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Abstract

The purpose of this study was to compare the most demanding scenarios (MDS) encountered by professional
basketball players across game quarters and playing positions during official match-play. Ten professional bas-
ketball players were monitored during 11 matches using a local positioning system. Peak physical demands were
measured via total distance, distance >18 and >21 km-h™, number of sprints >18 and >21 km-h”', and number of
accelerations and decelerations >2 and >3 m-s captured over 30, 60, 120, 180, and 300-s rolling averages. Linear
mixed models and effect sizes (ES) were used to compare MDS encountered between game quarters and playing
positions. Between Quarters 1 and 2, there was a reduction in the total distance (ES = 0.64-1.39) for all playing
groups along with a reduction in distance >21 km-h™ in centres (ES = 0.77-0.81) and a reduction in accelerations
and decelerations >2 m-s?in guards (ES = 0.66-0.78) across longer sample periods (180-300-s). Between Quarters
1 and 4, reductions in the total distance were evident for forwards and centres (ES = 0.64-0.91) as well as distance
and sprints >21 km-h™" in centres (ES = 0.64-0.97). Regarding positional differences, guards and forwards covered
a higher total distance than centres across most quarters and sample periods (ES = 0.22-1.44). Our data suggest a
decrease in MDS with game progression in basketball. In addition, MDS appear to be duration-specific and posi-
tion-dependent in basketball. Therefore, practitioners should consider these differences in MDS based on game
quarters and positional demands to optimise individual and team performance.
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Introduction rection, accelerations, decelerations, and jumps, are completed
Basketball is an intermittent, indoor court-based team  amongst periods of rest (Narazaki et al., 2009; Stojanovi¢ et
sport where high-intensity movements, such as changes of di-  al., 2018). Due to the demanding nature of basketball, mon-
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itoring the physical (external load) and physiological (in-
ternal load) demands encountered by players is of critical
importance for practitioners in order to promote positive
performance-based training adaptations which leave players
well-prepared for official games (Sansone et al., 2020). Exter-
nal load is particularly important from a practical perspec-
tive as practitioners can directly manipulate it to bring about
the desired adaptations in players. Consequently, a detailed
understanding of the external loads encountered by players
during games is crucial in prescribing and effectively manip-
ulating training.

During basketball match-play, activity durations are
highly variable given the frequent stoppages (e.g., free throws,
time-outs) encountered. Additionally, these temporal se-
quences in activity requirements tend to occur randomly, as
evidenced by very long periods (e.g., > 120 s) of continuous
playing time with different stoppage durations (Salazar &
Castellano, 2020). Given this variability in activity duration
and playing time, assessing intensity in basketball is neces-
sary when monitoring external load as it is less dependent on
duration than measures capturing total load (volume). How-
ever, quantifying only average intensity across total games
fails to detect passages of higher physical demands known
as most demanding scenarios (MDS) (Vazquez-Guerrero &
Garcia, 2020). Recent research in basketball demonstrated
that when assessing the MDS during different time windows,
players are exposed to intensities much greater than the in-
tensities previously reported using game averages (Fox et al,,
2020; Vazquez-Guerrero et al., 2020)

Several studies have assessed the physical demands en-
countered by basketball players across entire games (Russell
et al., 2020). However, this approach does not give a com-
plete picture of fluctuations in physical demands across
games, such as during individual game quarters. In this re-
gard, the knowledge of the physical demands throughout all
quarters is essential in understanding how a player’s physical
performance fluctuates relative to the accumulation of play-
ing minutes across games (Scanlan et al.,, 2015). Existing data
have shown a significant decrease in high-intensity actions
(Ben Abdelkrim et al., 2007; Reina et al., 2019), total distance
and player load between Quarters 1 and 2 in professional
basketball (Garcia et al., 2020). This decrease in external load
was also evident between Quarters 3 and 4 in semi-profes-
sional basketball (Scanlan et al.,, 2015) and between early
periods and overtime, as evidenced by a reduction in player
load and low- and medium-intensity accelerations (Scanlan
et al., 2019). Consequently, the physical demands imposed
on players appears to decrease with game progression in bas-
ketball. Given these load fluctuations between quarters, it is
likely that differences between quarters may also be apparent
when assessing MDS.

When assessing the physical demands encountered by
players for the purpose of optimizing training prescription,
previous research has also detailed the importance of assess-
ing demands relative to playing positions (Svilar et al., 2018).
Based on their anthropometric characteristics, playing area,
and individual skills (Gryko et al., 2018), basketball players
are commonly categorised as guard, forward, and centre
positions. In this regard, differences in physical demands
have been shown among playing positions during training
(Svilar et al., 2018) and games (Salazar et al., 2020) in pro-
fessional male basketball players. In addition, a recent study
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by Vazquez-Guerrero et al. (2020) showed that the MDS of
game-play are position-dependent in elite U-18 basketball
players. However, no such investigation has been conducted
to determine whether differences in the MDS faced by differ-
ent playing positions and across game quarters also appear at
a professional level in basketball. As such, to ensure precise
training prescription at the professional level, a separate in-
vestigation assessing the MDS of professional players across
game quarters and concerning positional differences is war-
ranted. Thus, the purpose of this study was to compare the
MDS encountered by professional basketball players across
game quarters and playing positions during official match-

play.

Methods

An observational design was used to compare the MDS
of basketball match-play across game quarters and playing
positions. Local positioning system data were collected from
11 competitive league games during the 2018-19 season,
completed on the same official basketball court in similar
environmental conditions. Players who were injured during
the game or did not play a minimum total time of 5 min were
excluded from the analysis of that game (Vazquez-Guerrero
et al,, 2019), resulting in a total of 1809 individual observa-
tions.

The ten professional male basketball players (mean + SD,
age: 20.0 + 1.5 yr; height: 200.9 + 8.4 cm; and body mass:
93.6 + 16.0 kg) that participated in this investigation be-
longed to a reserve squad of a Spanish Euroleague team and
competed in LEB Oro (Spanish second division). All players
were categorized into one of three playing positions: guards,
forwards, and centres. Match-play was conducted according
to official FIBA rules. Ethics committee approval was not re-
quired because players were routinely monitored during all
training sessions and games in the course of the competitive
season (Winter & Maughan, 2009). However, they agreed to
participate by providing their written consent prior to the
commencement of the research. Additionally, the league
permits publication of these data, and the study fulfilled the
provisions of the Declaration of Helsinki (Harriss & Atkin-
son, 2015).

The team played one game a week, held between Friday
and Sunday, after a standard 45-min warm-up consisting of
dynamic stretching, specific mobility exercises and individ-
ual basketball-specific skills such as passing, shooting, and
dribbling. Within each structured microcycle, the team usu-
ally rested the day after a game and completed three to four
strength sessions and four to five basketball-specific training
sessions before the game.

During match-play, all players were continuously moni-
tored using a local positioning system (WIMU PRO™, Real-
Track Systems S.L., Almeria, Spain), although data were only
included when players were competing on the court (e.g.,
time as substitutes or rest time between quarters was not in-
cluded). This ultra-wideband system includes six antennas,
which were placed in the form of a rectangle for better signal
emission and reception (Figure 1). With a sampling frequen-
cy for positioning data of 18 Hz, the local positioning system
operates using triangulation between the antennas and the
units (the six antennas send a signal to the units every 55.5
ms). The device then calculates the time required to receive
the signal and derives the unit position (coordinates X and
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Figure 2. Ultra-wideband positioning system setup around the basketball court. X is court width, y is court length and z is
height of the antenna. Numbers show the disposition of antennasin cm: 0isx =0,y =0,z=600; 1 is x = 2924, y = 5208, z = 600;
2isx=0,y=5208,z=600;3isx=2928,y=7,z=600; 4 is x = 1469,y = 5207,z =600; and 5 is x = 1456,y = 2, z= 600

Y) using one of the antennas as a reference.

Based on the manufacturer’s recommendations, the
tracking units were placed in a custom-made vest located
in the centre of the player’s upper back using an adjustable
harness (IMAX, Lleida, Spain). Players wore the same iner-
tial unit and vest for each game across the season to reduce
any potential between-device variability. WIMU PRO™ has
been shown to have good/acceptable accuracy and inter- and
intra-unit reliability for ultra-wideband positioning (Basti-
da-Castillo et al., 2018, 2019). The system-specific SPRO™
software (version 958, RealTrack Systems, Almeria, Spain)
was used to download and analyse the data on the physical
demands.

Similar to previous research (Vazquez-Guerrero et al.,
2020; Whitehead et al., 2018), the following physical demand
parameters were measured: 1) Total distance (m); 2) dis-
tance >18 km-h'! (m); 3) distance >21 km-h"! (m); 4) number
of sprints >18 km-h'; 5) number of sprints >21 km-h''; 6)
number of accelerations >2 m-s'%; 7) number of decelerations
>2 m-s% 8) number of accelerations >3 m-s% and 9) num-
ber of decelerations >3 m-s~. The distance was measured via
positional differentiation (change in location with each sig-
nal), whereas acceleration and deceleration were calculated
via double differentiation from the positional data recorded
by the local positioning system (Malone et al., 2017). In line
with Vazquez-Guerrero et al. (2020), the analysis of the MDS
consisted of identifying the maximum values of the phys-
ical demand parameters of interest using a rolling average
technique over five different periods (30, 60, 120, 180 and
300 s). The 30-s period was chosen because it represents the
average duration of continuous playing before a stoppage is
encountered in professional basketball, even though longer
scenarios up to 120-s are uncommon but possible (Salazar &
Castellano, 2020). In addition, 180- and 300-s periods were
chosen as these durations reflect those often used by coach-
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es when prescribing training drills (Vazquez-Guerrero et al.,
2020).

All data are presented as mean * standard deviation
(SD). For each outcome measure, linear mixed models with
Bonferroni post hoc tests were used to compare the MDS
between game quarters for each positional group (guards,
forwards, and centres). In the model, a game quarter was
included as the fixed term (4 levels), and a participant was
included as a random term to account for multiple data
samples obtained for each participant (Peugh, 2010). Linear
mixed models with Bonferroni post hoc tests were also used
to compare the MDS between playing positions within each
game quarter. In these analyses, a position was included as
the fixed term (3 levels) and participant as a random term.
Statistical significance was accepted where P <0.05.

For all pairwise comparisons, Cohen’s effect sizes with
95% Confidence Intervals were computed and interpreted
as trivial: <0.2, small: 0.2-0.59, moderate: 0.6-1.19, large:
1.2-1.99, and very large: >2 (Hopkins, 2006). Statistical anal-
yses and post hoc tests were conducted using the “ImerTest”
and “emmeans” packages, respectively, on RStudio (Version
4.0.2), and effects sizes and confidence intervals were calcu-
lated using a customized Excel spreadsheet (Version 15, Mi-
crosoft Corporation, Redmond, USA).

Results

Descriptive statistics for the MDS within each quarter
for each positional group are presented in Table 1. Results
of the statistical analyses between game quarters in centres
are presented in Table 2. Among centres, total distance was
higher in Quarter 1 than Quarter 2 in the 120-s and 180-s
periods and higher in Quarter 3 than Quarter 2 in the 180-s
period (P <0.05). In addition, distance>21 km-h™" was high-
er during Quarter 1 compared to Quarter 2 in the 60-s and
180-s periods (P <0.05).
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Results of the statistical analyses between game quarters
in guards are presented in Table 3. In guards, total distance
was higher in Quarter 1 than Quarter 2 in the 180-s and 300-s
periods and higher in Quarter 1 than Quarter 4 in the 300-s
period (P <0.05). The number of sprints >18 km-h"' was high-
er in Quarter 1 than Quarter 2 in the 60-s period (P <0.05).
Accelerations and decelerations >2 m-s? were more frequent
during Quarter 1 than Quarter 2 in the 180-s and 300-s peri-
ods, accelerations >3 m-s? were more frequent during Quarter
1 than Quarter 4 in the 180-s period, and accelerations >3 m-s’
> were more frequent during Quarter 1 than Quarter 2 in the
180-s period (P <0.05).

Results of the statistical analyses between game quarters
in forwards are presented in Table 4. In forwards, total dis-
tance was higher during Quarter 1 than Quarters 2 and 4 in
the 180-s and 300-s periods (P <0.05). All other differences
were non-significant (P >0.05), and the effect size magnitude
ranged from trivial to moderate.

Results of the statistical analyses playing positions for
each game quarter are presented in Table 5. In Quarter 1,
total distance was higher in guards than centres in the 30-s,
60-s, and 300-s periods and higher in forwards than centres
in the 30-s period (P <0.05). Accelerations and decelerations
>2 m-s? were more frequent in guards than forwards in the
60-s periods, and decelerations >2 m-s? were more frequent
in guards than forwards in the 30-s period (P <0.05). Distance
>21 km-h™ was higher in centres than guards for all sample
durations (P <0.05). Accelerations and decelerations >3 m-s°
> were more frequent in guards than forwards for all sample
periods and more frequent in guards than centres in the 60-s
period (P <0.05).

In Quarter 2, total distance was higher in centres than
guards and higher in forwards than centres in the 30-s to 180-
s periods, and accelerations >2 m-s? were more frequent in
guards than forwards in the 30-s period (P <0.05). Accelera-
tions and decelerations >3 m-s? were more frequent in guards
than forwards for all periods, and accelerations >3 m-s? were
more frequent in guards than centres in the 180-s period (P
<0.05).

In Quarter 3, total distance was higher in guards than
forwards and centres in the 30-s to 180-s periods (P <0.05).
Decelerations >2 m-s* were more frequent in guards than for-
wards in the 60-s and 120-s periods, and distance >21 km-h
! was higher in centres than guards in the 300-s period (P
<0.05). Decelerations >3 m-s> were more frequent in guards
than forwards in the 60-s to 300-s periods (P <0.05).

In Quarter 4, the total distance was higher in guards than
centres in the 120-s and 180-s periods. Decelerations >2 m-s™
were more frequent in guards than forwards in the 30-180-s
periods and more frequent in guards than centres in the 180-s
period (P <0.05). Accelerations >3 m-s* were more frequent in
guards than forwards in the 30- and 60-s periods (P < 0.05).
Decelerations >3 m-s” were more frequent in guards than for-
wards for all sample periods and more frequent in centres than
forwards in the 30- and 60-s periods (P <0.05). All other dif-
ferences were non-significant and trivial-small in magnitude
(P >0.05).

Discussion

In combination, the trends in our data support previous
work in basketball highlighting reductions in MDS with game
progression (Fox et al., 2020; Vazquez-Guerrero et al., 2020). A
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novel finding of this work is that in professional players, differ-
ences in MDS appear position-dependent and varied based on
the external load variables and sample periods assessed.

Similar to previous research that used peak values to ex-
amine the differences between quarters (Fox et al., 2020;
Vazquez-Guerrero et al., 2020), this investigation suggests that
decreases in the MDS are evident across basketball games,
with differences most prevalent between Quarters 1 and 2
over longer periods (2120 s) across all playing positions. Our
findings also revealed more accelerations and decelerations >2
m-s” in the 180 and 300-s periods during Quarter 1 compared
to Quarter 2, reflecting the data obtained in elite under-18
basketball players (Vazquez-Guerrero et al., 2020). Given that
much of the physical stimulus imposed on basketball players
is a result of intermittent, physically demanding movements,
such as accelerations, decelerations, and change of direction
(Stojanovi¢ et al., 2018), these variables are likely more sen-
sitive to changes in external load, with respect to fluctuations
in the MDS. Consequently, assessing high-intensity (>2 m-s’
%) accelerations when quantifying the MDS of training and
match-play may be of particular importance to practitioners
when prescribing and manipulating the external training load
of players.

Although a trend emerged for MDS to decrease across the
game, it is important to note that in some instances (e.g., dis-
tance >18 and >21 km-h™ for guards and forwards over varied
sample periods), the highest MDS occurred in later game peri-
ods (Quarters 3 and 4). While past work has suggested that de-
creases in MDS may be related to fatigue-related mechanisms
(Fox et al., 2020), the findings of this study suggest that it may
be more closely related to outcomes such as tactical strategies
and game-related contextual factors (e.g., level of opposition,
score-line margin, win vs loss). As such, further research in-
vestigating the influence of tactics and contextual factors on
MDS in basketball may be particularly useful in understand-
ing potential mechanisms explaining fluctuations in MDS in
basketball to further assist in more precise training prescrip-
tion and manipulation.

When assessing the influence of playing position, the cur-
rent investigation supports previous work (Garcia et al., 2020;
Vazquez-Guerrero et al., 2020), demonstrating position-de-
pendent external load profiles in basketball. For instance, to-
tal distance was significantly lower in centres than guards and
forwards during different periods in all four quarters. These
results may partly be explained by a combination of techni-
cal and tactical profiles along with the anthropometric char-
acteristics of players. Specifically, centres are required to play
near the three-second zone, set screens and rebound during
set-pieces (Sampaio et al., 2006) and are usually the tallest and
heaviest players (Gryko et al., 2018), making them suited to
positions with lower movement demands.

Accelerations and decelerations >2 and >3 m-s? also pre-
sented great variation between playing positions. Specifical-
ly, guards completed more accelerations and decelerations
during all four quarters, presumably because they are required
to perform a great number of intermittent, high-intensity
movements (e.g., changes of direction) in half and full-court
situations (e.g., cutting, perimeter play, defence, etc.). In inter-
preting this finding, it is also important to consider that some
differences in MDS detected in the >3 m-s? were not apparent
when assessing the number of accelerations and decelerations
>2 m-s? Given that elite under-18 male basketball players
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have performed peak accelerations up to 3.6 m-s* during offi-
cial games (Vazquez-Guerrero, Jones, et al., 2019), it is possi-
ble that the 2 m-s? threshold typically utilised does not reflect
a true high-intensity effort when assessing accelerations and
decelerations. Moreover, in basketball, the cut point used to
assess “high-intensity” activity using inertial sensors appears
to be somewhat arbitrary and often comes from the sensors’
proprietary software rather than an evidence-based approach.
As such, further work assessing the appropriateness of varied
cut points to discriminate between intensities of accelerations
and decelerations in basketball appears particularly valuable.

In conclusion, this study showed that the MDS of basket-
ball match-play fluctuates across game quarters and varies be-
tween playing positions in professional players. Nevertheless,
when interpreting the findings of this study, some notable lim-
itations should be acknowledged. The small sample per posi-
tion might limit the representativeness of the external loads
encountered within each positional group. Finally, only the
MDS of different physical demand parameters were measured
for each player in isolation which does not take into account
important contextual factors, such as activities completed by
team-mates and opponents within the same game period as
well as outcomes relating to tactical strategies, score-line mar-
gin, and the game results (e.g., whether the team was winning
or losing). Therefore, future research should expand the anal-
ysis of the MDS during different competition formats (e.g.,
pre-season, tournament, play-off) while considering game-re-
lated contextual factors (e.g., offence, defence, transitions,
score) to understand fluctuations in MDS of basketball match-
play better and consequently optimise training prescription
and player performance.
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