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The most demanding scenarios of basketball play

INTRODUCTION
Basketball is a court-based team sport in which both the aerobic and 
anaerobic energy systems are highly stressed through a combination 
of intermittent high-intensity accelerations, decelerations, jumps and 
sprints based on specific actions such as dribbling, shooting, rebound-
ing or defending [1]. A comprehensive knowledge of the physical 
demands during basketball competition is crucial for better training 
load prescription geared towards optimising individual and team per-
formance.

Advances in technology have allowed the use of inertial micro-sen-
sors and local positioning systems to describe physical demands 
using average values during basketball training and competition [2]. 
Additionally, microtechnology has helped to compare basketball train-
ing sessions and matches, with controversial results regarding which 
activity produced higher physical exertion [3–6]. Due to the impor-
tance of finding the optimal balance between training load and match 
performance, available research in team sports applying the concept 
of tapering suggests that physical demand parameters, such as total 
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distance covered and sprints, should be reduced during the training 
session the day before the match [7, 8]. In this regard, previous 
research has used microtechnology to examine average physical 
demands during training and competition loads in the course of 
in-season microcycles in elite soccer players [8, 9], although it has 
yet to be analysed in professional basketball players.

Although it is the most common technique, the use of average 
values to examine players’ physical demands to optimise the training 
process in team sports could result in the underestimation of the 
most demanding scenarios (MDS) in a match [10], also referred to 
in the existing literature as most demanding passages and worst-case 
scenarios [11–13]. More recently, advanced technology has permit-
ted the examination of the MDS during competition in numerous 
intermittent outdoor team sports [14]. This novel methodology quan-
tifies pre-defined time epochs with the greatest demands on any 
physical outcome chosen using a rolling average. For instance, avail-
able research has reported a 25% difference between average 
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in the 2018–19 season. However, this study only included for further 
analysis the 9 in-season weeks in which players had six days between 
competitive matches and involved a minimum of four training ses-
sions with a clear focus on an upcoming official league match. All 
competitive matches and training sessions were completed on the 
same official basketball court in similar environmental conditions. 
Players were excluded from the study if they completed less than 
5 training sessions and did not participate in any competitive match. 
Furthermore, players who did not finish a full training session or those 
who played less than 10 min in a match were also excluded, result-
ing in a total of 428 individual observations. Table 1 shows the 
duration of each training session and match completed during in-sea-
son weeks and the total number of single records across a training 
session or match and the three different playing positions: guards 
(n = 7), forwards (n = 3) and centres (n = 3). As a working hy-
pothesis, it was assumed that official matches would present peak 
values significantly higher than training sessions across all playing 
positions.

Participants
The thirteen professional male basketball players (mean ± SD, age: 
19.8 ± 1.7 years; height: 199.9 ± 8.2 cm; and body mass: 
91.8 ± 15.9 kg) who participated in this research belonged to 
a reserve squad of a Spanish Euroleague team and competed in the 
Spanish second division (LEB Oro). Players were routinely monitored 
during all training sessions and matches in the course of the com-
petitive season, so no ethics committee approval was needed [21]. 
Nevertheless, the study fulfilled the provisions of the Declaration of 
Helsinki [22] and all the players agreed to participate by providing 
their written consent.

Training periodisation
The structured microcycle is the basic organization in the holistic 
structured training methodology of Futbol Club Barcelona [23, 24], 
which has been developed with the purpose of preparing athletes to 

demands and MDS in soccer [10] and 38% in rugby seven [15] in 
total distance covered using 5-min and 2-min time intervals, respec-
tively. To date, the description of the MDS in a basketball match has 
only been reported in elite under-18 [16] and semi-professional 
basketball players [13, 17] with no previous research conducted in 
professional basketball.

In addition to being useful in studying possible changes in bas-
ketball activities, microtechnology has also been used to examine 
differences in average demands on professional basketball players 
across specific playing positions during training [18] and competi-
tion [19, 20]. Positional roles have also been analysed in elite un-
der-18 basketball players using a rolling average to quantify the 
MDS [16]. Specifically, Vázquez-Guerrero et al. [16] reported that 
guards covered a total distance of 123.4 m and accumulated a total 
of 7.3 accelerations ≥ 2 m∙s-2 and 6.9 decelerations ≤ -2 m∙s-2 dur-
ing a 60-s epoch, whereas forwards and centres covered a total 
distance of 120 and 113 m and accumulated 6.7 and 6.2 accel-
erations ≥ 2 m∙s-2 and 6.1 and 5.3 decelerations ≤ -2 m∙s-2 during 
the same 60-s MDS, respectively. To date, the authors are not aware 
of any studies that have investigated the peak physical demands on 
professional basketball players across playing positions.

The aim of this study was therefore to compare physical demands 
during the most demanding 60-second scenarios of different training 
sessions and official competition in professional male basketball 
players across playing positions. Knowing these changes in peak 
physical demands during in-season microcycles could help coaches, 
athletic performance staff and medical staff to optimise training and 
match performance.

MATERIALS AND METHODS 
Experimental approach to the problem
A nonexperimental, descriptive, comparative design was used to 
examine the differences between the MDS of training and competition 
across playing positions. Local positioning system data were col-
lected from 17 competitive league matches and 39 training weeks 

TABLE 1. The duration (means ± SD) and total of individual observations across different session types and playing positions.

Session Duration (min) Guards Forwards Centres All positions

MD-4 109.4 ± 14.5 36 24 17 77

MD-3 128.6 ± 32.2 43 23 21 87

MD-2 109.3 ± 22.2 44 24 20 88

MD-1 87.9 ± 16.8 46 24 19 89

MD 109.3 ± 7.6* 41 26 20 87

Note: MD-4 is match day minus four; MD-3 is match day minus three; MD-2 is match day minus two; MD-1 is match day minus 
one; and MD is match day. * MD duration includes all stoppages in match, such as time-outs and free throws and breaks between 
periods, which are 3 min between the first and second quarter and between the third and fourth quarter, and 15 min between the 
second and third quarter.
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compete in team sports and is based on two types of training: coad-
juvant (general off-court training) and optimising (sport-specific, 
on-court training) [25, 26]. Based on the recommendations of Ak-
enhead et al. [9], the MDS of training sessions were examined with 
respect to the number of days before an official match (MD minus). 
In line with Martín-García et al. [8], physical, technical and tactical 
components were integrated in all training sessions, which were 
contextualised in Table 2.

Physical demand parameters
Similar to previous research [14, 16], total distance covered in me-
tres, distance covered at > 18 km·h-1 in metres, distance at high-in-
tensity acceleration (≥ 2 m∙s-2) and deceleration (≤ -2 m∙s-2) in 
metres, and number of high-intensity accelerations (≥ 2 m∙s-2) and 
decelerations (≤ -2 m∙s-2) were measured. The analysis of the MDS 
consisted of identifying the peak physical demands for each player 
and each outcome mentioned above during each training and match 
session using a rolling (or moving) average over a 60-second epoch. 
With a local positioning system (WIMU PRO, RealTrack Systems 
S.L., Almería, Spain) that includes ultra-wide band technology (18 Hz 
sample frequency), the brand-specific software identified 1080 con-
secutive data points (e.g., 18 samples/s for 60 s) and rolling average 
values were calculated using the current and the 1062 preceding 
samples. It is important to note that the MDS for each variable was 
calculated independently and may have come from different game 

moments. The results show the average values of MDS during bas-
ketball training and match play and the 60-s pre-defined epoch was 
chosen because it has already been used in previous research and, 
moreover, it facilitates comparisons with average physical de-
mands [13, 17, 27].

Procedures
Player movements during training and matches were recorded using 
a local positioning system (WIMU PRO, RealTrack Systems S.L., Alm-
ería, Spain). Based on the manufacturer’s recommendations, the 
tracking units were placed in a custom-made vest located in the 
centre of the upper back using an adjustable harness (IMAX, Lleida, 
Spain). These inertial devices (81x45x16 mm, 70 g) include four 3D 
accelerometers (full-scale output ranges are ± 16 g, ± 16 g,  
± 32 g, ± 400 g, 100 Hz sample frequency), a gyroscope (8000º/s 
full-scale output range, 100 Hz sample frequency), a 3D magnetom-
eter (100 Hz sample frequency), a GPS (10 Hz sample frequency) 
and an ultra-wide band positioning system (18 Hz sample frequency). 
Furthermore, each unit has an 8 GB flash memory, a gigahertz mi-
croprocessor and a high-speed USB interface to record, store and 
upload data. This ultra-wide band positioning system includes six 
antennas, three of them placed 12 metres away from each baseline 
of the basketball court. For better signal emission and reception, an-
tennas were located forming a rectangle at a height of seven and half 
metres above the wooden floor and 17 metres apart. WIMU PRO has 

TABLE 2. General goals and specific training contents across the structured microcyle in basketball

Session Goals Contents

MD-4
General goal To develop basketball players’ basic skills

Coadjuvant training Structural

Optimizing training Individual skills, small sided matches and modified 5-on-5 drills

MD-3
General goal

To accumulate the highest weekly basketball-specific load and optimise the team’s 
playing model

Coadjuvant training Specific qualities

Optimizing training Simulated 5-on-5 competition

MD-2
General goal To develop specific speed in basketball

Coadjuvant training Group preventive

Optimizing training Half-court 5-on-5 plus 1 or 2 waves

MD-1
General goal To prepare players tactically for the next match

Coadjuvant training Individual preventive

Optimizing training Moderate-intensity drills and half-court 5-on-5

MD
General goal To physically and mentally activate players

Coadjuvant training Individual preventive

Optimizing training Walk-through 5-on-5 and positional shooting drills

Note: MD-4 is match day minus four; MD-3 is match day minus three; MD-2 is match day minus two; MD-1 is match day minus 
one; MD is match day (light-load non-monitored training session on the morning).
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tests. Statistical analyses were performed using JASP v0.9.2 software 
(University of Amsterdam, https://jasp-stats.org/) and the statistical 
significance was set at p ≤ 0.05. Furthermore, differences between 
the training sessions and the corresponding official basketball match-
es by playing positions were examined using standardised (Cohen’s 
d) mean differences and their respective 90% confidence intervals 
(90% CI). Thresholds for effect size (ES) statistics were < 0.20, 
trivial; 0.20–0.59, small; 0.60–1.19, moderate; 1.20–1.99, large; 
and > 2.0, very large [29].

been shown to have good/acceptable accuracy and inter- and intra-unit 
reliability for ultra-wide band positioning in indoor sports [28]. Data 
were downloaded and analysed using the system-specific software 
(SPRO, version 955, RealTrack Systems, Almería, Spain).

Statistical analysis
Descriptive statistics data are presented using means, SD (± SD) 
and difference percentage. The data were analysed using an analysis 
of variance (ANOVA) for repeated measures and Bonferroni post-hoc 

FIG. 1. Standardised differences (Cohen’s d) and the 90% confidence intervals for the most demanding scenarios during 60-s epochs.
Note: Significant difference is reported with * at the right end of the 90% CI bar. MD-4 is match day minus four; MD-3 is match day 
minus three; MD-2 is match day minus two; MD-1 is match day minus one; MD is match day; TDC is total distance covered in metres; 
D18 is distance covered at > 18 km·h-1 in metres; D.ACC is distance at high-intensity acceleration (≥ 2 m∙s-2) in metres; D.DEC is 
distance at high-intensity decelerations (≤ -2 m∙s-2) in metres; N.ACC is number of high-intensity accelerations (≥ 2 m∙s-2); N.DEC is 
number of high-intensity decelerations (≤ -2 m∙s-2); VL is very large effect; L is large effect; M is moderate effect; S is small effect.
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RESULTS 
Descriptive values for the MDS of different training sessions and 
official basketball matches across playing positions are presented in 
Table 3. The results revealed that distance covered at > 18 km·h-1 
was the only physical parameter in which players achieved higher 
peak values during training sessions compared to official competition. 
More particularly, differences between MDS during the MD-3 prepa-
ratory session and matches ranged between +8.7% and +40.7%. 
In contrast, the other five variables showed the highest MDS values 
during matches, and the lowest differences were found in the MD-4 
and MD-3 sessions. Furthermore, the MD-1 session presented the 
lowest values in all physical variables and the largest MDS differ-
ences with MD across playing positions (-13.4% to -42.6%).

Figure 1 shows ES and statistical differences between the four 
different training session types (MD-4, MD-3, MD-2 and MD-1) 
and official matches (MD) across playing positions. MD-4 and 

MD-3 sessions presented a similar pattern: while distance covered 
at > 18 km·h-1 showed small to moderate increases during train-
ing sessions, the other five physical demands parameters showed 
small to very large MDS decreases in comparison to MD. More 
particularly, the largest decrease (ES = 2.11) was found in the 
forward position for the distance at high-intensity decelerations 
during the MD-3 training type. In contrast to distance covered 
at > 18 km·h-1 during MD-4 and MD-3, all six physical demand 
parameters presented lower values of MDS with a decreased ten-
dency during MD-2 and MD-1 compared to official matches. By 
way of example, distance at high-intensity acceleration and decel-
eration presented moderate to large decreases in MD-2, whereas 
large to very large decreases were observed in MD-1 compared to 
MD. Moreover, the forward position presented the greatest differ-
ence (ES = 2.66) in distance at high-intensity acceleration between 
MD-1 and MD.

TABLE 3. Physical demands parameters of the most demanding 60-second scenarios for professional basketball players across playing 
positions.

Physical 
Demand 

Parameter

Playing
Position

MD-4 MD-3 MD-2 MD-1 MD

Means
(SD) % Diff Means

(SD) % Diff Means
(SD) % Diff Means

(SD) % Diff Means
(SD)

Total distance 
covered (m)

Guards 128.0 ± 16.6 -9.2 125.6 ± 16.5 -10.9 126.8 ± 18.9 -10.0 118.2 ± 19.4 -16.1 140.9 ± 9.8
Forwards 122.4 ± 17.1 -12.4 121.5 ± 16.9 -13.0 131.2 ± 15.8 -6.2 116.6 ± 20.9 -16.6 139.8 ± 9.2
Centres 119.9 ± 20.3 -6.3 119.8 ± 17.4 -6.3 126.5 ± 19.8 -1.1 110.7 ± 21.9 -13.4 127.9 ± 10.5

All players 124.4 ± 17.7 -9.6 123.1 ± 16.8 -10.5 127.9 ± 18.2 -7.0 116.2 ± 20.3 -15.6 137.6 ± 11.1

Distance 
> 18 km·h-1 (m)

Guards 31.3 ± 9.2 +46.3 30.1 ± 16.0 +40.7 22.1 ± 7.9 +3.3 17.3 ± 10.0 -19.2 21.4 ± 7.7
Forwards 24.8 ± 10.3 -1.2 27.7 ± 13.2 +10.4 23.3 ± 10.1 -7.2 16.4 ± 8.0 -34.7 25.1 ± 7.2
Centres 27.3 ± 10.5 +18.2 25.1 ± 8.6 +8.7 21.1 ± 5.5 -8.7 15.3 ± 8.8 -33.8 23.1 ± 7.5

All players 28.4 ± 10.1 +24.0 28.2 ± 13.8 +23.1 22.2 ± 8.1 -3.0 16.6 ± 9.2 -27.5 22.9 ± 7.6

Distance at 
acceleration 
≥ 2 m∙s-2 (m)

Guards 40.4 ± 8.5 -17.9 40.8 ± 7.3 -17.1 34.6 ± 8.6 -29.7 31.2 ± 9.2 -36.6 49.2 ± 8.4
Forwards 34.2 ± 7.7 -28.6 35.8 ± 10.5 -25.3 32.4 ± 8.4 -32.4 27.5 ± 6.4 -42.6 47.9 ± 8.7
Centres 36.2 ± 11.8 -15.6 34.2 ± 10.6 -20.3 31.3 ± 9.0 -27.0 25.0 ± 6.2 -41.7 42.9 ± 10.6

All players 37.5 ± 9.4 -20.7 37.9 ± 9.5 -19.9 33.3 ± 8.6 -29.6 28.9 ± 8.3 -38.9 47.3 ± 9.3

Distance at 
deceleration 
≤ -2 m∙s-2 (m)

Guards 33.1 ± 7.8 -25.1 34.1 ± 6.8 -22.9 31.2 ± 7.7 -29.4 26.9 ± 8.6 -39.1 44.2 ± 8.4
Forwards 31.1 ± 7.9 -25.6 27.0 ± 7.0 -35.4 30.3 ± 12.6 -27.5 25.2 ± 9.9 -39.7 41.8 ± 7.0
Centres 32.7 ± 8.3 -13.9 30.9 ± 6.8 -18.7 28.6 ± 7.4 -24.7 23.2 ± 7.1 -38.9 38.0 ± 9.7

All players 32.4 ± 7.9 -23.0 31.5 ± 7.4 -25.2 30.6 ± 9.2 -27.3 25.7 ± 8.7 -39.0 42.1 ± 8.6

Accelerations  
≥ 2 m∙s-2 
(counts)

Guards 8.4 ± 2.4 -20.0 9.6 ± 2.1 -8.6 8.2 ± 2.5 -21.9 8.4 ± 3.2 -20.0 10.5 ± 2.2
Forwards 7.5 ± 1.1 -25.7 7.78 ± 1.9 -23.0 7.3 ± 1.3 -27.7 6.8 ± 1.6 -32.7 10.1 ± 2.4
Centres 8.5 ± 2.5 -14.1 8.6 ± 2.3 -13.1 7.6 ± 2.9 -23.2 7.4 ± 2.5 -25.3 9.9 ± 3.3

All players 8.2 ± 2.1 -19.6 8.9 ± 2.2 -12.7 7.8 ± 2.4 -23.5 7.8 ± 2.8 -23.5 10.2 ± 2.5

Decelerations 
≤ -2 m∙s-2 
(counts)

Guards 8.2 ± 2.2 -17.5 9.3 ± 2.7 -6.1 8.1 ± 2.7 -18.2 7.5 ± 2.6 -24.2 9.9 ± 2.3
Forwards 6.7 ± 1.9 -29.8 7.4 ± 2.0 -22.1 6.8 ± 1.8 -28.4 6.7 ± 2.3 -29.5 9.5 ± 2.6
Centres 8.0 ± 2.1 -17.5 8.4 ± 2.5 -13.4 7.1 ± 2.3 -26.8 7.6 ± 2.4 -21.6 9.7 ± 3.3

All players 7.7 ± 2.2 -21.0 8.6 ± 2.6 -11.3 7.5 ± 2.4 -22.7 7.3 ± 2.5 -24.7 9.7 ± 2.6

Note: % Diff is percentage of difference between training and competition; bolded % Diff shows differences where training values are 
higher than competition; MD-4 is match day minus four; MD-3 is match day minus three; MD-2 is match day minus two; MD-1 is 
match day minus one; and MD is match day.
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presented moderate (ES = 0.61, p = 0.01) and small (ES = 0.48, 
p > 0.05) increases during MD-4 and MD-3, respectively. The fact 
that only distance covered at > 18 km·h-1 was overloaded during 
training sessions shows that MD-4 and MD-3 contained a minimum 
of one drill in which players were forced to run several times from 
baseline to baseline at high speed, accumulating several metres 
at > 18 km·h-1. Although this study could not identify the specific 
basketball tasks in which the MDS were found, these results suggest 
that the preparatory drills proposed during MD-4 and MD-3 did not 
match the physical demands in the most intense periods of official 
competition.

In contrast to MD-4 and MD-3, MD-2 and MD-1 presented a pro-
gressive reduction in training volume (Table 1) and a small to very 
large reduction in the MDS during sessions. These values are in line 
with previous studies in different team sports [7, 8], in which coach-
es tend to reduce physical demand parameters the day(s) before 
a competition following a tapering strategy to allow enough recovery 
time before the upcoming match. However, available research in 
professional female basketball players did not reveal significant dif-
ferences in average values of an accelerometer-derived variable be-
tween three training sessions before difficult matches using inertial 
microsensors [31]. In addition to match difficulty, caution should be 
exercised with recommendations about stressing the most intense 
periods of training-play during MD-2 and MD-1, since this study 
investigated peak values instead of average physical demands.

Although playing positions showed trivial to small differences 
during the MDS of training in relation to MD, this study obtained 
comparable results to previous research using peak values to exam-
ine physical demands in sub-elite basketball players [16]. In par-
ticular, Vázquez-Guerrero et al. [16] concluded that centres achieved 
the lowest MDS results in total distance covered, forwards and guards 
completed the greatest high-intensity running (18.1–24.0 km·h-1), 
and guards performed the highest number of, and covered the great-
est distance in, high-intensity accelerations (≥ 2 m∙s-2) and decel-
erations (≤ -2 m∙s-2) in under-18 basketball players monitored during 
official tournament matches. Similarly, this research showed that 
centres obtained the lowest peak value in total distance covered 
during MD, which could be related to this position remaining near 
the three-second zone in more static positions for tactical reasons. 
Furthermore, although the available research has shown that centres 
can complete the greatest distances at above 18 km·h-1 [19], this 
investigation found that forwards presented the greatest MDS of 
match-play in distance covered at > 18 km·h-1, which could be 
attributed to the fact that forwards are shorter and have a lower body 
mass than centres [32] and seem to be better prepared to achieve 
higher results during the most demanding 60-second scenarios. 
Finally, this study also concluded that the highest values of MDS in 
distance and number of high-intensity accelerations and decelerations 
are found in guards, followed by forwards and centres. In addition 
to the rationale that smaller players require less force to achieve the 
same or higher accelerations due to their lower body mass [18], this 

DISCUSSION 
The purpose of this study was to examine the MDS in basketball 
training and competition across playing positions. The main finding 
of this research was that 60-second peak values for the majority of 
the physical demand parameters examined were higher during of-
ficial matches than training for any basketball playing position. Nev-
ertheless, distance covered at > 18 km·h-1 was the only load variable 
that was greater than MD-4 (ES = 0.61, p = 0.01) and MD-3 
(ES = 0.48, p > 0.05) preparation sessions in all players compared 
to MD. Therefore, athletic staff and basketball coaches should con-
sider using the MDS of match play to examine the relationship be-
tween training and competition in order to optimise individual phys-
ical performance.

In contrast to this study, showing overall higher physical demands 
in the MDS of basketball match play, available research has re-
ported greater average accelerometer-derived values during training 
compared to competition in male basketball players [4, 5]. How-
ever, the work in question examined back-to-back pre-season friend-
ly matches, which may not replicate official match demands because 
coaches may consider these sessions to be preparatory and players 
are not competition-fit. Furthermore, the use of average physical 
demands could also explain the results, since inactivity periods dur-
ing training (e.g. coaching instruction) could be longer and more 
frequent than during matches (e.g. free-throws and substitutions), 
which would limit the occurrence of greater MDS [30]. Nevertheless, 
this limitation could be resolved by excluding or reducing rest periods 
and using a rolling average for MDS identification. Similar to this 
research, Fox et al. [17] found greater peak values during official 
matches than training with moderate to large differences across six 
different time epochs ranging from 0.5 to 5 minutes. The so-called 
“effort rationale” term might justify the higher physical demands 
values during regulated basketball matches because of the involve-
ment of real opponents, fans and their consequent motivation and 
focus [4].

When comparing the different types of basketball training sessions, 
MD-4 and MD-3 present the highest MDS results. Moreover, their 
increased total training volume (Table 1) and the priority for high-spec-
ificity drills such as 5-on-5 simulated matches show that they should 
be regarded as high-load training sessions. However, a total of five 
physical demand parameters, i.e. total distance covered, distance 
at high-intensity acceleration and deceleration, and number of 
high-intensity accelerations and decelerations, failed to match or 
surpass the match’s peak values. Specifically, this study found mod-
erate to large differences in total distance covered (ES MD-4 = 0.89, 
p < 0.001; ES MD-3 = 1.02, p < 0.001), and distance at accel-
eration (ES MD-4 = 1.05, p < 0.001; ES MD-3 = 1.00, p < 0.001) 
and deceleration (ES MD-4 = 1.17, p < 0.001; ES MD-3 = 1.32, 
p < 0.001) with physical demand values ranging from -9.3% to 
-23.0% below the MDS of match play for all playing positions. 
Conversely, the only load variable examined that surpassed compe-
tition demands was distance covered at > 18 km·h-1, which 
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acceleration profile also reflects the specificity of basketball posi-
tional roles, where guards are required to perform the greatest num-
ber of high-intensity actions, such as full-court and half-court defence, 
and isolated and combined offensive movements to create advan-
tages [32].

Regarding limitations of this study, it is important to highlight that 
this research did not specify the training tasks in which MDS were 
found during training. Thus, it is not possible to identify the specific-
ity level of basketball drills and to determine whether peak values 
were discovered at the beginning or at the end of training sessions. 
Secondly, the MDS utilized were individual for each player and could 
occur at different moments during training and league matches. 
Moreover, it was impossible to relate the MDS to any contextual 
factors such as having (or not) possession of the ball [33, 34, 35]. 
Finally, another potential limitation could be the exclusive use of the 
60-second time epoch to investigate the most demanding passages 
of training and match-play. Therefore, future research should con-
sider the analysis of different match-specific time epochs, such as 
30 or 90 seconds, to obtain a better understanding of the MDS dur-
ing basketball competition and to consequently optimise individual 
player preparation.

CONCLUSIONS 
In conclusion, this study showed that most of the peak physical 
demands examined were higher during official matches than in prac-
tice sessions across the in-season structured microcycle. Nevertheless, 
understanding the MDS during different training sessions across the 
structured microcycle could help basketball coaches to ensure the 
optimisation of their loading practice sessions, such as MD-4 and 
MD-3, and to enhance their short-term tapering strategies in MD-2 
and MD-1 prior to a competition. Additionally, the differences found 
between playing positions could help to bolster training methodolo-
gies based on individualization. For example, it is worth noting that 
while forwards overstress the MDS of high-speed running in com-
parison with the other two positions, guards tend to overload the 
MDS related to distance and number of high-intensity accelerations 

and decelerations during official matches. Therefore, basketball prac-
titioners might consider overstressing peak physical demand values 
above the MDS of match-play to promote training adaptations across 
playing positions as needed, such as pre-season and specific over-
loading phases during the season. Finally, basketball coaches and 
strength and conditioning professionals may use the MDS of 
match-play to set the upper limit threshold in the training process 
and manage the duration of drills and their interruptions to prepare 
players optimally for the most intense periods of official competition. 
By way of example, prescribing 5-on-5 scrimmages with some 
changes in FIBA rules, such as not stopping after fouls, avoiding free 
throws and encouraging players to make a rapid out-of-bounds ball 
reposition, would probably reduce match stoppages and promote the 
desired overload to stimulate greater peak physical demands during 
training.

Acknolewdgements
The authors of this article would like to thank the basketball players 
who took part in this study and all the FC Barcelona performance 
department staff members who assisted in player monitoring. The 
authors also gratefully acknowledge the support of a Spanish govern-
ment subproject Mixed method approach on performance analysis 
(in training and competition) in elite and academy sport [PGC 
2018-098742-B-C33] (Ministerio de Ciencia, Innovación y Univer-
sidades, Programa Estatal de Generación de Conocimiento y Forta-
lecimiento Científico y Tecnológico del Sistema I+D+i), which is 
part of the New approach of research in physical activity and sport 
from mixed methods perspective (NARPAS_MM) [SPGC201800X-
098742CV0] coordinated project.

Conflict of interest
The authors did not report any potential conflict of interest.

1.	 Stojanović E, Stojiljković N, Scanlan AT, 
Dalbo VJ, Berkelmans DM, Milanović Z. 
The activity demands and physiological 
responses encountered during basketball 
match-play: a systematic review. Sport 
Med. 2018;48:111–35.

2.	 Petway AJ, Freitas TT, Calleja-González J, 
Leal DM, Alcaraz PE. Training load and 
match-play demands in basketball based 
on competition level: A systematic review. 
Front Psychol. 2020:1–21.

3.	 Montgomery PG, Pyne DB, Minahan CL. 
The physical and physiological demands 
of basketball training and competition. Int 
J Sports Physiol Perform. 2010; 
5:75–86.

4.	 Svilar L, Castellano J, Jukić I. 
Comparison of 5vs5 training games and 
match-play using microsensor technology 
in elite basketball. J Strength Cond Res. 
2018;33:2–8.

5.	 Fox JL, Stanton R, Scanlan AT. 
A comparison of training and competition 
demands in semiprofessional male 
basketball players. Res Q Exerc Sport. 
2018;89:103–11.

6.	 Reina M, García-Rubio J, Feu S, Ibáñez SJ. 
Training and competition load monitoring 
and analysis of women’s amateur 
basketball by playing position: Approach 
study. Front Psychol. 2019; 9:1–11.

7.	 Vachon A, Berryman N, Mujika I, 

Paquet J, Bosquet L, Vachon A, et al. 
Effects of tapering on neuromuscular and 
metabolic fitness in team sports: 
a systematic review and meta-analysis. 
Eur J Sport Sci. 2020;0:1–12.

8.	 Martín-García A, Díaz Gómez A, 
Bradley PS, Cos Morera F, 
Casamichana D. Quantification of 
a professional football team’s external 
load using a microcycle structure. 
J Strength Cond Res. 2018;32:3511–8.

9.	 Akenhead R, Harley JA, Tweddle SP. 
Examining the external training load of an 
English premier league football team with 
special reference to acceleration. 
J Strength Cond Res. 2016; 30:2424–32.

REFERENCES 



244

García Franc et al.

10.	Varley MC, Elias GP, Aughey RJ. Current 
match-analysis techniques’ 
underestimation of intense periods of 
high-velocity running. Int J Sports Physiol 
Perform. 2012;7:183–5.

11.	Gabbett TJ, Kennelly S, Sheehan J, 
Hawkins R, Milsom J, King E, et al. If 
overuse injury is a “training load error”, 
should undertraining be viewed the same 
way? Br J Sports Med. 2016; 
50:1017–8.

12.	Cunningham DJ, Shearer DA, Carter N, 
Drawer S, Pollard B, Bennett M, et al. 
Assessing worst case scenarios in 
movement demands derived from global 
positioning systems during international 
rugby union matches: Rolling averages 
versus fixed length epochs. PLoS One. 
2018;13:1–14.

13.	Salazar H, Castellano J. Most demanding 
passages in basketball: A preliminary 
study. Sport Perform Sci Reports. 
2019:2–3.

14.	Whitehead S, Till K, Weaving D, Jones B. 
The use of microtechnology to quantify 
the peak match demands of the football 
codes: a systematic review. Sport Med. 
2018;48:2549–75.

15.	Furlan N, Waldron M, Shorter K, 
Gabbett TJ, Mitchell J, Fitzgerald E, et al. 
Running-intensity fluctuations in elite 
rugby sevens performance. Int J Sports 
Physiol Perform. 2015;10:802–7.

16.	Vázquez-Guerrero J, Ayala Rodríguez F, 
García F, Sampaio JE. The most 
demanding scenarios of play in basketball 
competition from elite Under-18 teams. 
Front Psychol. 2020;11:552.

17.	Fox JL, Conte D, Stanton R, McLean B, 
Scanlan AT. The application of 
accelerometer-derived moving averages 
to quantify peak demands in basketball: 
A comparison of sample duration, playing 
role, and session type. J Strength Cond 
Res. 2020:0–0.

18.	Schelling X, Torres L. Accelerometer load 
profiles for basketball-specific drills in 
elite players. J Sport Sci Med. 2016; 
15:585–91.

19.	García F, Vázquez-Guerrero J, 
Castellano J, Casals M, Schelling X. 
Differences in physical demands between 
game quarters and playing positions on 
professional basketball players during 
official competition. J Sport Sci Med. 
2020;19:256–63.

20.	Vázquez-Guerrero J, Casamichana 
Gómez D, Suarez-arrones L, Rodas G. 
Comparing external total load, 
acceleration and deceleration outputs in 
elite basketball players across postions 
during match play. Kinesiology. 2018; 
50:228–34.

21.	Winter EM, Maughan RJ. Requirements 
for ethics approvals. J Sports Sci. 2009; 
27:985–985.

22.	Harriss DJ, Atkinson G. Ethical standards 
in sport and exercise science research: 
2016 update. Int J Sports Med. 2015; 
36:1121–4.

23.	Tarragó JR, Massafret-Marimón M, 
Seirul·lo F, Cos F. Training in team sports: 
structured training in the FCB. Apunt 
Educ Física i Esports. 2019; 
137:103–14.

24.	Seirul·lo F. Entrenamiento en los deportes 
de equipo. Ed francisco seirul lo vargas, 
editor. 2017. 436 p.

25.	Gómez A, Roqueta E, Tarragó JR, 
Seirul·lo F, Cos F. Training in team sports: 
coadjuvant training in the FCB. Apunt 
Educ Física i Esports. 2019:13–25.

26.	Pons E, Martín-García A, Guitart M, 
Guerrero I, Tarragó JR, Seirul·lo F, et al. 
Training in team sports: optimiser training 
in the FCB. Apunt Educ Física i Esports. 
2020.

27.	Vázquez-Guerrero J, Garcia F. Is it enough 
to use the traditional approach based on 
average values for basketball physical 
performance analysis? Eur J Sport Sci. 
2020;0:1–18.

28.	Bastida-Castillo A, Gómez-Carmona C, 
De la Cruz-Sánchez E, Reche-Royo X, 
Ibáñez S, Pino Ortega J. Accuracy and 
inter-unit reliability of ultra-wide-band 
tracking system in indoor exercise. Appl 
Sci. 2019;9:939.

29.	Hopkins WG, Marshall SW, 
Batterham AM, Hanin J. Progressive 
statistics for studies in sports medicine 
and exercise science. Med Sci Sports 
Exerc. 2009;41:3–12.

30.	O’Grady CJ, Fox JL, Conte D, Ferioli D, 
Scanlan AT, Dalbo VJ. Call to action: 
recommendations to improve the 
methodological reporting of games-based 
drills in basketball research. Int J Sports 
Physiol Perform. 2021:1–6.

31.	Staunton C, Wundersitz D, Gordon B, 
Custovic E, Stanger J, Kingsley M. The 
effect of match schedule on 
accelerometry-derived exercise dose 
during training sessions throughout 
a competitive basketball season. Sports. 
2018;6:69.

32.	Sampaio J, Janeira M, Ibáñez S, 
Lorenzo A. Discriminant analysis of 
game-related statistics between 
basketball guards, forwards and centres 
in three professional leagues. Eur J Sport 
Sci. 2006;6:173–8.

33.	Castillo D, Raya-González J, Clemente F, 
Conte D, Rodríguez-Fernández A. The 
effects of defensive style and final game 
outcome on the external training load of 
professional basketball players.  
Biol Sport. 2021:483–90.

34.	Bredt SGT, Torres JO, Diniz LBF, 
Praça GM, Andrade AGP, Morales JCP, 
et al. Physical and physiological demands 
of basketball small-sided games: The 
influence of defensive and time pressures. 
Biol Sport. 2020;37:131–8.

35.	Sansone P, Gasperi L, Tessitore A, 
Gomez M. Training load, recovery and 
game performance in semiprofessional 
male basketball: influence of individual 
characteristics and contextual factors. 
Biol Sport. 2021;38:207–217.


