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The anterior cruciate ligament is the most important knee stabilizer1.  When it is not intact or poorly functioning, the knee can be put into dangerous positions that can lead to further injury.  Research on ACL injuries has always been important, but with the higher numbers of athletes sustaining severe knee sprains and with females topping the charts with injuries, efforts have increased to create prevention strategies for various sports categories.  With many different programs emerging, it is important to scrutinize not only the programs themselves, but the individual components to find the most beneficial strategies for our athletes.


It is estimated that between 80,000-250,000 anterior cruciate ligament tears occur each year.2  When compared to their male counterparts, females have a 4- to 6-fold increased risk of severe ACL sprains when comparing the same landing and cutting sports.


1-5 ADDIN EN.CITE   This statistic is fueled by the fact that females participating in athletics has had a 10-fold increase in high schools and a 5-fold increase in collegiate sports in the past 30 years.1  Injuries of this severity often require surgical intervention and extensive rehabilitation which can cost anywhere from $17,000-25,000.1  Even more detrimental are effects that have no monetary value, such as loss of seasons, scholarships, academic performance, disability, and a 10 times greater risk of developing osteoarthritis.2  It is difficult to pinpoint one factor that makes females more susceptible to ACL injuries, but many theories have been explored to explain this phenomenon.

Risk factors for ACL injuries are often divided into either extrinsic or intrinsic.  External risk factors are easier to identify and include things such as contact versus non-contact mechanisms, bracing, surface, shoes,  and environmental conditions.4  Non-contact mechanisms have been found to account for 70% of all athletic-related ACL tears.5  Non-contact refers to an absence of interaction with another player or an injury without a direct blow to the knee.  Functional bracing of the knee following an ACL reconstruction has shown to protect the knee from re-injury especially in alpine skiers but conflicting data has been presented for other sports.4 

Intrinsic risk factors are more difficult to identify and range from hormonal to anatomical and neuromuscular.  Research in hormonal risk factors offers some of the most promising ideas on both identifying the cause and developing prevention strategies for females.4  Most of this research looks at ACL laxity during different phases of the menstrual cycle.  Differences in female anatomy such as a decreased notch width, increased Q-angle, and increased muscle and joint laxity have also been studied as possible risk factors for ACL injuries.1  


A gender bias in ACL injury rates is seen in almost every sport except alpine skiing.  Little research has been done on recreational skiers, but in the professional realm, ACL injuries per skier-days are nearly equal.  A 25-year study of the French National Ski Team showed men suffering ACL injuries at a rate of 4.4 per 100,000 skier-days compared to women with 4.2 injuries per 100,000 skier-days.6  In one study, this similarity was attributed to the idea that “…professional skiers spend most of their time skiing below their ability level.”7  Although the gender bias does not carry over to alpine skiing, ACL injury rates in this sport are significantly higher than others and still rising.  A study done over 15 years at a Vermont ski resort showed that although general injury rates including ankle sprains and lower leg fractures have decreased by 50%, third degree knee sprains have increased by 172%.8  The data also showed that in general, as ability increases, injury rates decrease.  However, this statement does not apply to serious knee sprains.8  Authors argued that a quick learning environment such as ski lessons teach how to ski but not how to fall and can instill a heightened sense of confidence.  This can lead to  dangerous injury situations.8

There are several unique injury mechanisms that occur in alpine skiing.  The most common, the phantom-foot mechanism,  occurs when the skier becomes off-balance to the rear with severe knee flexion and an internal rotation of the tibia.9  Another common mechanism is the boot-induced anterior drawer in which the skier lands a jump on the tail of the ski while the knee is in full extension.  This situation causes the back of the boot to push forward on the calf causing the tibia to move anterior to the femur and rupturing the ACL.10  The third mechanism is known as valgus-external rotation and occurs when the tip of the ski meets an obstacle such as the snow or a gate and forces the knee to rotate to a degree that causes a rupture of the ACL.10  All of these unique mechanisms are difficult to identify due to the high-velocity nature of alpine skiing.  When looking at video footage of various ACL injuries, it is often impossible to know whether the tear caused the fall or whether the fall caused the tear.7

With a general knowledge of what factors cause severe ACL sprains, it is now important to study various prevention programs and their attempts to decrease the likelihood of injury.  As of 2006, there were 12 published ACL prevention programs.2  Many of the programs focused on different sports, but all programs included one or more of the following components: stretching, strengthening, aerobic conditioning, agilities, plyometrics, and risk awareness.2

Plyometrics are an integral part of most prevention programs.  Using jump training techniques, the stretch-shortening cycle activates neural, muscular, and elastic components.2  This will eventually enhance joint stability and protect the ACL from injury.  When applied to landing sports such as basketball or handball, correct plyometrics training can decrease landing force and lower the degree of knee valgus and varus during landing.  Many programs also focus on balance training.  Continued practice with balance can increase muscle coactivation and protect the knee from moving into dangerous positions when unanticipated perturbations occur.2

The first and one of the most popular programs used in the United States is known as the PEP program (Prevent Injury and Enhance Performance).  This program is often used because of the promising results shown in the published randomized controlled trial.


11 ADDIN EN.CITE   Injury tracking was carefully performed on 1435 female NCAA Division I soccer players through two fall seasons. 


11 ADDIN EN.CITE   The teams were divided into control or intervention groups.  The control group performed their normal warm-up routine as assigned by their coach while the intervention group performed the PEP program, a specific warm-up routine for that was used for 12 weeks.  This routine included dynamic aerobic warm-ups, stretching, strengthening, plyometrics, and agility exercises that could be completed in less than 20 minutes.


11 ADDIN EN.CITE   After careful documentation of all injuries in both groups, the intervention group showed a 41% lower ACL injury rate over the two year period.


11 ADDIN EN.CITE   This studies’ results are promising especially because the intervention is cost-effective and doesn’t require any equipment or additional time commitments from the athletes.

A second program with promising results is called the Sportsmetric program.12  The program was tested by tracking 1263 high school females participating in soccer, basketball, or volleyball.  The program focused on proper jumping mechanics and was completed over a pre-season period of six weeks.  Athletes in the intervention group participated 60-90 minutes a day, 3 days a week.  The program consists of a three phases stressing first technique, then fundamentals, and finally performance.12  Because a majority of non-contact ACL injuries occur while landing from a jump, athletes were taught to concentrate on their landing in all phases. 12  At the completion of the program, injuries to the ACL in the intervention group decreased by 72%.12  This author has completed numerous studies identifying the cause and possible interventions for ACL injuries and noted that injuries in the untrained group are due to “…high landing forces and imbalances in hamstring and quadriceps muscle strength and firing patterns.”12

The next study examined injury rates of 221 professional female Swedish soccer players.  Athletes were given a balance board and detailed instructions on various exercises and completed them at home over the course of 30 days.13  Initially, the intervention was done every day, but was decreased to three times a week for the remainder of the season.13  Participants were able to adjust the difficulty of the program by adjusting the height of the balance board at various times during the intervention.  Although the intervention subjects significantly increased their balance, there was no difference in ACL injury rates when compared to the control group.13  This could be in part due to the low number of subjects in addition to poor compliance as reported by the researchers.3

Very few published studies used male athletes as their primary subjects.  However, one study found significant results and deserves to be included in a review of effective programs.  Male soccer players from 40 professional European teams were divided into a control and intervention group.14  Subjects performing the intervention progressed through a five-stage program that included the floor, rectangular boards, round boards, round and rectangular boards in tandem, and finally a BAPS board (Biomechanical Ankle Platform System).14  Athletes completed the given program every day during the preseason period and decreased to three times a week once the in-season period began.14  At the completion of the data collection, ACL injury rates were significantly decreased in the intervention group.  When calculated according to each team per season, the intervention group sustained 0.15 injuries per team/season compared to the control group which sustained 1.15 injuries per team/season.14  This is one of the only programs that was successful by implementing exercises that focused strictly on balance.

Most studies use an intervention program that has been created by the authors and tailored to fit the sport being examined.  One group of authors used an existing performance enhancement program to test injury prevention.  300 female high school soccer players were examined during a one year period.15  Of this group, 42 athletes were randomly assigned to complete the Frappier Acceleration Program.15  This pre-existing program consists of 20 sessions over seven weeks and uses a combination of treadmill workouts that emphasize proper running technique, plyometrics, agility and strength training, and flexibility.15  After a year of tracking, there was a significant decrease in general injury rates in the trained group, however there was no significant decrease in the amount of injuries to the anterior cruciate ligament.  ACL rupture was found in 2.4% of athletes in the trained group compared to 3.1% in the control group.15  This study focused more on the treadmill exercises than the plyometrics, so this could explain the lack of change in ACL injuries.

Another group of studies with positive results focuses on the sport of team handball.  Handball is a unique but extremely popular sport that includes a large amount of jumping and pivoting motions.  In one study, female handball players participated in sports-specific exercises for ten minutes, three times a week.16  These athletes progressed through basic exercises to training circuits that incorporated balance training while shooting at a goal.  The program also included jump training in which athletes were instructed to always land with the “knee over the toe”.16  Although statistically significant differences were not found in ACL injury rates, a decrease from five ACL injuries in the control group to one ACL injury in the intervention group may have clinical significance.16

A more successful and rigorous program was performed over two seasons with professional female handball players.5  This program focused on controlling the position of the ankles and knees through the use of jumping exercises, wobble boards, and balance mats.  Athletes completed the training every day for 15 sessions, then decreased to once a week for the remainder of the season.5  ACL injury rates decreased by 36% when comparing the control group to the intervention group.5  The authors also noted a steady decrease from the control season to the first and second intervention season which may have been due to an increase in compliance.5  These studies prove that similar principles can be applied to a variety of sports with common movements, but unconventional sports have not been studied as in depth. 

One attempt has been made to decrease the amount of ACL injuries in alpine skiers.  Professional ski patrollers were chosen to be studied using an intervention geared towards injury awareness.  Videotapes of accidents resulting in ACL injuries were compiled and distributed to 4700 ski patrol staff members.17  The videos were intended to teach the skiers how to avoid high-risk behaviors and recognize dangerous situations by showing actual injury situations, and to respond quickly and effectively by showing near-injury situations that assisted in developing response strategies.17  In addition to viewing the video footage, the subjects were taken through “guided discovery” workshops where they were free to discuss injury situations in detail and create strategies to avoid high-risk behavior.  When compared to two years of control data, ACL injuries decreased by 62% in subjects that were included in the intervention.17  This study shows promising results but authors admit that it may be difficult to apply this specific intervention to recreational skiers.


Recognizing the need for further study in the area of winter sports, an orthopedic surgeon in Bend has developed an ACL prevention program intended to be used by high-level ski and snowboard teams.  This program, called Kneebound, will incorporate the already successful injury awareness technique discussed in the above study as well as dynamic training in strength, agility, plyometrics, and flexibility.  Winter sports are associated with unique mechanisms, and applying interventions that have been proven successful in other sports is the next step towards reversing the growing ACL injury trend in alpine skiing. 


Through researching this subject, it has been interesting to see so many positive results from many of these programs.  It is surprising that more sports don’t implement these types of programs into normal practice.  I have never been with a sport that has performed a specific warm-up with the intent of preventing ACL injuries.  Most of the studies that did not have statistical differences in ACL injury rates were those that didn’t include a balance of all prevention aspects including balance, plyometrics, flexibility, and strengthening.  Although it hasn’t been proven which aspects are most beneficial, most data shows that emphasizing plyometrics with a focus on technique should always be incorporated into prevention programs.


When shown severe knee injuries occurring in their sport, ski patrollers were able to modify their movements to successfully decrease the prevalence of ACL injuries.  With this knowledge, conventional sport programs such as PEP or Sportsmetrics should include injury awareness as a portion of the intervention.  With this modification to already successful programs, perhaps we could further decrease the amount of ACL injuries in athletics.  Athletic trainers should be aware of the positive benefits of proven programs and be diligent about implementing them in their own practices. 
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