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did not produce a signifi cant increase in CVJ height in 14 athletes 
who trained for 9 weeks.  13      

 disCussion 

 The goal of this review was to determine if ACL injury 
prevention training programs have a positive infl uence on ACL 
injury reduction and athletic performance tests. The literature 

search yielded 57 studies published from 1995 to 2011 that 
described 42 ACL injury prevention training programs. Only 5 
of these programs have published data regarding the effect of 
training on both criteria. Many studies have focused on only 
the effect of ACL intervention training on knee kinematics 
and kinetics without determining if the program signifi cantly 
reduces the incidence of this injury in female athletes. While 
the ability of neuromuscular, cognitive, and other methods of 

      
 Figure 4.    Training examples from the 2 training programs that had a positive influence on anterior cruciate ligament injury reduction 
and athletic performance test results in female athletes: Sportsmetrics and Prevent Injury and Enhance Performance. A, barrier hop 
forward-backward  20  ; B, barrier hop side-to-side; C, walking lunge; and D, agility reaction – instructor cued.  20    
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training to alter potentially deleterious moments, forces, and 
body mechanics is important to understand, the transfer of 
these changes to real-world athletic competition and reduction 
of noncontact ACL injury rates is just as crucial.

Some studies reporting ACL injury rates following 
intervention programs did not use athlete-exposures to 
determine the injury rates. Noyes et al22 and Knowles et al14 
stressed the importance of using incidence rates (number of 
injuries divided by the number of athlete-exposures) for sports 
injury research because this unit of measure is based on the 
epidemiologic concept of person-time at risk and it accounts 
for variation in exposure between athletes and teams. This 
method is widely preferred over that of a clinical incidence 
rate, which is calculated by dividing the number of injuries by 
the number of athletes at risk. The clinical incidence method 
does not provide a valid estimate or a true rate of injury.14

Shultz et al25 recently summarized findings from the 2010 
ACL Research Retreat V, which observed that a public health 
approach should be developed to help prevent ACL injuries 
in young athletes. Questions were raised pertaining to 
improved participation, compliance, and effectiveness of 
ACL injury prevention programs. These include developing 
an understanding of the multiple factors that influence 
the successful implementation of these programs; one 
recommendation was to evaluate if injury prevention programs 
positively or negatively affect athletic performance indices. 
This systematic review determined that few published ACL 
intervention programs have both significantly reduced 
the incidence of ACL injury and improved aspects of athletic 
performance, such as strength, speed, and agility (Table 4). 
The number of athletes who underwent performance testing 
after training was typically small, ranging from 11 to 27. 
Another problem is that all programs except Sportsmetrics 
were conducted during the course of an athletic season. It is 
therefore not possible to determine whether the changes in 
such indices as strength and balance occurred as a result of 
the intervention training program, participation in practices 
and games, sports-specific training, or a combination thereof. 
Significant increases in hamstrings isokinetic strength and 
improvements in the hamstrings:quadriceps ratio were 
achieved with only the Sportsmetrics and PEP programs. It has 
been well established that female athletes typically have poor 
hamstrings strength,4 which is considered one possible risk 
factor for ACL ruptures.2

Debate continues regarding the components that ACL injury 
prevention training programs should contain, as well as the 
frequency and duration of training (Figure 4). Compliance 
rates with training vary widely, and the factors causing this 
discrepancy remain unclear. Steffen et al26,27 concluded that 
the disappointing results from their studies on the “11” training 
program were due to low volume and training intensity and 
poor athlete compliance. Pfeiffer et al23 believed that the lack 
of strength training may have played a role in the lack of a 
training effect of their KLIP program on the ACL injury rate. 
This occurred even though a previous study13 had found a 

beneficial effect of this program on reduced peak impact forces 
on landing. That study involved 14 collegiate women who 
were physically active, while the Pfeiffer study focused on high 
school soccer players. Although Myklebust et al18 did not find a 
significant reduction in noncontact ACL injury rates with their 
training program in female team handball players, they did 
note a compliance effect in the subgroup of elite players. The 
authors speculated that the elite teams may have had a greater 
motivation to perform the training program because of problems 
with players sustaining ACL injuries in previous years. They also 
had more practices per week than other teams, which could 
have provided more opportunities to complete the training 
program.

Even though some authors maintain that ACL intervention 
programs that involve 60 to 120 minutes of training for 3 days 
a week are difficult to conduct,5,8 the most effective program 
in this review in regard to athletic performance enhancement 
was Sportsmetrics, which requires this amount of time. It is not 
known if the newer sports-specific programs are also effective 
in significantly reducing the incidence of ACL injuries. It is 
also not known if the improvement in fitness and functional 
indices as a result of ACL injury prevention training translates 
into enhanced player performance during competition. 
Future studies of programs shorter in duration may consider 
conducting the intervention before the start of the athletic 
season so that the effect of the training alone on athletic 
performance indices may be measured.

ConClusions

This systematic review identified 42 ACL injury prevention 
training programs in the English literature. Only the Sportsmetrics 
and PEP programs had a positive influence on injury reduction 
and athletic performance test results in female athletes.
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