Journal of

%

Clinical Medicine

Systematic Review

Sure Steps: Key Strategies for Protecting Basketball Players from
Injuries—A Systematic Review

Yoel Antoranz !, Eduardo Saez de Villarreal 2, Juan del Campo Vecino ! and Sergio L. Jiménez-Saiz 3*

check for
updates

Citation: Antoranz, Y.; Sdez de
Villarreal, E.; del Campo Vecino, J.;
Jiménez-Saiz, S.L. Sure Steps: Key
Strategies for Protecting Basketball
Players from Injuries—A Systematic
Review. J. Clin. Med. 2024, 13, 4912.
https:/ /doi.org/10.3390/jem13164912

Academic Editors: Anastassios
Philippou, Alexandre Hardy and

Nicolas Bouguennec

Received: 14 May 2024
Revised: 15 June 2024
Accepted: 19 August 2024
Published: 20 August 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Physical Education, Sport and Human Movement, Universidad Auténoma de Madrid,
28049 Madrid, Spain; yoel.antoranz@estudiante.uam.es (Y.A.); juan.delcampo@uam.es (J.d.C.V.)

2 Physical Performance Sports Research Center (PPSRC), Universidad Pablo Olavide Sevilla, 41013 Sevilla,
Spain; esaesae@upo.es

Sport Sciences Research Centre, Faculty of Education & Sport Sciences and Interdisciplinary Studies,
Universidad Rey Juan Carlos, 28942 Fuenlabrada, Madrid, Spain

*  Correspondence: sergio.jimenez.saiz@urjc.es

Abstract: Background: Basketball is a high-intensity sport, which includes actions such as jumping,
changes of direction, accelerations, and decelerations, which generates fatigue situations that may
increase the risk of injury. Specifically, the joints at greatest risk are the ankle and knee, with ankle
sprains and anterior cruciate ligament (ACL) tears being the most prevalent injuries. There are several
strategies aimed at reducing the incidence, based on training methods or other prophylactic measures.
Therefore, the purpose of the study is to perform a systematic review of the different injury prevention
strategies in competitive-level basketball players with respect to general injuries, ankle sprains, and
ACL injuries. Methods: For this purpose, the PRISMA methodology was applied, performing a
search in three databases (PubMed, SPORTDiscus, and Cochrane) between 25 September 2023 and
8 October 2023. Results: A total of 964 articles were identified, out of which 283 were duplicates
and 644 were discarded. Out of the remaining 37, 23 were excluded because they did not meet the
inclusion criteria; therefore, 14 articles were finally included. With respect to general injuries, 8
out of 14 studies reviewed them. Concerning ankle sprains, 7 studies specifically analyzed them.
Finally, 3 studies focused on ACL injuries. Conclusions: Training programs that combine different
contents, known as neuromuscular training, including strength work, stabilization or core, mobility,
and agility are the most effective for both general injuries and ACL injuries. For ankle sprains, the
most effective measures are training programs based on analytical ankle stability exercises and the
use of ankle braces. Adherence to prevention programs is essential, so they can be included as
part of the warm-up. Other strategies such as training load control, functional assessment, or rule
modification are not used in the included articles, so their effectiveness as prophylactic methods
could not be justified.

Keywords: injury prevention; basketball; general injuries; ankle sprain; anterior cruciate ligament
injury

1. Introduction

Basketball is a widely popular sport globally but carries a significant injury risk.
Statistics show that one in three young athletes and adults experience injuries requiring
medical attention or causing missed practice annually [1,2]. Therefore, creating effective
injury prevention programs is crucial [3].

In high-demand sports like basketball, the injury risk is elevated due to intense actions
such as jumps, changes of direction (CODs), accelerations, and decelerations [1,4]. Despite
the decreasing physical demands from the first to the last quarter of a game, fatigue
diminishes joint stability and negatively impacts single-leg postural control, ankle joint
position sense, and peroneus longus reaction time, increasing the risk of injury during
CODs [5-7].
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In basketball, the injury rate (injuries/hours of practice) is higher in competition in
senior (IRR = 2.02; 95% CI = 1.90, 2.14) and young athletes (IRR = 2.38; 95% CI = 2.22,
2.56). The most common injuries are in the lower limbs, particularly ankle sprains and
anterior cruciate ligament (ACL) tears [4,8-11]. Women are up to three times more likely
to suffer ACL injuries due to anatomical, neuromuscular, and hormonal factors [11,12].
The most common injury mechanisms are training overload, landings, or contact with
another athlete [4,9,10]. Ankle injury rates are between 1 and 5.2 per 1000 practice hours for
both sexes, with 90% being sprains [2]. The most common are those of the external lateral
ligament. The main risk factor is a previous injury. Frequent mechanisms include ankle
inversion [13]. Recovery from an ACL injury typically spans over 9 months, sometimes
extending to 12 months [14,15]. These injuries usually occur without contact, with common
mechanisms being internal rotation and valgus of the knee, in extension, during CODs
or landings [16,17]. Numerous anatomical and neuromuscular factors are associated with
these injuries [18].

Sports injuries are a multifactorial phenomenon [19], so the approach should encom-
pass different prophylactic strategies. The most studied measure in the scientific literature
is training programs, although others such as load control, functional assessment, the
modification of regulations, or the use of certain equipment are proposed.

Several training methods, such as strength, proprioceptive, stability, and motor control
training, have been studied as preventive measures. Neuromuscular training, a term in
the scientific literature, groups these methods with agility and movement quality training.
Studies show these programs effectively reduce injury incidence [3]. One major problem is
adherence, but incorporating various preventive stimuli into warm-ups can generate high
adherence and establish a useful routine for athletes [3].

Another preventive measure is training load management [3]. Research links match
loads to injury rates among NBA players [20], but Ferioli et al. found no association be-
tween internal loads and non-contact injuries, suggesting limited predictive reliability [21].
Gabbett and others argue that injuries are more likely when athletes face unfamiliar loads,
especially if acute loads significantly exceed chronic (cumulative) loads [22,23].

Another method proposed is functional assessment to identify deficits, asymmetries,
and imbalances, aiming to mitigate intrinsic risk factors and reduce injury risk. The
Functional Movement Screen (FMS) is widely utilized for this purpose. While some studies
support its validity in assessing injury likelihood [24], others suggest its predictive and
preventive abilities are limited [24-28]. The reliability of this system remains unclear.

Apart from training control, measures also include equipment modifications. Special-
ized sports equipment and protective gear, like footwear and ankle tapes commonly used
in basketball, are employed to reduce injury rates [3].

Additionally, there are ongoing efforts to develop advanced technology-based models.
These include mathematical algorithms based on motion patterns [29] and even robotic
systems [30]. Advanced motion capture systems [31,32] are also being explored, although
further development and research are needed in these areas.

After reviewing the literature, it has been found that there are different strategies to
reduce injury rates. Therefore, the aim of this work is to carry out a systematic review
to establish the current evidence regarding injury prevention programs, based on train-
ing methods or other strategies, and their effectiveness in reducing (1) general injuries,
(2) ankle sprains, and (3) ACL injuries in non-recreational basketball players, those at the
competitive level.

2. Materials and Methods
2.1. Study Design and Search Strategy

A systematic review was conducted following the guidelines of the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement [33]. The
search was conducted between 25 September 2023 and 8 October 2023. The PubMed,
SPORTDiscus, and Cochrane Central Register of Controlled Trials (Cochrane) databases
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were reviewed. The search engine used was the following: (“anterior cruciate liga-
ment” OR “ACL” OR “ankle sprain” OR “injury*”) AND (“prevent*” OR “training
load”) AND “basketball”. The filters “Abstract/Title” in SPORTDiscus and Pubmed and
“Abstract/Title/Keywords” in Cochrane and the criterion that all the papers were in
the English language were used to narrow the search. In addition, the filter “scientific
publications” was selected in SPORTDiscus.

2.2. Inclusion Criteria

The studies included in the review were selected based on the following criteria:
(A) Published scientific articles. (B) Randomized controlled trials or prospective studies
in which there is a comparison with other groups. (C) The study population was both
male and female basketball players, for school and senior age, if it was competitive or
if the study population included other sports, and if the results were shown separately
for each sport. (D) Intervention measures aimed to reduce injury incidence. (E) The
training program, including various parameters such as frequency, duration, and exercise
types, as well as the measures implemented (equipment, regulations, and training load
control), were comprehensively detailed and explained. (F) Data on injury incidence
were accessible, along with information on hazard ratios (HRs), relative risk (RR), odds
ratios (ORs), or similar measures. (G) The articles were in English, and both the abstract
and full text were accessible.

Prospective studies were included; given that, in high-level teams, it is complicated to
obtain samples in which a control group can be used or to randomize training programs,
prospective or non-randomized studies could also be of interest. Case studies and studies
with samples of Paralympic athletes or wheelchair basketball were not included.

If there were doubts about whether to include an article in the review, two parallel
actions were taken: Consult with a co-reviewer to ensure impartiality and leverage their
expertise. Conduct an independent double review with two independent expert reviewers
on the condition that both reviewers agree on its inclusion or exclusion.

2.3. Quality Assessment

The studies that were finally included in the review were analyzed with a modified
version of the Reach Efficacy Adoption Implementation Maintenance (RE-AIM) framework
tool. The original version consists of 31 items; however, for this paper, an adapted version
was employed with 10 items specifically designed for the prevention of sports injuries,
similar to the one used by Taylor et al. [34,35] (see Appendix A, Table Al).

2.4. Data, Variables, and Measures Reviewed

All data used for the review were extracted directly from the studies reviewed without
further analysis. The main variables sought in the studies were both injuries, mainly ankle
sprains and ACL injuries, and their severity. The usual measures were the injury index
(number of injuries/1000 h of exposure) and others to compare injury indices between
groups such as the hazard ratio (HR), relative risk (RR), odds ratio (OR), Absolute Risk
Ratio (ARR), and Number Needed to Treat (NNT).

3. Results

A total of 964 results in the literature were identified in the search, distributed across
different databases: 504 in PubMed, 141 in Cochrane, and 318 in SPORTDiscus, with 1
additional article found in the systematic review by Taylor et al. [35]. After removing
283 duplicates, the remaining 681 records were further assessed. Out of these, 644 were
excluded. Subsequently, we conducted a thorough evaluation of the remaining 37, leading
to the exclusion of 23 due to non-compliance with one or more inclusion criteria (see
Figure 1).
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Figure 1. Flow diagram of study identification.

The remaining 14 articles met the inclusion criteria [36—48]. Table 1 shows the included
studies, details of the sample, and the intervention performed, as well as the results and
conclusions obtained. In some studies, additional variables unrelated to injury incidence or
severity, such as performance indicators in various tests or functional assessment results,
were analyzed but not considered. Data referring to other sports studied in the studies
analyzed were not recorded either. Out of these 14 studies, 11 are specific to basketball and
another 3 of them combine players from various sports in the sample. Of the latter 3, only
the data referring to basketball players were analyzed. With regard to the search objectives,
8 out of the 14 studies show data on general injuries, 7 of them on ankle sprains, and 3 on
ACL. The average quality score of the articles obtained in the RE-AIM was 4.57 out of 10
(see Appendix A).
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Table 1. Summary of included articles.

Author

Aim

Sample

Intervention Protocol

Outcome Measurement

Conclusion

Aerts et al. [36]

To evaluate the applicability
of a jump-landing training
program in basketball players
using RE-AIM.

24 teams from the Belgian
national second division and
regional divisions in Flanders

(Belgium) aged between 15 and
41, male (n = 129) or female
(n = 114) athletes.

3-month exercise program based
on jumping and landing 2 days a
week for 10 min.
5 plyometric/strength body weight
exercises x 8-10 reps each day.

Injury incidence in the control
group was higher
(rate = 5.4/1000 h) than in the
intervention group
(rate = 3.6/1000 h) (HR = 0.40
[95% CI = 0.16-0.99]).

It is an effective program for
the prevention of lower limb
injuries in basketball players.

Emery et al. [41]

To examine the effectiveness
of a stability training
program in reducing injuries
in adolescent
basketball players.

920 basketball players between
12 and 18 years of age, male
(n = 464) and female (n = 456).

5 min stabilization exercise
program during warm-ups using
Wobble Board equipment each
training day.

20 min home workouts, 5 days a
week, for 1 year.

The protective effect found with
regard to all injuries (RR =[0.8 95%
CI; 0.57-1.11]), lower extremity
injury (RR = 0.83 [95% CT;
0.57-1.19]), and ankle sprain injury
(RR = 0.71 [95% CT; 0.45-1.13])
were not statistically significant.
Compliance with the program was
low (298/494 or 60.3%).

Basketball-specific balance
training program was
effective in reducing acute
injuries in high
school basketball.

Barber-Foss et al.

[37]

To determine the effects of a
neuromuscular training
program in high school and
middle school athletes in
3 sports (basketball,
volleyball, and soccer), both
in all injuries and in knee and
ankle injuries.

474 girls (222 middle school,
252 high school;
age =14.0 £ 1.7 years,
height = 161.0 £ 8.1 cm,
weight = 55.4 + 12.2 kg)

Neuromuscular training program
2-3 sessions per week of 10-25 min
13 bodyweight core, stabilization,
and strength exercises
8-15 reps, 1-2 sets.

Regarding the basketball group:
The overall injury incidence was
lower for the intervention group
(rate =4.99/1000 h) than in the
control group (rate = 7.22/
1000 h). ARR =40 (95% CI =0.92,
4.54). Specific injury data for
each sport are not displayed.

Neuromuscular core and
stabilization training has a
beneficial protective effect on
injury incidence,
demonstrated at all levels of
competition.

Cumps et al. [40]

To examine the efficacy of a
22-week stability and balance
training program on the
incidence of lateral
ankle sprains.

54 athletes, male (n = 37) and

female (n = 17) (control, n = 27,

18.0 £ 2.7 years; intervention,
n=26,17.7 £ 3.9 years).

22-week training program using
semi-globes (stabilization
semi-globes), 3 days a week.

4 exercises each day, with
variations in different positions
Dribbling, passing, standing, and
Aberdeen exercises on a bosu.

No significant differences were
found, 3.54/1000 in the control
group (95% CI: 1.23-5.85) and
1.19/1000 (95% CI: 0.15-2.25) in
the intervention group.
Analyzing the relative risk,
significant differences were
found in the intervention group
with respect to the control group
(RR =0.30 [95% CI: 0.11-0.84])
and also in men (RR = 0.29
[95% CI: 0.09-0.93]).

Balance or stability training
should be included as a part
of the basketball players’
routine 2-3 times a week with
a duration of 5 to 15 min.
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Author Aim

Sample

Intervention Protocol

Outcome Measurement

Conclusion

To investigate the
effectiveness of a
multi-station proprioceptive
training program in reducing
the incidence of
ankle sprains.

Eils et al. [49]

172 athletes (103 men and
69 women) from the seventh to
the first German basketball
division (professionals).

Ankle stability training (balance,
passing ball, landing,
single-leg jumping)

Once a week and consisted of
6 exercises, for 20 min.

Higher incidence in the control
group (1.66/1000 h vs. 4.69/
1000 h, p = 0.012). Logistic
regression was used to evaluate
the risk of injury in the
intervention group with respect
to the control group. Odds ratio
(OR) = 0.355 for the intervention
group (OR = 0.355, [95%

CI =0.151-0.835, p = 0.018]).

A multi-station
proprioceptive training
program reduces the
incidence of ankle sprains.

To evaluate the effectiveness
of a neuromuscular training
program in elite female
basketball players.

Bonato et al. [39]

160 female Italian players over
18 years of age from a total of
15 teams.

Neuromuscular training with body
weight, 2-3 sets.

4 general strength exercises,
2-3 sets, 5-12 reps, or 30" isometric.
4 plyometric exercises, 1-3 sets,
12-20 reps.

Speed and agility exercises,

4 basketball courts.

Injury incidence was lower for
the experimental group with
respect to the control group
(rate = 1.66 vs. 4.69). There were
significant differences for knee
sprains (p = 0.037) and ACL
(p = 0.038). There were no
significant differences for ankle
sprains (p = 0.507) and other
types of discomfort such as
muscular pain, lumbar pain, etc.

Self-weight neuromuscular
training included in warm-up
routines reduces the
incidence of injury in elite
female basketball players.

To evaluate whether lace-up
ankle braces reduce the
incidence and severity of
ankle sprains in high school
basketball players.

McGuine et al.
[44]

The sample was 1460, male
(n =724) and female (n = 736)

high school basketball players.

Participants wore lace-up anklets
throughout the 2009-2010 season.

The incidence was higher in the
control group (rate = 1.41/1000 h)
than in the experimental group
(rate = 0.47/1000 h) (HR = 0.32
(95% CI = 0.20-0.52; p < 0.01]).
For players with previous
sprains, the prevalence was
higher in the control group
(rate = 1.79/1000 h) than in the
experimental (rate = 0.83/1000 h)
(HR = 0.39 [95% CI = 0.17-0.90;
p <0.01])

The use of lace-up ankle
braces reduces the incidence,
but not the severity, of ankle

sprains in both previously
uninjured basketball players
and those who have already

suffered an ankle sprain.
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Author Aim

Sample

Intervention Protocol

Outcome Measurement

Conclusion

To determine the influence of
shoe type on the incidence of
ankle sprains.

Barret et al. [38]

569 college basketball players
(91.7% men and 8.3% women)

Use of the assigned shoes
throughout the season.
High-top shoes or low-top shoes.

The incidence was 4.80/1000 h in
high-top shoes, 4.06 x 10/1000 h
in low-top shoes, and 2.69/
1000 h in high-top shoes with
inner tubes. There were no
significant differences.

There is no strong
relationship between the type
of athletic footwear and the
incidence of ankle sprains.

To evaluate the effectiveness
of the FIFA 11+ program in
the prevention of injuries in

basketball players.

Longo et al. [43]

The sample consisted of
121 male players of all
categories from U12 to senior.

FIFA 11+ program in warm-ups for
9 months.
5 running technique exercises
6 strength exercises,
2-3 sets x 10 reps, or 20-30 s
3 jumping exercises, 3 sets each one
across the court.
3 single-leg balance
exercises x 2-3 sets each one

In the intervention group, injury
rates were lower than those in the
control group for general (0.95 vs.
2.16; p = 0.0004), training (0.14 vs.
0.76; p = 0. 007), lower extremity
(0.68 vs. 1.4; p = 0.022), acute
(0.61 vs. 1.91; p < 0.0001), and
severe (0 vs. 0.51; p = 0.004), for
trunk (0. 07 vs. 0.51; p = 0.013),
leg (0 vs. 0.38; p = 0.007), and hip
and groin (0 vs. 0.25; p = 0.023)
compared to the control group.

Although the rate of knee and
ankle injuries was not
reduced, FIFA 11+ was able
to reduce the severity of such
injuries and the prevalence of
overall and general lower
extremity injuries. The FIFA
11+ warm-up program is
effective in preventing
injuries in elite male
basketball players.

To test the effect of a knee
ligament injury prevention
program with respect to the
incidence of non-contact
ACL injuries.

Pfeiffer et al. [46]

The sample consisted of
1439 female high school soccer,
basketball, and
volleyball players.

Performed a plyometric-based
training program twice a week
throughout the season.
4-6 plyometric exercises each
session.

In the case of female basketball
players, there was a very similar
incidence between the control
group (rate = 0.111/1000 h) and
the experimental group
(0.167/1000 h), and the difference
was not significant. The odds
ratio for all sports was not
significant (OR = 2.05, p > 0.05),
although the study does not
present specific data for female
basketball players.

A 20 min program based on
plyometrics, landing, and
decelerative mechanics
performed twice a week does
not reduce the risk of ACL
injury in high school athletes.
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Author

Aim

Sample

Intervention Protocol

Outcome Measurement

Conclusion

Omi et al. [45]

To determine the effect of a
training program based on
joint work on ACL injury
incidence in female
basketball players.

The sample was 309 female
basketball players, NCAA
Division II college athletes.

Incorporated a 3-day-a-week body
weight training program.
5 strength exercises,
2 sets x 10-20 reps,
or 30" isometric
4 jump landing exercises x 10 reps.
2 balance exercises x
2 sets x 20-30 reps.

The incidence of all ACL lesions
was higher in the observation
period (rate = 0.25/1000 h) than in
the intervention period
(rate = 0.1/1000 h). The relative
risk was much lower (RR = 0.38;
95% CI, 0.17-0.87; p = 0.017) with
ARR (0.032, 95% CI, 0.027-0.037)

and NNT (31.6, 95% CI, 27.1-37.7).

With respect to non-contact ACL
injuries, the incidence in the
intervention period was lower
(rate = 0.08/1000 h) than in the
observation period
(rate = 0.21/1000 h) with a relative
risk reduction (RR = 0.37; 95% (I,
0.15-0.92; p = 0.026), and with
ARR and NNT values of 0.024
(95% CI, 0.020-0.029) and 41.3
(95% (I, 34.6-51.3), respectively.

A hip-focused training
program demonstrates
significant reductions in the
incidence of injury in female
basketball players.

Hewett et al. [42]

To evaluate the effect of a
neuromuscular training
program on the incidence of
knee injuries in female soccer,
basketball, and
volleyball players.

The basketball sample
consisted of 273 female players,
all of whom were of high
school age.

Program based on plyometrics
during the preseason.
7-9 plyometric exercises, 20-30 s,
or 5-10 reps

Examining non-contact injuries, a
trend (p = 0.019) emerged,
suggesting fewer injuries among
trained female basketball players
compared to those without
training. Notably, the incidence
of non-contact injuries in trained
female athletes closely resembled
that observed in males.

There are fewer non-contact
injuries in female basketball
players after performing a
plyometric-based
neuromuscular
training program.
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Author

Aim

Sample

Intervention Protocol

Outcome Measurement

Conclusion

Stojanovic et al.
[47]

To analyze the effect of a
warm-up based on
neuromuscular training on
the prevention of lower
limb injuries.

The sample consisted of
57 players (male: n = 42;
female: n = 15) between 18 and

29 years old in the
regional category.

The warm-up combined
the following:
5 running technique
exercises x 2 sets.
2 agility exercises x 2 sets.
10 plyometric, balance, and

strength exercises, 2 sets each one.

The intervention group
experienced a significantly lower
incidence rate of ankle sprain
(IRR = 0.26, 95% CI = 0.05, 0.98,
p =0.02) and a lower incidence
rate of knee injury (IRR = 0.32,
95% CI =0.03,1.78, p = 0.07)
compared to the control group.
With respect to general
non-contact injuries, the
intervention group experienced a
significantly lower incidence rate
compared to the control group
(IRR = 0.26, 95% CI = 0.05, 0.98,
p <0.001).

Warm-up based on a
multicomponent training
program reduces the risk of
lower limb injuries, more
specifically ankle sprains and
knee sprains in
basketball players.

Emery et al. [48]

To evaluate the effectiveness

of a warm-up based on
neuromuscular training on
the incidence of ankle and
knee injuries in
basketball players.

Players between 11 and
18 years old from

sixty-three teams (male:
n = 442; female: n = 367).

The training program combined
the following:
4 endurance exercises,
2 agility exercises,
5 strength exercises,
and 2 balance exercises.

The SHRed injuries basketball
program was effective against
knee and ankle injuries
(IRR = 0.64; 95% confidence
interval (CI): 0.51, 0.79).
There was no significant
difference between the
unsupervised group (IRR = 0.62;
95% CI: 0.47, 0.83) and the
supervised group (IRR = 0.64;
95% CI: 0.49, 0.85).

The SHRed injuries
basketball program is
associated with a 36%

reduction in injury incidence.
Neuromuscular training
programs for basketball
players are recommended as
a minimum standard to
be met.

ACL = anterior cruciate ligament; ARR = Absolute Risk Ratio; CI = confidence interval; cm = centimeters; HR = hazard ratio; h = hour; IRR = Incidence Rate Ratio; NCAA = National
Collegiate Athletic Association; NNT = Number Needed to Treat; OR = odds ratio; reps = repetitions; RR = risk ratio; s = seconds.



J. Clin. Med. 2024, 13, 4912

10 of 20

3.1. General Injuries

Out of the eight papers included, six of these show positive results, with five of them
using neuromuscular training programs.

Good results were seen with a program based on neuromuscular core, stabilization,
and strength training performed 3 days a week in the preseason and 2 days during the
season [37] (4.99/1000 h vs. 7.72/1000 h; ARR = 40 [95% CI = 0.92, 4.54]). The work
of Bonato et al. showed that even using warm-ups throughout the season that include
neuromuscular exercise, in this case, mobility, strength, plyometrics, and agility, can be
helpful in reducing injury rates (1.66,/1000 h vs. 4.69/1000 h, p = 0.012) [39]. The work
of Emery et al., in which a program based on strength, agility, stability, and endurance
exercises was performed, was also effective in reducing overall injuries to both ankle and
knee, even though the program is performed unsupervised, 3 days a week for at least
10 min [48].

The work of Longo et al. also showed that a neuromuscular warm-up such as FIFA
11+, which combines mobility, running, agility, strength, core, and stabilization exercises,
can significantly reduce overall injuries (0.95/1000 h vs. 2.16/1000 h; p = 0.0004), in
lower extremities, acute and severe injuries, and the trunk, hip, and groin. However,
there were no significant reductions in knee, ankle, and overuse injuries compared to the
control group [43]. Finally, the neuromuscular warm-up program used by Stojanovi¢ et al.,
which included dynamic stretching, strength, stability, balance, and plyometric exercises,
effectively succeeded in terms of reducing overall knee injuries (IRR = 0.32, 95% CI = 0.03,
1.78, p = 0.07) and overall non-contact lower body injuries (IRR = 0.26, 95% CI = 0.05, 0.98,
p < 0.001) [47].

Another program based on the jumping and landing technique, performed 2 days a
week for 10 min, can significantly reduce overall injury incidence (3.6/1000 h vs. 5.4/1000 h;
HR = 0.40 [95% CI = 0.16-0.99]) [36]. Similarly, Hewett et al. [42] showed that a plyometric
training program conducted during the preseason for 4-6 weeks significantly reduced ACL
injuries in females compared to those who did not participate. This program also included
strength training and agility exercises.

Other studies have not shown good results in reducing overall injuries. The work by
Emery et al. focusing on stability and mobility work also found no significant reductions in
overall (RR = 0.8 [95% CI 0.57-1.11]) or lower limb (RR = 0.83 [95% CI 0.57-1.19]) injury
rates [41].

3.2. Ankle Sprains

There are seven studies included in the review that analyze ankle sprains, five of them
using training methods and two using sports equipment.

With regard to training methods, the Cumps et al. study showed significant risk
reductions in the overall group (RR = 0.30 [95% CI: 0.11-0.84]) [40] after performing a
22-week ankle joint stability training program using stabilization semi-globes. Analytical
ankle stabilization exercises (such as balancing and landing) without equipment on a
multi-station circuit performed throughout the season are also effective in reducing injury
incidence relative to a control group (1.66/1000 h vs. 4.69/1000 h, p = 0.012; OR = 0.355,
[95% CI = 0.151-0.835, p = 0.018]) [49]. However, another training program focusing
on analytical ankle stability using a stabilization platform (Wobble Board) did not yield
significantly positive results [41].

Regarding neuromuscular training, the work of Bonato et al. [39], which involved
significant reductions in terms of overall injuries, did not obtain the same results in terms of
ankle sprains (p = 0.507). In contrast, the work of Stojanovi¢ et al. obtained results opposite
to the previously mentioned work. In this case, a warm-up based on neuromuscular work
that included strength, agility, balance, plyometrics, and mobility exercises did lead to a
reduction in ankle injury incidence [47].

Other types of injury prevention methods have been analyzed. The use of lace-up
ankle braces for a whole season has been shown to be effective with respect to a control
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group (0.47/1000 h vs. 1.41/1000 h; HR = 0.32 [95% CI = 0.20-0.52; p < 0.01]) and even with
players with previous sprains (0.83/1000 h vs. 1.79/1000 h; HR = 0.39 [95% CI = 0.17-0.90;
p < 0.01]) [44]. Shoe type appears to not influence the incidence of ankle sprains [38].

3.3. Anterior Cruciate Ligament

Three studies specifically analyze anterior cruciate ligaments.

One of them is the work of Bonato et al. [39], which included strength, mobility,
plyometric, and agility exercises. The training program was effective in reducing knee
sprains and specifically ACL injuries (p = 0.038).

Similarly, Omi et al. [45] based their program on the combination of different training
contents such as strengthening exercises, and others such as plyometrics and landings, and
stability exercises. Similarly, it has shown very positive results with regard to ACL injuries.
In this study, the same sample underwent two periods: an observation and an intervention
period. During the intervention period, there was a lower injury incidence, and statistical
indicators demonstrated a reduced risk for all ACL injuries (0.1/1000 h vs. 0.25/1000 h;
RR = 0.38; [95% CI, 0.17-0.87; p = 0.017]; ARR = 0. 032 [95% CI, 0.027-0.037]; and NNT = 31.6
[95% CI, 27.1-37.7]) as for non-contact ACL injuries (0.08/1000 h vs. 0.21/1000 h; RR = 0.37
[95% CI, 0.15-0.92; p = 0.026]; ARR = 0.024 [95% CI, 0.020-0.029]; and NNT = 41.3 [95% CI,
34.6-51.3]).

In contrast, the work of Pfeiffer et al. [46] based on a training program of plyometrics,
landings, and decelerative movement mechanics yielded negative results. The study
involved female basketball, soccer, and volleyball players. The differences between the
control and experimental groups in the basketball subgroup were not significant, indicating
that this twice-weekly program was ineffective in preventing non-contact ACL injuries.

3.4. Sex

The general injury studies analyzed include samples of both sexes, in some cases
together and in others only female players, showing positive results in both cases. The
work by Emery et al. [41] showed that sex did not modify the effect of the training program,
but that, nevertheless, regardless of the study group (control or experimental), the relative
risk was higher for women compared to men for general injuries (RR = 1.64 [95% CI;
1.14-2.33]). Another work by Emery et al. also showed that sex had no influence on the
effect of a neuromuscular training program on reducing the incidence of ankle sprains [48].
Finally, Hewett et al. [42] found differences in knee injury incidence among trained women,
untrained women, and the control group of trained men in a basketball sample.

Regarding ankle sprains, Cumps et al. found no significant differences between men
and women when analyzed separately [40]. Eils et al.’s study included both sexes but
presented combined results without specifying differences [49]. Similarly, McGuine et al.
analyzed the use of ankle braces without separating results by sex, preventing inference on
efficacy differences [44].

All the programs analyzed in the present review about ACL injury are conducted with
an exclusive sample of women.

3.5. Age

Emery et al. (14.0 & 1.7 years) and Barber Foss et al. (11-18 years) studied general
injuries in young players, suggesting multicomponent neuromuscular training is effective
for this group. Longo et al. included players of all categories, from under 12 to senior.
Stojanovic et al. and Bonato et al. focused on senior female athletes [37,39,43,47,48]. Aerts
et al. used a plyometrics, jumping, and landing technique program with male and female
players aged 1541 years [36].

Regarding ankle sprains, Cumps et al. studied athletes in school and university
(control group = 18.0 & 2.7 years; intervention group = 17.7 & 3.9 years), while Eils et al.
focused on senior players from the seventh to the first German division. McGuine et al.
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used ankle braces on high school athletes (16.0 £ 1.1 years), so the results are specific to
that group [40,44,49].

Finally, reviewing the studies analyzing ACL injuries with positive results, the player
samples used in both cases are from senior athletes over age [39,45].

3.6. Training Methods and Other Injury Prevention Strategies

Neuromuscular training programs are effective in the prevention of all types of injuries
and ACL injuries, and specific balance and stability programs are effective in the prevention
of ankle sprains. On the other hand, it has been commented that lace-up ankle braces have
also been shown to be effective in relation to ankle sprains. Other types of measures or
strategies have not been analyzed.

3.7. Quality Assessment of the Studies

The evaluation, using the modified 10-item version of RE-AIM, showed a mean of 4.57
out of 10, with values ranging from 2 to 8 points. The values obtained in each study can be
consulted in Appendix A, which contains the tables with the individual scores for each of
the items.

4. Discussion
4.1. General Injuries

As could be seen in the analyzed works, multicomponent training based on various
contents, known in the literature as neuromuscular training [3], is the most effective
for the reduction of general injuries. Strength training is included in all the programs
analyzed, although other contents are common in the vast majority such as stability or
core work, mobility, or, to a lesser extent, agility and plyometrics. On the other hand, it
has been observed that other programs, like those by Aerts et al. and Hewett et al., based
on plyometric training, are also effective. The Aerts et al. program included technical
jump and landing exercises, along with plyometrics. The Hewett et al. program not
only included the mentioned exercises but also involved strength and agility training,
making it more similar to the multifaceted programs discussed earlier. Therefore, mul-
ticomponent programs are not only effective, but they are also the ones that show the
most abundant evidence.

Some of these studies use the prevention program as a warm-up. As stated in the
Introduction [3], its inclusion as a warm-up is an appropriate strategy to promote adher-
ence. One of the fundamental aspects should be to try to carry out this type of program
throughout the season. The study by Emery et al. [41] did not show good results either.
However, the problem in this work was that compliance with the program was low (60.3%).
Therefore, in this case, it can also be seen that one of the fundamental variables is adherence
to the program, so if it is not maintained over time or is not carried out consistently, it
will not be effective in terms of prevention. Low adherence has been postulated as one of
the main risk factors that prevent a neuromuscular injury prevention program from being
successful [50,51].

Ultimately, multicomponent programs are effective in preventing general basketball
injuries and reducing injury rates. These programs should be performed 2-3 days a week,
lasting between 10 and 30 min, and should include mainly strength, stability, and mobility
work, as well as agility and plyometrics. They can be included as part of the warm-up
and be performed in every training session, which will promote adherence to the program.
Plyometric training in isolation seems to be effective as well, although the ideal scenario is
its incorporation within a multicomponent program.

4.2. Ankle Sprain

The results of the review show data on training methods and on the use of sports
equipment.
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In terms of training programs, two of the papers’ studies on analytical stability work
of the ankle joint show positive results, with the use of semi-globes and exercises without
material. Another of the programs, by Emery et al., in which the Wobble Board platforms
are analyzed, did not obtain good results. However, in this last work, compliance with the
program was low (298 out of 494 participants, or 60.3%), so this may be the cause of the
ineffectiveness of the training [41]. Regarding neuromuscular training, of the two papers
analyzed [39,47], only one was effective in reducing the incidence of sprains. Both programs
included strength, running, plyometric, mobility, and agility exercises, but only the program
by Stojanovic et al. included lower body stability exercises [47]. This could be the reason
for the difference in the effectiveness of both programs. Therefore, solid evidence on
neuromuscular training is lacking. Isolated ankle stability training appears to be the best
preventive method.

On the other hand, regarding sports equipment, lace-up ankle braces may be a good
option as seen in the results [44], although the type of shoe (low or high) seems to not
influence the results [38]. Another method contemplated that could be effective is the
use of a lateral patch (spraino low-friction shoe patch) that is placed on the shoe. This
method has shown efficacy in a reduction in a sample composed of basketball, handball,
and badminton players [52]. However, specific results for basketball players were not
shown, so their evidence cannot be accepted in the present review since it does not meet
the inclusion criteria.

It would be of great interest to analyze the joint efficacy of using analytical programs
for ankle stability, together with the use of ankle braces during the game. Another important
aspect to consider is whether the ankle braces should always be used. Different studies show
that the use of this implementation can modify both the range of motion (ROM) of the joint
and the muscle electromyographic (EMG) activity of the stabilizing musculature [53,54],
similar to what happens with ankle tapes [55,56]. If the constant use of both ankle braces
and bandages reduces both the ROM and the EMG activity, the use of these methods may
be inadvisable, or we should consider at what times they should be used. Perhaps it could
be interesting to study whether it is convenient to use it only in matches, moments after an
injury, or simply try to individualize each case.

In summary, training programs based on ankle joint stability and balance exercises
are effective. The frequency of work is between 1 and 3 days per week, with a duration of
between 5 and 20 min [40,49]. There is insufficient evidence to justify that multicomponent
neuromuscular programs reduce the risk of ankle sprains, given that of the two studies
analyzed only one showed positive results. With respect to other preventive strategies
such as material or protections [3], it appears that ankle braces may be of great efficacy, as
opposed to the type of footwear since the use of high-top or low-top shoes does not seem
important in terms of reducing the risk of ankle sprains.

4.3. Anterior Cruciate Ligament

It seems that multicomponent programs [39,45], understood as neuromuscular
training, are more effective in reducing ACL injury rates, as had been hypothesized [3].
The risk of suffering an ACL injury is multifactorial [18], so the approach from a neu-
romuscular program with different training content could try to reduce as many risk
factors as possible. Against this, the program based on landings and decelerative move-
ment mechanics included by Pfeiffer et al. did not obtain positive results [46]. This
analytical approach may not be the most appropriate when multifactorial risk should be
approached from a broader perspective.

There is no conclusive evidence regarding frequency and duration, but the study by
Bonato et al. suggests performing the program as a warm-up for every training session,
with a duration of 30 min (depending on the training days of each team), and the work
by Omi et al. suggests a frequency of 3 days per week with a duration of 20 min [39,45].
Therefore, neuromuscular training programs for the prevention of ACL injuries should
have a duration of 20-30 min being performed 3 days or more per week.
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The three studies analyzed are composed of female samples, so the evidence applies
to this population group of athletes. As discussed, ACL injury is much more prevalent in
women [11], which probably arouses greater research interest as it is the major cause found
in studies with samples of female athletes.

4.4. Sex

It appears that women have higher injury rates, both for general, ankle, and knee
injuries, but there is no clear evidence regarding whether they respond better or worse
to injury prevention programs based on neuromuscular training. Related to this, work
conducted with players of different sports showed that women could respond worse to
neuromuscular training programs [51]. Women do not seem to have higher injury rates,
except for ACL injuries, as shown in the meta-analysis by Zech et al. [57]. Therefore, the
differences in injury rates between men and women may be due to a worse response to
neuromuscular training programs.

With regard to ankle sprains, with the data from the present review, it appears that
ankle stability training programs are effective for both men and women. However, this
cannot be determined for the use of ankle braces, since the only paper that discusses this
does not show the results separated by sex.

As raised in the introduction, women tend to have a higher risk of ACL injury, and as
explained above, the included studies do not include men in the sample.

4.5. Age

It can be determined that neuromuscular training is effective for injury prevention in
both young player populations and senior athletes given the data collected in the present
review [37,39,43,47,48]. With regard to a program based on plyometrics and landing
technique, no differences can be extracted, nor can different age groups be compared for
the efficacy of this type of training [36].

The work of Eils et al. only uses senior athletes, and the work of Cumps et al. includes
university athletes as well as others in training age, although the mean age of the interven-
tion group is 17.7 years [40,49]. Therefore, training based on stabilization exercises seems
to be effective in the prevention of ankle sprains, regardless of age, although the evidence
is not strong.

Regarding ACL prevention programs, it is not possible to compare the efficacy of
neuromuscular programs between training and senior athletes, since the studies analyzed
do not include a sample of young athletes.

In summary, there is no scientific evidence to justify whether school-age athletes
respond better or worse to prevention strategies compared to professional athletes.

4.6. Methods and Other Injury Prevention Strategies

The studies analyzed have not addressed other measures discussed such as rule
modification or training load control [3]. The modification of regulations does not appear in
any of the analyzed studies, neither those excluded by inclusion criteria nor those discarded.
However, load control is mentioned in many of the discarded articles and in some of those
not included due to non-compliance with the criteria. The main problem found is that the
studies that analyze the relationship between load and injury incidence are descriptive.
Although the relationships between training and/or competitive load and injuries are high
and significant [20,58], there are no intervention studies that have shown reductions in
incidence when load control is carried out versus control groups or other periods of time in
which it is not controlled.

Therefore, the present review only supports training methods and the use of ankle
braces, but not other types of prophylactic measures or strategies.
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4.7. Neuromuscular Training Effects

It has been demonstrated that various training methods exert a protective effect on
injuries. This may be attributed to the acute or chronic effects that exercise can induce.

Neuromuscular training may induce acute physiological effects. These acute effects
may contribute to creating an enhanced state of sports performance that ensures the
athlete’s success. The mobility exercises performed as part of neuromuscular warm-ups
allow for an increase in the range of motion and elevation of muscle temperature [59].
Another effect achieved through warm-ups is the enhancement of muscular activity. This
can be explained by various factors. Improved activity of type Il muscle fibers is facilitated
by better utilization of phosphocreatine (PCr). There is also enhanced muscle contraction
conduction and increased efficiency of nerve impulses due to post-activation performance
enhancement (PAPE). These mechanisms might be accountable for the reduction in injury
risk. Strength, plyometric, and agility exercises, such as jumping and sprinting, influence
the activation of these mechanisms [60]. Notably, to enhance PAPE, incorporating exercises
with heavy weights or maximum isometric contractions could be beneficial [60]. However,
this kind of load has not been used in the gathered studies. It has been proven that core
exercises enhance stability through improved neuromuscular performance [61]. Another
benefit or acute effect attributed to neuromuscular training is the improvement in stability
in the single-leg squat test, along with a reduction in dynamic knee valgus, a key risk factor
for ACL injury [62]. The improvement in both general and single-leg stability may be
attributed to enhanced muscle coactivation, facilitated by improved electrical activity [63].

On the other hand, effects achieved through training can be chronic, meaning that the
benefit of reducing the risk of injury is attained over the medium to long term. A review
examining the effects of various training programs incorporating FIFA 11+ revealed several
benefits, including improvements in concentric and eccentric strength, enhanced agility
in various tests, improved core muscle function, reduced dynamic knee valgus, increased
ankle and hamstring mobility, sprinting ability, and coordination [64]. Another review
examining neuromuscular training programs showed improvements in stability, agility,
explosive strength, proprioceptive capacity, sprinting, and jumping [65]. The enhancement
of athletic performance across different physical capacities may contribute to a reduction in
the risk of injury.

5. Conclusions

Neuromuscular training programs that include various training contents, such as
mainly strength, stability and core work, mobility, and agility, reduce the risk of general
injuries in basketball players of any age and sex. For the program to be effective it should
have a minimum frequency of 3 days a week, with 20 min of duration, up to a maximum of
30 min performed in each training session, being effective in both young and adult athletes.
These same programs are effective for the reduction of ACL injuries in adult women.

In the case of ankle sprains, specific programs focused on ankle joint balance, control,
and stability are effective in adult and young players for the prevention of this type of injury,
with a frequency of 1-3 days a week and a minimum duration of 5 min and a maximum of
20 min. The use of ankle braces with laces is also effective.

For training programs to be effective, it is essential to maintain them over time and to
achieve adherence to them. One of the most appropriate strategies is to use the programs
as a warm-up or as part of it.

6. Practical Applications

Basketball teams should include in their warm-up routine, both for training and games,
an exercise program that includes strength, stability or core, mobility, and agility work,
as well as specific analytical exercises for ankle stabilization (see Table 2). This program
should aim to reduce the incidence of injury and should be complementary to training that
aims to improve the technical, tactical, and physical performance of the players. The use of
ankle braces with laces can be a recommended strategy to be used in matches.
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Table 2. Warm-up program.

Part 1. Mobility (about 2-3 min)

SO IR

90-90 hip (1 set x 8 reps)

Half kneeling ankle mobility (1 set x 8 reps each side)
Half kneeling hamstring mobility (1 set x 8 reps each side)
Squat with thoracic rotation (1 set x 6 reps each side)
Cat—camel (1 set x 8 reps)

Part 2. Strength, core, and ankle stabilization (about 5-7 min)

6.
7.
8.
9

10.
11.
12.
13.
14.

Single-leg deadlift (2 sets x 8 reps each side)

Isometric lunge (2 sets x 15" seconds each side)

Miniband monster walk (1 set X 6 steps each side)

Miniband front raises pulses (1 set x 4 reps)

Overhead Pallof press in pairs with teammate (1 set x 5 reps each side)
Single-leg stabilization passing with teammate (1 set x 8 reps each side)
Bear crawl shoulder touches (2 sets x 8 reps each side)

Abduction side plank (1 set x 10-15" seconds each side)

Skater jumps (2 sets x 6 reps each side)

Part 3. Agility (running technique drills and plyometrics) (about 4-6 min)

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

Skipping (1 set, jog back)

Russian skipping (1 set, jog back)

Combined skipping: 1 leg skipping, 1 leg Russian skipping (1 set each leg, jog back)
Lateral “shuffle” step (1 set each leg, jog back)

Lateral “cross” step (1 set each leg, jog back)

Running backward (1 set, jog back)

Ankle jumps (2 sets, jog back)

Start from plyo step + sidestep (1 set each side, jog back)
Start from hip turn + sidestep (1 set each side, jog back)
Horizontal jumps (1 set X 6 reps.)

Single-leg hop jumps (1 set each leg x 5 jumps)
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Appendix A
Table Al. RE-AIM.
First Author. Reference Aerts Emery Barber— Cumps  Eils Bonato McGuine Barrett Longo  Pfeiffer Omi Hewett  Stojanovic  Emery
’ [36] [41] Foss [37] [40] [49] [39] [44] [38] [43] [46] [45] [42] [47] [48]
Did the study report the % of potential participants
who were excluded OR the characteristics of Yes Yes No No Yes Yes No Yes Yes No No No No Yes
participants who were excluded?
Was the {o of individuals participating ba§ed on a valid Yes Yes Yes No Yes Yes Yes Yes Yes Yes No No Yes No
denominator reported [not volunteers interested]?
Were the chara.cFerlstlcs of the participants compared Yes No Yes No Yes Yes Yes Yes No No Yes No Yes Yes
to non-participants or to the target population?
. Wasa measure of the primary outcome with or Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
without comparison to a public health goal reported?
Was any within-group analysis conducted that allowed
researchers to draw conclusions about how different No Yes Yes No No No No Yes No Yes No Yes No Yes
subgroups responded?
: o - .
Did the study report the % of potential settings that Yes Yes No No No No Yes No No No No No No No
were excluded OR reasons for exclusions?
Did the study report the % of settings accepting
participation? The denominator should not be Yes Yes No No No No Yes No Yes No No No No No
volunteers indicating interest.
Were the characteristics of those settings choosing to
participate and those unwilling to Yes No No No No Yes No No No No No No No No
participate described?
o . .
Was the % of perfect delivery or sessions completed Yes No Yes Yes No Yes No Yes Yes No Yes No Yes Yes
reported [e.g., adherence or consistency]?
Was a measure of the primary outcome [with or
without comparison to a public health goal] at >6
months after the final intervention by the study’s No No No No No No No No No No No Yes No No
researchers reported?
TOTAL 8 6 5 2 4 6 5 6 5 2 3 3 4 5
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