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Abstract

Background Measuring the physical work and resultant acute psychobiological responses of basketball can help to better
understand and inform physical preparation models and improve overall athlete health and performance. Recent advance-
ments in training load monitoring solutions have coincided with increases in the literature describing the physical demands
of basketball, but there are currently no reviews that summarize all the available basketball research. Additionally, a thor-
ough appraisal of the load monitoring methodologies and measures used in basketball is lacking in the current literature.
This type of critical analysis would allow for consistent comparison between studies to better understand physical demands
across the sport.

Objectives The objective of this systematic review was to assess and critically evaluate the methods and technologies used
for monitoring physical demands in competitive basketball athletes. We used the term ‘training load’ to encompass the
physical demands of both training and game activities, with the latter assumed to provide a training stimulus as well. This
review aimed to critique methodological inconsistencies, establish operational definitions specific to the sport, and make
recommendations for basketball training load monitoring practice and reporting within the literature.

Methods A systematic review of the literature was performed using EBSCO, PubMed, SCOPUS, and Web of Science to
identify studies through March 2020. Electronic databases were searched using terms related to basketball and training load.
Records were included if they used a competitive basketball population and incorporated a measure of training load. This
systematic review was registered with the International Prospective Register of Systematic Reviews (PROSPERO Registra-
tion # CRD42019123603), and approved under the National Basketball Association (NBA) Health Related Research Policy.
Results Electronic and manual searches identified 122 papers that met the inclusion criteria. These studies reported the
physical demands of basketball during training (n =56), competition (n=236), and both training and competition (n =30).
Physical demands were quantified with a measure of internal training load (n=52), external training load (n=29), or both
internal and external measures (n=41). These studies examined males (n=76), females (n=34), both male and female
(n=9), and a combination of youth (i.e. under 18 years, n=37), adults (i.e. 18 years or older, n="77), and both adults and
youth (n=4). Inconsistencies related to the reporting of competition level, methodology for recording duration, participant
inclusion criteria, and validity of measurement systems were identified as key factors relating to the reporting of physical
demands in basketball and summarized for each study.

Conclusions This review comprehensively evaluated the current body of literature related to training load monitoring in
basketball. Within this literature, there is a clear lack of alignment in applied practices and methodological framework, and
with only small data sets and short study periods available at this time, it is not possible to draw definitive conclusions about
the true physical demands of basketball. A detailed understanding of modern technologies in basketball is also lacking, and
we provide specific guidelines for defining and applying duration measurement methodologies, vetting the validity and reli-
ability of measurement tools, and classifying competition level in basketball to address some of the identified knowledge
gaps. Creating alignment in best-practice basketball research methodology, terminology and reporting may lead to a more
robust understanding of the physical demands associated with the sport, thereby allowing for exploration of other research
areas (e.g. injury, performance), and improved understanding and decision making in applying these methods directly with
basketball athletes.
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There is currently a lack of alignment in practices

and methodological framework in basketball specific
research, most commonly related to classifying compe-
tition level, measuring duration, participant inclusion/
exclusion, and reporting validity and reliability of meas-
urement tools.

A pattern of accepting poor-quality methods and anecdo-
tal claims is evident in the basketball literature. Practi-
tioners and researchers alike should seek to use validated
methods, where available, and apply aggressive critical
appraisal of any unsubstantiated emerging methods and
technologies.

1 Introduction

Understanding the physical demands of basketball may help
to inform physical preparation models that can optimize per-
formance and develop periodization strategies [1]. Measur-
ing the physical work and resultant acute psychobiological
responses during exercise, commonly referred to as external
and internal training load, is the first step towards identi-
fying the physical characteristics and requirements of the
sport. Once these characteristics are identified, the train-
ing targets can be defined, and monitoring the internal and
external physical demands over time can contribute to the
understanding of whether training programs are progressing
appropriately. The term ‘training load’ indicates a construct
encompassing the training stimulus induced by both training
sessions and competitions, since the latter also induces train-
ing effects. This construct can be quantified using various
proxy measures.

While the practice of measuring both internal and exter-
nal training load has been popularized in the scientific litera-
ture in the last two decades [2], the earliest record of meas-
uring the physical demands of basketball was a 1931 study
by Messersmith and Corey describing distance covered
in a collegiate game [3]. Since this time, there has been a
wide-ranging evolution of load quantification strategies, and
recent advancements in training load monitoring technology
(e.g. wearables and local positioning/optical tracking sys-
tems) have coincided with increases in the literature related
to the physical demands of basketball. The exponential
growth of published basketball studies has resulted in a num-
ber of reviews published in the last 4 years, summarizing

the demands of small-sided games based drills [4, 5], game
play [6, 7], external load [8, 9], and monitoring techniques
in basketball [10]. Collectively, these reviews aggregate the
current literature based on the specific criteria (e.g. small
sided games, game play, external training load), but there
is currently no one review that examines all the basketball
research related to the physical demands of training and/or
competition.

Assessing the physical demands in basketball poses
unique challenges compared to other team sports (e.g. soc-
cer, rugby, handball, field hockey), and one major methodo-
logical consideration is that the game is not played with a
running clock. Therefore, a range of methods may be used
to record exercise duration, a fundamental first principal
metric in load quantification. Other challenges that arise in
team sports such as basketball include differentiating the
training and competition demands according to playing posi-
tion, player characteristics, and competition levels. These
challenges are especially relevant in basketball, as there is
a diverse spectrum of players and tactical approaches [11].
Distinguishing unique features of basketball (e.g. duration
calculation methods, playing position, player characteristics)
is a crucial first step toward establishing training load moni-
toring solutions specific to the sport, thereby creating align-
ment and understanding in future research when comparing
and contrasting information between studies.

Developing conceptual suggestions related to measur-
ing training load in basketball and operational definitions
for the participants and competition levels also helps to
improve understanding and decision making when applying
these methods directly with basketball athletes. Currently,
a thorough appraisal of the methodologies and measures
used within basketball literature is lacking, which does not
allow for comparing training load demands between studies
or distinguishing differences among player groups While
there are many features of basketball related studies that are
commonly reported (i.e. sex, sample size, competition level,
seasonal phase), this information has yet to be compiled in
one review. A consolidated review of this information would
allow for evaluation of similarities and differences in basket-
ball methodologies and practices, thereby aiding future deci-
sion making around research methodology and best-practice
approaches in applied settings.

Therefore, the objectives of the current explorative sys-
tematic review are to systematically explore the current
practices of quantifying the physical demands of basketball,
identify and critically appraise the methodologies used in
basketball specific training load monitoring literature, estab-
lish operational definitions specific to basketball, and give
recommendations for practitioners and researchers to meas-
ure physical demands in basketball settings.
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2 Methods

This review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [12]. A systematic review protocol
that included rationale, objectives, search strategy, eligibil-
ity, and exclusion and inclusion criteria was registered with
the International Prospective Register of Systematic Reviews
(PROPSERO Registration # CRD42019123603, 13 Febru-
ary 2019).

2.1 Data Sources and Searches

A systematic review of the literature was performed from
the earliest record through March 2020. The electronic
literature searches were performed using four online data-
bases—EBSCO, PubMed, SCOPUS, and Web of Science.
The following terms were searched for in ‘all fields’—[(Bas-
ketball*) AND (Training OR Match OR Game OR Practice
OR Competition) AND ((Training OR External OR Internal
OR Physical OR Physiological OR Monitoring OR Athlete)
AND Load)]. This search was performed by one author (JR),
and search results were uploaded to Covidence software
where duplicates were automatically removed. The title
and abstracts of all remaining studies were screened by two
authors (JR and BM) using the eligibility criteria below. Any
disagreements about study inclusion/exclusion that could
not be resolved by discussion between two authors (JR and
BM), was decided by a third author (AC). After screening
titles and abstracts, full text versions of the studies were
retrieved for all potentially relevant studies and assessed by
two authors (JR and BM) using the eligibility criteria below.
Reference lists from studies and reviews [4, 6, 8—10] identi-
fied in the literature search were screened and potentially
relevant works were included in the full text screening.

2.2 Eligibility Criteria

Studies were eligible for inclusion if they used a sample of
competitive athletes participating in basketball and incor-
porated training load monitoring techniques in a basketball
specific context. “Competitive athlete” was defined according
to the Bethesda Conference as ‘one who participates in an
organized team or individual sport that requires regular com-
petition against others as a central component, places a high
premium on excellence and achievement, and requires some
form of systematic and usually intense training’ [13]. “Train-
ing load monitoring” referred to any systematic measurement
of the physical work prescribed, by measuring/describing
the organization, quality and quantity, or psychobiological
responses of exercise [2]. Studies were excluded if they (1)

related only to wheelchair or leisure basketball; (2) included
no original data; (3) were not available in English full text;
and/or (4) reported only laboratory-based monitoring or
unauthentic (i.e. did not occur during normal team training
or competition) basketball drills. No risk of bias assessment
was used, because this review was descriptive, and we did not
report or discuss effects, associations or prevalence.

2.3 Data Extraction and Analysis

Initial data extraction from the included studies included
sex and sample size, competition category, seasonal phase
and length of time for data collection, type of training load
monitoring reported (i.e. internal/external) and equipment
used, validity or reliability reported, method of duration cal-
culation, and activities evaluated in the study, including: (1)
training and competition, (2) competition only, (3) training
only.

Data extraction was completed by one author (JR),
with two other authors (BM & AC) checking for accuracy.
Authors were not blinded to study journals, authors or insti-
tutions. A meta-analysis was not performed based on the
heterogeneous nature of sport specific study designs and
inability to pool data.

3 Results
3.1 Study Selection

The database searches yielded 988 results. All citation infor-
mation was imported to Covidence, and duplicates (n=514)
were automatically removed. 474 titles and abstracts were
screened for inclusion, and of those there were 37 conflicts
between 2 reviewers (JR and BM). Thirty of these conflicts
were resolved via discussion between the two authors, while
7 conflicts were unresolved via discussion and, therefore,
screened and decided on by a third reviewer (AC). A total
of 175 studies qualified for full text screening, and the full
texts were retrieved and assessed against eligibility criteria,
resulting in an additional 63 studies being excluded. The rea-
sons for exclusion at the full text level are shown in Fig. 1.
Reviews included in full-text screening were included if they
contained any original work, and from reviewing the refer-
ence lists, ten additional studies were included in the full text
screening. Upon completion of screening, 122 studies were
included in this systematic review.

3.2 Study Characteristics
Among the 122 included studies, 41 included measures of

both internal and external training load, 29 measured exter-
nal training load only, and 52 measured internal training
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Search Results:
CINAHL = 193; PubMed = 160;

Total results = 988

SCOPUS = 288; Web of Science Core Collection = 347

Duplicates excluded
=514

independently by 2 reviewers

Remaining 474 titles and abstracts screened

Studies screened
by reviewers 1
and 2 and
excluded = 292

Conflicts screened
by reviewer 3 and
excluded =7

Potentially relevant full text articles retrieved
based on title and abstract =175

No full text/English full text
studies excluded = 24

Studies that did not
measure/report load
excluded = 11

Duplicate studies
excluded =6

Studies with wrong player
population excluded =5

Studies with no original
data excluded =11

Studies without authentic
basketball activity excluded
=6

Studies added after screening
reference lists and reviews
n=10

Studies included = 122

Fig. 1 Flowchart illustrating the search and inclusion/exclusion strategy

load only. Training load measurements included metrics
from inertial devices (e.g. accelerometers), positioning sys-
tems (e.g. video analysis and GPS), heart rate (HR) derived
load, and session rating of perceived exertion (SRPE) meas-
ures. A measure of training load was investigated during
training and competition in 30 studies, during competition
only in 36 studies, and during training only in 56 studies.
Of the studies included in this review, 76 investigated train-
ing load in male basketball athletes, 34 investigated female
athletes, 9 studies investigated both sexes, and 3 studies did
not define the sex of the participants. Furthermore, 77 stud-
ies investigated competitive basketball athletes over 18 years
of age (i.e. adult), 37 studies included participants under
18 years (i.e. youth), 4 studies investigated both adult and

youth participants, and 4 studies did not define the age of
participants.

3.2.1 Levels of Competition

The description of ‘elite’ to classify participants was used
in 43 studies (33 adult, 10 youth), with large variation in
age and sex of participants and geographical location. Addi-
tionally, there was no consistent objective criteria in these
studies for which to define participants as ‘elite’. Further
examination revealed a lack of consistent classifications
for competition levels among included studies. Therefore,
five levels of competition taking into account training type
and history, adapted from the work of Depauw et al. [14]
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and Decroix et al. [15], were used to define objective clas-
sifications for levels of competition in basketball, shown in
Table 1.

Using these defining criteria, 13 studies investigated
participants competing at Level 2, 53 studies at Level 3,
22 studies at Level 4, 25 studies at Level 5, and 8 studies
investigated participants across different competition lev-
els. The descriptive results of the studies that investigated
competitive adult athletes are grouped by competition level
and displayed in Tables 2, 3 and 4. Studies that included
multiple competition levels are listed in the highest level of
competition that was reported. The descriptive results of the
studies investigating youth athletes are displayed in Table 5.

3.2.2 Duration Methods

To measure physical load, all of the included studies utilized
a measure of duration. However, these methods to quantify
duration were inconsistent and often poorly described, or
not defined at all (n=23). The types of reported duration
calculation methods are summarized in Table 6. The range
of duration methods used in studies are reported in Tables 2,
3,4 and 5.

In addition to the methods of quantifying activity dura-
tion, the duration of study designs varied considerably across
the basketball literature. This review identified study designs
ranging from single games to multiple seasons. Methods of
reporting study length included number of individual games/
training sessions (n=46), days (n=4), weeks (n=061),
months (n=2), or seasons (n=1). Eight studies included in
this review did not specify length of time for data collection.

3.2.3 Participant Inclusion

Of the 122 included studies, 37 reported excluding some
participants based on specific criteria. Participant exclusion
was reported in 19 studies based on percentage of participa-
tion in training or competition [16-34], 7 studies based on
player rotation status during competition (i.e. starter, bench,
active in game, not substituted) [35—41], 5 studies based on

missed sessions (i.e. poor compliance, injury) [42-46], 3
studies cited equipment limitations [47-49], and 3 studies
reported data collection issues (i.e. interference with HR,
sRPE, accelerometer data) [50-52]. However, only 28 of
the 38 studies that reported excluding participants stated
that they analyzed fewer participants than were originally
recruited.

4 Discussion

The current review highlights many inconsistencies within
the basketball literature, related to methodologies and
reporting of physical demands. These inconsistencies cre-
ate difficulties in comparing findings and definitively deter-
mining the most meaningful and informative techniques to
quantify physical demands in basketball. This work provides
recommendations to establish consistent terminology and
technical definitions to be used with currently available
training load monitoring solutions in basketball. We also
highlight areas that are under-investigated, which represent
opportunities to enhance understanding of basketball related
physical demands and monitoring strategies.

A recent review of basketball match-play [7] highlighted
that there are vast disparities in basketball training load mon-
itoring methodologies, which has contributed to the current
wide range of reported physical demands. Making informed
decisions about best practices, relating to training plans and
monitoring in basketball requires practitioners and research-
ers to adequately understand and compare/contrast estab-
lished methods. Methodological differences include training
load data characterization, acquisition, and processing [7,
10]; however, the specifics of these methods are often poorly
reported. Within the current body of scientific literature,
there is a wide variety of tools and analyses used, combined
with the lack of methodological transparency, which makes
it difficult to establish recommendations for best practices in
quantifying the physical demands of basketball.

Table 1 Classification of levels of competition Adapted from De Pauw et al. [14] and Decroix et al. [15]

Competition Level Description

Examples in this review

Level 1* Untrained or sedentary

Level 2 Habitually active, physically fit, recreation-
ally trained

Level 3 Trained and competitive

Level 4 Highly trained and competitive

Level 5 Professional

N/A
(i.e. youth state/regional competition)

(i.e. youth international competition, NCAA)
(i.e. part-time international competition, semiprofessional)

(i.e. full-time paid athletes in professional competitive leagues)

*Did not meet inclusion criteria for this review
NCAA National Collegiate Athletic Association



J. L. Russell et al.

(sY2am 97) [¢6]
[181-6L1] 110daxiou piq SLO s1es Suryoen eondQ [euIoIXyq (0 UOSEds Ie[n3oy G [oA9T 6CF6C (11:€€) IN ‘Te 30 soirede)
QIBM)JOS
o1d 19A195qQ
snpION SIsA[eue (soure3
‘eIowed 09PIA pIjewt G) Uoseas [9€] ySrapm
- - rensiq Auos -0)ne-Tweg [euIIXyg € aannedwo) G ToA9T - (9:9) IN pue doysrg
Auo uonnedwo)
(6011 (SYoam $7) [611]
1odar jou piq [601] 9[eds Hdd Hd¥s [euI)uf T uosess 1en3oy G [oA9] LYFLYT (CEARA ‘Te 39 SSToM
oreos g4y
[8L1-6L1 ‘S akowndo (syuow 7)
‘€L1‘801] [8L1-9LT ‘801] jndeie)  G4Ys ‘Tensouf pog C uoseo§ G [eA9] €EFLST (€T:€D) N [89] T 10 Te[IAS
[SL1—¢L1 [SL1—€LT (sYoom 8) uos [1v]
‘TST ‘g8l ‘TST ‘68l 91 3ndere) [enaug [euIaIxy ¢ -Bos Ie[nga1/ald G [oA9] 0v+T9C (IN9T) IN ‘Te 30 Ie[IAS
[601] (s300m $7) [19] T30
yodarjou pIq [601 ‘08 ‘011 9[eds Hdd Hd¥s [euIUL 6°S ‘1 UuOseas Ien3oy G [9A9] SFIC (6T:5L) 4 seysne[neq
[LoT1] (s3oom §) [09]
j10dar jou prq [Lo1] Ireos g4y AdYS [euIouy G uoseas Iemn3ay G ToA9T SEFH 9T (OT:0T) IN  'Te 3@ BIION
[801]
o[eos 44y (S99m 1) [8¢]
yodar jou pIq [zL1 ‘8011 ‘wea], rejod Ad¥s “9H [euIUL 6°S ‘1 uOseas Ien3oy G [P9A9T 9€+8C (8:8) N ‘Te 30 1ZUe N
(syoam 61)
[601] uoseas [1L1]
yioM [eUISHIQ [Lo1] 9[eds Hdd IdS [eutau] C Ten3ai/aid G [9A9] PEF6IT [CEANRA Te 30 9T
(111l (oM 1) (1]
11odax jou pIq [601] 9[eds 4d ddds [euIu 8°C°1 Uoseasald G PuUe { S[PAXT] LSF61T (8T:80) N Te 30 TJOLIR]
1111 (syoom £) [811
10dar jou piq [601] 9[eds Hdd Hd¥s [euI)u 8°C°1 uoseasald G pue {7 S[PAXT] YSFSYT (TeTO N ‘Te 39 ToLIog
[601] (5091 9) [o1]
yodarjou piq [8€] S[eds 4dy Ad¥s S | 14 uonnedwo) C oA 8EFLIT (IT:¥D N e 19 uss0qg
(s0om Tt)
(1111 pa1saguod [8¢] Te 10
1odar jou piq [601] 9[eds Hdd Hd¥s [euI)uL C pue re[nsoy G [oA9] TSFILT (ST:SD N QIUAW[D
uonnedwod pue Jururel],
Spuewap (9 919eL) (pazAreue
parrodax pasn [eorsAyd jo [eu poyjow (uonernp) (] 9[qeL) [9A9] :paINIORI) . 10
Aniqer[oy  paio ApIfeA juowdinbyg QINSBOJN  -T9IX9/[RUIdU] uoneIn aseyd uoseag uonnedwo) (s1eak) o8y N syuedionieq SQOUAIJY

sorpn}s SuLIojruoOW peoy [[eq)yseq (J[npe) ¢ [9Ad] jo Arewrwing g ajqeL



Measuring Physical Demands in Basketball: An Explorative Systematic Review of Practices

serowred DI

09V Io[seq
‘IOpIoOWed
0IdH-ZD stsk[eue (sowes 7) €SeFI19C [zsl
yiom reurSuQ  33odarjou piq OLIPAT DA[  O9PIA [enuBy [euIo)XH IT°C UuOSeas Je[nSoy G pUe § S[OA] 6t FE¢8T ‘Te 30 ue[UBOS
woIsAS
09pIAQg sisA[eue
‘029aH-ZD 09pIA pojelt [99]
j1o0dar jou piq [¢81] DAL -0Jne-Tueg [euIoIXyq 0 odarjou piq G1oAdT oderjouprq yoderjou pig [ 9 OLIAqry
"0Iem}jos
sisk[eue gg 11
SVId-suwel]
‘eIowed (owre3 [691] epndO
Iom [eUISLIO - 0I1-SILd Sunyoen [eondo [euIoxy 9 ) Jokeld G pue ¢ S[OAY] - pue eqQ
(sowre3 z67) (18]
¢S ndeye) uonneduwod G pue @D 9SF6TT KQuoTeIN pue
[zs1] [z81] PEL re[od UH ‘Teniaug pog (4 [euoneuIu] v EsPAYT (A 6'9FL'ST Krowosiuopy
000¢-dd
191597, sy10dg
‘096V-AN
Ia[jonuo) Sur SI19
-JIpH [eUOIEN “yrew poorq sowres 901
‘eIowed “H ‘sisA[eue -oeid pue uon [L+]
Siom [euiSuiQ  odarjou piq LA [BUONEN  O9PIA [BNUBIA yog L‘c  -nadwoo arels G [9AY] TEFSET ‘[e 19 SQUUIOIA!
G1°8 BaAoULy]
‘dS0T9ZD  YH ‘sisAreue (skep 0L
DAL “Yoed O09PIA pIjewt JOAO SAYdJeW [¥y1]
lom [eUISLIO [96]  weay ounng -ojne-Tog ypog € 01) Jokeld G [oAdT] ILTFEIT ‘Te 39 BpEA[RD
069INH-ZD
OLAH DAl SISA[eue 0opia [L9]
yodorjou piq  11odarjou pigq wea, Jejod [enuely “YH yog S (sowes 9) G [9AY] S'SFOLT ‘Te 39 [o1uRQg
09
ysyre pue
STIXO-4aH stsk[eue
dHDAV O9pIA pajewt (sowres ¢) [6S]
Spom reurStiy  3rodar jou piq (H Kuos -0Jne-Tuog reuIxyg G‘c uoseos renoy G [oA9] YFLT Te 310 91u0)
Spuewsp (9 919e1)
paytodar pasn [earsAyd jo [eu poyjow (uonep) (] 9[qeL) [9A9] :pAINIDAI) IO
Aigeroy  paio ANpIfeA juowdmbyg QINSBIJN  -I9IXQ/[RUIU] uonem(  9seyd uosess uonnadwo) (s1eak) 98y N swuedronieg SOOUAIJIY

(ponunuoo) zsjqey



J. L. Russell et al.

woIsAs Juryoen [eondo
S.IO ‘UonIaXd paAred1ad Jo Suner gy ‘wlsks Suruonisod [800] §J7 91eI 118y Y ‘ANSUSIUT POATSDId-J[9S 4§ ‘UONIOX paAtedrad Jo Sunel uorssas FJys paiiodar 10U YN ‘O[ewos] J ‘orew jy

[col e
(s3109m 8T) 0I2113N5)
y10Mm TeurSLIQ [eo1] old NINIM Sd'1 [eutaxy T uoseos ren3oy G [PAdT] SY+9'6C ((ARAIRL -zonbzep
Arem IH ‘stsATeue (Syoam Z1)
[E¥T ‘621 -1JOS Qour| O9PIA pIjewt uoseas [+9] e 10
1odar jou piq ‘8TI “v§ ‘sl “JH ounng -One-Teg ypog I1°6°9°€ Te[ngoi/a1d G [oAd] LY+¢ST (I:P1) N BpUOY-saLIo],
s und
[8L1-9L1 -21e) ‘(6011 (s399m 91) [ss1 €9l
[zST SLT ‘gLl ‘601 “L6] SRS AdY  [endaU] ‘HdYS pog 8 ‘]  uoseas ren3oy G [oAd] €EFLST (EIED N ‘[e 19 Ie[IAS
(5199m 9)uos [esT]
[261-061] 1odarjoupiq ydeiSnoy yury [entoug [euIo)xyq I -B3s Ie[noy G oA SFLT (6:6) 4 Te 10 uoyuneI§
10JoWO0Id
-[900® [RIXELI) (syoom ) [29] "sa10],
(681 “6ST] (681 “6ST] ur-gx [entaug [eur)xy 6°C UOSEOS Ie[n3oy G [oAd] EY+0SC (TI:TD N pue Sulf[aydg
GS 2koumndQ (suors
indee) -89 01-9) [ocT]
odar jou prq l6cT1] ‘TEL Te[od dH [euIa)uf 6°C uoseasald G PUe 7 S[9A] SY+90¢ (SIS N [e 19 ue[uedg
(6011 areos (Soom 1)
[csT HAdYy ‘ssou [entauyg UOS®as 2AT) [9z1]
[881-981] ‘P81 ‘¥S ‘6¢]  -reyorq 1Lydoz ‘Ad¥s “gH yog [4 -nodwop G [eAdT] ¥'9F8LT 6:vD) W ‘Te e oy
Aquo Jururey,
SI9JOWOI [zz] e
-[909% [eIXeLn (sowre3 0I19119N0)
oM [eUISiIQ YoM [eurSLIQ 9 IXAv [entouyg [eur)xXy € 0 skep g G [oAd] TSFECT ((ARANR -zonbzep
(sowes 1) lov]
jiodorjou pig oderjou piq ydeiSnoy yury [eniauy [eUINXF [ UOSEas Ie[n3oy G [oA9T SFLT (8:01) 4 'I& 10 uojunel§
SEIoWeRD
24209V
Io[seq
‘IOpIOdWRd (Te101
0IdH-ZD sisk[eue sowres ¢) €eFI19C [161]
Siom TeurSuQ  31odarjou piq OLIOAg DA[  O9PIA [ENUBI [euIoIxyq € uoSeos IB[nN39Y G PUB § S[OAY] ‘67 FE 8T (TTTO N 'Te 12 uequeds
Spuewap (9 919eL) (pozATeue
parodax pasn [eorsAyd jo [eu poylouwt (uoneinp) (] 9[qeL) [9A9] :paNNIoal) 10
AIMiqerfoy  pao ANpIfeA juowdmbyg QNSBIJN  -I9IXQ/[RUIU] uonemq oseyd uoseas uonnadwo) (s1e0k) 98y A syuedonreq SQOUQIJY

(ponunuoo) zsjqey



Measuring Physical Demands in Basketball: An Explorative Systematic Review of Practices

(yoed

SeIOWeRD SIsA[eue sowes ¢) YLFTIC [12]
1odar jou piq [661 T8 ‘T1] DATO9V I9Iseg  OSpIA [enuely [eUIoIXy ¢ uoseas Ie[nsay ¥ [9A9] TEFTIT @TD A @ITD N T8 10 ue[uedS
19zA]
-BUY 9Je)oR]
110dsnooy
‘serowred
24209V SIoxTew
1o1seg poorg ‘sts
NUEINCN -ATeue oapra (sowres Q) [11]
[z8] [z8] weaJ, Iejod [enue]y “YH qog L ‘c Uuoseas Iemn3oy ¥ [9A9] L'€F0TC ‘Te 19 ue[uedS
yeL Tejod [enIau] (Kep 1) [zel
[861 “L6T] [861 “L6T] ‘X o1 g “dH ‘SdD yog 0 JuSWBUmO], ¥ [9A9] TSF96T ‘[e 1o ayuend
§FTC
(300lqns 1od 9%F9¢C
SISA[eue Qwe3 | Afuo yF6T [8¢6]
yiom reurStiQ  Modarjou piq OIOH 0I1JOD)  O9PIA [BNUBA [euIo)Ixyq 9°¢ ‘sowres ()7) ¥ [oA9T SFLT ‘Te 19 T[oLIR]
Kuo
uonnadwo)
[60T1] (So9m ¥1) [oz]
110daz j0u pi1q [601 ‘L0T] Jreds 44y Adds [euIu 6 ‘G ‘C uoseas I3y ¥ [0AT €FTC ‘[B 10 QUOsuRS
GS okow (sxoom 6T) [c6]
[961 “L11] (961 ‘L11]  -ndQndeie) [entoug [euI=IXy 0 Uuoseds re[nSoy YIAYT  YFTTEFIT ‘Te 10 Xo4
IEL fejod
‘6S akoundo (sy99m GT) log]
1odariou piq [L€T *9¢€T] indere) [enJou] “YH pog 6‘C Uuoseds Ien3oy ¥ [9A9] TEFYYC ‘Te 39 x04
Iel
Tejod ‘(6011
oreds 44y
[s61  ‘gSokeumdo lec1] 9H (s309m 9) [e11]
wodarjou prq ‘62T ‘60T ‘8¢l indere)  GdYs Tentouy yog 01°¢€‘1 uoseasald ¥ [9A9] SY+10C ‘Te 10 Xo4
BIOWED
00¥ X DAl HdYs
[cr1] ‘sisk[eue (roam 1) [Le] o0
110da1 30U PI1Q [Lo1] o[edS d¥  O9pIA [BnUBIA yog 7 uoseds ren3oy + [OAY] 'Y FEHC jenxaq
¢S akowmndQo
[ve1 indere) (s99m 9) [LET] TR 90
1odar Jou pI ‘LTT “0S ‘8¢l ‘TEL Te[od dH [eurey 67T Uoseasald ¥ [9A] 6VFLIC suetilog
uonnedwod
pue Jurureif,
Spuewop (9 91981)
panodaz pasn reorsAyd jo [eu poylow (uonenp) (] 9[qeL) [9A9] (pazATeue:paymnIoar)
ANQIqeroy]  pao ANpIeA juowdmbyg QINSBOJN  -I9)X9/[RUIIU] uonem(  oseyd uoseas  wonneadwo) (s1eak) 98y g 10 N syuedronreq SQOUAIJY

sorpn}s SuLIojruoW peoy [[eq)yseq (J[npe) { [9Ad] jo Arewwing ¢ ajqeL



J. L. Russell et al.

SI1910
-WOIA[aJ08
TIOELVININ
[soT [soz ‘[601] o808
‘6Tl ‘6011 ‘STI ‘6011 AdY ‘oid [en.Jouf (suorssas [og]
SIom [eurSuIQ  Iom [euISuQ qwed], rejod ‘dds “9H ylog 7 6=7) uoseasalq ¥ [0AYT L9FE9T ‘Te 19 ue[UEOS
LH Te[od
‘GS okowr
-ndoindere)  YH ‘Tenoul ($3o9m 1) [86]
ypodarjou piq  [2ST ‘621 ‘SL] ‘VSITH  ‘siovrew poorg ylog 0 UOSeas Ien3oy ¥ [0AYT FI1C ‘[e 19 Quosues
[Lo1] (s99m 61) [0s]
y10da1 j0u p1qQ [90z ‘s02] oreds 44y Adds [eu1aluf 7 uoseds ren3oy ¥ [9AY] GF9T ‘[e 19 saunN
[60T11 (Soam 1) [vozl
y10da1 j0u pi1q [601] Jreds 44y Adds [euIau] z uoseasald acles | 1F02T ‘T8 19 SBISSIIA[
(s499m 61)
(2011 UOSEIS AT [zoz]
wodarjou piq [eoc “LoT] 9[eds Hd ¥ ddds [eUIa3Uf [4 -nodwo) ¥ [9A97] SFTC ‘Te 19 sejal
[6011
9[eds Hdd
‘SIQ1OWOId [zl
110da1 j0u p1q [6S1] -1odoendeie)  HJYs ‘[enioug yog T parodar joN ¥ [9A] 9EF8LT ‘[e 19 duUA0D
(suorssas
GI) uoseas [zor1]
(YARA9E [SLT ‘TS1] o01d weal rejod [enauf yodg 0 aannaduwo) P 19A97] L'SFGST ‘[e 10 BISAIeg
A[uo Sururelf,
[901
‘66] T8 10
11odar j0u p1g [6] weq ojunng MH [euIouy 0 sowres ¢ acies| 8TF 0T NLINOUSA
sifeg K10 6CTF90C [T6] Te10
wodonjou prq  [10T ‘ev1 ‘bS]l -WO ojunng dH [euIa)uf ¥ owes [ 4 pue ¢ (AT ‘6C0F VLI JLIMOUSA
(soures [15]
jodarjou pig  1odarou piq wed], rejod IH [euroiu] € G) uoseasald ¥ [9A9] 9IIFSLT ‘Te 30 eIonbeA
[cr1]
oress 44y
T€L Te[od
‘¢S okowndo add (sowre3 01) lov]
[ooz] [o¢T] yndere) “dH ‘TenJauy ypog LG uosess ren3oy ¥ [9A] EFVC ‘[e 30 Ue[UEOS
Spuewop (92198L)
payiodar pasn eorsAyd jo [eu poylow (uonenp) (] 9[qeL) [9A9] (pozATeue:paymnIoar)
Aiiqerey  pao ApreA juowdinbyg QIMSBIJN  -IQ)X9/[BUIIU] uoneing  oseyd uoseag  uonnadwo) (s1eak) 98y 10 ] syuedronreq SQOUAIJY

(ponunuoo) ¢ 3jqey



Measuring Physical Demands in Basketball: An Explorative Systematic Review of Practices

Table 3 (continued)

Reliability
reported

Validity cited

Equipment
used

Measure

Internal/exter-

nal

Duration
method

Season phase

Competition

Participants M or F  Age (years)

(recruited:analyzed)

References

of physical
demands

level (Table 1) (duration)

(Table 6)

Did not report

sRPE, HR Polar Team [109, 112, 125,

Internal

Preseason

Level 4

26.3+6.7

M (8:8)

Scanlan et al.

129]

2 Pro RPE
scale [109]

(10 weeks)

[127]

M male, F female, NR not reported, HR heart rate, sSRPE session rating of perceived exertion, GPS global positioning system, RPE rating of perceived exertion, ELISA enzyme-linked immuno-

sorbent assay

4.1 Participant Characteristics

Clearly defining and understanding the types of participants
involved in basketball research is critical for understanding
population specific physical demands, which is necessary to
define training targets. To date, there has not been consistent
reporting or clear definitions of participant characteristics
within the majority of the literature investigating the physi-
cal demands of the basketball.

4.1.1 Competition Level

The current review identifies a disparity in participant
descriptors (e.g. ‘elite’), which has been created by a lack
of objective definitions. The inconsistent use of various par-
ticipant descriptors has created a confusing cycle of meth-
odological justification and direct comparisons across sub-
ject groups that may have limited shared characteristics. For
example, this review assessed 43 studies that referred to the
studied basketball athletes as ‘elite’. However, this term was
used to categorize participants ranging from youth playing
for under-14 club teams, teenagers playing for NCAA teams,
and paid adult professional athletes. Additionally, some
work describing physical demands for ‘elite’ athletes used
the same cohort for multiple studies [34, 35, 41, 53-56],
which contributes to an over-representation of the findings
in a limited body of work. Acknowledging this replication of
cohorts is important when interpreting the applicability and
significance of findings. To assist with this interpretation, we
have identified studies that appear to use the same cohort/
datasets and grouped these studies in Tables 2, 3, 4 and 5.
While many authors justify their methods and compare and
contrast their findings based on the ‘elite’ descriptor, it is
clear that large differences exist across the range of studies
using this classification, in both age and competition level.
Standardized classification to distinguish between sub-
ject groups has been suggested in individualized sports such
as cycling and running [15, 14, 57]. Using data related to
anthropometrics, physiology, and training status/history has
been suggested to differentiate between performance levels.
While standardized criteria in basketball are not as easily
delineated, it is important to establish a common framework
to compare and apply research findings appropriately. This is
supported by recent work of Ferioli et al. [58], which found
that there are clear differences in physical demands of bas-
ketball games based on level of competition. By classify-
ing participants by competition level, as we have defined
in Table 1, only 14 of these 43 studies describing ‘elite’
athletes used participants competing at the highest level (i.e.
level 5) [22, 38, 40, 41, 59-68]. In the other 29 studies,
the classifications of participants were: youth (n=10) [31,
34, 43, 52, 56, 69-73], adult level 3 (n=14) [26, 28, 33,
35, 42, 53, 54, 60, 74-79], adult level 4 (n=2) [37, 80],
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Table 4 (continued)

Reliability
reported

Equipment used Validity cited

Measure

Internal/exter-

nal

Duration
method

Competi- Season phase
(duration)

Participants M Age (years)

or F (Recruited:
analyzed)

References

of physical
demands

tion level
(Table 1)

(Table 6)

Did not report

RPE scale [107] [107]

Internal sRPE

2

Regular season

M (12:12) 18.6+0.5 Level 3

Marcelino

(2 days)
Regular season

etal. [74]

Mi [97]

Did not report

HR, RPE, Did not report ~ Did not report

Both

0

Level 3

19.2+0.3 (M)
20.4+.0.7 (F)

M & F (16:10)

equipment

used
V02000 port-

Video analysis

(19 sessions)

Original work

[151]

Manual video

3,10 Both

204+1.2 Level 3 Off season (2

M & F (12:10)

Narazaki et al.

able, Canon

ZR-20

analysis, HR,

sessions)

[48]

Blood mark-

ers

M male, F female, NR not reported, sRPE session rating of perceived exertion, HR heart rate, LPS local positioning system

and multiple competition levels (n=23) [58, 81, 82]. For
the standardized classifications, we dichotomized between
youth and adult studies due to physical demand distinctions
between participants [83], that otherwise might be lost by
grouping by competition level rather than chronological age.

Only one study included in this review evaluated poten-
tial physical requirement differences based on training age
[84]. Conte et al. examined variations in basketball skills
related to physical maturation, training age/playing experi-
ence, and physical demands, and reported no relationship
between self-assessed maturation/training age and physical
demands of basketball [84]. However, this work was com-
pleted during training only, with participants from one team
playing in the same competitive league [84]. This method-
ology could bias the results by limiting variation in sub-
ject training age or maturation, and introduce single team
variables that affect the physical demands, such as playing
time and rotational status (e.g. starter, non-starter). Research
investigating differences in physical demands based on train-
ing age is likely helpful in periodizing training based on age
groups, but future work should seek to coordinate research
with multiple teams in an effort to increase sample sizes
and report potential confounding variables that are specific
to basketball/team sport. Currently, the underreporting and
lack of analysis regarding age differences in athletes limits
informed decision making about prescription based on age-
related physical demands.

Using a standardized classification system for the com-
petition level of basketball athletes could help elucidate
best practices for monitoring physical demands, as it would
encourage a more systematic process of comparing and con-
trasting research findings and identify considerations unique
to age and competition level.

4.1.2 Positional Differences

Identifying the differing physical demands between posi-
tions has provided valuable insight into the most appropri-
ate way to prepare team sport athletes [85, 86]. This review
identified 16 studies [11, 22, 29, 31, 32, 34, 40, 51, 56,
64, 66, 79, 87-90] which specifically analyzed differences
between playing positions in basketball. While individual
results from these studies help describe differences between
playing groups, methods for position classification varied,
thereby limiting the ability to compare findings between
studies. For example, three studies [11, 40, 66] compared
physical demands across two positions, categorizing partici-
pants as either ‘frontcourt’ or ‘backcourt’, further explaining
that frontcourt consisted of small forwards, power forwards
and centers, while backcourt consisted of point guards and
shooting guards. The majority of studies (n=10) compared
demands across three positions, but with different criteria
for each position. The most common three positions used
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Table 6 Definitions of methods

for measuring duration T;;El es 2,3,
4 and 5
Primary duration method
Did not report 0
Total training duration including all stoppages 1
Duration of session 2
Live time (When player on court, ball in play, clock running) 3
Game time when player is on court, excluding quarter/half breaks, including free throws, 4
out of bounds, timeouts
Game time including all stops 5
Game time including all stoppages except time outs/quarter/half breaks 6
Game time including all stoppages except quarter/half breaks 7
Accessory duration method
Included warm up/cool down 8
Excluded warm up/cool down 9
Include rest periods 10
Short periods when clock was stopped but player was active 11

to classify participants were “guards, forwards, or centers”
[29, 31, 32, 34, 56, 79, 87-89], while Torres-Ronda et al.
[64] classified participants as “point guards, wings (shoot-
ing guards and small forwards), and bigs (power forwards
and centers)”, and Vaquera et al. [51] classified participants
as “point guard, forward, or center”. Finally, three studies
[22, 66, 90] had five classifications for positions, including
point guard, shooting guard, small forward, power forward
and center.

The variance we identified in position descriptions sup-
ports the idea that modern basketball teams may not follow
a traditional position classification system. It has also been
reported that physical characteristics of basketball athletes
and playing styles can differ between geographical areas
[11], which may not allow for consistent descriptions of
position from team to team. Therefore, findings related to
physical demands classified by position should be applied
with caution in the field, mainly due to the current incon-
sistency in categorizing and clarifying playing role, and
the potential team-to-team variance within positional roles.
Indeed, individual leagues may have technical differences in
rules or regulations, and individual teams may have differ-
ences in tactical strategies that impact the physical demands
of various individuals/positions [11, 91]. Based on the wide
range of positional demands in basketball, we recommend
that future research investigating position specific differ-
ences in training load should dichotomize the types of posi-
tions reported to either ‘frontcourt’ or ‘backcourt’. Addition-
ally, the reporting of anthropometric data for those positional
groups would assist with application despite differences in
age group, level of competition, and league. While positional
dichotomization may help in summarizing research findings,
the best application of the evidence for practitioners may be

to assess physical demands on an individual basis rather than
depend on positional criteria to inform training.

4.1.3 Participant Inclusion and Exclusion

Determining best practices for training load monitoring solu-
tions in basketball should encompass and be effective for all
members of a basketball team, including a variety of roles
within the team (e.g. starter, non-starter). A common finding
among the studies included in this review was the inclu-
sion or exclusion of certain participants based on objective
participation or data collection criteria. Many studies only
reported participants that were included in the final analysis
and did not report clear exclusion criteria, or if any partici-
pants were excluded from the initial cohort. While inclu-
sion and exclusion criteria are necessary in all research, it is
equally important to include information related to originally
recruited participants (i.e. members of the team) as well as
participants that were eliminated from and retained for final
analysis.

Only 31 out of 122 studies included in this review
reported recruited versus analyzed participants. Three stud-
ies that evaluated physical demands of competition only
reported data from starters and/or players that were not sub-
stituted for the entire game [35, 36, 76]. While this may give
insight into the most strenuous physical demands possible
during play, it is not a practical representation of physical
demands of games, which always includes substitutions and
meaningful contributions from bench players. Similarly, 13
studies [16, 19, 21, 22, 27, 29, 31-34, 37, 40, 92] excluded
participants from analysis that did not reach a minimum
threshold of game participation, but only 5 of those studies
explicitly reported how many participants were originally
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recruited [16, 19, 31, 34, 40]. The type of exclusions also
occurred with participants that did not meet training-based
participation and/or data collection thresholds, and there
was again a lack of reporting about number of participants
excluded or originally recruited.

The elimination of certain team members (e.g. rotation
players), coupled with the lack of reporting of recruited
versus analyzed participants, does not allow for complete
understanding of the physical demands of the whole team.
Only including some team members in analysis can create
issues by providing incomplete information on which to infer
training models and prescriptions. This can create skewed
training load descriptions and assessments for certain groups
of athletes, leading to misinformed training load prescrip-
tions when programming for an entire team. Additionally,
only reporting physical demands for subgroups of teams
such as ‘starters’ or ‘rotation players’ is counterintuitive
to an individualized training load management approach
(i.e. for all players on a team), which is essential in high-
performance sport. Increasing clarity about number of ath-
letes available in team sport settings, the inclusion criteria,
describing the characteristics of excluded participants and
how that impacted final data analysis will help elucidate best
practices in basketball training load monitoring, and improve
decision making/management for entire teams and not only
limited subsets of athletes.

4.2 Methodology for Quantifying Duration

Exercise duration is the most fundamental proxy measure
of training volume for any sport/modality. Indeed, common
training impulse techniques use duration as a base unit, with
a specific multiplier (e.g. HR, RPE) used to calculate overall
training load for a given duration. While duration is a funda-
mental, first principles metric, there are many ways to record
exercise duration. In basketball games, ‘total’ duration may
be recorded as the entire time on the court, restricted to the
time in which the player was actively involved in the play,
or only recorded when the game clock was running (i.e. the
traditional definition of minutes played). This review iden-
tified a wide range of methods used to determine training
duration in basketball, and a significant number of studies
(n=24) that failed to report how duration was defined and
calculated [32, 49, 52, 66, 69, 71, 72, 75, 84, 92-106]. A
commonly used description of duration methodology in bas-
ketball was defined in 1995 by Mclnnes et al. [47], where
total time was calculated as “all of the time that the subject
was on the court, including all stoppages in play such as
time-outs, free-throws and out-of-bounds, but excluding
breaks between quarters, or time that the subject was substi-
tuted out of the game” [47]. A further categorization of ‘live’
time was “only to the time during which the game clock was
running and the ball was in play” [47]. Despite the clarity of

these descriptions, many papers modified duration reported
by including or excluding warm-ups, cool downs, or modi-
fying the types of stoppages in play that would be counted.

Rather than reporting specific methods, many studies
(n=31) in this review reported only ‘session duration’ and
used multiple references to ambiguously justify and describe
their methodology. These approaches often made it difficult
to determine the exact duration methodology, as the multi-
ple studies cited used differing descriptions of what ‘ses-
sion duration’ entailed. Our analysis identified four differ-
ent studies by Foster [107] and Foster et al. [108—110] that
were commonly cited throughout the basketball literature to
justify the methods for calculating session duration. Two of
these previous studies defined duration as “total duration of
training in minutes” [108, 110], one specifically noted that
session duration included “warm up, cooldown, and recov-
ery intervals” [107], and one study did not address duration
measurement at all [109]. Additionally, two of these studies
[107, 108] had participants self-report duration, noting that
“Some subjects preferred to report only the time for high
intensity segments while excluding recovery time between
exercise or sets. Others preferred to record the total dura-
tion.” [108].

The importance of consistent methodology for calculat-
ing and reporting duration is essential when comparing data
between studies. Including or excluding specific periods of
training or games would influence intensity measures (i.e.
variables reported as a rate) and other derived global train-
ing load measures such as sRPE, as these are calculated with
duration as one of the base units. Indeed, 43 papers included
in this review reported a sSRPE-derived training load meas-
ure, and within these studies, there were 10 different meth-
ods used to calculate duration, which invalidates potential
comparisons between these studies.

A review by Stojanovic et al. [7] proposed analyzing
physical demands with both live and total duration meth-
ods. It was suggested that analyzing physical demands dur-
ing live time only would help in the development of more
precise competition specific training, while analyzing physi-
cal demands during total time was important for the devel-
opment of ecologically valid training plans [7]. Thorough
descriptions and justification for duration methods in the
literature is imperative for best training load monitoring
practices in basketball moving forward. For researchers, we
recommend using the previously defined terms of ‘live’ and
‘total’ duration as outlined by Mclnnes et al. [47], while
calculating and reporting non basketball specific work (i.e.
warm up and cool down) separately. In addition to this, we
strongly advise against broadly defining duration as ‘ses-
sion duration’, as this does not allow the work to be fully
understood or reproduced. For practitioners using a measure
of training load that incorporates duration, the first priority
should be to have consistency across individuals and teams
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when measuring duration. When possible, measuring both
total and live time would allow for practitioners to more
accurately calculate intensity demands of the activity with
live duration, as well as volume completed over the total
session duration.

The duration of data collection is also a point of concern
when interpreting results across studies. The most com-
mon method for reporting duration of data collection was
to report the number of weeks or individual games/train-
ing sessions included in the study. The number of weeks
of data collection ranged from 1 to 42 weeks (mean + SD;
9.7+ 8.5 weeks), and the number of games/training sessions
ranged from 1 to 252 (mean +SD; 12.2 +38.7 games/train-
ing sessions). While the duration of data collection may vary
based on the research aims, evaluating the demands of bas-
ketball over only short durations may produce results that are
skewed based on contextual factors (i.e. score, tactics, travel,
conditioning, opponent, injury). The duration and timing of
data collection in basketball studies are important consid-
erations when comparing findings across studies, and we
strongly encourage researchers to clearly describe aims and
acknowledge limitations of short periods of data collection
when communicating findings.

4.3 Internal Training Load

For the purposes of this review, internal training load was
defined as “the psychophysiological responses occur-
ring during the execution of the exercise” [2]. This review
included 52 studies that reported internal training load meas-
ures only, while an additional 41 studies reported internal
training load in conjunction with external training load (i.e.
76% of studies had at least one measure of internal training
load). The most common internal training load measures
reported included SRPE (n=43) and HR derived measures
(n=358).

4.3.1 sRPE

A common working definition of sSRPE is “a global rating
of the intensity for the entire training session” [109], where
intensity is quantified using RPE, and this is widely utilized
in training load calculations by multiplying the total duration
by this intensity rating [107]. This sRPE-derived training
load is considered internal training load as it estimates the
perceptual response during the session. In this review, 43
studies utilized sRPE load to evaluate the physical demands
of basketball, of which 25 reported sRPE derived load as the
only training load measure. The studies in this review that
calculated sRPE used different RPE scales, including the
category ratio (CR) scales developed by Borg [111, 112] and
modified by Foster [107-110], as well as the OMNI picto-
rial scale [113]. The most common timeframe for collecting

sRPE was approximately 30 min post-session, as reported in
29 out of 43 studies. Some studies reported collecting RPE
as soon as 10-20 min post [20, 45, 68, 114] or immediately
after the training session/game [26, 37, 43, 46, 71, 115],
while other studies did not report the timeframe in which
sRPE was collected [23, 42, 116, 117]. While sRPE is a
common method used to quantify the physical demands of
basketball, inconsistencies in the methodology may compli-
cate the comparison of the findings across different studies.
Specifically, there is a wide variety of duration calculations
and sRPE scales used, making it difficult to reach reliable
conclusions about the efficacy of sSRPE-derived training load
to quantify the physical demands of basketball.

Many of the aforementioned duration inconsistencies
are apparent in the sRPE literature. The most commonly
reported (26 of 43 studies) duration method was a generic
‘session duration’, without any specific detail about how this
‘session duration’ was calculated. An additional five papers
reported session duration, but specified that this included all
stoppages, while one paper reported total duration that did
not include stoppages of play. Although these may seem like
small variations in methodology, these differences can have
a meaningful impact on duration derived sRPE training load.
To put these differences of duration calculation into context,
a paper by Mclnnes et al. [47] reported that excluding stop-
pages of play during a professional basketball game could be
removing up to~39 min from the duration reported. Addi-
tionally, NBA games since the 2017 season have averaged
over 130 min in total duration [118], but include only 48 min
of live time. Researchers that choose to utilize the SRPE
method as a measure of training load should be detailed and
transparent in their reporting of duration to facilitate a better
ability to compare and understand the application of SRPE
derived training load in basketball.

Another obstacle to comparing between basketball studies
is the reported use of multiple sRPE intensity scales. There
is a very circular nature of methodology description and
justification among basketball specific papers using sSRPE
derived load, which needs to be considered when interpret-
ing results and basing future research on previous work. For
example, the most commonly used justification for using
SRPE in the included studies referred to the training moni-
toring work of Foster and colleagues [107-109]. Of the 107
participants in these 3 studies by Foster et al. [107-109],
only 14 were basketball players, and the rest were individual
sport athletes in a variety of sports (e.g. runners, cyclists,
speed skaters). It was described that the majority of these
participants self-reported training duration over a time span
anywhere from 6 months to 3 years [107], with the authors
acknowledging that they “were unable to impose a consistent
pattern across subjects” [108].

Additionally, these three studies used scales with differ-
ent sets of verbal anchors across multiple sports, further
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complicating the comparison between basketball studies
utilizing sRPE as a training load measure. The original
perceived exertion scale was published by Borg in 1970,
followed-up by a CR scale in 1987 that showed sRPE inten-
sity responses closely resembled HR and blood lactate
responses during arm cycle ergometry in untrained males
[112]. The 1996 study by Foster [108] utilized a modified
version of Borg’s CR-10 scale, which included nine verbal
anchors from ‘Rest’ to ‘Just Like My Hardest Race’, and
concluded that increases in training load (as measured by
SRPE), resulted in a performance improvement in runners,
cyclists and speed skaters [108]. However, this study was
observational in nature and there was no description of the
training history or type of training each athlete underwent,
as it was self-reported and dictated by individual coaches/
athletes. Foster’s 1998 study [107] used Borg’s CR scale to
measure sRPE intensity in speed skaters, finding that, on an
individual basis, sSRPE was fairly well correlated to Edwards
training impulse (TRIMP) scores (ranging from 0.75 to 0.90)
[107]. In Foster’s 2001 study [109], another different modi-
fied version of the original CR-10 scale was used, this time
using eight verbal anchors from ‘Rest’ to ‘Maximal’, and
stating that SRPE was highly correlated to TRIMP scores in
basketball and steady-state cycling, but failed to report any
correlation values [109]. Maintaining consistent methodol-
ogy when using qualitative measures such as sRPE is cru-
cial to preserve the validity of the tool and its measurement
properties. There is a systemic pattern of modification of the
sRPE process in the basketball literature which is perpetu-
ated by practitioners adjusting the measurement tool (e.g.
changing the questionnaire prompt/verbal anchors/duration
used) and either not providing any reasoning for the change
or justifying the change by citing older studies. For example,
Weiss et al. [119] cited Foster’s 2001 study to justify their
use of sRPE in basketball, but then further described their
sRPE methodology by citing Coutts et al.’s 2007 work with
triathletes [120] and Impellizzeri et al.’s work with soccer
[121], both of which cite Foster’s 1995 paper for their meth-
ods. Another study by Doeven et al. [16] describes that SRPE
is a valid method in elite basketball, but uses a 6-20 point
RPE scale with no prior validation in the basketball litera-
ture. Researchers in this field need to be thorough in their lit-
erature reviews, understanding the works that they are citing
and how those relate to their own work, while being diligent
in administering measurements and methods validated in the
literature, for the purposes being investigated.

4.3.2 Heart Rate (HR)

Measures of HR are commonly used as indicators of exercise
intensity and internal training load in athletes [122, 123].
HR monitoring in basketball was first reported in a 1968
study which described position specific HR responses in

women’s basketball at the collegiate level [124]. In the cur-
rent review, nearly half of the included studies (58 of 122)
measured HR, with 40 out of 58 studies only providing a
global description of HR response (e.g. mean HR, maxi-
mum HR (HR,,,), percentage of HR ,,), while 18 of 58
studies also calculated a HR-derived training load measure.
All of the studies in which HR was measured in this review
used commercially available HR sensors, including Polar
(n=39), Suunto (n=10), FirstBeat (n=2), Garmin (n=2),
and Zephyr (n=1), while three studies did not specify the
specific HR hardware used [48, 94, 97].

HR responses (e.g. beats per minute) during basketball
activity have been used to calculate a TRIMP with a vari-
ety of algorithms. The original model proposed by Banister
[125] uses mean HR or the summation of every HR data
point during exercise to calculate a TRIMP, and three stud-
ies included in this review used this method [126-128]. To
account for the demands associated with the increased cost
of higher intensity activity, additional models were proposed
by Edwards [129] and Lucia et al. [130]. These models
divide HR responses into intensity zones, with each zone
arbitrarily weighted when calculating internal training load
to account for the increased metabolic costs of higher inten-
sity exercise [129, 131, 132]. The Edwards’ summated HR
zones (SHRZ) was the most common method used to derive
a training load measure from HR for the studies in this
review [19, 44, 52, 64, 98, 109, 115, 133-138]. Although
these TRIMP models have been used widely as a measure
of internal training load in sports, they have never been vali-
dated against gold standard measures of true energy cost
[48, 139]. Rather, these TRIMP calculations have been com-
pared to ‘criterion measures’, such as other TRIMP calcula-
tions or sRPE [109, 131]. Additionally, the HR zones and
the arbitrary weighting system used in TRIMP scores may
not account for the individual nature of acute HR responses
[132, 139], psychological or environmental external stress-
ors [140], and HR adaptations over time [139, 141].

Limitations around measuring HR ., should also be con-
sidered, as this is a key anchor for calculating commonly
used internal training load intensity zones and descriptive
HR responses in basketball (e.g. %#HR,,, or %HR reserve).
Studies included in this review assessed HR,, using a vari-
ety of different methods, including the YoYo test (n=13),
20-m shuttle test (n=4), incremental treadmill test (n="7),
30-15 intermittent fitness test (n=4), Leger beep test (n=1),
age prediction equations (n=35), HR during basketball ses-
sions (n=12), maximum oxygen uptake test (n=1), or did
not report how HR . was determined (n=11). While HR,,
measures are central to the calculation of exercise intensity
(e.g. %HR,,,) and global training load (e.g. HR,,, zones),
it appears that most studies have used measures of peak HR
(HR o). Whilst the specific effect of each of these HR
assessments on these calculations has not been described,
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the effect of imprecise HR,,,, proxy measures is likely to
affect both measures of intensity and global training load
[142]. Therefore, the derivatives using HRmax as a key
anchor (e.g. HR-derived training load) are difficult to com-
pare across studies as the accuracy of the HRmax, peak and
intensity zones is unknown.

Despite these methodological issues, HR monitoring
is heralded as an advantageous monitoring tool due to its
purported ability to reflect exercise intensity [122] and con-
venience (e.g. non-invasive, continuously recorded) [10].
However, exercise intensity may be underestimated dur-
ing basketball training and competition when measured by
only HR [10], as HR response is delayed or disproportion-
ate during high intensity intermittent activity, which forms
the majority of basketball activity [21, 40, 50, 64, 82, 122,
127, 140]. This delay in HR response could pose issues
related to the duration methodologies mentioned earlier, as
only including ‘live’ time during basketball could eliminate
meaningful HR data [117, 143]. Additionally, HR response
can be impacted by environmental effects, psychological
arousal, and nutritional/hydration status [47, 140, 143, 144].
These factors can lead to meaningful differences in the inter-
pretation of HR intensities, within and between athletes, and
should be considered when using HR as a monitoring tool
in basketball.

Modern software has created much more convenient pro-
cessing of HR data, particularly when monitoring groups/
teams. However, this automated download and analysis of
HR data skips any required visual/manual inspection of data
quality. The majority of studies that included HR measures
in this review reported utilizing this automated process, but
only two of these specifically acknowledged removal of
HR data due to incomplete data [145] and issues ‘between
monitors’ [143]. Other studies investigating HR responses
in basketball reported collecting HR data in only 127 out
of 240 [127] and 75 out of 109 [146] of the sessions for
which they had planned to collect such data. These limita-
tions have been attributed to equipment availability [127],
lost data [127], missed sessions [127], as well as interfer-
ence of upper extremity movements [48] and HR garments
falling off [146], but could also be due to user error (e.g.
taking monitor off, not appropriately wetting HR strap), or
hardware/software malfunctions. While missing data are
certainly a common occurrence in the field and limitation
in many research studies, the reliability of utilizing HR
monitors in basketball specific settings should be consid-
ered alongside the previously mentioned convenience. We
recommend that practitioners and researchers be diligent in
checking for HR data free of interruptions or artifacts and
not blindly relying on an automated process of collection,
downloading, processing and reporting. Additionally, we
advise research including HR monitoring in basketball to
consistently report data cleaning procedures and the amount

of sessions not included in analysis due to data collection
issues. This will allow practitioners to better assess the con-
venience vs reliability of HR monitoring in basketball.

4.4 External Training Load

Measurements of external training load were reported in 70
studies included in this review and described with a vari-
ety of movement characteristics, types, and intensities. In
much of the external training load related basketball litera-
ture, the term “Time Motion Analysis’ (TMA) is commonly
used to describe the use of recorded video footage to gather
relevant information from the footage using a variety of
techniques. However, this is a very narrow application of
the term TMA, which has previously been defined as “the
quantification of movement patterns involved in sporting
situations, thus providing speeds, durations and distances
of various locomotor patterns” [147]. Under this definition,
video-based techniques, inertial measurement units (IMU),
and local/global positioning systems (LPS/GPS) can all be
categorized as TMA methods. In the following sections, we
have summarized external training load methods into cat-
egories that more clearly identify the method used, includ-
ing manual techniques (e.g. notational video TMA), semi-
automated techniques (e.g. software assisted video TMA)
and automated techniques (e.g. IMU, optical tracking) [148].
Our aim is to establish a clear and consistent categorization
of methods and align terminology for use in future external
training load research and practice.

4.4.1 Manual Techniques

Manual notational analysis has been commonly used to
describe basketball movement patterns and assess physical
demands, despite the subjectivity of analyses and associated
validity and reliability issues [54, 149]. This review included
12 studies that reported using manual video-TMA methods,
which would require one or multiple investigators to classify
the movement patterns and intensities [47] using only frame
by frame playback of video.

One of the first manual video-TMA studies in basket-
ball was conducted by Mclnnes et al. [47] and in order to
describe movement form and intensity, this group utilized
eight classification categories: stand/walk, jog, run, stride/
sprint, low shuffle, medium shuffle, high shuffle, and jump.
Despite these authors acknowledging the difficulty of cat-
egorization and low reliability for some intensity catego-
ries [47], these categories have been repeatedly adopted
for other video-TMA studies [35, 48, 53, 64, 95, 143, 144,
150]. Using these categories to classify basketball specific
external training load may be further limited, as dribbling
activity is not included/classified according to intensity [11],
and movement form is not classified according to direction



Measuring Physical Demands in Basketball: An Explorative Systematic Review of Practices

(i.e. forward, backward, lateral) [11]. Montgomery et al. [75]
highlighted that basketball play also includes frequent iso-
metric actions, which have a meaningful associated energy
cost, but would fall in the category of ‘standing/walking’
within commonly used TMA movement classifications
[35, 47, 53, 54]. While many TMA studies report counts
or frequencies of common basketball specific actions, the
absence of a category for isometric activities (e.g. screening,
blocking, positioning) limits understanding of the physical
demands of basketball. Duration methodology can signifi-
cantly impact the frequency and total number of activities,
and comparing video-TMA-based movement descriptions
between studies may be misleading based on the duration
used (e.g. total time, live time) [21]. Given the aforemen-
tioned limitations of duration methodologies, movement
categories and technological differences, we recommend
limiting comparisons of video-TMA results between studies.

4.4.2 Semi-Automated Techniques

Technological advancements have allowed for some video-
TMA procedures to be semi-automated [10], through the
use of software that can auto-detect movements and record
duration after the user manually identifies athletes [148].
Although a semi-automated process has the potential of
increasing reliability, there are methodological areas that
may limit comparing or applying semi-automated video-
TMA findings. First, this review identified 13 different
software packages that were used to complete video-TMA,
ranging from custom Labview analysis [11, 82, 151] to
free, publicly available software [144], and less than half of
those studies (n=6) reported the reliability of their methods.
Only six studies identified the software release (e.g. Dart-
fish 6.0, Kinovea 8.15) that was used, which is important
to acknowledge as these different versions may impact the
player tracking algorithm and level of manual intervention
needed [148]. Second, the camera number, brand, and set-up
(e.g. position around court, distance from court), as well as
recording frequency varied between studies, with no study
reporting the validity of their specific equipment or set up.
It is important to consider that the accuracy of vision-based
systems has been shown to be affected by distances between
cameras and athletes [148], camera angles [148] (e.g. height,
distance from floor), and lens type [149] (e.g. wide angle).
Therefore, validating equipment and calibrating set up [148,
149], as well as reporting detailed methods, is paramount to
understanding how the physical demands were measured and
the appropriateness of comparisons across studies.

4.4.3 Automated Techniques

4.4.3.1 Inertial Measurement Units The use of IMUs was
first reported in the basketball literature in 2010 [75]. It is

suggested that IMUs may improve training load monitor-
ing in team sports, primarily due to objective analysis of
data [50, 152, measuring small movements and overcom-
ing some limitations of HR monitoring during intermit-
tent activity [152, 153], and manual/semi-automation of
processes for timely data collection. In total, nine differ-
ent IMUs were used within the studies included in this
review (Tables 2, 3, 4, 5), which included using uniaxial
accelerometers (n=1), triaxial accelerometers (n=35), and
triaxial accelerometers combined with magnetometers and
gyroscopes (n=11). The most commonly reported metric
in basketball literature was Catapult PlayerLoad™ [41, 50,
62, 63, 77, 81, 98, 117, 128, 154, 155], which is a square
root of the sum of the squared instantaneous rate of change
in acceleration in each of the three orthogonal planes (i.e.
anterior/posterior, lateral and vertical) divided by 100 [156].
The purported ability of these units to measure instantane-
ous rate of change in acceleration across three planes of
motion [75] may be particularly relevant in basketball, given
the frequent change of activity and direction within the sport
[21, 40, 50, 64, 82, 122, 127, 140]. The intra-unit reliabil-
ity of commercially available IMUs to measure acceleration
in three directions during lab and field based studies has
been addressed in the previous literature [152, 157-160],
with the PlayerLoad™ metric deemed to have ‘acceptable’
test—retest reliability within and between participants during
physical activity [159, 160] and strong correlations to HR
and oxygen consumption within participants during tread-
mill running [159]. While many manufacturers recommend
wearing the IMU posteriorly on the upper thoracic region to
enhance the GPS signal (IMUs are commonly paired with
GPS technology), criterion placement has been suggested to
be closer to the center of mass (COM), e.g. near the navel
[159], and studies evaluating the device reliability during
human movement have shown that unit placement [159]
and fit [161] impact PlayerLoad™. Accelerometer measure-
ments taken from units placed near the scapulae have greater
vertical vector motion compared with placements near the
COM, which was suggested to be due to upper body move-
ment (e.g. shoulder-girdle sway, arm swing, trunk flexion)
[159], 160]. Of the 18 studies in this review that included
accelerometer data, eight reported positioning the unit at the
upper thoracic region, two reported positioning the unit at
the hip (i.e. closer to the COM), two reported having the
unit worn on a chest strap, and five did not report where
the unit was worn. Due to the high sampling rate of accel-
erometer devices (e.g. 100 Hz), it has been also been sug-
gested that if the accelerometer is not placed on an athlete in
a tightly fitted manner, incidental movement of the unit can
occur, causing up to a two-fold increase in accelerometer
loads reported during matched activity [161].

These methodological details related to the validity
and reliability of IMU data are especially relevant when
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considering the large number of variables that micro-sensor
units can output [63]. For example, the previously mentioned
PlayerL.oad™ metric has 117 different default output options
in the manufacturer’s software [156], with more custom
options available. Other metrics reported when describing
the physical demands of basketball included accelerations
[22, 41, 55, 63, 81, 126], decelerations [22, 41, 55, 63, 81],
acceleration: deceleration ratios [22, jumps [41, 55, 63, 81],
changes of direction (COD) [41, 55, 63, 81], activity counts
[162], average net force[40], 153], mechanical load [126],
and inertial movement analysis [77]. None of these metrics
have been validated against criterion measures in the exist-
ing literature, limiting our understanding of true differences
within and between studies. Additionally, it has been sug-
gested that the rapid technological advancements of IMUs
may account for differences between similar metrics over
time [81].

The emergence of IMU use in sport presents a promising
new data source for quantifying physical demands, particu-
larly in basketball. However, practitioners and researchers
alike should seek to understand the validity of these devices
and related metrics, via both independent research [163,
164] as well as encouraging manufacturers to share internal
validation work [163] and increase transparency regarding
data processing methods. While previous basketball research
has called for reporting only the crucial variables related to
external training load [63], it is difficult to determine which
variables are most meaningful without understanding their
role in describing basketball specific physical demands.

4.4.3.2 Positioning Systems Positioning systems (e.g. LPS,
optical tracking, GPS) have been advocated for use in bas-
ketball over other external load monitoring options due to
an improved accuracy [31, 32, 79], comparative ease of data
collection and processing [31, 32], and more comprehen-
sive locomotive variables [31] than other external training
load monitoring options. This review identified 12 studies
that utilized positioning systems to quantify external train-
ing load, including the use of LPS (n=38), optical tracking
(n=2), and GPS (rn=2). LPS and optical tracking technol-
ogy have emerged as viable replacements for GPS in indoor
settings and have been evaluated in the recent basketball
literature as systems have become commercially available.
The LPS used in studies covered by this review oper-
ated by positioning anchors/antennas around the area of
play, which would then triangulate between each other
and a sensor worn by the athletes, thus deriving position
information [31, 34, 49, 56, 65, 78, 79, 89]. The most
commonly used LPS reported in seven of the eight stud-
ies was the WIMU PRO system [31, 34, 49, 56, 65, 78,
89]. This system was previously validated using raw data
outputs [165-167], but only one study included in this
review investigated the application in basketball using

raw data [79], while the other seven studies in this review
that utilized a LPS reported using the software associated
with the system for data analysis [31, 34, 49, 56, 65, 78,
89], indicating a filter had been applied to the data used
to estimate positional information [168]. Although this is
common practice, the filtering process is usually not dis-
closed by manufacturers due to the proprietary nature and
intellectual property concerns [163], further confounding
understanding the validity of measurements. This is an
especially relevant topic to address in basketball related
research and practice, as LPS accuracy is impacted by
fast changes of velocity and changes of direction [168],
which are common in the sport. Additionally, because of
the impact that fast changes in direction or velocity can
have on system accuracy, it has been suggested that error
estimations be verified for ‘elite’ athletes that may be able
to produce faster dynamic movements [168]. Therefore,
technologies evaluating external training load should
seek to validate across an ecological representative range
of activities and movements. This further highlights the
importance of categorizing athletes based on competi-
tion level and physical attributes such as age, as opposed
to labels like ‘elite’, when establishing the credibility of
emerging technologies for basketball athletes.

Another emerging technology in basketball is optical
tracking systems. These fully automated video-analysis
systems can estimate the position of athletes and the ball
by converting two-dimensional images to three-dimen-
sional coordinates [169], and through this estimation of
position can derive locomotive variables such as distance
and speed. While this method is an attractive solution to
basketball training load monitoring, based on the non-
invasive nature (i.e. athletes do not have to wear units) and
time effective data collection and analysis, it has some of
the same limitations as semi-automated video techniques,
including the validation of hardware. Two studies included
in this review utilized optical tracking systems, but neither
cited or reported any validation work related to the system
[93, 169]. This included one study by Caparros et al. [93]
using publicly available data from the NBA, which utilizes
a league wide optical tracking system (Second Spectrum,
Los Angeles, United States). There is currently no pub-
lished validity or reliability information on this optical
tracking system [163], which should be acknowledged in
any studies analyzing publicly available data to describe
physical demands. Two studies included in this review also
utilized GPS technology to quantify external training load
in basketball [138, 170], and while GPS has been widely
validated in team sports, it has very limited application for
indoor sport. Utilizing GPS for basketball specific studies
moving forward will not yield easily comparable results,
as this technology is unlikely to be used frequently in a
game played primarily indoors.
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5 Conclusions

This review provides a holistic appraisal of training load
monitoring in basketball, and a detailed discussion of the
constantly evolving technology which can be used to quan-
tify a variety of physical demands. Despite this evolution,
it is difficult to draw definitive conclusions about the true
physical demands of basketball due to small data sets, var-
ying methodologies, and short periods of data collection in
the available literature. This review comprehensively eval-
uated past practices and developed methodological sugges-
tions that we believe future researchers should adopt, as
creating alignment on methodologies and terminology is
critical to progressing understanding.

This review highlighted a range of methodological
inconsistencies in key areas of data collection, process-
ing, and analyses, which held true for objective, subjective
and even the most fundamental principles in training load
monitoring (i.e. measuring duration of basketball activi-
ties). We provided specific guidelines for defining and
applying duration measurement methodologies to address
this issue, and outline recommendations for classifying
competition level to encourage easier identification of
cohorts and comparisons between studies. Finally, it is
important to reiterate that there are, to date, no gold stand-
ards but only proxy measures, to quantify training load in
basketball. The validity and suitability of a measure also
depends on the variable practitioners are aiming to assess
and control during the training process, or for determining
the physical demands (i.e. training targets). There are no
measurements that are free of limitations, but knowledge
of existing limitations allows practitioners to select the
best measure for a given purpose, and to avoid erroneous
interpretation of the results.

5.1 Practical Applications

e Researchers and practitioners should thoroughly review
data collection and analysis procedures to ensure repro-
ducibility of methods. This will allow for the accurate
quantification of the physical demands of basketball, as
well as an enhanced ability to compare studies.

e We recommend that practitioners clearly define their
methods of duration calculation (suggestions provided
in Table 6) and apply their chosen construct consist-
ently.

e Due to the rapid advances in player tracking technol-
ogy, a meticulous approach to vetting the validity and
reliability of measurement tools and associated metrics
is crucial when interpreting and applying these data.
We implore practitioners and researchers alike to raise

the validation culture in basketball by utilizing inter-
nal validation when appropriate, and applying aggres-
sive critical appraisal of any unsubstantiated emerg-
ing methods or technologies. Original validation and
reliability research should be conducted and reported
related to the specific metrics being evaluated, where
possible, to encourage increased understanding of the
limitations of those metrics.

¢ Consistency in data collection and systematic reporting
of methods is key to advancing the ability to compare the
physical demands of basketball across participant groups
and time. We recommend researchers adapt their method-
ology based on previous research in an effort to compare
studies, which may lead to a more robust understand-
ing of the relationship between physical demands and
other areas (e.g. injury, performance), better application
of findings to specific cohorts of basketball athletes, and
identification of best practices regarding training load
monitoring in basketball.
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