixed-effects models (LMMs)
were used to examine differences in external and internal load variables across competi-
tion contexts while accounting for repeated observations within players. Separate models
were fitted for each dependent variable (maximum HR, high HR/min, distance/min,
explosive distance/min, HSR count, HSR meters, maximum speed, sprint count, acceler-
ations/min, decelerations/min, maximum acceleration, maximum deceleration, player
load/min, jumps/min, and high impacts/min). In each model, one contextual factor
(match result, match type, team level, or quarter result) was included as a fixed effect,
and player identity was included as a random intercept to account for within-player de-
pendency across quarters. Models were estimated using restricted maximum likelihood
(REML). Model fit and variance partitioning were assessed using Akaike Information Cri-
terion (AIC), Bayesian Information Criterion (BIC), marginal and conditional coefficients
of determination (R2), and intraclass correlation coefficients (ICCs), which quantified the
proportion of variance attributable to between-player differences. Bonferroni-adjusted
post hoc comparisons were applied where appropriate. Finally, a correlation test was per-
formed between the independent variables to find out if there were relationships between
them. Significant correlation values were interpreted according to the following thresholds:
0 (zero), ≥0.1 (weak), ≥0.4 (moderate), ≥0.7 (strong), and =1 (perfect) [42].

3. Results
Table 1 presents the descriptive statistics for all dependent variables, providing an

overview of the internal and external load demands during competition from the 694 player-
quarter observations.
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Table 1. Descriptive analysis of the different load variables analyzed.

Variables N Mean SD Minimum Maximum

Maximum HR (bpm) 694 194.45 10.70 103.00 222.00
High HR/min (m/min) 694 52.69 20.70 0.00 96.41
Distance/min (m/min) 694 73.60 11.09 11.54 115.57
Explosive Dist./min (m/min) 694 10.65 2.56 0.48 19.65
HSR count (n) 694 1.86 1.74 0.00 11.00
HSR meters (m) 694 18.83 18.32 0.00 119.91
Maximum Speed (km/h) 694 19.75 1.85 6.84 27.53
Sprint count (n) 694 0.73 0.99 0.00 5.00
Accelerations/min (n/min) 694 20.40 2.27 12.04 39.43
Decelerations/min (n/min) 694 20.39 2.25 13.08 39.09
Maximum Acceleration (m/s2) 694 4.21 0.70 2.10 9.39
Maximum Deceleration (m/s2) 694 −4.29 0.79 −9.46 −2.16
Player Load/min (au/min) 694 1.61 0.34 0.11 3.35
Jumps/min (n/min) 694 0.57 0.33 0.00 2.15
High Impacts/min (n/min) 694 2.28 1.48 0.00 10.60

Note: Maximum Deceleration is reported using a negative sign by convention to reflect the direction of the change
in velocity.

Players showed high cardiovascular demands during competition, with a mean maxi-
mum heart rate of 194.45 bpm and values ranging from 103.00 to 222.00 bpm. On average,
players covered 73.60 m per min, including approximately 11 m of explosive distance,
and some athletes reached maximum speeds close to 28 km/h. The descriptive analy-
sis also indicates that players performed around 20 accelerations and decelerations per
minute, reflecting frequent changes in movement pace. The average number of jumps
was 0.57 per min, although some players reached values up to 2.15 jumps per minute, and
high-impact actions reached a maximum of 10.60 actions per min.

Table 2 presents the results of the cluster analysis performed on the final point-
difference outcomes, showing the score-based groupings identified for the matches.

Table 2. Cluster analysis with the type of matches based on the final result.

Variables Cluster 1 Cluster 2 Cluster 3

N cases 172 346 176
% cases 24.78 49.86 25.36
Minimum 6.00 28.00 52.00
Maximum 19.00 44.00 67.00
Average 10.76 36.63 59.13
SD 6.28 5.80 6.18
Cluster ranges ≤19 20 to 44 >44

Legend: Values represent the number of cases (N), percentage of cases (%), minimum and maximum point
differences, average, and standard deviation (SD) for each cluster.

The two-stage cluster analysis identified three match groups based on the final point-
difference outcomes. Matches with point differences ≤19 represented 24.78% of the sample,
those with differences between 20 and 44 points accounted for 49.86%, and matches with
differences >44 points represented 25.36%. The largest proportion of games fell within the
intermediate group, with an average final difference of 37 points. The smallest and largest
groups showed similar proportions (approximately 25%), with the maximum observed
point difference reaching 67 points.

Table 3 presents the results of a mixed linear model analysis, examining the differences
in physical load depending on the final result of each match. This model provides insight
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into the variability and intensity of physiological and biomechanical demands across
different match contexts.

Table 3. Mixed linear model, depending on the final result.

Variable AIC R2 Marginal R2 Conditional ICC ICC p-Value Post Hoc
p-Value

Maximum HR (bpm) 5009.00 0.01 0.47 0.47 <0.01 0.50
High HR/min (m/min) 6070.00 0.01 0.27 0.26 <0.01 0.17
Distance/min (m/min) 5285.00 0.01 0.09 0.08 <0.01 0.17
Explosive Dist./min (m/min) 3181.00 0.00 0.27 0.27 <0.01 0.78
HSR count (n) 2703.00 0.00 0.18 0.18 <0.01 0.74
HSR meters (m) 5937.00 0.00 0.20 0.20 <0.01 0.95
Maximum Speed (km/h) 2795.00 0.00 0.16 0.16 <0.01 0.33
Sprint count (n) 1925.00 0.00 0.18 0.18 <0.01 0.59
Accelerations/min (n/min) 3042.00 0.00 0.22 0.22 <0.01 0.16
Decelerations/min (n/min) 3023.00 0.00 0.22 0.22 <0.01 0.15
Maximum Acceleration (m/s2) 1435.00 0.00 0.16 0.16 <0.01 0.74
Maximum Deceleration (m/s2) 1612.00 0.01 0.15 0.14 <0.01 0.11
Player Load/min (au/min) 282.00 0.01 0.39 0.38 <0.01 0.03
Jumps/min (n/min) 351.00 0.00 0.24 0.24 <0.01 0.92
High Impacts/min (n/min) 2009.00 0.00 0.67 0.67 <0.01 0.27

The analysis of load according to the final result showed that, in the mixed models,
all 15 variables presented a significant player effect, with intraclass correlation coefficients
(ICCs) significantly different from zero (p < 0.05). The magnitude of these ICC values
varied across variables, from small effects such as distance/min (ICC = 0.08) and maximum
deceleration (ICC = 0.14) to a high value for high impacts/min (ICC = 0.67). Despite this
general influence of individual player variability, only player load/min showed significant
differences between match outcomes in the post hoc comparisons (p = 0.03). For the
remaining variables, including high impacts/min, post hoc comparisons between final
result categories did not reach statistical significance, despite their significant ICC values.

Table 4 presents the results of the mixed linear model analysis used to analyze the
differences in physical load according to the match partial score.

Table 4. Mixed linear model as a function of the partial result.

Variable AIC R2 Marginal R2 Conditional ICC ICC p-Value Post Hoc
p-Value

Maximum HR (bpm) 5009.00 0.00 0.47 0.47 <0.01 0.29
High HR/min (m/min) 6072.00 0.00 0.27 0.27 <0.01 0.41
Distance/min (m/min) 5285.00 0.00 0.09 0.08 <0.01 0.14
Explosive Dist./min (m/min) 3181.00 0.00 0.27 0.27 <0.01 0.49
HSR count (n) 2703.00 0.00 0.18 0.17 <0.01 0.54
HSR meters (m) 5937.00 0.00 0.20 0.20 <0.01 0.90
Maximum Speed (km/h) 2795.00 0.00 0.16 0.16 <0.01 0.21
Sprint count (n) 1926.00 0.00 0.18 0.18 <0.01 0.87
Accelerations/min (n/min) 3039.00 0.01 0.22 0.22 <0.01 0.04
Decelerations/min (n/min) 3021.00 0.01 0.22 0.22 <0.01 0.03
Maximum Acceleration (m/s2) 1431.00 0.01 0.18 0.17 <0.01 0.01
Maximum Deceleration (m/s2) 1614.00 0.00 0.15 0.15 <0.01 0.42
Player Load/min (au/min) 285.00 0.00 0.39 0.39 <0.01 0.24
Jumps/min (n/min) 350.00 0.00 0.24 0.24 <0.01 0.50
High Impacts/min (n/min) 2010.00 0.00 0.67 0.67 <0.01 0.51

The analysis of load according to the partial result showed that all variables presented
significant player effects in the mixed model (ICC p < 0.01). The ICC values ranged from
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small effects, such as distance/min (ICC = 0.08) and maximum deceleration (ICC = 0.15), to
a high value for high impacts/min (ICC = 0.67). Post hoc comparisons revealed significant
differences in three variables: accelerations/min (p = 0.04), decelerations/min (p = 0.03),
and maximum acceleration (p = 0.01). The remaining variables did not show significant
post hoc differences between partial result categories, despite their significant ICC values.

Table 5 shows the mixed linear model used to analyze the differences in physical load
depending on the level of the team.

Table 5. Mixed linear model depending on the team’s level.

Variable AIC R2 Marginal R2 Conditional ICC ICC p-Value Post Hoc
p-Value

Maximum HR (bpm) 5008.00 0.00 0.47 0.47 <0.01 0.62
High HR/min (m/min) 6071.00 0.00 0.27 0.27 <0.01 0.49
Distance/min (m/min) 5286.00 0.00 0.09 0.09 0.71 0.76
Explosive Dist./min (m/min) 3180.00 0.00 0.28 0.28 0.01 0.76
HSR count (n) 2702.00 0.00 0.18 0.18 <0.01 0.54
HSR meters (m) 5936.00 0.00 0.20 0.20 <0.01 0.51
Maximum Speed (km/h) 2791.00 0.01 0.15 0.14 <0.01 0.03
Sprint count (n) 1924.00 0.00 0.18 0.18 <0.01 0.32
Accelerations/min (n/min) 3042.00 0.00 0.22 0.22 <0.01 0.28
Decelerations/min (n/min) 3023.00 0.01 0.22 0.22 <0.01 0.17
Maximum Acceleration (m/s2) 1437.00 0.00 0.16 0.16 <0.01 0.36
Maximum Deceleration (m/s2) 1613.00 0.00 0.15 0.15 <0.01 0.23
Player Load/min (au/min) 282.00 0.02 0.40 0.39 <0.01 0.07
Jumps/min (n/min) 350.00 0.00 0.24 0.24 <0.01 0.78
High Impacts/min (n/min) 2005.00 0.02 0.67 0.67 <0.01 0.10

The mixed linear model examining team-level differences in physical load showed that
all variables except distance/min presented significant player effects (ICC p < 0.01). The
magnitude of the ICC values ranged from small effects, such as distance/min (ICC = 0.09)
and maximum deceleration (ICC = 0.15), to a high value for high impacts/min (ICC = 0.67).
Among all variables included in the model, only maximum speed showed significant post
hoc differences between team levels (p = 0.03). The remaining variables did not demonstrate
post hoc differences, despite their significant ICC values.

To study how match competitiveness influences physical demands, Table 6 shows
the mixed linear model used to analyze the differences in physical load as a function of
final score margin. This analysis categorized matches into three types: balanced (≤19-point
difference), unbalanced (20–44 points), and very unbalanced (>44 points).

The mixed linear model examining differences according to the outcome point-
difference categories showed that all variables presented significant player effects (ICC
p < 0.01). ICC values ranged from small effects, such as distance/min (ICC = 0.07) and
maximum speed (ICC = 0.15), to a high effect for high impacts/min (ICC = 0.67). Significant
post hoc differences were found in four variables: maximum HR (p < 0.01), HSR count
(p = 0.02), HSR meters (p = 0.02), and accelerations/min (p = 0.05). Maximum HR showed
differences between balanced and unbalanced matches and between balanced and very
unbalanced matches, whereas HSR count, HSR meters, and accelerations/min differed be-
tween balanced and unbalanced matches. The remaining variables did not show significant
post hoc differences despite their significant ICC values.

Table 7 shows the results of the correlation analysis carried out between the indepen-
dent variables to determine the relationships between key contextual variables: team level,
final result, match type, and partial results.
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Table 6. Mixed linear model according to final outcome point-difference categories.

Variable AIC R2 Marginal R2 Conditional ICC ICC p-Value Post Hoc
p-Value

Maximum HR (bpm) 4980.00 0.03 0.51 0.49 <0.01 <0.01 a,b

High HR/min (m/min) 6069.00 0.00 0.28 0.27 <0.01 0.26
Distance/min (m/min) 5272.00 0.02 0.09 0.07 <0.01 <0.01 a

Explosive Dist./min (m/min) 3182.00 0.01 0.27 0.27 <0.01 0.37
HSR count (n) 2699.00 0.01 0.19 0.18 <0.01 0.02 a

HSR meters (m) 5929.00 0.01 0.21 0.20 <0.01 0.02 a

Maximum Speed (km/h) 2799.00 0.00 0.15 0.15 <0.01 1.00
Sprint count (n) 1927.00 0.01 0.18 0.18 <0.01 0.18
Accelerations/min (n/min) 3041.00 0.01 0.22 0.21 <0.01 0.05 a

Decelerations/min (n/min) 3024.00 0.01 0.22 0.21 <0.01 0.08
Maximum Acceleration (m/s2) 1442.00 0.00 0.16 0.16 <0.01 0.41
Maximum Deceleration (m/s2) 1620.00 0.00 0.15 0.15 <0.01 1.00
Player Load/min (au/min) 293.00 0.00 0.39 0.39 <0.01 0.53
Jumps/min (n/min) 357.00 0.00 0.24 0.24 <0.01 1.00
High Impacts/min (n/min) 2014.00 0.00 0.67 0.67 <0.01 1.00

Note: a = differences between balanced and unbalanced results, b = differences between balanced and very
unbalanced results.

Table 7. Analysis of correlations between the independent variables of the study.

Variable Team Level Final Result Match Type

Final Result
Spearman’s rho 0.68

p-value <0.01

Match Type Spearman’s rho 0.01 0.01
p-value 0.83 0.74

Partial Result
Spearman’s rho 0.56 0.69 −0.03

p-value <0.01 <0.01 0.45

The analysis revealed a strong positive correlation between team level and final result
(Spearman’s ρ = 0.68, p < 0.01). Partial results were significantly correlated with both team
level (ρ = 0.56, p < 0.01) and final result (ρ = 0.69, p < 0.01). In contrast, results showed
match type, defined by score margin clusters (balanced, unbalanced, very unbalanced), did
not show significant correlations with team level (ρ = 0.01, p = 0.83), final results (ρ = 0.01,
p = 0.74), or partial results (ρ = −0.03, p = 0.45).

Figure 1 shows the conclusions of the linear mixed models applied to the final and
partial results and at the team level.

Figure 1 provides a visual summary of the mixed linear model findings, illustrating
how specific physical load variables relate to team level, final result, and partial result.
The diagram shows that teams progressing to the knockout rounds reached higher maxi-
mum speed values than those eliminated in the group stage. Regarding match outcomes,
player load/min was higher in teams that lost their games. For partial results, the figure
shows that losing quarters was associated with higher values in decelerations/min and
maximum acceleration.

To further illustrate the influence of match competitiveness on physical demands,
Figure 2 shows the conclusions of the mixed linear model applied to the type of match
according to the score. This figure provides a clear and intuitive understanding of what
variables are present according to the match type.
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Figure 1. Summary of the main results from the linear mixed models.

 

Figure 2. Load derived from each type of match.

Figure 2 summarizes the differences in physical load across match types derived
from the outcome point-difference categories. Balanced matches showed higher values in
maximum HR and high-speed running (HSR) variables. In contrast, unbalanced matches
presented higher values in distance/min and accelerations/min. Very unbalanced matches
did not show higher values in any of the significant load indicators.

4. Discussion
This study aimed to examine how team level, final score margin, and partial results

modulate competitive load in U14 Portuguese basketball. The main findings showed signif-
icant individual variability across all internal and external load variables. Maximum speed
differentiated team level, with higher values in teams that progressed to the knockout
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phase. Player load/min was the only variable that differed between winning and losing
teams, with higher values in losing teams. Losing quarters were characterized by higher
accelerations/min, decelerations/min, and maximum acceleration. Overall, these results
emphasize the role of individual characteristics and match context in shaping competi-
tive load in youth basketball, as similar patterns regarding acceleration and deceleration
thresholds, positional differences, and the predominance of low-intensity actions have
been recently reported in young elite players, supporting the relevance of characterizing
ACC/DEC profiles in developing athletes [9].

The high cardiovascular demands in U14 basketball competition are a reality; the
mean maximum heart rate recorded across all athletes was 194 bpm, with individual
values ranging from 103 to 222 bpm. These HR values reflect the intermittent nature of
the sport, which is characterized by repeated high-intensity efforts followed by recovery
periods, with players often operating at intensities exceeding 80% of their peak HR during
competition [26]. Also, the wide range in HR values may reflect inter-individual variability
in physical conditioning, tactical roles, playing time, and contextual influences such as
score margin and game rhythm. This variability is well-documented in youth populations,
where differences in maturation, positional demands, and strategic deployment contribute
to heterogeneous physiological responses [11,43]. These findings reinforce the need to
interpret HR data within the framework of dynamic game contexts and individualized
player profiles.

In terms of external load, athletes in this study covered an average of 74 m per
minute, with approximately 11 m per minute classified as explosive distance. Although
the overall locomotor demand is substantial, a meaningful proportion of movement occurs
at high intensities. These findings align with previous research in elite youth basketball,
where average movement intensity ranged between 69 and 75 m/min, with high-intensity
actions comprising a notable share of total activity [5]. The maximum speed recorded in
some players approached 27.5 km/h, indicating that sprinting actions, though relatively
infrequent (mean sprint count = 0.73/min), can reach considerable velocities even at the
U14 level. Similar peak speeds have been observed in U18 international tournaments,
particularly among guards and forwards [5]. These findings suggest that neuromuscular
readiness and the need for explosive actions emerge early and should be developed through
trained conditioning strategies [1,23,24].

Contextual factors such as score margin and quarter outcomes influenced the dis-
tribution and intensity of physical demands. Matches with narrow score margins were
associated with higher locomotor and explosive performance, reflecting tactical engage-
ment [21]. At this age, players do not have fixed tactical positions; however, certain tasks
(such as offensive transitions with the ball) are performed more frequently by specific
players, who tend to cover greater distances and perform more high-intensity accelerations
and decelerations. In older age groups, positional differences are more distinctly identi-
fied, with guards consistently demonstrating higher relative distances and more frequent
high-intensity actions than centers. These patterns reinforce the need for role-specific
conditioning approaches in youth basketball development [4,6,22,26].

The elevated frequency of accelerations (20.40/min) and decelerations (20.39/min)
observed in U14 Portuguese national-level basketball reflects the intermittent and multi-
directional nature of the sport, which imposes significant neuromuscular and metabolic
stress on the lower limbs. This pattern aligns with previous findings in elite youth basket-
ball, where high-intensity accelerations and decelerations constitute key contributors to
external load [1,4,44]. The near parity between acceleration and deceleration rates suggests
a symmetrical movement profile that is typical of rapid transitions between offensive
and defensive phases [44]. Although the average jump rate was modest (0.57/min), the
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peak value (2.15/min) indicates that some players may experience elevated vertical load-
ing, particularly those performing roles such as centers or forwards [5,21]. Additionally,
the high number of impacts per minute (mean = 2.28; max = 10.60) reveals the physical
contact inherent to competitive basketball, even at early developmental stages. These
data support the implementation of neuromuscular conditioning and injury-prevention
strategies that address the specific biomechanical and collision-related demands of youth
basketball [24,30].

Physical fitness also plays a key role. Youth players with superior fitness profiles cover
more distance at high intensities and achieve greater speeds and accelerations [45]. As
observed in this study, these variables are important contributors that can make a difference
and turn the game unbalanced, underscoring the importance of developing repeated sprint
ability and change-of-direction capacity. Given basketball’s intermittent and contact-heavy
nature, training should include controlled exposure to impact scenarios, as these contribute
significantly to neuromuscular load [4,44,46]. Moreover, physical fitness indicators such as
sprint time and player load can predict performance outcomes across the season, suggesting
that recovery and training stimuli should be dynamically adjusted [10].

This study identified three match typologies—balanced (≤19-point difference), un-
balanced (20–44 points), and very unbalanced (>44 points)—which serve as filters for
examining contextual variability in competitive load. Nearly half of the matches (49.86%)
were unbalanced, with an average score difference of 36.63 points, indicating a common
competitive disparity in this age group and across regions, and reinforcing the value of
reference data for basketball teaching. Unbalanced games may reduce high-intensity efforts
from leading teams or increase them in trailing teams attempting to close the gap. This
suggests that higher-level players tend to be more efficient [47,48]. Excessive exposure to
mismatched games may delay physiological and tactical development [28,47], reinforcing
the need for appropriate stimulation based on reference data for coaches, well-structured
competitive formats, and training practices that support both physical development and
basketball skill progression.

Balanced games tend to result in sustained physical outputs due to continuous com-
petitive tension. In this sense, game competitiveness significantly shaped external load, as
these matches promoted higher cardiovascular and locomotor intensity, evidenced by ele-
vated HRmax and high-speed running metrics [5,27]. This environment requires athletes to
maintain high-intensity efforts throughout the game, supporting appropriate development.
Although some variables showed strong significance, they were not differentiated across
match types in the post hoc analyses, suggesting that these metrics may be sensitive to
individual and contextual factors [24,49].

All load variables presented a significant player-specific effect, indicating substantial
inter-individual variability in physiological and mechanical responses during competition.
However, only a small number of variables demonstrated significant differences when
contextual factors were considered. In our study, player load/min was the only variable that
differed between winning and losing teams, with higher values in losing teams, aligning
with previous findings [5,27]. This pattern suggests that contextual influences such as match
control, tactical demands, or game flow may selectively modulate physical load rather than
affecting all variables uniformly. These findings differ from previous studies [50], which
reported higher physical demands in winning quarters, showing that contextual responses
may vary across competitive levels, age groups, or methodological approaches.

Teams that did not progress past the group stage showed higher player load/min, sug-
gesting that accumulated physical stress may be associated with lower competitive perfor-
mance. High impacts/min demonstrated relevant between-player variability (ICC = 0.67),
indicating that impact frequency may be greater in teams with less favorable match out-
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comes and suggesting a greater reliance on physical play to compensate for inferior techni-
cal and tactical superiority relative to opponents. Previous research has examined impact
exposure mainly in women’s basketball, reporting comparable impact rates between prac-
tices (1.69/min) and games (1.65/min) [13], although detailed descriptions at the youth
level remain scarce. Other variables, such as explosive distance/min, maximum speed, and
maximum deceleration, demonstrated strong players’ variability (p < 0.01) despite lack-
ing post hoc differences, reinforcing their value for characterizing players’ explosive and
high-intensity movement profiles as youth athletes progress in age and development [4,26].

This study provides insight into how competitive load varies across game phases in
youth basketball through the analysis of partial match outcomes. Quarter-specific analysis
revealed that players from losing teams consistently displayed higher accelerations/min,
decelerations/min, and maximum acceleration, suggesting intensified efforts to regain
competitive balance or adapt to changing team dynamics [26,27,51]. These trends are
consistent with findings reported in elite youth contexts, where losing teams frequently
demonstrate increased external load [26,51].

Our study revealed the strong associations between team level, final result, and quarter
outcomes, indicating that dominant teams consistently outperform their opponents across
different segments of the game. However, match type (based on score margin) did not
correlate significantly with team level or performance indicators, suggesting that score
margin alone may not reflect team quality [12].

These findings encourage a nuanced approach to load monitoring in youth basketball,
one that, according to athletes’ age, integrates match outcome, team level, and intra-match
dynamics to provide a clearer understanding of the basketball game through internal and
external load variables that reflect physiological and kinematic performance demands.
Coaches and performance staff should prioritize quarter-specific trends and contextual
variability to inform training prescriptions, substitution strategies, and recovery protocols.
Such an approach supports safe, effective, and developmentally appropriate progression
for young athletes.

5. Conclusions
The present study provides a comprehensive and ecological analysis of the determi-

nants of competitive load in U14 Portuguese regional basketball teams, demonstrating
the multifactorial nature of physical demands in youth sport and how basketball games
are characterized by team level, score margin, and quarter outcomes, which shape the
physiological and biomechanical demands.

By integrating inertial measurement technologies and contextual game variables, such
as team level, score margin, and quarter outcomes, the findings offer valuable insights
contextualizing the multifactorial nature of youth basketball performance and revealing
that competitive load is not uniformly distributed but shaped by match dynamics, allowing
an intelligent approach to load monitoring in youth basketball development.

The results demonstrate that competitive load is highly individualized, with signifi-
cant variability across players and match contexts. In cluster analysis of match typologies
based on score margin, balanced games were associated with higher peak demands, pro-
ducing greater cardiovascular and locomotor demands, particularly in high cardiovascular
intensity and frequent neuromuscular actions, principally high-speed running metrics,
which underscore the intermittent and multidirectional nature of youth basketball and
reinforce the importance of competitive engagement in promoting continued intensity and
modulating load.

Team level emerged as a meaningful predictor of match success and physical demand.
According to our hypotheses, physical load indicators may differ according to team level,
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with higher-level teams exhibiting superior sprint capacity and lower cumulative physical
stress, and lower-level teams (losing teams and those eliminated in group stages) often
experiencing greater physical stress and reporting higher player load/min, high HR/min,
and high impacts/min values, suggesting increased physiological strain and cumulative
biomechanical stress (collision exposure).

Quarter-specific analyses revealed that decelerations, maximum acceleration, and
player load vary significantly across quarters. In line with our hypothesis, load indicators
can vary significantly between winning and losing quarters, and differences also exist in
the types of load displayed by losing and winning teams. These findings indicate that
intra-match dynamics diverge and are critical to understanding load distribution, recovery
dynamics, and tactical adjustments.

Our findings indicate that categorizing matches by score margin reveals differences in
the internal and external load experienced by players, supporting our initial hypothesis
that balanced games consistently impose higher physical and physiological demands than
unbalanced or highly unbalanced games. Although unbalanced matches promote higher-
intensity actions, the overall load is lower. These results emphasize the importance of
competitive structures that regularly expose basketball athletes to high levels of internal
and external load in line with the demands of balanced games.

Finally, there were strong associations between team level, final result, and quarter
outcomes, reinforcing the predictive value of team classification and intra-match perfor-
mance. In contrast, match type (defined by score margin) did not correlate significantly
with these variables, suggesting that it may be less informative for assessing team quality
or load consistency.

Taken together, these findings advocate for an individualized and contextualized
approach to training based on load monitoring and recovery strategies in youth basketball.
Coaches and performance staff should consider not only the physiological profiles of
athletes but also the dynamic nature of match play (competitive context, team classification,
and quarter-specific trends) in their training design and recovery planning. Such strategies
will better support physiological development, tactical growth, and long-term athlete
development through evidence-based performance management.
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