PREVENTION OF FEMALE ACL INJURIES                    Adapted for TSA by Ron Fox MS. CSCS. ADPE (Carnegie)

THE PROBLEM

NEUROMUSCULAR IMBALANCES                                                                       This is an involved process, but in simplest terms, the neuromuscular imbalances that each female athlete demonstrates must be corrected. In order to correct ligament dominance in female athletes, a neuromuscular training program must be designed to teach the athlete to control dynamic knee motion in the coronal (abduction & valgus) plane. The first concept that athletes must be taught is that the knee is a single-plane hinge, not a ball-and-socket joint. Re-education of the female neuromuscular system away from multiplanar motion of the knee to dynamic control of knee motion in the sagittal plane only is achieved through a progression of single, then multiplanar, exercises.                                                                          

QUADRICEPS DOMINANCE                                                                                 This can be corrected through the use of exercises that emphasize co-contraction of the knee flexor (hamstrings) & extensor (quadriceps) muscles. It is a challenging task to develop more appropriate firing patterns for the knee flexors, while using exercises that also strongly activate the knee extensors. At angles greater than 45°, the quadriceps is an antagonist to the ACL. Therefore, it is important to use deep knee flexion angles to put the quadriceps into an ACL-agonist position. By training the athlete with deep knee flexion jumps, she learns to increase the amount of knee flexion & decrease the amount of time in the more dangerous straight-legged position. At the same time, the athlete can reprogram peak flexor/extensor firing patterns, increasing co-firing and quadriceps firing in deep flexion for greater protection of the ACL.                                                                    

DOMINANT LEG IMBALANCES                                                             These can be addressed via exercises that force the correction of dynamic contra-lateral imbalances. These imbalances are addressed throughout the entire training protocol. Equal leg-to-leg strength, balance & foot placement are stressed through all the neuromuscular training exercises. In order to correct for leg dominance, the neuromuscular training must progressively emphasize double, then single, movements through progressive training phases.                                                                                                
CORE INSTABILITY                                                                                         As evidenced by increased trunk motion, must be corrected in those female athletes that demonstrate instability with the latest core stability training techniques. These include progressive neuromuscular training techniques that target the balanced & synchronized turn-on of the dynamic stabilizing musculature of the trunk, pelvis & hip. Unstable surfaces, single-leg balancing & perturbation training should be used.

THE INJURY

MECHANISM OF NON-CONTACT ACL INJURY                                    The ACL is one of four knee ligaments that join the FEMUR to the TIBIA. Specifically, it attaches to the front (anterior) portion of the top of the tibia & runs diagonally up, attaching to the rear of the bottom of the femur. Its main function is to hold the knee stable during leg movements & prevent hyperextension of the knee joint. A non-contact ACL tear always involves a rapid deceleration of the knee joint. This can happen during a landing from a jump, or during a leg plant in a cutting movement. Athletes must be capable of performing a controlled & stable rapid deceleration of the knee in all directions, forwards, diagonal & sideways. Sometimes the knee is not stable during a rapid deceleration owing to forces from the hip & ankle placing the knee in a weak position. This is when a non-contact ACL tear can occur. The ACL is most vulnerable when the knee is pointing inwards & the foot is pointing outwards with the torso falling forwards. Therefore, one common position that can lead to an ACL tear is when the knee is fixed around 20 degrees (almost straight) the torso is leaning forward, the thigh is internally rotated, shin externally rotated & the foot is pronated. The quadriceps & hamstrings are attempting to control the deceleration of the knee, but the position places overload on the ACL.
FEMALE WEAKNESSES

There are a number of anatomical and physiological differences between men & women. These differences biomechanically predispose women to having the knee internally rotated; thus they are more likely to find themselves in the vulnerable ACL position.                                                                                                          

“Q” ANGLE - The femur meets the tibia at an angle called the Q angle. The width of the pelvis determines the size of the Q angle. Because women typically have a wider pelvis than men, their Q angles are larger. The average angle for females is 15 ’ & only 10 ’ for males. At this greater angle, forces are concentrated on the ligament for stability each time the knee rotates. This increases the rotational forces on the ACL, raising the probability of a tear. A large Q angle also results in a more pronated foot, further stressing the knee.                                                                                                    

WEAK HAMSTRINGS - Women have less muscular development, especially in the vastus medialis oblique, which plays a crucial role in patella alignment.         

JOINT HYPER-MOBILITY - Women have greater knee flexibility, which may decrease joint stability.                                                                                      

INTERCONDYLAR NOTCH - They also have a smaller intercondylar notch (lies between the femoral condyles) which impinges the ACL, thus placing it under greater tensile stress. The majority of women have a small notch, therefore restricting ACL movement. When movement is restricted, the femoral condyles can easily pinch the ACL within the joint, especially during twisting or hyperextended movements. This ultimately can result in a tear or rupture.       

FOOT PRONATION - Women have increased foot pronation, which also places internal rotation forces on the knee.                                                         

MUSCULAR IMBALANCES                                                                               The balance of muscle power & the recruitment pattern between the quadriceps & hamstrings is crucial to knee stability. Research shows that female athletes tend to have larger quadriceps to hamstrings muscle imbalances, with the quadriceps as the dominating knee stability muscle. On the other hand, men have a better balance between quadriceps & hamstrings. They engage the hamstrings first when performing a movement, which actually decreases stress on the ACL. Therefore, the stability of the knee is more quadriceps-dominant (an ACL antagonist) in females & more hamstrings-dominant (an ACL agonist) in males.

SUMMARY

· Men & women engaging in the same activity with similar intensity put equal twisting & loading forces on the knee joint.    

· Twisting, cutting & landing movements all stress the ACL to provide stability. 

· As the quadriceps contract, additional stress is put on the ACL, increasing the risk of injury. 93% of female ACL injuries are classified as non-contact. 

· These injuries are divided equally among the three main non-contact movements, Planting, Cutting & Straight-Knee Landings with hyper-extended knees.    

· For unknown reasons, women tend to perform all these movements with straight legs, which require the knees to absorb forces equal to four times an individual's body weight as well as encourage hyperextension of the knee joint.   

·  Hyper-extending the knee is one of the major contributors to non-contact ACL injuries.    

· Also, females tend to perform planting, cutting & landing movements by turning the knees inward, further exaggerating the Q angle stress on the ACL & therefore increasing risk of an ACL rupture.
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