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ABSTRACT

Introduction: Basketball is one of the most widely platyed sports worldwide, with injuries ranging

from contact-related concussions to overuse tendinopathies. However, considerable

methodological variation exists across injury surveillance studies, limiting the ability to directl

compare findings between studies. This systematic review and meta-analysis aimed to (1%

describe the reporting methods used in basketball injury surveillance research and (2) examine

injury incidence rates (IIR) across different playing levels, age groups, and sexes using a range

0 in|!1ury definitions and exposure denominators. i . o

Methods: Five electronic databases were searched for studies reporting basketball injury rates

(PROSPERO registration: CRD420234873352. Inclusion criteria included peer-reviewed

articles, written in English, describing injurK rates in 5v5 training/games. Data ﬁertaining to

study demographics, reporting methods, risk of bias (modified Downs and Black checklist) and

injury data were extracted. Reporting methods data was assessed descriptively. A meta-analysis

was performed on pooled IR of training and games using medical-

attention (MA) and time-loss (TLZ ir(?'ur)(1 definitions, combined with  ARTIGLE INFO

exposure per 1000 player-hours (/1000h) or 1000 athlete-exposure . o ,

/1000AE). Submitted: 12 Mafch 26
esults: A total of 3,177 studies were identified, with 119 unique Accepted: 8" Jttme 26

articles included in the review. Ten distinct injury definitions were Published: 12" June '26

found, with TL (55%) and MA (19%) the most common. Nine different

exposure denominators were found, the most common bein Correspondence to:

athlete-exposure (70%). From the meta-analysis, match |l cbarden@glos.ac.uk

exceeded training incidence for all injury definitions and exposure

t}/fes. A pooled TL match IIR of 6.8/T000AE (95% CI 5.0-9.5) and © Author(s) (or their
.3/1000h (95% CI 16.8-35.2) were reported, notabIK greater than employers) 2026.

training IIR (1.9/1000AE, 95% CI 1.4-2.4 and 2.3/1000h, 95% CI 1.4-

3.9, respectlvel?f]). Reuse permitted under

Conclusion: This is the first review to describe the wide range of CC-BY Licence.

surveillance methods adopted in basketball surveillance studies.

This meta-analysis provides the most comprehensive synthesis of Published by Motion

basketball literature, reporting pooled IIR across various contexts Publishing Group.

and settings using various exposure types and injury definitions.
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1. INTRODUCTION

The international governing body of basketball (Fédération Internationale de Basketball;
FIBA) reports that nearly 600 million people play the sport twice or more monthly', making
it one of the most participated in sports worldwide. There are 212 national basketball
federations globally overseen by FIBA?, with two variations of the sport in the summer
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Olympic games (traditional 5-v-5 and 3x3),
highlighting the sport’s popularity from a
participation and viewership perspective.

Basketball is fast-paced and multi-
directional in nature, requiring repetitive
efforts to jump, accelerate, decelerate, and
change direction to obtain a higher score
than the opposition by scoring the ball in the
opposing basketball hoop®. Whilst not a
collision sport, there are numerous facets of
contact in the game, with contact often
reported as the most frequent mechanism of
injury*. As such, the aetiology of injury is
varied, ranging from overuse
tendinopathies® to severe ligament ruptures
sustained through contact and non-contact
mechanisms®, making injury prevention
challenging. Evidence suggests the lower
limb is consistently the most frequently
injured” 8, with ankle injuries the most
common* °  Much of the existing
epidemiological literature comes from the
United States, where nationwide,
longitudinal surveillance projects have
reported injury rates in high schools™ ™,
collegiate' ' and professional” '* levels of
the game spanning decades. Studies have
been conducted in Canadian®, English'®
and Finnish' youth basketball cohorts,
whilst injury rates have been described in
professional Spanish™ " and Australian
leagues®. However, making comparisons
between studies, populations, and playing
levels is fraught with issues, given the
ranges in methodologies applied throughout
the literature.

Multiple injury definitions exist such as all
complaint (ALL; any complaint an athletes
may experience regardless of whether it

requires medical assessment), medical-
attention (MA; a complaint which is
assessed by a medical professional

irrespective  of whether an athlete
experiences time/exposure loss), non-time
loss (NTL; a complaint which is assessed by
a medical professional but does not result in
any time/exposure loss) and time-loss (TL;
a complaint which is assessed by a medical
professional which prevents the athlete from
participating in training/matches)?" 22, These
definitions are not mutually exclusive, with a
single injury possibly defined as both MA
and TL injury depending on data collection
methods. This is further convoluted with
studies erroneously using various injury
definitions interchangeably?®. Most studies
opt for a TL definition due to its ease of

implementation and improved reliability in
data collection, especially in non-
professional settings where medical care
may be limited, resulting in underreporting
of NTL or MA injuries?**. However, this
approach potentially omits the burden of
pathologies that may cause a player
symptoms or reductions in physical
capabilities but does not limit their
availability for selection. Detection and
management of NTL injuries are important
given their potential to increase in severity
and result in time-loss?. Furthermore, there
are variations in the exposure denominator
used to calculate injury incidence rates (lIR),
with the most common being athlete-
exposures (AE) or player-hours (h)?'. The
two are not synonymous, and it is difficult to
compare rates with different denominators?®.
There appears to be a preference in North
America to adopt an AE denominator, with a
time denominator more widely used in
Europe. As such, it is not often possible to
compare injury rates from studies in different
environments, with surveillance methods
and collection procedures selected to suit
the intended context.

Systematic reviews and meta-analyses aim
to provide a complete synthesis of evidence
pertaining to a topic. Previous systematic
reviews and meta-analyses detailing IIR in
basketball have focused on specific
exposure denominators or injury
definitions?’, explicit pathologies® and/or
certain populations?, leading to a small
number of papers included in each review. A
comprehensive review of the basketball
injury literature is needed to aid the
development of injury prevention strategies.

The first objective was to report the different
definitions and reporting methods used in
the basketball injury surveillance literature.
The second objective of this literature
review and meta-analysis was to describe
the injury epidemiology of basketball across
all playing levels, sex, age-groups,
situations, playing-levels and identify
common mechanisms and risk factors for
injury.

2. MATERIALS AND METHODS

This review was conducted as per the
Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA)
guidelines and registered prospectively with
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2.1. Search Strategy and Study Inclusion
In consultation with a health subject
librarian, five electronic databases were
searched (CINAHL, Medline, PubMed,
SportDiscus, Scopus), along with searching
for other relevant articles through trawling
bibliographies and internet searches. The
search strategy (appendix A) focused upon
basketball injuries in all contexts, age
groups, and playing levels. No restrictions or
filters were made when searching
databases, with articles included from the
date of database inception to the search
date (search most recently updated in
February 2026). Search results from each
database were exported to EndNote, with
duplicates automatically removed, after
which the remaining titles and abstracts
were exported to a bespoke Excel
worksheet to allow reviewers to screen each
article.

For the title and abstract screening phase,
inclusion criteria included being published in
a peer-reviewed journal, written in English,
reporting overall and/or game and/or
training injury rates (no restriction on
definition) per an exposure denominator (no
restriction on specific denominators), and
not an intervention-based study and
investigated traditional 5v5 basketball.
Studies that used self-reported injury data
were excluded due to issues around recall
bias®*. Exclusion criteria for the title and
abstract screening phase included studies
that investigated other forms of basketball
(e.g., 3x3, wheelchair, referees), where
basketball injury rates were pooled with
other sports and could not be separated,
cohorts who had sustained a previous injury,
or re-injury risk (i.e., IR post-achilles
rupture). Exclusion criteria were updated
prior to the full-text screening phase, where
hospital-based studies were excluded due,
to no exposure data reported beyond
persons or years, studies that investigated a
subtype of injury (i.e., non-contact knee
injuries), due to the review not detailing
injury subtypes, and studies that used press
releases or other publicly available
information to gather injury records due to
concerns about the accuracy of these data
sources®'. Articles where data had been
reported in a previous study were excluded
to avoid duplication of results.

The title and abstract screening was split
between two pairs, with each pair screening

half the articles. To ensure consistency
between reviewers, a guidance document
was created, whilst calibration was
conducted on the first 50 articles by all
reviewers to identify issues and provide
guidance. After this, each individual
reviewer screened their articles
independently on a bespoke spreadsheet,
before agreement (Cohen’s Kappa) with
their partner was assessed by the lead
author (pair 1: k=0.73, raw agreement=0.91;
pair 2: k=0.57, raw agreement=0.80).
Disagreements within pairs were resolved
through discussion and reference to the
guidance document. There were no articles
where agreement could not be established
between each pair. For articles accepted in
this stage, full texts were retrieved, and then
each pair worked through these articles in
the same manner as the previous stage to
see whether articles met the inclusion or
exclusion criteria.

2.1.1. Data Extraction

Data extraction focused on four areas: study
demographics, reporting methods, risk of
bias, and injury data. Risk of bias was
assessed using the modified Downs and
Black (DB) Checklist for non-randomised
studies®>. Data was extracted into a
bespoke Microsoft Excel worksheet by a
single author for each area. To improve
accuracy, two authors independently
extracted all information for three studies to
calibrate data and ensure the spreadsheet
was suitable and extraction was consistent.

Demographic variables extracted included:
author name, year of publication, country,
continent, study period (years), sex, age
group, playing age group (youth (age
restricted up to under-21s or senior), playing
level (amateur, professional, representative
(international)), setting (school, club,
university, other), and injury surveillance
system (if applicable). Reporting methods
variables  included injury  definition,
exposure denominator, exposure rate, and
severity classification. Injury statistics
included count, injury incidence, injury
severity, injury burden, situation (game,
training), injury type (ligament, muscle/
tendon, nerve, joint, contusion/laceration,
fracture, dental, multiple), injury mechanism
(contact with player/ball, other contact (floor,
bleacher, basket), non-contact (identifiable
mechanism), overuse (non-identifiable
mechanism)), general body region (head/
neck, upper-limb, lower-limb, trunk/torso),
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specific body locations, specific pathologies
(e.g., concussion, anterior cruciate ligament
(ACL) injury, ankle sprain, patella
tendinopathy and achilles tendinopathy) and
player position (centre, forward, guard).

2.1.2. Injury statistics for systematic
review

Overall, match and/or training IIR were
reported for all exposure types, injury
definitions, and sub-categories (sex,

playing-age, playing-level, setting, situation
(match or training), injury type, mechanism,
and location). Aggregated IIR and 95%
confidence intervals (95% CI) were
calculated manually (incidence  per
exposure denominator = ((injury count/
exposure count)*denominator)) if injury
count and raw exposure were available due
to some studies rounding IIR to the nearest
whole number. If this data was not reported
but an IIR was, the rate stated in the
publication was used. Injury severity (days
lost) was extracted for TL injuries, and
where possible, multiplied by IIR to generate
injury burden (days lost per a standardised
denominator).

2.2. Meta-Analysis of Injury Incidence
Rates

Guided by the results of the reporting
methods (section 3.2), a meta-analysis was
performed separately for match and training
lIR, for TL and MA injury definitions, using
both 1000-player hours (/1000h) and
athlete-exposure (/1000AE) denominators.
Data was prepared by calculating the log-
transformed IIR (Log (IR)) alongside the
standard error. A Der Simonian-Laird
continuous random effects meta-analysis
was performed in SPSS (Windows
v29.0.1.0), selected due to an assumption of
large variations in effect sizes. Using Log
(IR) as the effect size, the pooled Log (IR)
was back-transformed to provide a pooled
IR (with 95% confidence intervals).
Heterogeneity was assessed using the /2
(<25% = low, 25-75% = moderate, >75% =
high) and Tau?statistics. Sub-group analysis
was conducted by sex (male and female)
and playing-age group (youth, senior,
mixed), provided that four or more studies
were included in the sub-group.

3. RESULTS

A total of 3,177 articles were retrieved after
the initial database search, with 1,108
duplicates removed prior to any screening

(Figure 1). 2,069 unique articles were
screened in the title/abstract phase, with
422 articles meeting the inclusion criteria to
go through to the full-text screening phase.
Of these, full texts were unavailable for 30
articles, resulting in 392 articles being fully
screened, of which 119 were included in the
review.

3.1. Descriptive overview of studies
included

Of the 119 studies included, 52.1% were
published between 2011 and 2020, with
9.2% of studies published before 2001.
Most studies (74.8%, n=89) reported IIR for
both male and female cohorts, with 23.5%
investigating injury rates in only one sex
(15.1%, n=18 male; 8.4%, n=10 female),
and two studies not reporting sex (1.7%).
Half of the included studies investigated an
adult population (49.6%, n=59), with 41.2%
investigating a youth population (n=49), and
the remaining a combination of age groups
(9.2%, n=11). Over three-quarters of all
studies assessed IIR in participants playing
in North America (77.3%; United States
n=87, Canada n=5), with 16.0% conducted
in Europe (Spain n=7, Finland n=4, other
n=8) and the remaining continents having
three or less studies included in the review.

Most studies were conducted in a high-
school setting (47.1%, n=56), followed by
university (28.6%, n=34) and then club
basketball (26.9%, n=32). Within club
basketball, half of the studies reported injury
rates in professional teams (n=15), youth
teams (n=11), and amateur senior sides
(n=6).

A total of 16 different injury surveillance
systems were reported, with 46 studies
(38.7%) not reporting a specific system or
project. High School Reporting Information
Online (HS RIO) was the most used system
(29.4%, n=35), followed by the National
Collegiate Athletic Association (NCAA)
Injury Surveillance Project (NCAA ISP;
15.1%, n=18), which proceeded the NCAA
Injury Surveillance System (NCAA ISS;
4.2%, n=5). A full demographic breakdown
per study can be found in appendix B).

3.1.1. Risk of bias

The mean modified DB score was 8.4/17
(range 5-14), with studies attaining much of
their score for reporting (mean 4.9/9; Table
1), whilst the highest percentage score was
observed for interval validity — bias (mean
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TABLE 1. Mean Modified Downs and Black checklist score, broken down by dimension

and publication decade

Modified Downs and Black Checklist Dimension
Decade of . External Intgr_n = Int_er_n al
Publication Count (%) |Reporting Validity Vall_dlty - Validity - Power
Bias Confounding
1971-1980 | 1 (0.8%) 2 1 2 0 0
1981-1990 | 1 (0.8%) 3 0 3 0 0
1991 -2000 | 9 (7.6%) 4.3 0.7 2.7 0.3 0.1
2001 - 2010 | 23 (19.3%) 4.7 0.4 3.0 0.3 0.0
2011 - 2020 | 62 (52.1%) 5.0 0.3 2.9 0.1 0.0 :
2021 - 2026 | 23 (19.3%) 5.1 0.3 3.0 0.2 0.0 8.6
Overall 119 4.9/9 0.3/2 2.9/3 0.2/2 0.0/1 8.4/17
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2.9/3). Generally, DB scores increased over
time, largely due to an increase in reporting
despite a decrease in external validity.
Modified DB score for each study is
available in appendix C.

3.2. Reporting Methods

Ten distinct injury definitions were used
across all studies, with nine studies not
defining an injury definition (Figure 2). Most
studies adopted a TL definition (54.6%,
n=65), although there was a range of TL
definitions used, including 24-hour (n=47),
session (n=15), restricted participation
(n=2), or unknown TL (n=1). The next most
common definition was MA (19.3%, n=23),
which may incorporate both NTL and TL
injuries. TL (all) and MA injury definitions
were used for the meta-analysis, given the
frequency of studies using these definitions.

A total of nine different exposure
denominators were found across all studies,
with AE being the most adopted (69.7%,
n=83), followed by player-hours (19.3%,
n=23). However, within these there were
multiple different denominators used. For
example, AE were expressed per 1000
(n=41), 10,000 (n=30), 100,000 (n=11), and
1,000,000 (n=1) AE. There were 17 different
specific denominators used across all
studies, with 10 studies using multiple
denominators to report injury rates. AE and
player-hours were used for the meta-
analysis, given the frequency of studies
using these definitions.

Forty-seven (39.5%) studies reported no
injury severity measures. Of those reporting
severity, measures ranged from grouped
severity classifications (47.1%, n=56), a
specific number of days lost (10.1%, n=12),
number of missed athletic exposures (1.7%,
n=2), hospital attendance/surgery (1.7%,
n=2), days to symptom resolution, games
missed, number of treatments, hospital
attendance, and medical disqualification (all
0.8% n=1). Of the studies selecting grouped
severity, there were 17 different injury
classifications used, the most common
being ‘<7 days, 7-21 days, >21 days’ (n=13),
followed by ‘<8, 8-28 days, >28 days’ (n=6).
Only 12 studies reported days-lost, a metric
required to calculate TL injury burden.

3.3. Descriptive Injury Statistics

Aggregated IR, and further descriptive
statistics, can be found in table 2, broken
down by injury definition, situation, sex,

playing-age group and setting. An
interactive dashboard of injury data is
available in appendix D.

3.3.1. Injury Burden

Only two studies provided the mean days-
lost to calculate injury burden for matches
and training. In the Great Britain Men’s
national team?®, match injury burden was
675 days-lost/1000h (95% CI 234-1115;
mean 7.0 days-lost), whilst training injury
burden was 46.7 days-lost/1000h (95% CI
55-133; mean 8.3 days-lost). In an English
high-school cohort'®, match injury burden
was 671 days-lost/1000h (95% CI 377-965;
mean 18 days-lost), whilst training injury
burden was 62 days-lost/1000AE (95% CI
37-88; mean 26 days-lost).

3.3.2. Body Region and Diagnoses

The lower limb had the highest TL injury
incidence for training and matches of all
body regions across both exposure
denominators (Table 3). There were
variations in the second most injured body
region, with upper-limb IR being higher for
games when using an AE denominator
(1.8/1000AE), but head/neck injuries were
more common in matches per player-hours
denominator (1.6/1000h), although the
number of injuries in the sample for studies
using a player-hours denominator was
relatively small. The ankle was the most
injured body location, with overall TL match
lIR for ankle sprains being 1.7/1000AE and
9.3/1000h. TL match concussion rates were
0.7/1000AE and 0.4/1000h, with only 2
concussions recorded in studies using a
player-hour denominator.

3.3.3. Injury type and Mechanism

TL ligament injuries were most common
across matches and training, with contusion
and muscle/tendon injuries second most
common, depending on the denominator
(Table 3). There were variations in TL match
injury mechanism, with ‘other contact’ most
common using an AE denominator
(1.1/1000AE) and ‘player contact’ more
common wusing a time denominator
(10.1/1000h). Similarly, ‘non-contact’ TL
injuries were most common in training using
an AE denominator (0.6/1000AE), whilst
‘player contact’ was most common using a
training time denominator (0.9/1000h).

3.3.4. Playing Position
Data was only available for TL match
injuries per AE, with no significant difference
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FIGURE 2. Figure demonstrating range of injury reporting methods. The inner ring
represents the injury definitions, the middle ring represents the exposure type, and the outer
ring represents the exposure denominator value. TL = time-loss, MA = medical attention,
NTL = non-time loss, Dx = diagnosis, ALL = all complaint.

demonstrated between all three positional groups (guard: 21.3/1000AE, 95% CI 20.7-21.9;
Forward: 21.7/1000AE, 95% CIl 21.1-22.3; Centre: 21.0/1000AE, 95% CIl 20.4-21.6).

3.4. Meta-Analysis

3.4.1. Pooled Match Injury Incidence Rates

For studies using an AE denominator, TL (all) match injury incidence ranged from 2.4-
28.6/1000AE, with an overall pooled IIR of 6.8/1000AE (95% CI 5.0-9.5; Figure 3a). MA
match injury incidence ranged from 9.4-66.7/1000AE, with a pooled MA match [IR of
15.0/1000AE (95% CI 12.7-17.6; Figure 3b), with high heterogeneity observed across
studies (/2 = 0.97).

For studies using a player-hour denominator, TL (all) match injury incidence ranged from
5.6-96.8/1000h, with an overall pooled IIR of 24.3/1000h (95% CI 16.8-35.2; Figure 4a). The
pooled TL match incidence of senior basketball was notably higher than that of youth
(43.4/1000h; 95% CI 33.8-55.1 and 20.1/1000h; 95% CI 13.1-30.9, respectively). Male
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TABLE 2. Descriptive overview of injury count and exposure per various injury definitions and exposure denominator. Descriptive
statistics for aggregated TL (all) injury incidence rates by sex, playing age, and playing level.

1000AE 1000H
Match Training Match Training
Definition Injuries Exposure Incidence |Injuries Exposure Incidence Injuries Exposure Incidence| Injuries Exposure Incidence
(n) (AE) (95% CI) (n) (AE) (95% Cl) (n) (h) (95% Cl) (n) (h) (95% Cl)
7.6 21 41.8 1.8
TL (all)} 15,191 2,009,747 (7.47.7) 10,179 4,835,637 2.1-2.1) 4,975 119,036 (40.6-43) 873 474,594 (1.7-2)
11.3 6.2 4.9 7.7
MA| 5,718 506,457 (11-11.6) 9,784 1,589,189 (6-6.3) 505 103,175 (4.5.5.3) 495 64,605 (7-8.3)
7.6 4.4 50.1 5.2
NTY 2,194 289,341 (7.3.7.9) 3,980 902,398 (4.3:4.5) 80 1,596 (39.1-61.1) 126 24,220 (4.3:6.1)
12.3 21
Al 7 09 o214)| 2 B9 (05 ] ] ] ] ] ]
TL (all) Injuries Exposure Incidence |Injuries Exposure Incidence Injuries Exposure Incidence| Injuries Exposure Incidence
(n) (AE) (95% CI) (n) (AE) (95% Cl) (n) (h) (95% Cl) (n) (h) (95% Cl)
10.7 24 442 1.7
Malel 7,849 735,072 (10.4-10.9) 3,884 1,590,631 (2.4-2.5) 4,800 108,548 (43-45 5) 609 353,064 (1.6-1.9)
5.8 1.9 16.2 2.8
Female| 7,321 1,272,580 (5.6-5.9) 6,268 3,236,140 (1.9-2) 83 5,132 (12.7-19.7) 150 53,454 (2.4.3.3)
6.1 2 20.1 1.9
Youth| 10,133 1,660,511 (6-6.2) 8,501 4,207,049 (2-2.1) 554 27,585 (18.4-21.8) 661 344,467 (1.8:2.1)
. 14.7 29 52.3 5.5
Seniorl 4,999 340,250 (14.3-15.1) 1,615 563,143 (2.7-3) 4,362 83,465 (50.7-53.8) 149 26,994 (4.6:6.4)
. 6.6 1 7.4 0.6
Mixed 59 8,986 (4.9-8.2) 63 65,445 (0.7-1.2) 59 7,986 (5.5-9.3) 63 103,134 (0.5-0.8)
. 21.2 52.1 3.1
Professional| 6,205 293,026 (20.6-21.7) - - - 4,386 84,132 (50.6-53.7) 164 53,740 (2.6-3.5)
. . 3.5 3.5
University] 4,964 512,461 (3.4-3.6) 6,506 1,845,225 (3.4-3.6) - - - - - -
. 1.2 1.2 15.7 2
High school 3,902 1,185,153 (1.2:1.3) 3,565 2,904,854 (1.2:1.3) 342 21,737 (14.1-17.4) 396 198,072 (1.8-2.2)
. 26.2 96.8 5.6
Representative 22 840 (15.2-37.1) - - - 9 93 (33.5-160) 8 1,421 (1.7:9.5)
3.5 0.2 294 1.3
Club - Amateur 17 4,796 (1.9:5.2) 9 47,713 (0.1-0.3) 174 5,921 (25-33.8) 251 200,665 (1.1:1.4)

Note: TL = AE = athlete exposure, h = hours, n = count, Cl = confidence interval, ACL = anterior cruciate ligament, AKP = anterior knee
pain, CNS/PNS = central/peripheral nervous system.
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TABLE 3. Descriptive statistics for aggregated TL injury incidence rates per body region, body location, injury type and injury

«© [ mechanism
w 1000AE 1000H
% Match Training Match Training
8 Definition Exposure Incidence |Injuries Exposure Incidence Injuries Exposure Incidence [Injuries Exposu Incidence
Q (n) (AE) (95% CI) (n) (AE) (95% CI) (n) (h) (95% CI) (n) (h (95% CI)
% Head/Neckl 1,082 867,882 1.2(1.2-1.3)| 545 2,023,354 0.3 (0.2-0.3) 8 5,145 1.6 (0.5-2.6) 12 44,242 0.3 (0.1-04)
5 Upper-Limb| 385 208,388 1.8 (1.7-2) 60 289,515 0.2 (0.2-0.3) 4 5,238 0.8 (0-1.5) 19 45,663 0.4 (0.2-0.6)
; Torso| 187 208,388 0.9 (0.8-1) 20 289,515 0.1 (0-0.1) 5 5,145 1(0.1-1.8) 8 44,242 0.2 (0.1-0.3)
f Lower-Limb| 1,417 210,054 6.7 (6.4-7.1)] 433 299,199 1.4 (1.3-1.6) 59 5775 10.2(7.6-12.8)] 69 45663 1.5(1.2-1.9)
@ Ankle[ 2,297 1,368,595 1.7 (1.6-1.7)| 1,544 3,002,811 0.5(0.5-0.5) 774 82,924 9.3 (8.7-10) 5 83,858 0.1 (0-0.1)
% Kneel 1,437 1,253,607 1.1 (1.1-1.2)| 927 2,713,296 0.3 (0.3-0.4) 314 82,831 3.8 (3.4-4.2) 4 82,437 0 (0-0.1)
o Hand/Wristf 5,707 6,119,609 0.9 (0.9-1) | 6,507 18,804,362 0.3 (0.3-0.4) - - - - - -
g Eyel 223 293,026 0.8 (0.7-0.9) - - - 160 80,901 2(1.7-2.3) - - -
N Shoulderq 535 2,123,759 0.3 (0.2-0.3)] 253 4,663,858 0.1 (0-0.1) 185 82,294 2.2 (1.9-2.6) - - -
o Fooff 218 321,490 0.7 (0.6-0.8) 70 465,294 0.2 (0.1-0.2) 181 82,387 2.2 (1.9-2.5) 2 83,858 0 (0-0.1)
% Lumbarn 272 204,422 1.3 (1.2-1.5) 1 47,713 0 (0-0.1) 272 82,294 3.3 (2.9-3.7) 1 82,437 0 (0-0)
8 Concussion| 2,372 3,593,358 0.7 (0.6-0.7)] 1,319 8,735,671 0.2(0.1-0.2) 2 5,238 0.4 (0.0-0.9) 0 45,663 0 (0-0)
5 Ankle Sprainf 2,039 1,701,529 1.2(1.1-1.3)| 1,218 3,394,704 0.4 (0.3-0.4) 689 80,901 8.5 (7.9-9.2) - -
Eﬁ ACY 164 1,265,034 0.1(0.1-0.1) 69 1,731,883 0 (0-0) - - - - - -
% AKP| 236 199,626 1.2 (1-1.3) - - - 236 80,901 2.9 (2.5-3.3) - - -
< Muscle/tendon| 1,605 1,473,328 1.1 (1-1.1) | 1,031 3,255,793 0.3 (0.3-0.3) 851 91,366 9.3 (8.7-9.9) 15 138,448 0.1(0.1-0.2)
Q Join|{ 85 776,562 0.1 (0.1-0.1) 98 2,151,420 0 (0-0.1) 1 5,145 0.2 (0.0-0.6) 1 44,242 0 (0-0.1)
Ligamenf| 4,201 1,468,532 2.9 (2.8-2.9)| 2,154 3,208,080 0.7 (0.6-0.7) 1,540 89,973 17.1(16.3-18)| 63 56,011 1.1(0.8-1.4)
Fracture/bonel 625 1,584,555 0.4 (0.4-0.4)] 393 3,526,758 0.1 (0.1-0.1) 179 87,532 2 (1.7-2.3) 10 128,100 0.1 (0-0.1)
CNS/PNS| 123 461,302 0.3 (0.2-0.3) 10 484,366 0 (0-0) 66 80,901 0.8 (0.6-1) - - -
Contusion| 1,690 1,354,947 1.2 (1.2-1.3)|] 406 2,934,167 0.1 (0.1-0.2) 912 86,046 10.6 (9.9-11.3)| 14 44,242 0.3 (0.2-0.5)
Laceration| 485 1,239,959 0.4 (0.4-0.4)] 163 2,644,652 0.1(0.1-0.1) 276 86,046 3.2 (2.8-3.6) 8 44,242 0.2 (0.1-0.3)
Player Contactf 1,909 2,609,865 0.7 (0.7-0.8)| 1,869 4,783,218 0.4 (0.4-0.4) 51 5072 10.1(7.3-12.8)] 52 56,011 0.9(0.7-1.2)
Ball Contact 11 119,163 0.1 (0-0.1) 29 426,447 0.1 (0-0.1) - - - - - -
Other Contacf 902 827,770 1.1 (1-1.2) 750 2,218,205 0.3 (0.3-0.4) 4 5,145 0.8 (0-1.5) 13 44,242 0.3 (0.1-0.5)
Non-contac| 947 946,504 1(0.9-1.1) | 1,627 2,645,470 0.6 (0.6-0.6) 22 5,775 3.8 (2.2-5.4) 36 45663 0.8 (0.5-1)
Overusel 113 944,838 0.1 (0.1-0.1)] 655 2,635,786 0.2 (0.2-0.3) 0 93 0 (0-0) 0 1,421 0 (0-0)

peripheral nervous system.

Note: TL = AE = athlete exposure, h = hours, n = count, Cl = confidence interval, ACL = anterior cruciate ligament, AKP = anterior knee pain, CNS/PNS = central/
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match TL lIRs were non-significantly greater than female |IR (26.8/1000h; 95% CI 17.5-35.2
and 18.9/1000h, 95% CI 8.8-40.0, respectively). High heterogeneity was identified in all
analyses. MA match injury incidence ranged from 1.2-172.0/1000h, with a pooled MA match

lIR of 11.6/1000h (95% CI 7.2-18.9; Figure 4b).
3.4.2. Pooled Training Injury Incidence Rates

TL (all) training injury incidence per 1000AE ranged from 0.2-4.5/1000AE, with an overall
pooled TL training injury incidence of 1.9/1000AE (95% CI 1.4-2.4; Figure 5a) and high
heterogeneity (/? = 0.99). Pooled training IR were higher in senior cohorts compared to
youth (3.4/1000AE; 95% CI 2.9-3.9 and 1.3/1000AE; 95% CI 1.2-1.5, respectively), whilst
rates were similar between males and females (2.0/1000AE; 95% CI 1.4-29 and

a
) Author Injury Incidence Weight
[Study ID] E Male (blue) (95% CI) %
Allen [32] ) : o 5§umt:1e (yellow) 24(2.12.7) 3.94
Barden [107] ° —— A Senior 12 (6.7-17.3) 3.70
Borowski [174] : - 2.9(2.6-3.2) 3.95
Rechel [1280] @ : EI m:izg :gfegs"(’:’e’:f) 3(2.6-3.4) 3.94
Covassin [319] T A 9.5(8.9-10.1) 3.96
Deitch [366] H A 19.3 (18.3-20.4) 3.96
Junge [722] : / 28.6 (12.4-44.7) 3.54
Meeuwisse [994] — 6 (4.6-7.3) 3.89
Sekine [1371] T —A— 10.1 (8.1-12) 3.91
Starkey [1435] : A 21.4(20.8-22) 3.96
Zuckerman [1699] YV 46 (4-5.1) 3.95
Lopez-Gonzalez [908] ——— 9.3 (4.4-14.2) 3.59
Stojanovic [1448] —— 3.5(1.9-5.2) 3.66
Borowski [174] () H 3.7 (3.3-4) 3.95
Allen [32] O : 3.1 (2.7-3.5) 3.94
Barber-Foss [104] O 4.2 (2.9-5.5) 3.82
Clifton [289] Qo 3.4 (3.3-3.6) 3.96
Pierpoint [1233] o 3.4 (3.1-3.6) 3.96
Pierpoint [1233] O 3.8 (3-4.6) 3.90
Rechel [1280] o : 3.6 (3.1-4.1) 3.94
Clifton [289] : N 14 (13.4-14.5) 3.96
Covassin [319] AN 8.7 (8.1-9.3) 3.96
Deitch [366] : —A— 24.9 (22.9-26.9) 3.96
Junge [722] : /% 23.8 (9.1-38.6) 3.46
Zuckerman [1699] AN 4.5 (3.9-5) 3.94
Lopez-Gonzalez [908] ; ; 11.8 (3.1-20.6) 3.29
Overall —— 6.8 (5-9.5)
Male —i— 7.5 (4.8-11.7)
Female — 6.2 (4-9.8)
Youth o : 3.4 (3.1-3.8)
Senior —h— 11.7 (8.8-15.6)
Random Effects 0 5 10 15 20 25 30 35 40 45 50
Heterogeneity:
Overall /2= 1.00, H? = 362.26
b)
Author B Male (blue) Injury Incidence Weight
[Study ID] B Female (yellow) (95%Cl) (%)
Allen [32] @® : A senior 9.4 (8.8-10) 13.9
Junge [722] = [ Mixed age groups Y 64.3 (40-88.5) 8.21
Morris [1059] ‘ = I Mixed sexes (red) 12.1 (11.4-12.7) 14.01
Zuckerman [1699] A 13.6 (12.7-14.5) 13.89
Allen [32] O : 1.8 (11.1-12.6) 13.91
Junge [722] : /N 66.7 (42-91.4) 8.34
Lempke [859] : 10.4 (9.7-11) 13.96
Zuckerman [1699] P 10.5 (9.6-11.3) 13.77
Overall i 15 (12.7-17.6)
Male 15.8 (12.1-20.5)
Female —{a— 14.9 (11.6-19.1)
Senior —h—
RandomEffects o 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Heterogeneity:
Overall 12=0.97, H? = 35.24

FIGURE 3. Forest plot of match injury incidence per 1000 athlete exposures (95% CI): A) TL

(all) injuries; B) MA injuries.

Blue marker = male, orange marker = female, circular marker = youth, triangular marker =
senior, square marker = youth and senior, red marker = male and female.
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Starkey [1435]

a)
AéutthdorlD B Wale (blue) Injury In;lsd:/ang;a Weol/qht
” : O Female (yellow) (95% CI) o
Barden [107] -—— O Youth 37.2 (20.9-53.6) 6.27
Kuzuhara [751] @ Senior 13.7 (9.2-18.2) 6.53
Messina [1009] o : E' M?xeg 29e groups 16.9(14.9-189)  6.83
Pasanen [1188] —— ixed sexes (red) 36.8 (24.6-49) 6.52
Caparros [229] : 40.5 (31-50) 6.69
Junge [722] H 42.9 (18.6-67.1) 5.93
Moreno-Perez [1053] ——h— 29.3 (20.6-37.9) 6.59

52.8 (51.2-54.4) 6.87

Cresswell [1976] : 96.8 (33.5-160) 5.67
Lopez-Gonzalez [908] H 5.6 (2.7-8.6) 6.05
Stojanovic [1448] —h— 12.2 (6.4-18) 6.18
Kuzuhara [751] O E 5.9 (2.9-9) 6.09
Pasanen [1188] —O0— 32.4 (21.8-43) 6.53
Junge [722] T 35.7 (13.6-57.9) 5.77
Piedra [1231] —_— A 36.8 (18.2-55.4) 6.09
Lopez-Gonzalez [908] +—{}— ; 8.6 (2.2-15) 5.39
Overall —— 24.3 (16.8-35.2)

Male —il— 26.8 (17.5-35.2)

Female —— 18.9 (8.8-40)

Youth —@i— 20.1 (13.1-30.9)

Senior : 43.4 (33.8-55.1)

Random Effects 0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

Heterogeneity:
Overall 12=0.98, H2=57.75

b)

Author E g::a(lg?;znow) Injury Incidence Weight
[Study ID] : Youth (95% Cl) (%)
Flint [637] A : Senior 17(1.3-2.1) 147
Junge [722] : 7 [0 Mixed age groups 96.4 (60.1-132.8) 13.88
Moreno-Perez [1053] : —A— B Mixed sexes (red) 77.8 (63.7-91.9) 14.84
Rodas [1304] H —h— 76.3 (65-87.6) 14.94
Cresswell [1976] : A 172 (87.7-256.3) 13.13
Flint [637] H 1.2 (0.9-1.5) 14.57
Junge [722] : 7/ 100 (63-137) 13.93
Overall (senior) o 11.6 (7.2-18.9)

Male '—A—|

Random Effects Heterogeneity
Overall 12 =0.96, H? = 27.51

FIGURE 4. Forest plot of match injury incidence per 1000 player-hours (95% CI): A) TL (all)
injuries; B) MA match injuries.

Blue marker = male, orange marker = female, circular marker = youth, triangular marker =
senior, square marker = youth and senior, red marker = male and female.

1.7/1000AE; 95% CI 1.2-2.6, respectively). MA training IIR ranged from 5.3-7.0/1000AE,
with an overall pooled MA training IIR of 6.2/1000AE (95% CI 5.8-6.6, Figure 5b). TL (all)
training injury incidence per 1000h ranged from 0.1-24.5/1000h, with a pooled TL training
injury incidence of 2.3/1000h (95% CI 1.4-3.9, Figure 6). It was not possible to conduct a
meta-analysis of pooled MA training injury incidence due to only three studies being
included.

4. DISCUSSION

This is the largest systematic review and meta-analysis of basketball injuries previously
conducted, reporting aggregated and pooled IIR using a range of injury definitions and
exposure types. It provides a synthesis of basketball injury rates, allowing for comparisons
between and within different situations, sex, injury definitions, exposure denominator,
playing levels, and age groups. Furthermore, it provides an overview of the range of

N
o

40 60 80 100 120 140 160 180 200 220 240 260
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a)
Author B Male (blue) Injury Incidence = Weight
[Study ID] O Female (yellow) : (95% CI) %
Allen [32] O Youth @~ : 1.3 (1.1-1.4) 4.98
Barden [107] A senior : O 2.4 (1.4-3.3) 4.44
Borowski [174] 0 Mixed age groups -@- H 1.4 (1.2-1.5) 4.99
Rechel [1280] B Mixed sexes (red) —@— 1.5(1.3-1.6) 4.96
Covassin [319] E —h— 4 (3.8-4.2) 5.02
Meeuwisse [994] : 7 4.5 (3.8-5.3) 4.92
Sekine [1371] : —h— 3.4 (3-3.7) 4.99
Zuckerman [1699] H —h— 2.8 (2.6-3) 5.00
Lopez-Gonzalez [908] H 1 3.6 (2.1-5.2) 4.41
Stojanovic [1448] - : 0.2 (0.1-0.3) 3.75
Borowski [174] @ & 1.4 (1.3-1.6) 4.98
Allen [32] O~ : 1.2 (1.1-1.4) 4.97
Barber-Foss [104] —O— 2.2 (1.6-2.9) 4.71
Clifton [289] @) : 1.1 (1.1-1.2) 5.01
Pierpoint [1233] Or - 1.1(1-1.2) 4.99
Pierpoint [1233] —QO— 1.3 (1-1.6) 479
Rechel [1280] —O— 1.4 (1.2-1.6) 4.94
Clifton [289] : —— 4.1(3.9-4.2) 5.02
Covassin [319] H —/\— 2.9(2.7-3.2) 5.01
Zuckerman [1699] P 2.4 (2.2-2.6) 4.99
Lopez-Gonzalez [908] Lk 1.8 (0.2-3.3) 3.12
Overall — 1.9 (1.4-2.4)
Male —— 2(1.4-2.9)
Female — 1.7 (1.2-2.6)
Youth @~ : 1.3 (1.2-1.5)
Senior - —h— 3.4 (2.9-3.9)
Random Effects 0 1 2 3 4 5 6
Heterogeneity:
Overall 2= 0.99, H2 = 146.78
b)
Author B Male (blue) Injury Incidence Weight
[ y 1 aie ue -( () ). 0,
Study 1D O Female (yellow) : 33% Cl e
Allen [32] O Youth P 6.6 (6.3-6.9) 16.85
Morris [1059] A Senior @ 5.8 (5.6-6.1) 17.04
Zuckerman [1699] [ Mixed age groups +@— 6.4 (6.1-6.7) 16.58
Allen [32] B Mixed sexes (red) P 7(6.7-7.4) 16.61
Lempke [859] —O 5.9 (5.7-6.2) 16.91
Zuckerman [1699] —0O— E 5.3 (5-5.7) 16.01
Overall —il— 6.2 (5.8-6.6)
Male »—EL< 6.2 (5.8-6.8)
Female 6 (5.2-7)
Senior —h—5
Random Effects 0 2 4 6 8

Heterogeneity:
Overall 12 =0.92, H> = 13.06

FIGURE 5. Forest plot of training injury incidence per 1000 athlete exposures (95% CI): A)
TL (all) injuries; B) MA injuries.

Blue marker = male, orange marker = female, red marker = male and female, circular marker
= youth, triangular marker = senior, square marker = youth and senior.

reporting methods used in basketball injury surveillance, highlighting the need to
standardise methods to allow for valid comparisons between studies and contexts.

4.1. Reporting Methods

TL was the most frequently adopted injury definition, but within this definition, there were
many variations used, such as missed session, 24-hour TL, or undefined TL. A TL injury
definition is reported as the most reliable method to ensure all injuries meeting the criteria
are captured. However, this strict definition under-reports injury rates, as well as
disregarding NTL injuries, which can cause an athlete discomfort and limit performance®.
The detection and recording of MA injury definitions, inclusive of NTL and TL injuries, rely
on clinical assessment and accurate reporting by a medical practitioner, requiring frequent
and free access to ensure all complaints are recorded. This is often challenging in contexts
where athletes do not have immediate access to medical provision and could explain the
large ranges in injury incidence between studies using the same injury definition and
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Author

Injury Incidence Weight

[Study ID] E Male (blue) (95%Cl) (%)
Kuzuhara [751] : @ o Yiﬂ;ﬁ e (yeliow) 3.8 (3-4.6) 8.68
Messina [1009] @ A Senior 18(16-2) 877
Pasanen [1188] .E D Mixed age groups 1.5(1.1-1.9) 8.59
Caparros [229] A B Mixed sexes (red) 2.9 (2.3-3.5) 8.69
Moreno-Perez [1053] s 32(25-39)  8.66
Cresswell [1976] —A— 5.6 (1.7-9.5) 7.66
Lopez-Gonzalez [908] = 3. 1 (1 8-4.4) 8.35
Stojanovic [1448] | : 1(0-0.2) 7.77
Kuzuhara [751] CE 1. 7 (1 2-2.2) 8.54
Pasanen [1188] O 1.6 (1.1-2.1) 8.54
Piedra [1231] : /N 24.5 (18.7-30.3) 8.65
Lopez-Gonzalez [908] — 1.5 (0.2-2.8) 71
Overall —|— 2.3 (1.4-3.9)

Male i 2(1.4-3.9)

Female =} 3.2 (0.6-16.4)

Youth @~ 1.9 (1.4-2.7)

Senior & 7\ 6 (2-18.4)

Mixed [ 0.8 (0.1-7.1)
Random Effects 0 5 10 20 25 30

Heterogeneity:
Overall 12 =0.98, H? = 47.96,

FIGURE 6. Forest plot of training TL (all) injury incidence per 1000 player-hours (95% CI)
Blue marker = male, orange marker = female, red marker = male and female, circular
marker = youth, triangular marker = senior, square marker = youth and senior.

exposure denominator (e.g., MA match IIR
ranged between 1.2 and 172.0/1000h).
Surveillance methods need to be fit for the
context for which they are to be used®, and
in settings where medical professionals are
not readily available to athletes, this may be
simplified through adopting a time-loss
injury definition rather than ambitiously
recording MA injuries, which may cause an
underreporting of IR through missed
injuries.

Most studies adopted an AE denominator.
This method is easier to record than a time
exposure, as the duration of a session is not
needed, simply the number of athletes who
have been exposed to training or match-
play at a given time. As such, team-level
exposure is often recorded as it is often less
burdensome for those recording data,
particularly in non-professional
environments where data may be recorded
by volunteers or coaches. However, an AE
denominator overestimates time at risk as it
assumes anyone who has entered the court
has the time at risk, despite a disparity in
game/training minutes?®. It is recommended
that individual-level data be recorded to
allow for the examination of individual risk
factors, with time-based exposures
providing the most accurate estimate.
However, the International  Olympic
Committee (IOC) consensus statement
refrained from recommending a specific
exposure denominator, as the reliability of

data capture is essential, and thus the
denominator must match the context?.

The 10C consensus statement?' provides a
broad framework for recommended
surveillance methods to provide consistency
between studies and longitudinal projects.
Extensions of this statement have been
made to sports such as football?*, artistic
gymnastics®¢, competitive cycling®, tennis3?,
and snow-sports®, whilst the statement has
been used to translate  specific
recommendations to para sports*® and
female athletes*'. Despite the popularity of
basketball and the unique aetiology of
injuries sustained, no consensus exists on
the surveillance of basketball injuries. Whilst
this review is evidence of the plethora of
epidemiological studies conducted in
basketball, it highlights the danger when
comparing studies given the high
heterogeneity and variation in [IR between
contexts, sexes, playing-age groups and
level. A basketball-specific consensus
statement would facilitate consistent injury
surveillance methods to increase
confidence when comparing IIR between
contexts and competitions worldwide.

Of the 16 surveillance systems/projects
recorded, only three were referenced in four
or more studies. These were HS RIO, NCAA
ISP, and its predecessor, NCAA ISS, all
conducted in American high school and
university settings. Nearly half the studies
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included in the review were from these
projects, yet the rules and style of play in
these American settings may differ from
those globally, leading to concern whether
these findings are generalisable. For
example, quarter length is 12 minutes in
NCAA basketball, but only 10 minutes in
FIBA competitions, with variations in the
offensive shot clock. More time at risk would
result in a greater number of injuries, but
using an AE denominator underreports this
risk compared to player-hours. This is
shown in the data, where injury rates per
1000h are generally much greater than per
1000AE.

4.2. Injury Rates

While the pooled match TL IIR of
6.8/1000AE is low relative to other sports,
the IIR varied greatly depending on sex and
playing level. The TL match IIR of
52.1/1000h in professional basketball is far
greater than the overall pooled IIR of
24.3/1000h, possibly due to the increase in
game demands or fixture schedule*?. The TL
match [IR in professional settings is
comparable to the IIR in professional
football (36/1000h)* and ice hockey (38-
86/1000h)*, but lower than rugby
(91/1000h)*. Match IIRs were considerably
greater than training IIRs, regardless of

definiton or denominator, a finding
consistent  throughout sports injury
epidemiology literature*#’. However, a

study of NBA players found that more than
half of their weekly basketball exposure was

spent training, with rotational players
spending more than 6 times longer training
on court than playing per week?®.

Furthermore, a study of semi-professional
basketball players found that external load
measures, assessed using an
accelerometer, were significantly greater in
training than in games, both for total time
and when adjusted per minute of
basketball*®. Taken together, these data
suggest that, even though individual training
sessions carry a lower IR per hour, training
may account for a greater absolute number
of injuries simply because athletes spend
more time in on court training than in
competition. Thus, whilst the IIR of training
injuries is low, their prevention should
remain a priority, given their frequency is
possibly greater than match injuries* ' °,

lIRs increased with playing age and playing
level, both known risk factors for injury .
The match IIR of senior basketball was 2-6

times greater than youth basketball, with
similar findings in professional and amateur
settings. This may be reflective of a change
in game length, a further reason why a time-
denominator may be more appropriate than
AE, but also a likely increase in game
demands. A three-season study of NBA
players found IIR significantly increased
with game load (minutes played) and
decreased with longer rest between
games*?. NBA teams play 82 games in a
regular season, approximately three games
a week, with players required to participate
in 65 games unless injured or unavailable
due to other circumstances. This is more
than double the games a player in the NCAA
would complete in a season, and it may be
that game and training load, rather than age,
is a determining factor in injury risk. To
mitigate injury risk, the NBA has recently
implemented a new player participation
policy, which permits rest for players of a
certain age, playing history and long-term
injury history®'.

Studies seldom reported injury severity, with
those who did opting to report grouped
severity categories rather than the mean
number of days lost. As such, it was not
possible to calculate injury burden to
compare between contexts and sports,
which would have been useful given the
profile of basketball injuries ranged from
contusions to severe ligament ruptures.
Injury prevention research often focuses on
a reduction in injury incidence, but it is
possible for an intervention to be effective
by reducing injury severity and
subsequently  injury  burden, without
reducing the injury incidence. This is further
rationale for the inclusion of injury severity
within basketball surveillance projects,
alongside reporting of days lost to allow for
the calculation of injury burden to provide
more detail to the injury risk in basketball,
alongside providing further metrics for which
prevention studies can be assessed.

Lower-limb injuries were most prevalent
across all  contexts, predominantly
sustained at the ankle and knee. These
locations have Ilong been an injury
prevention priority in basketball, with a
significant reduction in injury rates found
from those completing neuromuscular
training  programmes®> %  or  using
prophylactic bracing or taping 5. New rules
have also been enforced in some contexts
to prevent athletes from landing on
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opponents’ feet when jumping, a frequent
mechanism of injury®®, although no evidence
has been published yet regarding the
effectiveness of this strategy. The IIR of
complex lateral ligament sprains appear to
be increasing annually in collegiate
women’s™® and men’s basketball?, and
further work is needed to reduce injuries to
these body locations. Consideration should
be given to how injury mechanisms are
classified. In basketball, much contact
occurs in the air, which may result in the
player landing awkwardly. If they landed on
their feet but pivoted on their knee, causing
a serious knee injury, this would be
classified as a ‘non-contact’ injury despite
the role that aerial contact would have
played in the player sustaining an injury. It
may be necessary for further expansion of
injury mechanism classifications, with the
possible inclusion of indirect contact.

The meta-analysis found no significant
difference between males and female IIRs
across training, matches and different
definitions/denominators, despite male IIRs
appearing consistently higher. However, it
may be that females are at significantly
greater risk of specific pathologies, such as
an ACL sprain? or a concussion®.

Reported concussion |IRs were relatively
low compared to collision sports such as
rugby (union and league), American football
and ice hockey®” %, However, basketball
was ranked fourth highest among NCAA
sports for concussion frequency over a 5-
year period®®, although approximately half of
the studies investigating concussion risk
included in the review were published pre-
2015. Since this period, the definition of a
concussion has changed, alongside
changing recommendations for its detection
and management® 6. There has been a
steady rise in the frequency of concussions
and mean days missed in the NBA over the
past decade®. As such, it may be that the
concussion rates reported in this review are
lower than present-day concussion rates
due to improvements in detection and
reporting methods. Moreover, sustaining a
concussion is associated with a significantly
increased subsequent musculoskeletal
injury risk®. Thus, prevention of sport-
related concussion should remain a priority
given the potential for long-term
consequences and subsequent re-injury
following sport-related concussion®.

4.3. Limitations

Due to the vast number of studies included
and the numerous data points extracted
from each study, a single author extracted
data for each section. To ensure that
authors were familiar with the data
extraction, a calibration exercise was
completed between two extractors prior to a
single author extracting risk of bias and
injury data independently. Studies where
English text could not be found were
excluded, removing 14 potential studies
from the review. Only 15 studies conducted
in professional environments were included
in the review, and only 9 included in the
meta-analysis. Many studies from the NBA
or WNBA were excluded due to their
dependence on publicly available injury
data. Given injury risk appears to increase
with playing-level, the pooled IIR may be
underestimated given  studies from
professional leagues do not feature heavily.

There was a heavy bias of studies included
from the United States, through the HS-RIO
and NCAA ISS/ISP surveillance projects.
These projects have good validity and
reliability, requiring medical professional to
collect and report data®® %. However, the
pooled IIR may disproportionately reflect
these contexts rather than reflective of those
globally. Game and training duration, style
of play and scheduling will all influence IIR,
as will medical support and injury reporting
capabilities will also affect reported IIR.
Differences here between contexts could be
one of the reasons for the high
heterogeneity observed across studies (I?
frequently >0.90), limiting confidence in the
pooled estimates. Sub-group heterogeneity
analysis (appendix E) was conducted for
sex and playing-age group, but it was not
feasible to assess by geographical region or
playing-level. However, contextual factors
within these settings likely influence the high
heterogeneity, furthering the need for a
basketball-specific  injury  surveillance
consensus statement to standardise
collection methods.

A further limitation of the literature is the
inconsistent reporting of injury severity, and
thus the inability to calculate injury burden.
Nearly 40% of studies did not report injury
severity, but IIRs are not the only relevant
statistic in sports injury epidemiology. An
injury prevention programme could be
deemed successful if reducing injury
severity and burden, with [IR remaining the
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same. A further limitation is the predominant
use of AE as a denominator, given that this
may overestimate time at risk and limit the
precision of lIR.

5. CONCLUSION

This study highlights the large variations in
injury incidence rates across various
basketball settings. However, the frailty of
comparing injury rates across studies and
projects is evident, given the range in
methods reported in this review and the high
heterogeneity found throughout. A
basketball-specific consensus statement is
needed to provide researchers and
practitioners guidance on the best methods
to record injuries, their mechanisms,
definitions, and thus calculate injury rates
and burden in this context. However, the
synthesis of injury rates provided in this
review  will  provide guidance for
stakeholders to develop evidence-based
prevention strategies specific to contexts
and populations.
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