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The implementation gap in anterior cruciate ligament
prevention programs—From evidence to everyday

practice

Abstract

Anterior cruciate ligament (ACL) injury remains one of
the most impactful injuries in pivoting sports, with non-
contact mechanisms accounting for the majority of
cases and offering a clear target for prevention. Robust
evidence—including multiple Level 1 meta-analyses—
demonstrates that structured neuromuscular training
(NMT) programs can reduce ACL injury rates by
approximately 50%, particularly among youth and
female athletes. Effective programs are multi-
component, integrate strength, plyometrics, agility,
balance and movement-quality feedback, and require
adequate training dose and in-season continuity.
Despite this well-established evidence base, real-
world implementation remains limited. Coaches and
sports organisations frequently report barriers such as
time constraints, competing performance priorities and
low confidence in delivering prevention exercises. This
disconnect reflects a broader implementation gap:
while we know what works, we are not consistently
doing it. Insights from implementation science, includ-
ing JBl's phased models, facilitation strategies and
context-driven frameworks, provide a roadmap for
translating evidence into sustained practice. Reframing
prevention as performance-enhancing movement
training and embedding programs such as the ESSKA
‘Prevention for All' initiative into coaching pathways
and club standards are essential system-level strate-
gies. The priority is no longer proving efficacy, but
achieving widespread, high-fidelity implementation so
that ACL prevention becomes a routine component of
athlete preparation.
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For a quarter of a century anterior cruciate ligament (ACL)
injury remains one of the most serious and costly injuries
in pivoting sports. The burden is not only acute and
requires mostly surgical reconstruction but results in long-
term pain, instability, early osteoarthritis and an increased
risk of subsequent knee surgery [6, 9, 22]. Epidemiologi-
cal work across team ball sports has confirmed that non-
contact and indirect-contact mechanisms account for the
maijority of ACL ruptures, often around two-thirds to three-
quarters of all cases, particularly in female athletes. These
injuries usually occur during rapid decelerations, cutting
manoeuvres or single-leg landings, where unfavourable
biomechanics—such as dynamic knee valgus, limited
knee flexion, internal tibial rotation and trunk lateral
flexion—expose the ACL to high loads [7].

This predominance of non-contact mechanisms is
precisely what makes ACL injury such an attractive and
important target for prevention. Non-contact ACL rup-
tures are strongly linked to modifiable risk factors:
neuromuscular control deficits, strength imbalances
(especially relatively weak hamstrings and hip abduc-
tors), poor movement technique and fatigue. Over the
last two decades, a large body evidence, including
Level 1 meta-analyses has shown that structured
neuromuscular training (NMT) programs can reduce
ACL injury rates by roughly half, particularly in youth
and young female athletes participating in high-risk
sports [5, 23, 24]. The approach is continuously taken
up, like in the rather new ESSKA-ACL Prevention for all
program, which is now being implemented across
Europe [15].

Yet, despite this compelling evidence, implementa-
tion in everyday sport practice is still limited and
inconsistent. The science of what works is well estab-
lished; the science of how to embed what works into
real-world systems is still catching up.

Abbreviations: AASPT, American Academy of Sports Physical Therapy; ACL, anterior cruciate ligament; AOSSM, American Orthopaedic Society for Sports
Medicine; ClI, confidence interval; ESMA, European Sports Medicine Associates; ESSKA, European Society of Sports Traumatology, Knee Surgery and Arthroscopy;
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NON-CONTACT ACL INJURIES AS
THE KEY PREVENTION TARGET

It is broadly accepted, that lower extremity injury risk
reduction programmes focusing on neuromuscular
control exercises can be used to prevent overall lower
extremity injury [16]. Landmark work by Griffin and
colleagues already highlighted at the turn of the century
that approximately 70% of ACL injuries occur in non-
contact situations and laid out risk factors at the en-
vironmental, anatomical, hormonal and biomechanical
levels [7]. More recent high-quality epidemiological
data in team ball sports confirm this picture. It was re-
ported that non-contact ACL injuries represent more
than half of all ACL ruptures, with higher incidences in
female athletes and during match play compared to
training [3]. Hogberg et al. similarly found that the most
common ACL injury mechanism across a wide range of
sports is non-contact, with indirect contact also con-
tributing substantially in some collision sports [8].

Taken together, these data mean that a large propor-
tion of ACL injuries arise from mechanisms that are bio-
mechanically and neuromuscularly modifiable. This is
reflected in further meta-analyses of prevention programs:
Yoo et al. showed that pre- and in-season neuromuscular
training with an emphasis on plyometrics and strength-
ening significantly reduced ACL injuries in female athletes,
with the largest effects in those under 18 years [24]. A
clear dose—response relationship was demonstrated, with
higher neuromuscular training volumes associated with
greater reductions in ACL risk [20]. More recently, it was
reported that injury-prevention programs including plyo-
metric components reduced ACL injury rates by about
60% (injury rate ratio 0.40; 95% confidence interval [CI]:
0.26-0.63) [1]. Evidence-based best-practice guidelines
from a systematic review and meta-analysis in young
female athletes, again concluding that neuromuscular
programs can cut ACL injuries roughly in half when im-
plemented with sufficient frequency and quality [12]. The
number needed to treat in preventing one ACL rupture is
71 athletes [4].

In other words, if neuromuscular prevention pro-
grams were widely adopted and properly executed,
many non-contact ACL injuries could realistically be
avoided.

WHAT MAKES A GOOD ACL
PREVENTION PROGRAM?

The content and structure of an effective ACL preven-
tion program are now reasonably well defined. Across
trials and meta-analyses, programs with the greatest
protective effect share several core components [24].
First, they are multicomponent. Rather than focusing
solely on balance or stretching, effective programs com-
bine lower-limb and trunk strengthening, plyometric
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training with explicit technique emphasis, agility/change-
of-direction drills, balance/proprioceptive training and tar-
geted mobility with regard on situations where restrictions
impair safe motion. Strength work often targets the pos-
terior chain (hamstrings, gluteals) and hip abductors/ex-
ternal rotators, supporting better knee control in frontal
and transverse planes and avoiding dynamic dnee valgus
[17]. Plyometric drills and landing exercises are used to
reshape high-risk patterns—reducing stiff, extended, val-
gus landings and encouraging deeper hip and knee flex-
ion, trunk control and symmetrical loading. Balance and
proprioceptive tasks fine-tune neuromuscular responses,
while agility drills contextualise these mechanics under
sport-specific conditions.

Second, dosage and timing matter. Starting in the
pre-season and continuing at least two to three ses-
sions per week during the season is associated with
the largest risk reductions, whereas brief or pre-
season-only interventions are less protective [24].

Third, feedback on movement quality is crucial. It
was emphasised that programs which provide con-
sistent feedback on technique—verbal, visual or video-
based—are more effective [12]. Athletes need to know
not only what to do, but how to do it safely.

Fourth, integration into existing routines is a major
facilitator. Many of the most successful programs, such as
the FIFA 11+, were packaged as warm-ups of approxi-
mately 15—20 min. In collegiate male soccer it was shown
that the FIFA 11+ reduced overall injury rates by roughly
46% and significantly decreased ACL injuries when teams
adhered to the prescribed warm-up [19].

From a content perspective, we therefore know
quite precisely what a ‘good’ prevention program looks
like. The challenge lies less in designing the program
and more in achieving consistent, high-fidelity imple-
mentation at scale [15].

THE IMPLEMENTATION GAP:
WHERE EVIDENCE GETS LOST

There is a lack of awareness regarding injury prevention
concepts among sports medicine professionals [21].
Despite robust evidence, many youth and community
teams do not implement these programs regularly.
Implementation research in sport has shown that coaches
frequently cite perceived lack of time, competing priorities,
doubts about performance relevance and limited confi-
dence in delivering neuromuscular exercises as reasons
for poor uptake. Therefore, broad implementation of pre-
vention programs (ensuring student-athletes receive
proper training), high-quality education (increasing
awareness across all relevant stakeholders), equitable
access (making sure every high school athlete—
regardless of school resources—can benefit from injury-
prevention measures), and strong stakeholder alignment
(bringing together schools, sports clubs, parents,
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coaches, and other groups toward a common goal) is
crucial to facilitate the general implementation [18].

Still, in practice, adherence often drops sharply after
the first weeks of the season.

This pattern is highly familiar from other clinical and
public-health domains and fits squarely into what JBI and
others describe as the implementation gap: the distance
between what we know and what we do. JBI has con-
tributed significantly to conceptualising and addressing
this gap. A 7-phase process model for JBI's approach to
evidence implementation, emphasising context assess-
ment, audit and feedback, facilitation and iterative eva-
luation was developed [13]. This was complemented by a
paper that provides a scaffold for selecting and applying
theoretical frameworks in evidence-implementation proj-
ects as exemplified for ACL prevention in Figure 1, high-
lighting that different contexts may require different
combinations of theories and strategies [11].

Lizarondo and colleagues subsequently synthe-
sised facilitators’ experiences in a qualitative system-
atic review, showing that facilitation is complex,
relational and resource-intensive. Effective facilitators
need protected time, skills in communication and
relationship-building, and strong organisational support
to optimise implementation outcomes [10]. Allu and
colleagues sufficiently illustrated how collaborative
implementation science can bring diverse stakeholders
together, create practical implementation tools and
support sustained practice change [2].

These insights are directly relevant for ACL pre-
vention. Simply publishing an exercise protocol or
running a one-off workshop is unlikely to achieve last-
ing change. Instead, sports organisations should
approach ACL prevention as a structured evidence-
implementation project: assessing local context and
barriers; engaging coaches, physiotherapists, athletes
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and club leaders; appointing and training facilitators or
‘prevention champions’; and establishing audit, feed-
back and monitoring systems.

FROM PREVENTION TO
PERFORMANCE: CHANGING THE
NARRATIVE

One of the most potent levers in practice is how pre-
vention is framed. If neuromuscular programs are
presented as ‘extra’ injury drills competing with ‘real’
training, they will lose out whenever time or attention is
tight. However, the same program can be framed as
performance-oriented movement training: enhancing
jump-landing quality, agility, stability, fatigue resistance
and long-term availability for selection.

This reframing aligns properly with the JBI emphasis
on context and stakeholder engagement. Athletes and
coaches care deeply about performance and player
availability. When they see that neuromuscular training
improves both, prevention becomes more relevant to
reach their primary goals rather than a competing agenda.
The ‘Prevention for Al ACL initiative from ESSKA ex-
plicitly adopts this approach, presenting neuromuscular
training as simple, accessible and performance-
supporting for all levels, from schools to elite sport [15].

SYSTEM-LEVEL STRATEGIES:
LEARNING FROM EVIDENCE
IMPLEMENTATION

The 2025 Editorial ‘Prevention of ACL injury is better than
repair or reconstruction—Implementing the ESSKA-
ESMA ‘Prevention for Al ACL programme’, is a clear call

Define the practice change: regular use of an evidence-

based neuromuscular warm-up in all teams.

Assess context and barriers: for example, limited
coach education, time pressure, or lack of access to
physiotherapists in community clubs.

Select tailored implementation strategies: integrate
prevention modules into coach and physiotherapists
licensing, provide ready-to-use digital tools, train local
facilitators and use simple audit-and-feedback

mechanisms.

Evaluate and adapt: monitor adherence, injury rates
and user feedback, and iteratively refine program
delivery rather than assuming a one-off rollout will

suffice.

FIGURE 1 Anterior cruciate ligament (ACL) prevention: an approach of getting research into practice.
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to move from rhetoric to system-level action. It highlights
the need for national and international bodies to embed
ACL prevention into coaching curricula, club standards
and youth development pathways, and not to leave
implementation to isolated enthusiasts.

Collaborative implementation science also reminds us
of the value of multi-stakeholder and team-based part-
nerships [14] clinicians, researchers, coaches, athletes
and administrators working together rather than in silos.

CONCLUSION FROM KNOWING TO
DOING

The key facts are no longer in doubt. Non-contact
mechanisms account for most ACL injuries in pivoting
sports. Well-designed neuromuscular training pro-
grams, delivered with adequate dose and quality, can
reduce those injuries by about half. The components of
an effective program are well described, and widely
available in open resources and guidelines. The real
challenge is implementation: getting these programs off
the page and into the warm-up of every high-risk team,
season after season.

Here, sports medicine can and should draw on the
broader evidence-implementation literature, from phased
process models and theoretical scaffolds to detailed in-
sights into facilitation and collaborative implementation. A
KSSTA Editorial on ACL prevention is squarely within this
implementation agenda, «calling for the ‘ESSKA-
prevention for all' program to be adopted at scale.

For clinicians, researchers and sports organisations,
the message is clear: we no longer need to prove that
many ACL injuries can be prevented. Our task now is to
use the available implementation science to organise
prevention—to align systems, incentives and daily rou-
tines so that effective neuromuscular training becomes an
unguestioned part of how we prepare athletes to perform.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

ETHICS STATEMENT
The authors have nothing to report.

Robert Prill"2

Aleksandra Krélikowska®

Marko Ostoijc*®

M. Enes Kayaalp®
Thomas Patt’

Joseph Janosky?®

Craig Lockwood®

Roland Becker'?

Center of Orthopaedics and Traumatology,
University Hospital Brandenburg/Havel, Brandenburg

EDITORIAL

Medical School Theodor Fontane,
Brandenburg/Havel, Germany

2Faculty of Health Sciences Brandenburg,
Brandenburg Medical School Theodor Fontane,
Brandenburg, Germany

3Physiotherapy Research Laboratory,

Faculty of Physiotherapy, Wroclaw Medical University,
University Centre of Physiotherapy and Rehabilitation,
Wroclaw, Poland

4Sports Traumatology Division, Traumatology
Department “DraSkoviceva”,

University Hospital “Sisters of Mercy”, Zagreb, Croatia
5Osteon Orthopaedics and Sports Medicine Clinic,
Mostar, Bosnia and Herzegovina

$Department of Orthopedics and Traumatology,
University of Health Sciences, Istanbul, Tiirkiye
7Bergman Clinics, Capelle aan den IJssel,

the Netherlands

8School of Health Science,

Lasell University, Newton, Massachusetts, USA

JBI, Faculty of Health and Medical Sciences,

The University of Adelaide, Adelaide,

South Australia, Australia

Correspondence

Robert Prill, University Hospital Brandenburg/Havel,
Brandenburg Medical School Center of Orthopaedics
and Traumatology, HochstralRe 29,
Brandenburg/Havel 14770, Germany.

Email: robert.prill@mhb-fontane.de

ORCID

Robert Prill © https://orcid.org/0000-0002-4916-1206
Aleksandra Krélikowska © https://orcid.org/0009-0007-
2939-7370

Marko Ostoijc © https://orcid.org/0000-0002-
0108-5750

M. Enes Kayaalp © https://orcid.org/0000-0002-
9545-7454

Joseph Janosky © https://orcid.org/0009-0008-
9018-1955

Craig Lockwood © https://orcid.org/0000-0003-
3722-676X

Roland Becker ©® https://orcid.org/0000-0003-
1833-7608

REFERENCES

1. Al Attar WSA, Bakhsh JM, Khaledi EH, Ghulam H, Sanders RH.
Injury prevention programs that include plyometric exercises
reduce the incidence of anterior cruciate ligament injury: a
systematic review of cluster randomised trials. J Physiother.
2022;68:255-61.

2. Allu S, Beaucage M, Donald M, Escoto M, Kappel J, Morrin L,
et al. Collaborative implementation science: a Can-SOLVE CKD
case example. JBI Evid Implement. 2024;22:418-21.

3. Chia L, De Oliveira Silva D, Whalan M, McKay MJ, Sullivan J,
Fuller CW, et al. Non-contact anterior cruciate ligament injury
epidemiology in team-ball sports: a systematic review with

85UB0I SUOLILIOD BAIEB.D 9 |ed[dde au Aq pauBAOB a2 SOILE O ‘88N JO'S9INI 104 A1 8UIIUO AB|IM U (SUORIPUOD-PUB-SWLBYWI0D"A8 1M ARe.q1PUI|UO//SUIY) SUORIPUOD PUE SWLB | 84} 39S *[9202/T0/T0] U0 AIGITauIluO ABIIM * HOWD SN NV BINGUOPUEIE 3INYISLIOH BYISIUIZIPOIN - |]1id HOGOY Ad 85202 BS/200T OT/I0P/LICY" A8 | In ALRIqIBUIIUO 'S UINO SS9/ SNy Wo1y Papeojumoq ‘0 ‘LyELEErT


https://orcid.org/0000-0002-4916-1206
https://orcid.org/0009-0007-2939-7370
https://orcid.org/0000-0002-0108-5750
https://orcid.org/0000-0002-9545-7454
https://orcid.org/0009-0008-9018-1955
https://orcid.org/0000-0003-3722-676X
https://orcid.org/0000-0003-1833-7608
mailto:robert.prill@mhb-fontane.de
https://orcid.org/0000-0002-4916-1206
https://orcid.org/0009-0007-2939-7370
https://orcid.org/0009-0007-2939-7370
https://orcid.org/0000-0002-0108-5750
https://orcid.org/0000-0002-0108-5750
https://orcid.org/0000-0002-9545-7454
https://orcid.org/0000-0002-9545-7454
https://orcid.org/0009-0008-9018-1955
https://orcid.org/0009-0008-9018-1955
https://orcid.org/0000-0003-3722-676X
https://orcid.org/0000-0003-3722-676X
https://orcid.org/0000-0003-1833-7608
https://orcid.org/0000-0003-1833-7608

EDITORIAL

10.

1.

12.

13.

meta-analysis by sex, age, sport, participation level, and ex-
posure type. Sports Med. 2022;52:2447-67.

Clar C, Fischerauer SF, Leithner A, Rasic L, Ruckenstuhl P,
Sadoghi P. Reducing ACL injury risk: a meta-analysis of pre-
vention programme effectiveness. Knee Surg Sports Traumatol
Arthrosc. 2025;33:2815-24.

Donnell-Fink LA, Klara K, Collins JE, Yang HY, Goczalk MG,
Katz JN, et al. Effectiveness of knee injury and anterior cruciate
ligament tear prevention programs: a meta-analysis. PLoS One.
2015;10:e0144063.

Grassi A, Pizza N, Al-Zu'bi BBH, Fabbro GD, Lucidi GA,
Zaffagnini S. Clinical outcomes and osteoarthritis at very long-
term follow-up after ACL reconstruction: a systematic review
and meta-analysis. Orthop J Sports Med. 2022;10:2325967
1211062238.

Griffin LY, Agel J, Albohm MJ, Arendt EA, Dick RW, Garrett WE,
et al. Noncontact anterior cruciate ligament injuries: risk factors
and prevention strategies. J Am Acad Orthop Surg. 2000;8:
141-50.

Hoégberg J, Sundberg A, Della Villa F, Hamrin Senorski E.
Anterior cruciate ligament injury mechanism in athletes across
various sports: a scoping review. Ann Jt. 2025;10:35.

Kvist J, Pettersson M. Knee-related quality of life compared
between 20 and 35 years after an anterior cruciate ligament
injury treated surgically with primary repair or reconstruction, or
nonsurgically. Am J Sports Med. 2024;52:311-9.

Lizarondo L, McArthur A, Porche D, Corremans M,
Perrenoud B, Rodrigues R, et al Facilitation in evidence
implementation - experiences, challenges, and determinants of
perceived effectiveness: a qualitative systematic review. JBI
Evid Implement. 2023;21:409-31.

Munn Z, McArthur A, Klugar M, Stannard D, Cooper AS,
Enuameh Y, et al. Providing a scaffold for considering theoret-
ical frameworks in evidence implementation projects: the JBI
approach to evidence implementation. JBI Evid Implement.
2023;21:386-93.

Petushek EJ, Sugimoto D, Stoolmiller M, Smith G, Myer GD.
Evidence-based best-practice guidelines for preventing anterior
cruciate ligament injuries in young female athletes: a systematic
review and meta-analysis. Am J Sports Med. 2019;47:1744-53.
Porritt K, McArthur A, Lockwood C, Munn Z. JBI's approach to
evidence implementation: a 7-phase process model to support
and guide getting evidence into practice. JBI Evid Implement.
2023;21:3-13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

5
Knee Surgery, Sports Traumatology, Arthroscopy—W[ ]_EY—I—

Prill R, Briem K, Karlsson J, Hirschmann MT, Nyland J. Team-
work is needed now: time to focus on collaboration, rehabilita-
tion and patients’ needs! Knee Surg Sports Traumatol Arthrosc.
2024;32:1641-4.

Prill R, Janosky J, Bode L, van Melick N, Villa FD, Becker R, et al.
Prevention of ACL injury is better than repair or reconstruction-
Implementing the ESSKA-ESMA ‘Prevention for Al ACL pro-
gramme. Knee Surg Sports Traumatol Arthrosc. 2025;33:1954-8.
Prill R, Ma CB, Wong SE, Beaufils P, Monllau JC, Arhos EK,
et al. The formal EU-US meniscus rehabilitation 2024 consen-
sus: an ESSKA-AOSSM-AASPT initiative. Part Il-prevention,
non-operative treatment and return to sport. Knee Surg Sports
Traumatol Arthrosc. 2025;33:3014-24.

Rinaldi VG, Prill R, Jahnke S, Zaffagnini S, Becker R. The
influence of gluteal muscle strength deficits on dynamic knee
valgus: a scoping review. J Exp Orthop. 2022;9:81.

Robbins L, Farrey T, Janosky J, Minjares V, Mandelbaum BR,
Pearle A. Preventing anterior cruciate ligament (ACL) injuries in
high school sports participants: an executive summary of the
inaugural meeting of the national ACL injury coalition. HSS
J Musculoskel J Hosp Special Surg. 2024;20:333-40.
Silvers-Granelli HJ, Bizzini M, Arundale A, Mandelbaum BR,
Snyder-Mackler L. Does the FIFA 11+ injury prevention program
reduce the incidence of ACL injury in male soccer players? Clin
Orthop Rel Res. 2017;475:2447-55.

Sugimoto D, Myer GD, Barber Foss KD, Hewett TE. Dosage
effects of neuromuscular training intervention to reduce anterior
cruciate ligament injuries in female athletes: meta- and sub-
group analyses. Sports Med. 2014;44:551-62.

Tischer T, Martens G, Cabri J, Thoreux P, Tscholl P, Edouard P,
et al. The awareness of injury prevention programmes is
insufficient among French- and German-speaking sports med-
icine communities in Europe. Knee Surg Sports Traumatol
Arthrosc. 2023;31:2563-71.

Webster KE, Hewett TE. Anterior cruciate ligament injury and
knee osteoarthritis: an umbrella systematic review and meta-
analysis. Clin J Sport Med. 2021;32:145-52.

Webster KE, Hewett TE. Meta-analysis of meta-analyses of
anterior cruciate ligament injury reduction training programs.
J Orthop Res. 2018;36:2696-708.

Yoo JH, Lim BO, Ha M, Lee SW, Oh SJ, Lee YS, et al. A meta-
analysis of the effect of neuromuscular training on the preven-
tion of the anterior cruciate ligament injury in female athletes.
Knee Surg Sports Traumatol Arthrosc. 2010;18:824-30.

85UB01 SUOWIWIOD 981D 9|qedl|dde aup Aq peusenob a2 ol O ‘85N JO Sa|NJ Joj ArIqIT8UIIUO AB]IM LD (SUONIPUCD-PUE-SWLIBIWI0D" A3 1M ARe.q Ul juo//SaNL) SUOTIPUOD PUe SWLB | 8y} 88S *[9202/T0/T0] Uo ArIqiTauliuo A8|IM * HIWD SNdIN VO Bingquspuelg 8nyasyooH ayosIuiZIpe nl - [[1id 8oy Aq 8520, ©SX/200T 0T/I0p/W0d A8 |1 Aeiq1jeulUO'S [eU.NO fesse//:Sdny Wwolj pepeojumoq ‘0 ‘LVELEEYT



	The implementation gap in anterior cruciate ligament prevention programs—From evidence to everyday practice
	NON-CONTACT ACL INJURIES AS THE KEY PREVENTION TARGET
	WHAT MAKES A GOOD ACL PREVENTION PROGRAM?
	THE IMPLEMENTATION GAP: WHERE EVIDENCE GETS LOST
	FROM PREVENTION TO PERFORMANCE: CHANGING THE NARRATIVE
	SYSTEM-LEVEL STRATEGIES: LEARNING FROM EVIDENCE IMPLEMENTATION
	CONCLUSION FROM KNOWING TO DOING
	CONFLICT OF INTEREST STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES




