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**Overall incidence of ACL injuries in soccer athletes :0.06 to 10 injuries per
1000 game hours
1 Highest rates observed in professional players (Brophy et al, 2015)

**Mean annual ACL injury occurrence rate in European professional soccer
players competing in the top 8 European soccer Leagues: 1.42% (Mazza et al,
2022)

**27% of females and 10% of males that have underwent ACL surgical
reconstruction have suffered a secondary ACL injury (Hong et al, 2023)
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**Non-contact ACL injuries: 70-84% of all ACL injuries in athletes

W Cutting/stopping drills coupled with deceleration/change of direction and landing from a
jump (Kaneko et al, 2017)

s*Indirect contact ACL injuries: as frequent as non-contact injuries

Mechanical perturbation under pressing circumstances or during tackling and kicking
conditions

**Mechanism: abducted and flexed hip with the knee at the first degrees of
flexion and under valgus external rotation (Grassi et al, 2017)
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Common mechanism of ACL injury. Figure reproduced from
Hewett, TE, et al. Biomechanical measures of neuromuscular
control and valgus loading of the knee predict anterior cruciate
ligament injury risk in female athletes: A prospective study. AmJ
Sports Med. 2005;33(4):492-501. Used with permission, Sage
Publications.
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*»*Risk Factors

JAnatomic (e.g., decreased femoral intercondylar notch width)

(ANeuromuscular (e.g., increased valgus intersegmental moment) (Smith et al,
2012a)

intrinsic (e.g., gender)

JExtrinsic (e.g., type and condition of playing surface) (Smith et al, 2012b)
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Gender Category

Risk Factor

Summary of Literature

Males and Females Familial

Males and Females Environmental

Females Anatomical
Females Hormonal
Females Neuromuscular/

Biomechanical

Barber-Westin SD, Noyes FR, Smith ST, Campbell TM.

Reducing the risk of noncontact anterior cruciate ligament injuries in the female athlete.

Phys Sportsmed. 37(3): 49-61, 2009.

Genetics, possibly related to anatomical
structures (size intercondylar notch)

Climate conditions

Playing surface

Footwear

Interaction of footwear with playing surface
Prophylactic knee braces

Q-angle

Size and shape of the intercondylar notch
Size of the ACL

Material properties of the ACL

Foot pronation

Body mass index

Generalized ligament laxity

Acute fluctuations of estrogen and
progesterone during the menstrual cycle

Movement and muscle activation patterns
Ground reaction forces

Knee adduction/abduction moments

Knee and hip flexion angles during landing,
jumping, cutting, pivoting

Muscle strength

Knee joint stiffness

Only 2 studies published to date,
no conclusion can be reached

Too few studies published for conclusions,
shoe-surface interaction may affect ACL
injury risk, further investigations required

Conflicting study designs and published data,
no definite evidence that any anatomic risk
factor is associated with increased risk ACL
injury

There appears to be an uneven distribution
of ACL injuries in the follicular phase of the
menstrual cycle, but more data required
before definitive conclusions may be reached

Significant differences have been documented
between males and females in multiple
neuromuscular indices (Table 2)
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**My ACL Rehab Experience

dDevised and implemented an extensive range of ACL injury
prevention/reconditioning protocols

dHigh levels of efficacy
JAthletes of multiple sporting backgrounds (soccer, basketball, tennis, skateboard)
JAIlways take into consideration the intricacies of each sport

JAdopt a highly personalized approach
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** Proximity to failure resistance training strategies

O Percentage-based/repetition maximum zone training (PBT) has been predominantly used during ACL
reconditioning/prevention protocols

> PBT
 No momentary or volitional failure for every individual
* Variation in inter-individual repetitions in reserve for submaximal efforts (Pelland et al, 2022)

» Objective autoregulation (velocity-based linear transducers or inertial measurement units)
* Measure barbell velocity during a resistance training set
* More sensitive to daily fluctuations in fatigue (Shattock & Tee, 2020)
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Velocity-Based Training, From Theory to Application: The Basics

g Velocity-based training g How to Use VBT? Feedback Variables that
Whatls LBl amebe! Tl Influence Acute Performance
Ve|°city-based that uses velocity to W VBT Strategy VBT - VBT

inform or enhance / usage usage

Training?

training practice.”

**1RM Velocity Thresholds
For Common Exercises

Deadlift

Bench Press

-
®

Acute performance
enhancement via feedback

General starting velocities
for training prescription

Velocity-based
adaptations assessment

Variable

Recommendation

Frequency

Feedback after each repetition
has greater effects than after
each set.

Quantitative vs.
Qualitative
Feedback

Quantitative feedback of
velocity enhances performance
greater than observing video
recordings of previous exercise.

Motivation and

Visual feedback of kinematic

i Fatigue monitoring 3 Competitiveness | outputs enhances the
Seated Military Press P ; I } P P!
Y 0.19 across training sessions - . 4 motivation and competitiveness
of athletes.

0.21

Leg Press

Prone Pull-up

Fatigue mitigation by prescribing
arbitrary velocity cut-offs

Intrinsically vs.

Intrinsically motivated athletes

DD Extrinsically may prefer visual feedback,
Hip Thrust Motivated while extrinsically motivated
Calculating daily 1RM = . i Athletes may prefer to hear feedback.
. i for training prescription
Squat: Free Weight gp P Encouragement | Verbal encouragement can

Y

Squat: Smith Machine
Seated Cable Row
Lat Pulldown

Prone Bench Pull

B 021
B 030

0.30

0.47

=
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Prescribing relative **velocity
loss thresholds for training

Training prescription from
individualized load-velocity profiles ©

L ]
-

ARRRRR

enhance barbell velocity and
power output; athletes with low
levels of conscientiousness
have 4 improvements.

VBT, velocity-based training;

1RM, one-repetition maximum; L
**A velocity threshold is “the minimum
velocity required for a successful lift.”

Full velocity-based
programming implementation

1RM Velocity
(meters per second)

Weakley J, Mann B, Banyard HG, McLaren S, Scott T, Garcia-Ramos A.
Velocity-Based Training: From Theory to Application. Strength and Conditioning
Journal. 2020; Publish Ahead of Print - doi: 10.1519/SSC.0000000000000560
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Estimation du niveau d'effort

Initial M:;LT:' Very Intense Effort Intense Effort Medium Intensity Effort
Velocity
0 RER 1 RER 2 RER 3 RER 4 RER 5 RER 6 RER
0,16 0,23 0,26 0,30 0,34 0,38 0,42

1 ‘ 100% 96% 93% 90% 87% 84% 81%
2 ‘ 96% 0,22 96% 93% 90% 87% 84% 81% 78%
3 \ 93% 0,26 93% 90% 87% 84% 81% 78% 75%
4 90% 0,31 90% 87% 84% 81% 78% 75% 72%
5 87% 0,35 87% 84% 81% 78% 75% 72% 69%
6 84% 0,40 84% 81% 78% 75% 72% 69% 66%
7 81% 0,44 81% 78% 75% 72% 69% 66% 64%
8 78% 0,49 78% 75% 72% 69% 66% 64% 61%
9 75% 0,53 75% 72% 69% 66% 64% 61% 58%
10 72% 0,57 72% 69% 66% 64% 61% 58% 55%
1 69% 0,62 69% 66% 64% 61% 58% 55% 52%
12 66% 0,66 66% 64% 61% 58% 55% 52% 49%
13 64% 0,71 64% 61% 58% 55% 52% 49% 46%
14 61% 0,75 61% 58% 55% 52% 49% 46% 43%

JOVGnOVI!]C '(\j/I’ Flalnagan EPf 5 58% 0,80 58% 55% 52% 49% 46% 43%

R r ication EE

esea_ che app cations o L. 16 55% 0,84 55% 52% 49% 46% 43%

velocity based strength training. J  E—
17 52% 0,88 52% 49% 46% 43%

Aust Strength Cond. 22(2): 58-69, —
18 49% 0,93 49% 46% 43%

2014. [ 77 |
19 46% 0,97 46% 43%
20 43% 1,02 43%
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** Proximity to failure resistance training strategies

[ Subjective autoregulation training strategies- Repetitions in reserve (RIR)-based ratings of perceived exertion
(RPE) scale

» Counteract the intra-individual fluctuations in daily exercise readiness (Lovegrove et al, 2021)

» Enhance the overall predictive ability of velocity-based training (VBT) strategies (Balsalobre-Fernandez et
al, 2021)

L VBT combined with the RIR/RPE scale

» Safer and more efficacious strategy of resistance training load monitoring during the ACL reconditioning/injury
prevention phase
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Table 1

Resistance training specific rating of perceived exertion (48)

Rating Description of perceived exertion
10 Maximum effort

9 1 repetition remaining

8 2 repetitions remaining

7 3 repetitions remaining

5-6 4-6 repetitions remaining

3-4 Light effort

1-2 Little to no effort

Reprinted from Zourdos et al. 2015 with permission.

Helms ER, Cronin J, Storey A, Zourdos MC. Application of the Repetitions in
Reserve-Based Rating of Perceived Exertion Scale for Resistance Training. Strength
Cond J. 38(4):42-49, 2016.
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* PBT STRENGTH TRAINING PBT LOWER BODY STRENGTH TRAINING sets reps rest
RECONDITIONING PROTOCOL (SOCCER) PROTOCOL (focus on vastus medialis)-4- interval
week mesocycle
1st Mesocycle Frequency: 2 non-consecutive days per week
WARM-UP
Dynamic Stretching
Barbell Sumo Squat (axial force vector) 3 6 @ 75% 5RM | 2min
2 Barbell Hip Thrust (anteroposterior force 3 6 @ 75% 5RM | 2min
vector)
3 Physio Ball Single-Leg Squat (ball to the side | 2 8 @ 70% 5RM Imin

of the uninvolved leg)-vastus medialis
oblique activation

4 Side Lunge (Sagittal + Frontal Plane)- 2 8@ 70% 5RM | 1min
(lateromedial force vectors)

5 Single-Leg Knee Extension (toes out) 2 10 @ 60% 8RM | 1min

6 Single-Leg Contralateral Landmine 2 8 @ 70% 5RM Imin
Romanian Deadlift (torsional force vectors)

7 Single-Leg Seated Leg Curl 2 10 @ 60% 8RM | 1min
Transverse Plane Hip Abduction 2 10 @ 60% 8RM | 45sec
Transverse Plane Hip Adduction 2 10 @ 60% 8RM | 45sec

10 Heel to Toe Walking (weighted) 2 30sec 45sec
COOL-DOWN

Static Stretching
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* VBT STRENGTH VBT LOWER BODY STRENGTH TRAINING | sets | velocity velocity loss | rest
TRAINING RECONDITIONING PROTOCOL (focus on vastus medialis)-4-

week mesocycle
PROTOCOL (SOCCER) — 2" Mesocycle Frequency: 2 non-consecutive days per

week

WARM-UP

Dynamic Stretching

1 Barbell Deadlift (axial force vector) 3 0.16-0.30 m/s | <25-30% 3min

2 Barbell Front Squat (axial force vector) 3 0.16-0.30 m/s | <25-30% 3min
Barbell Hip Thrust (anteroposterior force | 3 0.16-0.30 m/s | <25-30% 3min
vector)

4 Lateral Step-Up (lateromedial force 2 0.30-0.50 m/s | <20-25% 2min
vectors)

5 Single-Leg Knee Extension (toes out) 2 0.30-0.50 m/s | <20-25% 1Imin

6 Single-Leg Lying Leg Curl 2 0.30-0.50 m/s | <20-25% Imin

7 Smith-Machine Standing Calf Raise 3 0.30-0.50 m/s | <20-25% 1Imin
COOL-DOWN

Static Stretching
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* VBT-RIR/RPE- IN-SEASON

VBT/RIR/RPE LOWER BODY sets | velocity velocity rest
STRENGTH TRAINING — STRENGTH TRAINING PROTOCOL loss/RIR
INJURY PREVENTION PROTOCOL (focus on vastus medialis)-4-week

mesocycle
(SOCCER) Frequency: Once per week

WARM-UP

Dynamic Stretching

Power Clean (axial force vector) 2-3 | 1.20-1.32 m/s 1-2 RIR 4min

2 Barbell Front Squat (axial force vector) | 2-3 | 0.23-0.30 m/s 10-20% VL 4min

1-3RIR

3 Barbell Hip Thrust (anteroposterior 2-3 | 0.23-0.30 m/s 10-20% VL 4min
force vectors) 1-3RIR

4 Single-Leg Contralateral Landmine 2 0.30-050 m/s 3RIR 2min
Romanian Deadlift (torsional force
vectors)

5 Lateral Step-Up (lateromedial force 2 0.30-0.50 m/s 3RIR 2min
vector)

6 Nordic Curls (anteroposterior force 2 - 3RIR 2min
vectors)
COOL-DOWN

Static Stretching
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+* Injury Prevention Proposal

O Quantification of external and internal loads experienced through training (Taylor et al, 2021)

O Training load calculation (validated and reliable devices/instruments) (Scott et al, 2016; O’Driscoll et al, 2020)
» global positioning system (GPS) instruments
» VBT devices/accelerometers/inertial measurement units
» Force measuring insoles
» Heart rate monitors
» RPE scales, RIR/RPE scales
» Resting heart rate variability (Taylor et al, 2021)

0 Workload monitoring has not been applied during ACL reconditioning/prevention exercise protocols (Taylor et al,
2021)
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¢ Injury Prevention Proposal
U Longitudinal workload monitoring

» Relationship between changes in training load/fatigue and the occurrence of injury in the long-
term (Jones et al, 2017)

» Monitoring could potentially unveil injury trends/establish the requisite guidelines for
individualized training prescription (Halson, 2014)

» Moderate evidence links the applied training load with the incidence of injury (Drew & Finch,
2016)

» Training load can be a complementary tool to professional experience, evidence-based practice,
and scientific knowledge of physiological mechanisms/adaptations pertaining to training stimuli
(Impellizeri et al, 2020b)
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¢ Injury Prevention Proposal
O VBT devices
» Fatigue/exertion monitoring
» Quantifying training load during resistance training
» High validity and reliability (Thompson et al, 2020; Wtodarczyk et al, 2021; Achermann et al, 2023)

O VBT may induce strength, countermovement jump, sprint, and change of direction performance improvements with
lower total training load and reduced accumulation of fatigue (Pareja-Blanco et al, 2017)

0 Subjective autoregulation strategies (RIR/RPE scale) may boost the overall predictive ability of VBT (Balsalobre-
Fernandez et al, 2021)

Q Strength improvements via the application of VBT, and RIR/RPE can serve the basis for jump, sprint, and COD
performance improvements (Suchomel et al, 2016)
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¢ Injury Prevention Proposal

U Theoretical speculations

» Improvements in physical performance parameters as a result of VBT and RIR/RPE may:

Optimize landing mechanics
Limit the occurrence of dynamic knee valgus (Schweizer et al, 2022)
Optimize acceleration and maximal velocity mechanics

Gradually restore knee flexion range of motion and internal knee extension moment
reductions (Pairot-De-Fontenay et al, 2019; Schweizer et al, 2022)

Limit external knee valgus moment, internal tibial rotation moment, and knee flexion angle
asymmetry (Marques et al, 2020)
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**The role of strength and conditioning coach

Develop, structure and implement the physical fitness periodization plan of athletes

(dResearch advocates the implementation of strength and conditioning training protocols for
injury prevention in soccer athletes (Tapley & Siesmaa, 2017; Beato et al, 2021)

Translate research into evidence-based practical applications
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¢ The role of strength and conditioning coach

L ACL injury prevention protocols for soccer should incorporate the following

» A) Neuromuscular training programs to enhance lower-body strength and coordination (Steffen et
al, 2013)

» B) Development of educational courses to upgrade the knowledge of coaches and athletes on ACL
injury prevention principles (Myklebust et al, 2013)

» C) Policies devised by sporting federations to facilitate the implementation of neuromuscular
training programs (Bizzini et al, 2013)

» D) Acknowledge the intricacies of each respective sport as well as the individualized requirements
of each athlete during each part of the season
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¢ Concluding Remarks - Recommendations
L The combined use of VBT and RIR/RPE may provide individualized neuromuscular training

strategies

L The combined use of VBT and RIR/RPE may be effective and efficient in improving strength, power,
speed, and change of direction capacity

L VBT and RIR/RPE proximity to failure training strategies have not been applied in ACL injury
prevention protocols

VBT and RIR/RPE-based ACL injury prevention protocols and training interventions can be
implemented in real-life training scenarios
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