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Abstract

The purpose of the present study was to: determine differences in external and internal load in professional
male basketball players between winning and losing game outcomes during official in-season games; identify
differences in external and internal loads between backcourt and frontcourt players in both winning and los-
ing games; and examine if load variables impact the Performance Index Rating (PIR). Using the performance
monitoring system (Kinexon), 20 player load metrics were analysed for eight athletes. Paired sample t-tests or
their nonparametric equivalents, independent sample t-tests or their nonparametric equivalents, and stepwise
regression analysis were used to examine statistically significant differences and determine the association of
load variables with PIR. The results revealed no significant differences between the winning and losing game
outcomes in external and internal load metrics on a general and partial level. However, significant differences
were observed between backcourt and frontcourt players in both winning and losing matches. Training impulse,
average heart rate, and Sprints explained 53% (adjusted R?=0.53, p<0.001) of the variance in PIR of backcourt
players, while Accumulated Acceleration Load and number of Accelerations explained 46% (adjusted R?=0.462,
p=0.02) of the variance in PIR of frontcourt players. While player loads did not directly impact game outcomes,
they did affect players' PIR and varied by playing position. These insights are valuable for the head coach and the
team's strength and conditioning personnel and could aid in the development of tailored training programs to
enhance player performance and recovery.
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Introduction designing individually tailored training programs (Svilar et al.,

Monitoring training load is essential to maximize perfor- ~ 2018). Obtaining the player load values for games is challeng-
mance, prevent overreaching, and reduce injury risks (Aoki  ing due to various contextual factors influencing the game de-
et al,, 2017). Prioritizing the use of game-collected data is es-  mands, such as game location (e.g., home or away) and game
sential to accurately determine training loads, particularly for ~ outcome (i.e., win or loss) (Fox et al., 2020). Previous research
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on the external and internal load of basketball players has fol-
lowed three main directions.

The first group of studies focused on the external and in-
ternal load of basketball players in various contexts (Fox et
al., 2020; Sansone et al., 2021; Svilar et al., 2018). Fox et al.
(2020) reported significant differences in player loads in away
vs. home games, balanced vs. unbalanced, and wins vs. los-
es. Considering the influence of individual characteristics
and contextual factors on game performance, Sansone et al.
(2021) emphasized the significance of conditions where play-
ers experience high and low loads. High loads included being
a guard, having high experience, medium minutes per game,
during the early season, and their combinations, while low
loads meant situations like low minutes per game or facing a
high-level upcoming opponent.

The second group of scientific articles has examined
the differences between backcourt (i.e., guards) players and
frontcourt (i.e., forwards and centers) players in their exter-
nal and internal load (Salazar et al., 2020; Vazquez-Guer-
rerol et al., 2018; Williams et al., 2021). Vazquez-Guerrerol
etal. (2018) emphasized the greater importance of decelera-
tion over accelerations in basketball players, whereby front-
court players exhibited higher acceleration-to-deceleration
ratio of over 3 m/s2. Using the principal component analy-
sis, Salazar et al. (2020) found that components of external
load rank differently between playing positions, with accel-
erations and decelerations being the most dominant. Wil-
liams et al. (2021) found that frontcourt players experienced
greater external and internal loads in games compared to
training. Authors concluded that position specific strategies
may be needed to optimize players performance. The third
group of studies investigated the impact of various player
performances on the Performance Index Rating (PIR) (Fox
et al., 2022; Sansone et al., 2021; Zarié et al., 2018).

To the best of our knowledge, there is a lack of research
addressing external and internal load of professional basket-
ball players in official winning vs. losing matches. Therefore,
the first aim of this study was to determine whether there are
differences in the external and internal load of professional
male basketball players in winning and losing matches. The
second aim was to identify differences between backcourt
players and frontcourt players in the external and internal
load in winning and losing matches. The third aim was to
investigate whether the variables of external and internal
load influence the PIR of basketball players in winning and
losing matches. Accordingly, we hypothesized that there
would be no significant differences in any selected variables
of external and internal load in winning and losing matches;
that backcourt and frontcourt players would not differ in
the external and internal load in winning and losing match-
es; and that there would be an impact of external and in-
ternal load on the PIR of basketball players in winning and
losing matches.

Methods

A prospective observational research design was adopted
to examine external and internal load of an elite male bas-
ketball team playing in the Hungarian First League Champi-
onship. Data were collected using the Kinexon System (KI-
NEXON Precision Technologies, Munich, Germany) during
eight home games (i.e., wins = 5, losses = 3) of the 2023/2024
season, from October to January. Kinexon is an ultra-wide-

band local positioning system (LPS) with sub-10 cm accu-
racy and 20 ms latency. It offers over 300 real-time metrics
by pairing wearable sensors with Wi-Fi-connected anchors.
Utilizing ultra-wideband signals, its small sensors track play-
ers' real-time positions with the frequency of 20Hz. The sys-
tem precisely measures 2D and 3D movements, directional
changes, and performance/load metrics for all players. Its
validity and reliability were shown to be acceptable (Fleureau
et al., 2020; Gamble et al., 2023). Players wore inertial mea-
surement unit sensors in a manufacturer-designed vest, on
their back, and a Suunto sensor to deliver data of heart rate
changes. System was set to measure movements on the court
not on the bench, while heart rate sensor data were collected
both on the bench and on the court during the whole train-
ing session or game. The ethical approval was obtained by a
Human Research Ethics Committee of the Faculty of Physical
Education and Sports, University of Banja Luka (No. 11/505-
2/23). The study is conducted following the Helsinki Decla-
ration (Williams, 2008).

Subjects

Data from eight male professional basketball players
(mean+SD, age = 24.5+4.8 years; height = 199.2+7.6 cm;
body mass = 95.4+10.8 kg) in the Hungarian Basketball
League 2023/2024 Championship were analysed. All athletes
were cleared for participation in training and competition
by their respective medical and strength and conditioning
staff. None of the players participated in the observed games
while sick or injured. Only athletes that played >8 min per
game were included in the study analysis procedures. This
was recommended by the head coach as players who played
<8 min per game typically involved young players with spe-
cific roles or those in recovery, neither of whom significantly
contributed to the team (2.44% of total playing time). Fol-
lowing Russell et al. (2020), players were classified as front-
court players (n = 3; centers) and backcourt players (n = 5;
forwards and guards).

Procedures

Kinexon is an ultra-wideband local positioning system
(LPS) with sub-10 cm accuracy and 20 ms latency. It offers
over 300 real-time metrics by pairing wearable sensors with
Wi-Fi-connected anchors. Utilizing ultra-wideband sig-
nals, its small sensors track players' real-time positions with
the frequency of 20Hz. The system precisely measures 2D
and 3D movements, directional changes, and performance/
load metrics for all players. Its validity and reliability were
shown to be acceptable (Blauberger et al., 2021; Gamble et
al., 2023). Players wore inertial measurement unit sensors
in a manufacturer-designed vest, on their back, and a Suun-
to sensor to deliver data of heart rate changes. System was
set to measure movements on the court not on the bench,
while heart rate sensor data were collected both on the
bench and on the court during the whole training session
or game.

Variables
The following variables were analysed:

Distance Covered

Player's total distance covered during the game (Dis-
tance [m]) was calculated as the sum of minimum distances
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updated within a minimum time frame of 0.5 meters and
1.0 second intervals. The distance covered was relativized to
time (Distance [m/min]) to provide an indication of player’s
locomotion intensity.

On-court Speed

The speed of a player was collected at each single instant
of time based on the differentiation of filtered positions. Aver-
age running speed (Speed,,, [km/h]) and maximum running
speed (Speed,,, [km/h]) during the game were extracted for
the analysis.

Number of Sprints

A sprint event was triggered when a player maintains a
speed over a given speed threshold during a minimum dura-
tion. Speed threshold was 15.12 km/h and the minimum du-
ration was 0.5 s. A total number of sprints (Sprint [No]) and
relativized number of sprints per minute spent on the court
(SprintsN [No/min]) were extracted for the analysis.

Acceleration and Deceleration events

Acceleration and deceleration events occurred when a
player sustained acceleration above a threshold (1.5 m/s?) for a
minimum duration of 0.5 seconds. For this study, we extracted
total counts of accelerations (Accelerations [No]) and decel-
erations (Decelerations [No]), as well as their respective rates
per minute (Accelerationsy [No/min] and Decelerationsy [No/
min]). The maximum deceleration of the player (Deceleration
max [m/s*]) was calculated by performing filtering and double
differentiation of position data.

Accumulated Acceleration Load

This metric provides the accumulated load of the player
during the entire game (Boyd et al., 2011). It adds up the dif-
ferentials of accelerometer data in a single number, providing
an overview of the load of the player produced by 2D-mo-
tion, jumps, impacts. The instantaneous acceleration load is
based on the player load formula defined elsewhere (Boyd et
al,, 2011).

Number of Jumps

This variable assesses the total number of jumps (Jumps
[No]) and relativized number of jumps (JumpsN [No/min])
during the player's in-game time. Each jump exceeding a min-
imum airtime is detected via accelerometer data, accurately
pinpointing the start and end of the jump. Jump height can
be computed from airtime using the formula: Height = (0.5g
* airtime + (height difference between take-off and landing
height / airtime))* / 2g. The minimum airtime was 0.3s.

Jump Load per Player’s Body Mass

The energy estimation is based on the jump height for each
individual jump. The jump load of a single jump is calculated
using the potential energy formula: Jump Load (J/kg) = gravity
constant * jump height. Jump Load (J) = mass of the player in
kg * gravity constant * jump height. The jump load of every
single jump performed by a player is added to yield an overall
jump load for that player.

Heart rate

The heart rate data for each player is measured by Suun-
to sensors worn in the Kinexon vest. Average values (HRavg
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[b/min]) obtained during the game were assessed. In addi-
tion, heart rate relative to the personal maximal value (HR-
max [%]) obtained on treadmill at the beginning of season
was also calculated for each game. We updated the values if
the measured maximum heart rate was higher for more than
three times.

Training Impulse

We used Training Impulse (TRIMP) as an indicator of
overall game load and metabolic functionality (Stagno et al.,
2007). The TRIMP formula is the following: fractionalEleva-
tion = (HRi - HRmin) / (HRmax - HRmin) TRIMP = SUM
(0.1225 * €3.9434 * fractionalElevation) * sessionTime where:
“HRi” is the instantaneous (current) heart rate of the player
(in bpm); “HRmin” is the minimum heart rate of the player (in
bpm;) “HRmax” is the maximum heart rate of the player (in
bpm); “sessionTime” is the duration of the training/game in
minutes (Stagno et al., 2007).

Statistical analyses

Statistical procedures were performed using JASP sta-
tistical software (v 0.18.1, University of Amsterdam, Neth-
erlands). The descriptive statistics were shown for mean,
standard deviation, minimum, and maximum. The Shap-
iro-Wilk test was performed to test the normality of data
distribution. For variables with violated normality of dis-
tribution, non-parametric tests were performed. The differ-
ence between games won and games lost was tested using the
paired sample t-test (Wilcoxon signed-rank for non-para-
metric data). An independent sample t-test (Mann-Whitney
test for non-parametric data) was used to test the differences
between backcourt and frontcourt players. The regression
analysis with stepwise model was utilized to determine the
association of external and internal load variables with PIR.
This model was selected to reduce the number of variables
to those that best predict the PIR. The significance was set at
p<0.05. The effect sizes were calculated for differences (Co-
hen’s d) as d < 0.2 (trivial), d = 0.2-0.5 (small), d = 0.5-0.8
(moderate), 0.8-1.2 (large), and d > 1.2 (large) and for the
coeflicient of determination (r?) as r? = 0.04-0.25 (small),
r* = 0.25-0.64 (moderate), and r* > 0.64 (large) (Sullivan &
Feinn, 2012). G*Power (v 3.1.9.4, Kiel University, Germany)
was used to determine the required effect size for the given
sample size.

Results

There was no significant difference between winning and
losing game outcomes in indicators of external and internal
load on a general level (p = 0.5-0.95, d = 0.02-0.37), as well
as on a partial level. The descriptive statistics for won and lost
games are presented in Tables 1 and 2, respectively. The nor-
mality of distribution was violated for PIR, Jumps, and HR-
max in games lost; and for PIR, Jumps, JumpLoadPerMass,
and HR in games lost. Thus, the non-parametric statistical
tests were used for those variables. The effect size analysis also
did not indicate difference of considerable size in these in-
dicators (Cohen’s d = 0.01-0.37). Considering the difference
between the backcourt and frontcourt players in winning and
losing matches, significant differences occurred in a number
of variables (Table 1 and Table 2).

The stepwise regression analysis determined significant
association of external and internal load indicators with the
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Table 1. Descriptive statistics and between-position differences for games won.

Group Descriptives Backcourt players Frontcourt players o q 95% Cl for d
Mean SD Mean SD
PIR 9 9.27 20.31 7.3 p <0.001 -1.29 -1.97 -0.59
Distance (m) 3761 1346.33 5030.85 1083.47 p < 0.001 -0.99 -1.66 -0.31
DistanceN (m/min) 71.06 6.19 68.69 3.07 0.2 0.43 -0.22 1.07
Speed,,, (km/h) 4.27 0.38 4.12 0.18 0.18 0.45 -0.2 1.09
Speed,,, (km/h) 24.22 1.95 23.77 0.94 043 0.26 -0.38 0.9
Sprints (No) 38.65 16.81 37.69 5.86 0.84 0.06 -0.57 0.7
Sprintsy (No/min) 0.73 0.22 0.53 0.12 p < 0.001 1.02 0.34 1.69
Accelerations (No) 338.12 122.58 455 102.38 p <0.001 -0.99 -1.66 -0.32
Accelerationsy (No/min) 6.39 0.55 6.2 0.32 0.25 0.38 -0.26 1.03
Decelerations (No) 323.21 116.11 425.15 90.65 p <0.001 -0.93 -1.59 -0.26
Decelerations, (No/min) 6.12 0.6 5.81 0.39 0.09 0.56 -0.09 1.21
Deceleration,,,, (m/s2) -3.82 0.49 -3.46 0.37 0.02 -0.76 -1.42 -0.1
AccumAccelLoad (J) 375.87 132.19 489.2 95.38 p <0.001 -0.92 -1.58 -0.25
AccumAccelLoady (/min) 7.12 0.55 6.7 0.33 0.01 0.83 0.17 1.49
Jumps (No) 38.62 2243 77 223 p <0.001 -1.71 -2.44 -0.98
Jumps, (No/min) 0.7 0.23 1.05 0.15 p <0.001 -1.66 -2.37 -0.92
JumpLoadPerMass (J/kg) 233 0.78 3.37 0.46 p <0.001 -1.47 -2.17 -0.75
HRavg (bpm) 134.56 15.25 142.46 747 0.08 -0.58 -1.23 0.07
HRmax (bpm) 187.38 17.62 185.46 343 0.7 0.13 -0.51 0.77
HR% (% of max.) 68.38 7.33 73.23 5.93 0.04 -0.69 -1.35 -0.04
TRIMP 117.52 61.71 168.82 52.41 0.01 -0.86 -1.52 -0.2

Table 2. Descriptive statistics and between-position differences for games lost.

Backcourt players Frontcourt players
Variables p d 95% Cl ford
Mean SD Mean SD

PIR 7.05 16.43 7.44 14.22 0.03 -0.99 -1.88 -0.07
Distance (m) 3423.9 1111.24 4593.14 1257.56 0.03 -1.02 -1.91 -0.1

Distancey (m/min) 72.05 9.11 66.57 4.58 0.14 0.66 -0.22 1.54
Speed,,, (km/h) 4.32 0.55 3.99 0.27 0.14 0.66 -0.22 1.54
Speedy,, (km/h) 23.82 1.89 24.26 1.07 0.57 -0.25 -1.12 0.61

Sprints (No) 37.75 17.12 35.71 8.48 0.77 0.13 -0.73 0.99
Sprintsy (No/min) 0.8 0.29 0.53 0.11 0.03 1.03 0.11 1.93
Accelerations (No) 304.35 103.3 420.29 112.84 0.02 -1.1 -2 -0.18
Accelerations, (No/min) 6.37 0.73 6.1 0.48 0.38 0.39 -0.48 1.25
Decelerations (No) 288.25 98.25 400.57 113.04 0.02 -1.1 -2 -0.18
Decelerationsy (No/min) 6.04 0.8 5.77 0.42 04 0.37 -0.5 1.24
Deceleration,,,, (m/s2) -3.55 0.45 -3.52 0.48 0.87 -0.07 -0.93 0.79
AccumAccelload (J) 341.54 112.59 460.11 130.61 0.03 -1.01 -1.91 -0.1

AccumAccelLoady (/min) 7.7 0.86 6.63 0.33 0.13 0.69 -0.2 1.57
Jumps (No) 353 15.34 66.86 25.32 p < 0.001 -1.73 -2.7 -0.73
Jumpsy (No/min) 0.73 0.18 0.95 0.17 0.01 -1.19 -2.1 -0.26
JumpLoadPerMass (J/kg) 243 0.64 3.01 0.42 0.03 -0.98 -1.88 -0.07
HRavg (bpm) 134.25 12.49 138.86 18.23 0.46 -0.33 -1.19 0.54
HRmax (bpm) 188.2 13.11 172.43 29.89 0.06 0.85 -0.05 173
HR% (% of max.) 68 7.53 7143 11.9 0.38 -0.39 -1.25 0.48
TRIMP 102.45 42.75 179.77 61.66 p <0.001 -1.61 -2.57 -0.63
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PIR (adjusted R* = 0.58, F = 26.61, p = 0.01). The best model
of prediction included TRIMP, Jumps, HRavg, and Sprints.
However, considering that backcourt and frontcourt players
were different in most of the variables and produced different
PIR, the regression analysis was performed for each group
separately as well. In both groups, external and internal load
indicators were significant predictors of PIR (Figure 1). The
prediction coeflicients and multicollinearity are shown in Ta-

Backcourt players

Performance Index Raing

L] T T T T

,_,_
-
o

i 1 2 3
Regression predicted Performance Index Rating

ble 3. The regression analysis for backcourt players showed
that 53% of the variation in PIR is determined by TRIMP,
HRavg, and Sprints (adjusted R* = 0.53, F = 20.890, p <
0.001). Somewhat lower association was found in in front-
court players (adjusted R* = 0.462, F = 9.148. p = 0.02) with
46% of explained variance in PIR by AccumAccelLoad and
Accelerationsy. The variance inflation factor was indicated
acceptable multicollinearity.

Frontcourt players

o
R? Linear = 0.518

Performance Index Rating
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Figure 1. Scatterplot for backcourt and frontcourt players.

Table 3. Regression coefficients for perimeter and post players.

Unstandardized coefficients

95% confidence interval

Model VIF
B Std. Error Lower Bound  Upper Bound

(Constant) -36.19%** 9.76 -55.67 -16.72
TRIMP 0.05* 0.02 0.01 0.10 3.2
All players combined Jumps 0.11* 0.05 0.01 0.20 2.6
HRavg 0.31%** 0.09 0.13 0.49 2.6
Sprints -0.17% 0.07 -0.32 -0.03 1.9

(Constant) -39.92 9.82 -59.65 -20.19
Perimeter players TRIMP 0.08*** 0.02 0.04 0.12 1.8
HRbpm 0.34%** 0.09 0.16 0.52 24
Sprints -0.17* 0.07 -0.32 -0.02 24

(Constant) 53.95 29.20 -7.65 115.55
Post players AccumAccellLoad 0.06** 0.02 0.02 0.09 1.0
AccelerationsN -10.10* 4.52 -19.64 -0.55 1.0

Note: *Significant at p < 0.05, **Significant at p < 0.01,

Discussion

The purpose of the present study was to: a) determine
differences in external and internal load in professional male
basketball players between winning and losing game outcomes
during official in-season games, b) identify differences in ex-
ternal and internal loads between backcourt and frontcourt
players in both winning and losing games, and ¢) examine if
external and internal load variables impact the PIR. Key find-
ings suggest that player loads have no impact on game out-
comes (i.e., wins vs. losses). However, significant differences
were present in loads and PIR between player positions, sup-
porting the initial two study’s hypotheses. Furthermore, a sig-
nificant association was found between player loads and per-
formance (PIR), with load indicators varying across positions,
confirming the third study hypothesis.

Given the absence of statistically significant distinctions

DOI10.26773/mjssm.260301

***Sjgnificant at p < 0.001. VIF - variance inflation factor.

across the 20 analysed indicators suggests that alternative de-
terminants such as caliber of adversaries, psychological vari-
ables, and technical-tactical facets may have wielded a sub-
stantial impact on game outcomes. This is not unexpected,
given the level of athletes examined in the present investiga-
tion (i.e., Hungarian First League). This suggests that players
from the present study provided their best physical perfor-
mance regardless of winning or losing and that this context
did not play a role in players’ commitment. In the investigation
conducted by Ferioli et al. (2021), the internal workloads, as
quantified through subjective session rating of perceived exer-
tion (s-RPE), remained unchanged (p > 0.05) between playoft
matches and regular season encounters. Notably, their cohort
of athletes comprised professional basketball players from the
First Italian League, suggesting a consistent level of effort across
competitive phases due to their vocational commitment. Con-
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versely, the findings by Koyama et al. (2024) revealed playing
against stronger opponents produced higher external load, a
trend not observed in our investigation. Intriguingly, the in-
ternal loads assessed via RPE were lower following matches
against stronger teams compared to those against weaker ones.
It is essential, however, to note that the participants in Koya-
ma et al. (2024) study were collegiate-level players, potentially
introducing variability due to their ongoing development and
not yet reaching peak basketball performance.

Considering both backcourt and frontcourt players, it can
be noted that the team analysed in this study exhibited certain
specificities. Frontcourt players exhibited heightened involve-
ment across a spectrum of performance metrics in both win-
ning and losing scenarios. Despite occasional superior perfor-
mance by guards, it is evident that frontcourt players carried a
greater workload during gameplay. Frontcourt players covered
a greater distance than backcourt players in both winning and
losing matches, but there were no significant differences be-
tween them in distance covered per minute. Of note is that
the distance covered by our sample was greater than that of
the Spanish ACB league team analysed by Feu et al. (2023) but
lower than in players analysed by Puente et al. (2017). This
indicates that the basketball players in our study were on par
with the top European teams in distance covered. In terms
of speed measures, significant differences in SprintsN favour
backcourt players in both winning and losing matches, which
is not surprising considering the nature of their playing posi-
tion (Stojanovi¢ et al., 2018).

The acceleration and deceleration data did not show con-
sistent findings and preclude conclusions about activities relat-
ed to accelerations and decelerations. This is in contrast with
the findings of Vazquez-Guerrerol et al. (2018) and Salazar et
al. (2020), who unequivocally state that backcourt players have
higher player load in games. Conversely, frontcourt players
performed better in all three jump variables in both winning
and losing matches, which is consistent with their tasks in the
game (Gamonales et al., 2023; Ibanez et al., 2023). Compared
to backcourt players, frontcourt players achieved higher values
of HR% in winning games, as well as TRIMP in both winning
and losing matches. TRIMP, as a measure of player exhaustion,
further proves that frontcourt players of this team were more
engaged than backcourt players. Modern basketball tactics im-
pose numerous tasks on centers including sprinting in offense
and defence, pick-and-roll play, and offensive and defensive
rebounds. Within the highest levels of basketball, evidence
suggests that the most efficient players tend to expend the least
energy to achieve the most productive results (Caparros et al.,
2018; Sampaio et al., 2015). Thus, frontcourt-players seem to
be more efficient in our team.

In the present investigation, it has been found that PIR
correlated with both external and internal load indicators.
When considering the entire team, TRIMP, Jumps, HRavg,
and Sprints emerged as the most significant predictors of PIR.
This information holds particular importance for team data
analysts and head coaches. Given the distinct roles and phys-
ical demands placed on backcourt and frontcourt players, we
conducted separate regression analyses, offering valuable in-
sights for strength and conditioning coaches as well. TRIMP
emerged as the most influential predictor of PIR for backcourt
players. This suggests that the ability to tolerate or delay ex-
haustion played a crucial role in achieving higher PIR among
backcourt players. Additionally, HRavg and the number of

sprints during the game were identified as significant pre-
dictors. These parameters collectively reflect repeated sprint
ability (Girard et al., 2011; Rodriguez-Fernandez et al., 2019),
indicating that superior cardiac function and the capacity
for repetitive sprinting contributed to higher PIR. For front-
court players, Accumulated Acceleration Load, representing
metabolic work, emerged as a crucial factor influencing PIR.
Notably, the frequency of accelerations was the second-best
predictor of PIR. This underscores the importance of both
the frequency of accelerations and the ability to either recov-
er quickly or withstand performance fatigue (Edwards et al.,
2018; Enoka & Duchateau, 2016) while executing on-court
tasks for frontcourt players' PIR.

In summary, this study investigated external and internal
load variations in basketball games between winning and los-
ing game outcomes, as well as differences among backcourt
and frontcourt players, aiming to establish associations with
overall basketball performance. The findings suggest that
while player loads do not directly impact game outcomes, they
do correlate with player’s PIR and vary across player positions.
Our analysis identified TRIMP, Jumps, HRavg, and Sprints
as significant predictors of PIR for the entire team. Separate
regression analyses for backcourt and frontcourt players re-
vealed distinct factors influencing PIR. For backcourt players,
TRIMP, HRavg, and sprint frequency were crucial, emphasiz-
ing the importance of endurance and repeated sprint ability.
On the other hand, Accumulated Acceleration Load and ac-
celeration frequency emerged as key factors influencing PIR
for frontcourt players, highlighting the importance of meta-
bolic work and the ability to withstand performance fatigue.
These insights are valuable for team management staff, and
strength and conditioning practitioners, and can aid in the
development of tailored training programs to enhance play-
er performance and recovery. The statistical approach in the
present study also offers a framework to navigate among the
large number of variables that come from the player monitor-
ing system.

Lastly, a limitation inherent in this study pertains to its re-
liance on a singular team for analysis, thereby restricting the
generalizability of the findings and subsequent implications
to other teams. However, it does provide the methodology on
how to analyse a single team. It is advisable for future inves-
tigations to engage in concurrent longitudinal surveillance of
multiple teams during matches, facilitating comparative analy-
ses. The integration of internal-external load monitoring with
PIR emerges as a promising methodology for assessing player
quality, potentially representing an optimal or advantageous
approach. Further research is warranted to determine if the
findings of the present study are sex-specific (male vs. female)
as well as if they remain applicable to other levels of basketball
competition (e.g., collegiate).

Conclusions and practical application

The findings of this study offer several practical applica-
tions for basketball coaches, strength and conditioning practi-
tioners, and sports scientists. Firstly, basketball coaches could
use the proposed methodology to detect the main indicators
of PIR in their team and individual players. This would help
them design tailored training programs based on position-spe-
cific insights. Secondly, load management strategies could be
optimized by monitoring key load indicators that emerged as
game-important. For instance, in this study, to optimize game
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performance TRIMP, HRavg, sprint frequency for backcourt
players, and Accumulated Acceleration Load, acceleration fre-
quency for frontcourt players were of importance. In teams
with different player characteristics different indicators could
be of importance, which could be accounted for using the
methodology from the present study. Thirdly, coaches could
develop game plans and tactics that leverage the strengths of
each player position, informed by their game workload and
performance characteristics.
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