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Introduction
Basketball is a team sport that can be conceptualized as a complex 
adaptive system composed of numerous interacting elements con-
tinuously adapting and evolving in response to environmental shifts 
and internal dynamics [1]. Within this system, deterministic pat-

terns emerge from the interactions of players, coaches, and strat-
egies, creating predictable outcomes under certain conditions. 
However, these deterministic patterns coexist with the inherent 
unpredictability and adaptability of the system, as teams and play-
ers adjust their behaviors in response to both anticipated and 
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Abstrac t

This systematic review described the effects of contextual fac-
tors on basketball training and competition demands. A com-
prehensive search and process led to the inclusion of 28 articles 
representing 646 basketball players. Fourteen contextual fac-
tors were identified. A decrease in external load variables was 
evident in the fourth quarter of games compared to the first 
quarter (effect sizes: small–large). The impact of game loca-
tions on load variables was inconsistent. Game outcomes did 
not influence external or internal loads. Conversely, close 
games were associated with higher physical and physiological 
demands than unbalanced games (effect sizes: moderate–very 
large). Higher external game loads were found in won quarters 
(effect size: small) and during scoring streaks (effect size: mod-
erate). In youth male teams, those with superior performance 
covered less distances and exhibited better locomotor ratios 
compared to lower-level counterparts. Weekly external and 
internal training loads were adjusted according to the oppo-
nent‘s level in adult males. Internal game loads were found to 
be consistent across different season phases. Weekly total loads 
were higher during periods of congested schedules (effect 
sizes: moderate–very large), with training loads being reduced 
to offset the increased demands of game loads (effect size: 
moderate). This review offers basketball practitioners‘ insights 
into the external and internal loads that can be anticipated 
based on the contextual factors of training and competition.
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unforeseen changes in the game environment [2]. Given that both 
training and competitions in basketball present distinct but often 
unpredictable demands, it is essential to analyze each context sep-
arately [3, 4]. While training sessions are designed to be controlled 
and targeted towards skill development and physical conditioning, 
they can still involve elements of unpredictability, albeit to a re-
duced extent than competitive games. Competitions, on the other 
hand, introduce higher levels of variability and psychological and 
cognitive pressures, presenting challenges that are often more un-
predictable and intense. Due to this complexity, it is essential to 
analyze the various scenarios and conditions inherent in the prac-
tices and games, as they have been shown to impact physical per-
formances of basketball players [5, 6]. Consequently, both external 
and internal loads may be influenced by numerous contextual fac-
tors, which should be considered when analyzing these demands 
[7].

According to the training load models [8], the external load rep-
resents the dose imposed by training or games, while the internal 
load represents the psychophysiological responses occurring in the 
athlete’s systems consequent to the external load imposed. Nu-
merous studies have focused on analyzing how contextual factors 
influence external and internal games and training loads, including 
game quarters [9, 10], game locations [6, 11], game and drill out-
comes [6, 12], score differentials [13], quarter outcomes and scor-
ing [13, 14], the quality of the teams and opponents [15, 16], sea-
son phases [17], schedule congestion [18, 19], match-day minus 
programming [20], and league ranking [11]. Overall, evidence sug-
gests that both external and internal loads are affected by specific 
training and game contexts. Contextual factors during games and 
training sessions can determine various loads and consequently 
alter players’ recovery and fatigue status [21, 22] and adaptation 
processes [23], which are main concerns for basketball perfor-
mance staff. Therefore, systematically reviewing the contextual 
factors studied and the analysis of which factors can modify loads 
and how (increase, decrease or no changes) can provide basketball 
coaches and practitioners with a clearer idea of the expected loads 
according to contextual factors. Furthermore, it can highlight the 
factors that need higher considerations and those understudied 
assisting basketball scientists in designing further studies on this 
matter. Therefore, it would be of great help for basketball practi-
tioners to have their disposal systematic information on the differ-
ent stimuli provided by basketball training and games according to 
contextual factors.

Given the large number of studies examining the influence of 
contextual factors on basketball demands separately, it is essential 
to consolidate all findings. Therefore, the aim of this systematic re-
view was to describe the effects of contextual factors on the exter-
nal and internal training and game loads in basketball, evaluating 
these factors separately during games, during training, and in a 
combined context (training and games).

Materials and Methods

Search strategy
This review was conducted in accordance with the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses statement 

guidelines 2020 [24]. A literature search was performed on June 6, 
2024, using the electronic databases PubMed, Scopus, and Web of 
Science. The following search string was used: (contextual OR situ-
ational OR game-related OR “game related” OR location OR out-
come OR season OR phase OR “recovery cycle” OR opponent OR 
level OR congest*OR schedule OR score OR different*OR travel OR 
result OR balance*OR unbalance*OR opposition OR league OR 
“scoring streak”) AND (external OR internal OR perceived OR per-
ceptual OR load OR match OR game OR training OR competition*OR 
perform*OR physical OR physiolog*OR workload*OR running OR 
high-speed OR distance OR sprint*OR jump*OR acceler*OR ACC 
OR deceleration*OR DEC OR “change of direction * ” OR COD OR 
change-of-direction*OR speed OR PlayerLoad OR “Player Load” OR 
PL OR microsensor*OR demand*OR “heart rate” OR RPE OR “ses-
sion RPE” OR session-RPE OR match OR exertion OR effort OR de-
vice OR TRIMP OR Edwards OR Banister OR SHRZ OR Summated-
Heart-Rate-Zone*OR “arbitrary unit * ”) AND basketball. Addition-
al relevant articles were identified through searches of the websites 
of pertinent sports science journals.

Inclusion and exclusion criteria
Two authors (PS and DC) performed the database screening. Du-
plicates were then removed using the software EndNote (Clarivate 
Analytics). Afterward, both authors (PS and DC) independently re-
viewed each study by screening the title, abstract, and full text. 
Studies were considered for inclusion if they met the following cri-
teria: (1) written in English, Spanish, or Italian; (2) included players 
over 16 years of age either male or female male and female; (3) 
evaluated at least one contextual factor; (4) measured at least one 
external or internal load variable as a dependent variable; (5) per-
formed statistical analyses evaluating load variables according to 
contextual factors; and (6) reported load data for players across all 
playing positions together. Studies involving injured athletes, 
wheelchair basketball players, or athletes under 16 years of age 
were excluded. The reference lists of the studies included were also 
screened for additional relevant articles. Case studies, conference 
communications, editorials, opinion articles, reviews, presenta-
tions, theses, book chapters, or posters were excluded.

For this systematic review, training and game load variables 
were classified as either external or internal [8, 25] load variables. 
External load variables, representing players’ average or peak phys-
ical demands, included any relevant measures obtained through 
video-based time-motion analysis, microtechnology, accelerom-
etry, global positioning systems, or local positioning systems. In-
ternal load variables, representing players’ average or peak psycho-
physiological responses, included the heart rate (HR) and derived 
calculations, e.g. the mean HR, peak HR, HR percentages, and sum-
mated HR zones (SHRZ), blood lactate, and perceptual variables 
such as ratings of perceived exertion (RPE) and derived calculations 
(session RPE load, monotony, and strain).

Quality assessments
To assess the methodological quality of studies, quality assessment 
was performed by two authors (PS and DC) using a modified ver-
sion of the Downs and Black checklist. This checklist is composed 
of 27 total items, of which 11 were selected (▶Table 1) for their 
relevance to our study aim, as previously done in systematic re-
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views in applied sports science [26, 27]. Each item was scored as 
“1” (yes) or “0” (no/unable to determine), with the scores for each 
of the 11 items finally summed to provide the article quality score. 
Disagreements on the quality assessments were discussed, and a 
third author (EAPC) was consulted, if consensus could not be 
reached.

Data extraction
Two authors (PS and DC) independently reviewed the included 
studies to extract the following information: (1) the study charac-
teristics (authors and year), (2) details about the sample (sex, age, 
and competitive level), (3) the context in which load variables were 
monitored (training, competition, or both), (4) the quantity of data 
collected (i.e. the number of games and weeks of monitoring), (5) 
the specific external and/or internal load variables monitored, (6) 
the contextual factors considered for the analyses, and (7) the 
study results. Data were extracted to separate Excel spreadsheets, 
which were then cross-checked between authors to ensure the 
quality and accuracy of the extraction. Disagreements were re-
solved through discussion, with a third author (EAP) consulted to 
achieve consensus. Data are presented as mean and standard de-
viation, or as estimated marginal means with a 95 % confidence in-
terval. Only statistically significant findings (p < 0.05) are reported. 
When available, effect sizes (ESs) were extracted, if reported in in-
dividual studies.

Results

Selection of studies and quality assessments
▶Fig. 1 presents the results of the systematic search process. The 
search from databases produced 23,958 records, from which 
13,188 duplicates were removed, leaving 10,770 records for eval-
uation. Of these 1,123 records, including books, book chapters, 
and conference papers, were excluded, resulting in 9,647 records 
screened for the title and the abstract. After applying the prede-
termined inclusion and exclusion criteria, 9,514 records were elim-
inated, leading to 133 full texts sought for retrieval. Following the 
application of the inclusion criteria, 17 studies were included. Ad-
ditionally, the reference lists of the included studies and relevant 
journal sites were screened for potentially interesting articles 
(snowball technique); from this process, 20 additional articles were 
identified and screened, and 11 of these were included. In total, 28 
articles [6, 9–15, 17–20, 28–43] were included in this systematic 
review.

▶Table 2 presents the results of the quality assessment. The 
methodological quality and bias of the 28 included studies was 10.4 
of 11 (range: 9–11). No study was excluded based on the quality 
assessment or bias. ▶Tables 3–5 present the characteristics of the 
included studies that evaluated contextual factors during games, 
during training, and in a combined context of both training and 
games combined, respectively. The selected studies involved 646 
basketball players aged 16–34 years.

Game quarters
Eight studies [9, 10, 15, 28, 32, 35, 36, 43] compared the game 
physical demands across different quarters. Two studies [9, 32] 
monitored professional male players during official games, finding 
statistically higher physical performances in the first quarter com-
pared to the fourth quarter for several variables, including the total 
distance covered [9], PlayerLoad (PL) [9], accelerations (ACC) [9], 
high-intensity ACC (hi-ACC) [32], decelerations (DEC), and jumps 
[9] (ESs: small–large). Additionally, García et al. [9] found that the 
total distance covered, PL, ACC, DEC, and jumps were also higher 
in the third quarter compared to the fourth quarter (ES: moderate).

Three studies [30, 35, 43] focused on professional females. 
Delextrat et al. [30] found a decrease in the time spent on high-in-
tensity movements in the fourth quarter compared to the first and 
third quarters (ESs: small–moderate), a decrease in running and 
sprinting in the fourth quarter compared to first quarter (ESs: 
small–moderate), and an increase in time spent standing in the 
third quarter compared to the first quarter (ES: small). Similarly, 
another study [35] reported that the total time spent in sedentary 
behavior and very light intensity activities were lower in the first 
and third quarters compared to the second and fourth quarters. In 
contrast, no differences in high-intensity activities were found 
across game quarters in professional female players in the study by 
Conte and colleagues [43].

Four studies [10, 15, 28, 36] monitored elite youth male players. 
Decreases from the first quarter to the fourth quarter were found 
for several external load variables, including the time spent in high-
intensity activities [28], relative distance [15], average [15], and 
peak [10] high-speed running (HSR), and average [15] and peak 
[10] PL (ESs: small–very large). However, no differences were found 

▶Table 1	  Modified Black and Downs checklist used to assess the meth-
odological quality of included studies.

Item Question

Reporting

1  �  Is the hypothesis/aim/objective of the study clearly 
described?

2  � Are the main outcomes to be measured clearly described 
in the Introduction or Methods section?

3  �  Are the characteristics of the patients included in the 
study clearly described?

4   Are the main findings of the study clearly described?

5  �  Does the study provide estimates of the random 
variability in the data for the main outcomes?

6  �  Have actual probability values been reported (e.g. 0.035 
rather than < 0.05) for the main outcomes except where 

the probability value is less than 0.001?

External validity

7  �  Were the subjects asked to participate in the study 
representative of the entire population from which they 

were recruited?

8  �  Were those subjects who were prepared to participate 
representative of the entire population from which they 

were recruited?

Internal validity – bias

9  �  If any of the results of the study were based on “data 
dredging,” was this made clear?

10  �  Were the statistical tests used to assess the main 
outcomes appropriate?

11  �  Were the main outcome measures used accurate (valid 
and reliable)?
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for ACC and DEC [10, 15]. Furthermore, Vázquez et al. [36] found 
increases in the locomotor ratio (PL per meter covered) at low 
speeds and decreases in the locomotor ratio at higher speeds from 
the first quarter to the fourth quarter. Higher physical performanc-
es were also found in the third quarter compared to the fourth 
quarter (the time spent in high-intensity activities [28], peak PL 
[10], average [15], peak [10] distance, and high-intensity running 
[15]; ESs: small–moderate), as well as in the first quarter compared 
to the second quarter (the time spent in high-intensity activities 
[28], average [15] and peak [10] PL, average [15] and peak distance 
[10], and high-intensity running [15]; ESs: small–moderate). One 
study [28] monitored internal loads across quarters and found high-
er average HRs in the first quarter compared to the fourth quarter.

Game location
The game location was analyzed by three studies [6, 29, 31]. Peak 
demands in male players under 18 years of age did not differ be-
tween the home and away games [29]. Differently, Fox et al. [6] 
found higher values in away games for several external (PL, jumps, 
hi-ACC, DEC, changes of direction [COD]) and internal (RPE, sRPE) 
load variables (ESs: moderate–large) for male semi-professional 
players. Similarly, Garcia et al. [31] showed that the game location 
explained 19.9 % of the variance in the RPE scores reported by semi-
professional females.

Game and drill outcomes
Four studies [6, 13, 31, 37] assessed the effects of the game out-
come. Alonso Pérez-Chao et al. [13] found no differences in exter-

nal peak demands between the won and lost games in male play-
ers under 18 years of age. Similarly, two studies [31, 37] found no 
effect of the game outcome on perceived internal loads of semi-
professional [31] and youth [37] female players. For semi-profes-
sional male players, Fox et al. [6] found higher external workload 
volumes (jumps, hi-ACC, and hi-DEC) and intensities (hi-ACC and 
hi-DEC per minute) during losses compared to wins (ESs: moder-
ate–very large).

The effects of the training drill outcome on external load vari-
ables were assessed by Castillo and colleagues [12] in professional 
male players. Results indicate that more cruising and HSR were per-
formed in game-based drills won compared to those lost (ESs: 
small–moderate), while no meaningful differences were observed 
in the total distance, distance covered at walking, jogging, distance 
at low and hi-ACC and hi-DEC, PL, number of steps and jumps.

Sansone et al. [11] assessed the influence of the previous game 
outcome on weekly internal training loads accumulated by semi-
professional male players, revealing no differences between weeks 
coming after won or lost games.

Game score differential
Two studies [6, 31] assessed the effects of game score differential. 
Fox and colleagues [6] evaluated both external and internal loads 
in starting male players, reporting several differences based on the 
score differential. For external loads, PL, COD, ACC, hi-ACC, total 
and relative DEC were higher during balanced games ( ≤ 8-point 
margin) compared to unbalanced games ( > 8-point margin) (ESs: 
moderate–large). Differently, relatively high-intensity jumps and 

Identification of studies via databases and registers
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Identification of studies via other methods

Records identified from:
Databases (n = 23 958)
PubMed (n = 5 836); Scopus
(n = 11 033); Web of Science
(n = 7 089)
Registers (n = 0)

Records removed before
screening: Records identified from:

Records excluded
(n = 9 514) of which
Articles (n = 8 391)
Conference papers, books, book
chapters (n = 1 123)

Records screened
(n = 9 647)

Reports sought for retrieval
(n = 133) Reports not retrieved

(n = 0)
Reports sought for retrieval
(n = 20)

Reports assessed for eligibility
(n = 20)

Reports not retrieved
(n = 0)

Reports excluded:Reports assessed for eligibility
(n = 133)

Studies included in review
(n = 28)

Duplicate records removed
(n = 13 188)
Records marked as inteligible
by automation tools (n = 0)
Records removed for other
reasons (n = 0)

Age (n = 1)
No contextual factors (n = 2)
No load variables as
dependent variable (n = 1)
No analysis of interest (n = 2)
Player grouping issues (n = 3)

Websites (n = 0)
Organisations (n = 0)
Citation searching (n = 20)
etc.

Reports excluded:
Age (n = 21)
No contextual factors (n = 41)
No load variables as
dependent variable (n = 24)
No analysis of interest (n = 38)
Player grouping issues (n = 9)

▶Fig. 1	 Flowchart of the study screening and selection processes [23].
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jumps per minute were significantly higher during unbalanced 
games than balanced games (ESs: large). For internal loads, SHRZ, 
RPE, and sRPE were higher during balanced games (ESs: moderate–
very large). In contrast, Garcia et al. [31] did not find any influence 
of game score differential on RPE in semi-professional female play-
ers.

Quarter outcomes and scoring
The effect of quarter outcomes was evaluated by two studies 
[13, 14]. Alonso-Pérez-Chao et al. [13] monitored male players 
under 18 years of age and found that quarters won produced high-
er 1-min HSR distance and 5-min PL compared to the quarters lost 
(ESs: small). No differences were found for other peak external load 
variables (total distance, ACC, and DEC). In contrast, another study 
[14] found no significant differences between quarters won and 
lost in external and internal load variables for semi-professional 
male players.

One study [13] assessed external peak demand differences in 
male players under 18 years of age according to the quarter score 
difference and found that these remained substantially consistent. 

Small differences were identified for high quarter point differences 
(7.51 ± 3.75 points), which elicited greater peak demands for PL, 
DECs, and HSR distances compared to quarters with low point dif-
ferences (2.47 ± 2.67 points) (ESs: small).

Palmer et al. [33] assessed the external loads of male and female 
professional and semi-professional players during different scoring 
streaks (defined as game passages in which a team scored at least 
three times in a row). Results show that on-court activity intensity 
was generally consistent between streak types, with a slightly 
greater proportion of moderate–vigorous (all teams combined, ES: 
small) activity undertaken during streaks against when compared 
to the regular play, while no differences were found for recovery, 
and light activities. For professional women, a greater proportion 
of maximal activity was found during scoring streaks compared to 
streaks by opponents (ES: moderate).

Team and opponent qualities
Two studies [15, 36] monitored the physical performances of elite 
male youth players according to the team quality. Pino-Ortega et 
al. [15] found that better teams covered lower relative distances 

▶Table 2	  Methodological quality assessment of the included studies.

Study Downs and black checklist question number

Reporting External 
validity

Internal validity bias

1 2 3 4 5 6 7 8 9 10 11 Total

Abdelkrim et al. [28] 1 1 1 1 1 0 1 1 1 1 1 10

Alonso-Perez-Chao et al. [10] 1 1 1 1 1 1 1 1 1 1 1 11

Alonso-Perez-Chao et al. [17] 1 1 1 1 1 0 1 1 1 0 1 9

Alonso-Perez-Chao et al. [13] 1 1 1 1 1 1 1 1 1 1 1 11

Alonso-Perez-Chao et al. [29] 1 1 1 1 1 0 1 1 1 1 1 10

Castillo et al. [12] 1 1 1 1 1 1 1 1 1 1 1 11

Clemente et al. [20] 1 1 1 1 1 1 1 1 1 0 0 9

Conte et al.[43] 1 1 1 1 1 1 1 1 1 1 1 11

Delextrat et al. [30] 1 1 1 1 1 1 1 1 1 1 1 11

Ferioli et al. [38] 1 1 1 1 1 1 1 1 1 1 1 11

Fox et al. [6] 1 1 1 1 1 1 1 1 1 1 1 11

Fox et al. [14] 1 1 1 1 1 0 1 1 1 1 1 10

Fox et al. [18] 1 1 1 1 1 1 1 1 1 1 1 11

Garcia et al. [9] 1 1 1 1 1 1 1 1 1 1 1 11

Garcia et al. [39] 1 1 1 1 1 0 1 1 1 1 1 10

Garcia D et al. [31] 1 1 1 1 1 0 1 1 1 0 1 9

Howard et al. [40] 1 1 1 1 1 1 1 1 1 1 1 11

Ibanez et al. [32] 1 1 1 1 1 1 1 1 1 0 1 10

Leite et al. [41] 1 0 1 1 1 0 1 1 1 1 1 9

Palmer et al. [33] 1 1 1 1 1 1 1 1 1 1 1 11

Pino-Ortega et al. [15] 1 1 1 1 1 1 1 1 1 0 1 10

Salazar et al. [34] 1 1 1 1 1 1 1 1 1 0 1 10

Sansone et al. [11] 1 1 1 1 1 1 1 1 1 1 1 11

Sansone et al. [37] 1 1 1 1 1 1 1 1 1 1 1 11

Sansone et al. [42] 1 1 1 1 1 1 1 1 1 1 1 11

Staunton et al. [19] 1 1 1 1 1 1 1 1 1 1 1 11

Staunton et al. [35] 1 1 1 1 1 1 1 1 1 1 1 11

Vazquez et al. [36] 1 1 1 1 0 1 1 1 1 1 1 10
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than worse teams (ES: small), while no differences were found for 
HIR, ACC, DEC, peak speed, and peak ACC. In the study by Vázquez 
and colleagues [36], the locomotor ratio at lower speeds showed 
no differences, while at higher speeds, better teams had lower lo-
comotor ratio scores.

Regarding the opponent quality, Garcia et al. [31] evaluated its 
effect on internal game loads accumulated by semi-professional 
female players and found that the quality of opposition accounted 
for 18 % of the variance in RPE scores.

Two studies [11, 19] evaluated whether the upcoming opponent 
level influences weekly training loads in male players. For external 
loads, it was found that more activity at very light intensity was 
performed during weeks with an easy match schedule compared 
to weeks characterized by a hard match schedule [19]. Regarding 
internal loads, these were lower when the upcoming opponent was 
of high level, compared to low and medium level opponents (ESs: 
small–moderate) [11].

Season phases
Two studies [31, 38] compared the game loads between different 
phases of the season. Ferioli et al. [38] showed that the sRPE loads 
accumulated by professional male players did not differ between 
regular-season and playoff games. Similarly, Garcia et al. [31] found 
no effect of the season phase on RPE scores reported by semi-pro-
fessional female’s players.

Six studies [11, 17, 38, 40–42] evaluated training loads across 
different season phases. For physiological variables, one study [17] 

found similar peak HR and respiratory ratios between the presea-
son and in-season phases in professional males, while Howard et al. 
[40] registered significant decreases in the time spent in HR zones 
1, 2, 3 and 4 in the second half of the season compared to the first 
in collegiate females. For perceived internal loads, two studies 
[11, 38] found higher weekly sRPE during the regular season com-
pared to the playoffs, with greater differences identified in profes-
sional players [38] (ES: very large) than semi-professionals [11] (ES: 
small). One study [41] evaluated training monotony and strain, 
which were higher in the preseason than during the in-season phas-
es in male players.

Two studies [38, 42] monitored total (training and games com-
bined) internal loads across season phases. In professional males, 
Ferioli et al. [38] found higher weekly loads during the regular sea-
son than during the playoffs. Comparing the preseason with the in-
season phase, professional females had higher weekly loads (ES: 
moderate), monotony (ES: moderate), and strain (ES: large) during 
the preseason phase than the in-season phase [42].

Schedule congestion
Fox et al. [18] evaluated the effects of having 1, 2, or 3 games 
scheduled in a week on total (training  +  games) weekly loads. Over-
all, the number of games played each week altered both the exter-
nal and internal loads. For external loads, high-intensity ACC and 
DEC were higher during 3-game weeks (ESs: large–very large) and 
2-game weeks (ESs: moderate) compared to 1-game weeks. Ab-
solute PL, high-intensity and total jumps, ACC, DEC, and COD were 

▶Table 4	  Characteristics of studies evaluating contextual factors during basketball training.

Study Sample, 
sex, age

Competi-
tive level

Context External load variables Internal 
load 
variables

Technology and 
instruments

Contextual factors 
evaluated

Castillo et al. 
[12]

14, M, 
20 ± 2.3 y

Professionals Eight 
game-
based 
drills

Relative (/min) total 
distance, walking, jogging, 
cruising, HSR, sprinting, 
maximal speed, low-ACC, 
hi-ACC, low-DEC, hi-DEC, 
PL, steps, jumps

– Wimu PRO, 
Realtrack Systems

Drill outcome

Clemente et al. 
[20]

15, M, 
27.1 ± 5.2 y

Professionals Full 
basketball 
season

– sRPE CR-10 MD-, schedule 
congestion

Sansone et al. 
[11]

14, M, 
25 ± 6 y

Semiprofes-
sionals

Full 
basketball 
season

– sRPE CR-10 Season phases, recovery 
cycle, previous game 
outcome, previous 
opponent level, 
upcoming opponent 
level

Vázquez- 
Guerrero et al. 
[36]

7, F, 
16.1 ± 0.9 y

Youth Full 
basketball 
season

– RPE CR-10 Game outcome

Staunton et al. 
[19]

9, M,  
27 ± 5 y

Professional 6 
in-season 
weeks

AvFNET, Impulse,  % time 
spent in sedentary, very 
light, light, moderate, 
vigorous, maximal and 
supramaximal activities

– ActiGraph Link Opponent level

AvFNET, average instantaneous net force; CR-10, category-ratio 10 scale; F, females; hi-ACC, high-intensity ACC; hi-DEC, high-intensity decelerations; 
HSR, high-speed running; low-ACC, low-intensity ACC; low-DEC, low-intensity decelerations; M, males; MD-, match-day minus; PL, PlayerLoad; RPE, 
rating of perceived exertion; sRPE, session rating of perceived exertion load.
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significantly higher during 3-game weeks compared to 2-game 
weeks (ESs: moderate–large) and 1-game weeks (ESs: large–very 
large). Conversely, relative total jumps were significantly higher 
during 1-game weeks compared to 2-game weeks (moderate). Re-
garding internal loads, absolute SHRZ and sRPE were significantly 
higher during 3-game weeks compared to 1-game (ESs: very large) 
and 2-game (ESs: moderate) weeks.

The effect of schedule congestion on weekly training loads was 
evaluated in two studies [11, 20], and both found higher weekly 
sRPE in regular weeks compared to congested weeks (ESs: moder-
ate).

Match-day minus (MD-)
Two studies [17, 20] evaluated training loads on different match-
day minus (MD-). Alonso-Pérez-Chao and colleagues [17] moni-
tored peak internal loads in professional males and found that MD  +  
1 had a lower peak HR, peak respiratory ratio, and peak ventilatory 
equivalents compared to all other MD- days (ESs: moderate–very 
large). Clemente et al. [20] monitored perceived (sRPE) loads in 
professional males showing higher internal loads during MD-3 and 
MD-2 days, with a decrease on MD-1 and MD-0.

Leagues
One study [34] monitored the game external loads in players under 
18 years of age across different leagues. The results showed that 
competing in international tournaments elicited higher loads in all 
variables (PL, ACC, DEC, DEC, COD, jumps and hi-jumps) (ESs: 
small–moderate), while playing in the adult league (fourth nation-
al division) elicited higher hi-COD and hi-ACC (ES: small).

Discussion
The aim of this systematic review was to describe the effects of var-
ious contextual factors – such as game quarters, game locations, 
game and drill outcomes, score differentials, quarter outcomes and 
scoring, team and opponent quality, phases of the season, sched-
ule congestion, match day timing, and league position – on the de-
mands of training and competition in basketball. This review eval-
uates these factors separately during games, during training, and 
in a combined context of both training and games.

The quality of the studies included was high, overall. Some 
points which were more frequently critical were the presentation 
of the random variability of the outcome variables, the accuracy in 
presenting actual p-values, and the appropriate choice of the test 
for statistical analyses. Further basketball research on contextual 
factors should consider increasing the quality of these aspects to 

▶Table 5	  Characteristics of studies evaluating contextual factors during basketball training and games (combined).

Study Sample, sex, age Competitive 
level

Context External load 
variables

Internal 
load 
variables

Technology 
and 
instruments

Contextual 
factors 
evaluated

Alonso-
Perez-Chao 
et al. [17]

11, M, 26.4 ± 4.6 y Professionals Six pre-season 
friendly games 
and – 49 training 
sessions

– Peak HR, 
peak RR

Firstbeat 
SPORTS team 
pack

MD-, season 
phases

Clemente  
et al. [20]

10, M, 28.3 ± 5.7 y Professional Final 6 weeks of 
the regular 
season and entire 
6-weeks playoff 
phase

– sRPE CR-10 Season phases

Fox et al. 
[18]

8, M, 24.4 ± 3.2 y Semiprofes-
sionals

15 in-season 
weeks

Absolute and relative 
(/min) PL, hi-jump, 
jumps, hi-ACC, ACC, 
hi-DEC, DEC, hi-COD, 
COD

Absolute 
and relative 
SHRZ, RPE, 
sRPE

Catapult S5; 
Polar T31, Borg 
CR-10

Schedule 
congestion

Ferioli et al. 
[38]

13, M, 19.8 ± 1.7 y Professionals Nine in-season 
weeks, including 
17 games

TD, D18, dACC > 2 
m · s − 2 , dDEC < 2 
m · s − 2, ACC > 2 m · s − 2, 
DEC < 2 m · s − 2

– Wimu PRO, 
Realtrack 
Systems

MD-

García et al. 
[39]

12, F, 18.9 ± 1.3 y Collegiate 5 in-season mo – HR zones 
1–5

Polar Team PRO Season phases

Howard et al. 
[40]

8, M, 21.9 ± 3.4 y Professionals 19 weeks – sRPE, 
monotony, 
strain

– Season phases

dos Santos 
Leite et al. 
[41]

17, F, 19.6 ± 3.1 y Professionals 11 weeks, from 
the pre-season to 
the in-season

– sRPE, 
monotony, 
strain

Catapult S5, 
Polar T31

Season phases

ACC, accelerations; COD, changes of direction; CR-10, category-ratio 10 scale; D18, distance covered > 18 km · h − 1; dACC, distance covered accelerat-
ing; dDEC, distance covered decelerating; F, females; DEC, decelerations; hi-ACC, high-intensity ACC; hi-COD, high-intensity changes of direction; 
hi-DEC, high-intensity DEC; hi-jump, high-intensity jumps; HR, heart rate; M, males; MD-, match-day minus; PL, PlayerLoad; RPE, rating of perceived 
exertion; RR, respiratory rate; SHRZ, summated HR zones; sRPE, session rating of perceived exertion load; TD, total distance.
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provide more robust evidence for basketball practitioners as well 
as academics.

Concerning game quarters, a consistent decline in physical per-
formance is observed in the fourth quarter across all populations 
(male, female, and youth) when compared to the first quarter 
[10, 15, 28, 30], and, in some studies, also to the third quarter 
[9, 35]. The effect size of these declines can be meaningful, often 
reaching large magnitudes. This decline might result from two 
main factors including fatigue accumulation, which affects various 
performance metrics. These include volume-related variables, such 
as distances covered and PL as well as neuromuscular demands like 
hi-ACC, hi-DEC, hi-COD, and peak PL. The cumulative fatigue from 
basketball activity appears to impair the player’s capacity to sus-
tain high-intensity performance during the last passages of the 
game [44]. Additionally, situational variables such as the specific 
characteristics of the players, time played, tactical strategies, game 
pace, the increased frequency of time-outs, and stoppages for 
changes in possession or free-throws during the last quarter also 
come into play [10, 45]. These factors together contribute to the 
observed decline in physical performance during the fourth quar-
ter. Given this information, coaches can anticipate reductions in 
the physical performance of players during the later stages of the 
game, compared to the first quarter and partially also to the third 
quarter. To limit these negative outcomes, coaches should consid-
er adjusting their tactical approach and set plays to account for this 
decline. For instance, coaches could manipulate the game pace and 
implement specific set plays which are more or less demanding on 
specific players based on their fatigue status. Importantly, manag-
ing the playing time might be the more effective strategy to mini-
mize fatigue accumulation throughout the game.

The impact of game location on performance remains unclear 
and does not present major consistent trends across populations. 
For youth players, the game location typically does not affect per-
formance metrics significantly [29]. In contrast, semi-professional 
males experience higher loads when playing in different locations 
[6], which may be attributed to increased playing times rather than 
the location itself. Semi-professional females, on the other hand, 
show variations in their RPE based on the game location [31]. Con-
sidering these discrepancies across populations, further studies are 
necessary to clarify whether the game location affects basketball 
training and game loads.

The outcome of games and training drills typically does not in-
fluence load metrics in youth males [13], youth females [37], or 
adult females [31]. However, in semi-professional male players, 
higher external loads are observed during losses [6]. This is likely 
due to increased efforts implemented by teams to recover from 
being behind in the score. Overall, game load metrics seem to not 
vary substantially depending on the overall game outcome, while 
significant results were found for specific game quarters and scor-
ing streaks, as discussed below. Discrepancies between popula-
tions may be attributed to specific team and league contexts, which 
might play an important role when determining external and in-
ternal loads. In training, winning game-based drills result in more 
HSR, suggesting that greater effort during successful drills may lead 
to more favorable offensive opportunities [12].

The results regarding game score differential do not have a sig-
nificant effect in female semi-professional categories [31], suggest-

ing that perceived exertion does not vary considerably between 
games with different victory margins. However, in the male semi-
professional category, close games (those with a smaller score dif-
ferential) were associated with an increase in several external vari-
ables, both in terms of volume and intensity [6]. This suggests that 
closer games in the male category are more competitive, requiring 
greater physical effort from the players in order for the team to se-
cure the win. These findings highlight a difference in competitive 
dynamics between sexes in the semi-professional realm, where 
men appear to face greater external physical demands in tightly 
contested games. However, further studies are needed to draw de-
finitive conclusions on the effects of score differential across pop-
ulations in basketball. Additionally, it was observed that quarters 
won and those with a higher score difference were characterized 
by higher physical outputs, possibly indicating that teams need to 
increase their pace to score, generate momentum, and win quar-
ters [13, 14]. However, a previous study assessing scoring streaks 
found no substantial differences overall [33], suggesting that tac-
tical aspects might be more determinant in creating momentum 
and winning game quarters or phases. The distinct competitive dy-
namics observed between male and female sport semi-profession-
als emphasize the varying importance of physical effort and stra-
tegic planning in each. In male categories, the increased physical 
demands during closely contested games and pivotal quarters sug-
gest that a higher physical output is crucial in determining game 
outcomes. In contrast, the consistent physical and perceived ef-
forts across different game situations in female categories might 
indicate a greater reliance on strategy and tactical execution to in-
fluence the course and results of the game.

The analysis of game demands across different phases of the 
season revealed that these demands remain consistent, as con-
firmed by two independent studies [31, 38]. However, when exam-
ining training demands, notable variations are observed. Specifi-
cally, studies assessing internal loads indicate that while physiolog-
ical training demands remain relatively stable throughout the 
season [17], subjective measures such as sRPE exhibit significant 
fluctuations [11, 38, 42]. Specifically, these metrics peak during the 
preseason, decrease during the regular season, and are the lowest 
during the playoffs [11, 38, 42]. This pattern reflects common train-
ing strategies designed to prepare players intensively in the pre-
season, maintain fitness levels during the regular season, and min-
imize excessive fatigue during the playoff phase, thereby optimiz-
ing performance when it is most critical.

The analysis of schedule congestion reveals that playing a high-
er number of games within a week results in increased external and 
internal loads on the players [18]. However, when focusing exclu-
sively on training demands, it is observed that internal loads are 
lower during congested weeks compared to regular weeks [11, 20]. 
This suggests that coaches strategically reduce the training de-
mands during weeks with more games, likely as a compensatory 
measure to balance the additional physical and physiological de-
mands imposed by the increased game frequency. In this context, 
it is essential to consider each player’s specific circumstances, such 
as the number of games they play, to appropriately adjust training 
loads and effectively manage their overall physical demands. Ex-
ternal loads are notably lower the day after a game to facilitate re-
covery and are also reduced on the day immediately preceding a 
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game as part of a tapering strategy. Conversely, the highest train-
ing loads are typically imposed 72–48 hours before a game. In bas-
ketball, this approach is employed strategically: higher training 
loads are scheduled in the middle of the week, with a decrease in 
intensity the day before the game to optimize players’ readiness 
and performance during competition.

In youth sports, the level of demand varies significantly across dif-
ferent types of competitions. International games are found to be 
more demanding compared to regional and national games [34]. 
This increased demand can be attributed to several factors inherent 
to higher-level competitions, such as the presence of more skilled 
opponents, greater competitive intensity, and higher stakes associ-
ated with international tournaments. Consequently, players in inter-
national leagues are exposed to more rigorous challenges, which ne-
cessitate enhanced preparation and adaptation to meet the elevat-
ed performance standards required at this advanced level during 
competition.

Study limitations
This systematic review has some limitations. Across included stud-
ies, the heterogeneity of sample sizes, monitoring technologies, 
dependent variables and statistical tests limited our ability to pro-
vide quantitative indications for practitioners. Additionally, tacti-
cal constraints might influence external and internal loads during 
games, which is a limitation of the studies included and therefore 
also of our synthesis. Similarly, different coaching philosophies re-
lated across different teams might have influenced the findings of 
single studies and therefore our review.

Practical applications
Our findings offer useful practical translation in many ways for basket-
ball coaches and performance staff. First, to mitigate performance de-
clines in the fourth quarter, it is essential to manage playing times 
across games, as well as enhance players’ resistance to fatigue with 
suitable conditioning strategies (i.e. game-based conditioning, repeat-
ed sprint ability, and high-intensity interval training).

Increasing physical outputs can help generate momentum, 
score streaks, and win quarters. Therefore, training drills simulat-
ing game scenarios should encourage increasing physical outputs, 
which might lead to beneficial scoring opportunities and scoring 
streaks.

During training players for close games is crucial as they require 
higher physical demands; thus, incorporating close-score drills dur-
ing training can better prepare players for competitive moments. 
Physical efficiency can be achieved by investing on the team’s tac-
tical coordination to minimize unnecessary movements and en-
hance physical qualities for a better locomotor ratio.

Additionally, it is important to avoid excessive loads and closely 
monitor players’ health during the preseason, which is character-
ized by the highest training loads. During congested weeks, reduc-
ing training demands (i.e. by manipulating the training volume and/
or intensity) can help balance the increased external and internal 
loads imposed by the additional games. Furthermore, avoiding ex-
cessive loads right before games can enhance player’s readiness 
and performance.

Finally, international competitions may impose greater game 
demands, so training plans should be tailored to the specific league 
and competition level to ensure that players are adequately pre-
pared. Additionally, both academics and practitioners must con-
sider these variations in competitive demands when interpreting 
study samples. Understanding that international youth games im-
pose higher demands compared to regional and national compe-
titions is crucial for the accurate analysis and application of research 
findings.

Conclusions
This systematic review identified that different contextual factors, 
such as game quarters, game locations, or game outcomes, signif-
icantly affecting the basketball players’ physical demands during 
training and competitions. Performance tends to decline in the 
fourth quarter due to accumulated fatigue, particularly affecting 
high-intensity actions. The impact of game locations varies, with 
semi-professional players experiencing different loads depending 
on where they play (home or away). Close games, especially for 
male semi-professionals, require more physical effort. By consoli-
dating the findings from various studies, this review offers valuable 
insights for coaches, sports scientists, and practitioners, enabling 
them to better tailor training programs and game strategies ac-
cording to the specific contextual factors. These insights highlight 
the importance of adjusting training and game strategies to bet-
ter manage player fatigue and optimize performance. Future re-
search should continue to explore the nuanced effects of these el-
ements, particularly in under-researched areas such as training load 
adjustments across different competitive levels and sex differences 
in load management.
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