
The Effect of Neuromuscular Training on
the Incidence of Knee Injury in
Female Athletes
A Prospective Study

Timothy E. Hewett,* PhD, Thomas N. Lindenfeld, MD, Jennifer V. Riccobene, and
Frank R. Noyes, MD

From the Cincinnati Sportsmedicine Research and Education Foundation and Deaconess
Hospital, Cincinnati, Ohio

ABSTRACT

To prospectively evaluate the effect of neuromuscular
training on the incidence of knee injury in female ath-
letes, we monitored two groups of female athletes, one
trained before sports participation and the other not
trained, and a group of untrained male athletes
throughout the high school soccer, volleyball, and bas-
ketball seasons. Weekly reports included the number
of practice and competition exposures and mechanism
of injury. There were 14 serious knee injuries in the
1263 athletes tracked through the study. Ten of 463
untrained female athletes sustained serious knee inju-
ries (8 noncontact), 2 of 366 trained female athletes
sustained serious knee injuries (0 noncontact), and 2
of 434 male athletes sustained serious knee injuries (1
noncontact). The knee injury incidence per 1000 ath-
lete-exposures was 0.43 in untrained female athletes,
0.12 in trained female athletes, and 0.09 in male ath-
letes (P 5 0.02, chi-square analysis). Untrained female
athletes had a 3.6 times higher incidence of knee injury
than trained female athletes (P 5 0.05) and 4.8 times
higher than male athletes (P 5 0.03). The incidence of
knee injury in trained female athletes was not signifi-
cantly different from that in untrained male athletes
(P 5 0.86). The difference in the incidence of noncon-
tact injuries between the female groups was also sig-
nificant (P 5 0.01). This prospective study demon-
strated a decreased incidence of knee injury in female
athletes after a specific plyometric training program.

It is well documented that female athletes participating in
jumping and cutting sports demonstrate a four- to sixfold
higher incidence of knee injury than do male athletes
participating in the same sports.1,4,10,12,13,19,30,32 The
National Collegiate Athletic Association (NCAA) reports
that more than 100,000 women participate in collegiate
sports each year. A 1990 to 1993 injury survey of approx-
imately 15% of NCAA member institutions reported an
average knee injury rate of approximately 1 per 1000
athlete-exposures (1 athlete-exposure meaning participa-
tion in either a game or practice), or greater than 1 injury
for every 10 female athletes.1,17 Therefore, more than
10,000 knee injuries are expected to occur in female ath-
letes at the collegiate level alone during any given year.

Many of these knee injuries require either considerable
nonoperative treatment, surgery, or both. Using the same
figure (10,000 injuries), and an injury incidence of approx-
imately 0.22 ACL injuries per 1000 athlete-exposures,1,17

more than 2200 ACL ruptures are expected to occur in
female collegiate athletes each year. The cost of treatment
for these athletes is many millions of dollars annually.
The cost of orthopaedic care, including ACL reconstruc-
tion and rehabilitation, for these athletes is approximately
$17,000 per patient (F. R. Noyes, unpublished data, 1999),
which would amount to over $37 million. These costs are
in addition to the traumatic effect of these injuries on the
athlete, including the potential loss of entire seasons of
sports participation, loss of scholarship funding, and the
ensuing effects on the athlete’s mental health and aca-
demic performance.11

The total financial burden of serious knee injuries in
female athletes may reach $100 million at the high school
and collegiate levels combined. The 1994 high school ath-
letic participation survey conducted by the National Fed-
eration of State High School Associations reported over 2
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million female participants in high school sports programs
(unpublished data, 1994). Therefore, even though knee
injury rates among high school female athletes are only
about one-tenth as high as for collegiate female athletes (1
knee injury per 100 participants4), the higher number of
participants at the high school level is expected to account
for twice as many injury occurrences (more than 20,000
knee injuries) each year as are found at the collegiate
level. Chandy and Grana4 reported that significantly more
high school girls had knee surgery than did boys (nearly
five times as many), and knee surgeries made up 70% of
all surgeries for the girls. Prevention programs may
present a cost-effective solution to this dilemma.4

Noyes et al.24 reported that four-fifths of ACL injuries
occur via a noncontact mechanism, and the majority of
these occur at landing from a jump. In a rigorous study of
the incidence of injury in soccer, Lindenfeld et al.18 re-
ported that the incidence of serious knee injury was ap-
proximately sixfold higher in female players than in male
players when normalized per player-hour. Haycock and
Gillette14 attributed most differences in injury rates to
differing levels of training and coaching, and not to ana-
tomic or physiologic differences. Whiteside30 reported sim-
ilar overall injury rates for men and women, although
significant knee injuries occurred 1 to 10 times more often
in women than in men, depending on the sport played.

Some reports attribute injury rate differences to physi-
ologic differences such as increased joint laxity among
women,4,14,16,32 while others refute this claim.29 At least
three reports have suggested that the hormone estrogen is
directly involved in increased injury rates in wom-
en.13,31,32 It has also been argued that anatomic differ-
ences in pelvic structure and lower extremity alignment
(that is, the Q angle) may account for differences in injury
rates for men and women.14,32 Emerson,9 Hutchinson and
Ireland,17 and Shelbourne et al.26 have hypothesized that
a narrow intercondylar notch and small ACL may predis-
pose the female knee to ACL injury. Gray et al.13 found
that injury rate differences could not be attributed to
anatomic differences, nor to lack of fitness or experience.

Chandy and Grana4 reported that significantly more
female than male high school athletes had knee injuries
that required surgery, and they suggested that “emphasis
be placed on functional evaluation and conditioning of the
quadriceps and hamstring muscles to prevent these inju-
ries.” Jump training programs incorporating stretching,
plyometric exercises, and weight lifting have been advo-
cated to increase performance and decrease injury risk in
competitive athletes in jumping sports. A number of high
school, collegiate, and Olympic sports teams have devel-
oped such programs.8,21,22 It is not known whether these
programs alter jumping and landing biomechanics; only
performance changes have been reported.

Training of the musculature that stabilizes the knee
joint before sports participation may decrease the relative
injury incidence in female athletes. Even if training and
strength differences account for only part of the increased
incidence of knee injury in female athletes, lowering these
high figures by even a small percentage could have a
significant effect on the number of knee injuries. Caraffa

et al.3 demonstrated in a prospective controlled study that
proprioceptive training of semiprofessional male soccer
players significantly decreased the incidence of ACL in-
jury. After a progressive five-phase training program on
balance boards, injury incidence decreased more than sev-
enfold in these male athletes. Neuromuscular training
might have similar (or even greater) effects on female
athletes.

Hewett et al.15 demonstrated a marked imbalance be-
tween hamstring and quadriceps muscle strength in fe-
male athletes before training. In addition, male athletes
had knee flexor moments during landing from a jump that
were three times higher than those of female athletes. A
plyometric, stretching, and strength training program
was demonstrated to decrease peak landing forces by de-
creasing abduction/adduction moments at the knee.15 The
program also significantly increased hamstring muscle
power and strength, increased hamstring-to-quadriceps
peak torque ratios, and decreased side-to-side hamstring
muscle strength imbalances. After the evaluation of this
biomechanical evidence, the authors hypothesized that
this program might decrease injury rates in female ath-
letes. If this hypothesis proved valid, similar programs
could be used to alter current methods for preparing fe-
male athletes for participation in high-level sports. Such
training, if effectively used on a widespread basis, might
help to significantly decrease the number of athletes in-
jured each year. To test our hypothesis, we performed an
intervention study based on high school female athletes
using the training program previously reported.

MATERIALS AND METHODS

Subjects and Injury Survey

Forty-three sports teams from 12 area high schools par-
ticipated in the study. Soccer, volleyball, and basketball
were selected for monitoring because of the high level of
jumping and cutting activity in these sports. Coaches and
trainers were contacted and sent an instructional video
and training manual demonstrating a 6-week preseason
neuromuscular training program. This program, de-
scribed in a previous study,15 incorporates flexibility,
plyometrics, and weight training to increase muscle
strength and decrease landing forces. A certified athletic
trainer and physical therapist demonstrated stretching
and plyometric techniques with an emphasis on proper
form. This program has been proven to decrease poten-
tially dangerous landing forces by decreasing adduction
and abduction moments at the knee and increasing ham-
string muscle power.15 Fifteen girls’ teams elected to use
the program and 15 elected not to use the program. Thir-
teen untrained boys’ teams were observed as controls for
the female groups.

A total of 1263 athletes participating in soccer, volley-
ball, and basketball were monitored for injury during each
playing season (1 school year or 1 season per sport). These
athletes consisted of three groups: 366 girls on 15 teams
who participated in the 6-week preseason neuromuscular
training program (trained group), 463 girls on 15 teams
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who did not participate in the 6-week training program
(untrained group), and 434 untrained boys on 13 teams
who served as a control population (male control group).
The trained group consisted of 185 volleyball players, 97
soccer players, and 84 basketball players. The untrained
group was composed of 81 volleyball players, 193 soccer
players, and 189 basketball players. The male control
group was made up of 209 soccer players and 225 basket-
ball players.

All athletes were given preseason screening question-
naires that included sport-specific information with re-
gard to prior injuries and number of years of participation.
Certified athletic trainers were given weekly injury re-
porting forms to monitor the number of injuries occurring
in a specific week along with game and practice injury risk
exposures. Ninety-four percent of the athletes (1263 of
1344) were monitored throughout the entire season. Only
these athletes were included in the data analysis. An
injury risk exposure was defined as one athlete participat-
ing in one practice or match. Trainers were also given
corresponding individual injury reporting forms to moni-
tor more in-depth information, such as type of injury,
mechanism, and treatment. A serious knee injury was
defined as a knee ligament sprain or rupture that caused
the player to seek care by an athletic trainer and that led
to at least 5 consecutive days of lost time from practice and
games. All serious knee injuries were diagnosed by an
experienced athletic trainer, and the athletes were re-
ferred to an experienced sports medicine physician. All
ACL ruptures were confirmed by arthroscopy. Medial col-
lateral ligament (MCL) ruptures were diagnosed by the
presence of pain along the ligament and increased valgus
rotation with a valgus stress test. We excluded three mi-
nor first-degree MCL sprains in athletes who did not have
abnormal medial joint opening. Only primary injuries
were included in the study, reinjuries were tabulated but
not reported.

Jump Training Program

Participating coaches and trainers were instructed in the
implementation of the program using the video tape and
manual documenting all phases of training. The trained
group included 366 female athletes who were trained in
jumping and landing techniques designed to increase ver-
tical height and increase strength before sports participa-
tion. The training sessions lasted approximately 60 to 90
minutes a day, 3 days a week, on alternating days. Par-
ticipants documented their repetitions in the training
manual. Seventy percent of the athletes (248 of 366) in the
trained group completed the entire 6-week program. All
366 athletes in the trained group were required to com-
plete at least 4 weeks of the training program to be in-
cluded in the study.

Three phases were implemented throughout the jump
training program (Appendix 1). The technique phase
(phase I) included the initial 2 weeks when proper jump
technique was demonstrated and drilled. The fundamen-
tals phase (phase II) concentrated on building a base of
strength, power, and agility. Finally, the performance

phase (phase III) focused on achieving maximum vertical
jump height. Throughout each session of the first two
phases, exercises were increased by duration. Each ath-
lete was encouraged to do as many jumps as possible using
proper technique. One to 2 minutes of recovery time was
allotted between each exercise (exercises are defined in
Appendix 2). Stretching was performed immediately be-
fore jump training. Weight training was performed after
jump training with a 15-minute rest period and an abbre-
viated stretching regimen (Appendix 3).

Statistical Analysis

One-way chi-square tests were used to analyze the effect
of training on the frequency of injury and to test for
differences in injury rates among the separate groupings
of athletes (that is, untrained female group versus male
control group versus trained female group). Level of sig-
nificance was set at P # 0.05.

RESULTS

All Serious Knee Injuries

There were 14 serious knee injuries among the 1263 ath-
letes monitored throughout the entire soccer, volleyball,
and basketball seasons (Table 1). Chi-square analysis of
these data showed a significant difference in injury rates
(P 5 0.02) among the three groups. When the trained and
untrained groups were compared with chi-square analy-
sis, a significant effect of training on the incidence of
serious knee injury was observed (P 5 0.05). The un-
trained group demonstrated a significantly higher inci-
dence of injury than the male control group (P 5 0.03), but
there was no significant difference between the trained
group and the male control group (P 5 0.86). Two female
athletes (one trained, one untrained) suffered MCL
sprains that were not included in the statistical analysis
because the injury did not occur during sports participa-
tion or fewer than 5 consecutive days of sports participa-
tion were missed after the injury.

The total number of athlete-exposures were 23,138 for
the untrained group, 17,222 for the trained group, and
21,390 for the male control group. The incidence of all
knee injuries was 0.43 in the untrained group, 0.12 in the
trained group, and 0.09 in the male control group (injuries
per 1000 exposures) (Fig. 1). The untrained group demon-
strated an injury rate 3.6 times higher than the trained
group and 4.8 times higher than the male control group.
The trained group showed an injury incidence only 1.3
times higher than the male control group.

Noncontact Injuries

Nine of the 14 injuries in the study subjects were noncon-
tact knee injuries. The relative noncontact injury inci-
dence was 0.35 for the untrained group, 0 for the trained
group, and 0.05 for the male control group (Fig. 2). Chi-
square analysis showed a significant difference between
groups in noncontact knee injuries (P 5 0.005). The
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trained group had a significantly lower rate of noncontact
injuries than the untrained group (P 5 0.01).

Five untrained female athletes and one male athlete
sustained noncontact ACL injuries. Chi-square analysis
demonstrated a significant difference between these
groups (P 5 0.05). The trained group had significantly
fewer noncontact ACL injuries than the untrained group
(P 5 0.05).

Injuries by Sport

All serious knee injuries occurred in soccer and basketball
players. No serious knee injuries occurred in volleyball
players. Therefore, we examined injury prevalence and
incidence in soccer and basketball alone. Figure 3 shows
the incidence of injury in soccer and basketball players per
1000 athlete-exposures. The number of player-exposures
were 19,387 for the untrained group, 9284 for the trained
group, and 21,552 for the male control group. The relative
incidence of injury in the untrained group was 2.4 times
higher than that in the trained group, and 5.8 times
higher than the incidence in the male control group. The
trained group had an incidence of serious knee injuries 2.4
times that of the male control group when only soccer and

basketball were examined. There were significant differ-
ences in injury rate between the untrained group and the
other two groups (P 5 0.03). The untrained group demon-
strated a significantly higher injury incidence than the
male control group (P 5 0.01). The trained group had an
incidence similar to that of the male control group (P 5
0.83). The difference between the trained and untrained
groups was not significant (P 5 0.25). However, when only
noncontact injuries were considered, there was a signifi-
cant difference between the trained and untrained groups
(P 5 0.05) (Fig. 4).

We also examined injury incidence in soccer and bas-
ketball separately. In girls’ soccer, 290 athletes from 10
teams were monitored, 4 teams trained and 6 teams did
not train. Six boys’ soccer teams (209 athletes) were mon-
itored. All five serious knee injuries among the female
soccer athletes occurred in members of the untrained
teams. One male soccer player suffered a knee injury. The
number of soccer player-exposures were 9017 for the un-
trained group, 4517 for the trained group, and 8513 for the
male control group. When injury incidence in soccer play-
ers alone was compared, the relative incidence of injury
was 0.56 in untrained female athletes, 0 in trained female
athletes, and 0.12 in male athletes. Chi-square analysis

Figure 1. Serious knee injuries per 1000 athlete-exposures
in each of the study groups.

Figure 2. Noncontact injuries per 1000 athlete-exposures in
each of the study groups.

TABLE 1
Detailed Information on the 14 Serious Knee Injuries Observed in This Study

Group Injury type Sport Injury mechanism Time lost (days)

Untrained ACL Soccer Noncontact, twisting Out for season
Untrained ACL Basketball Noncontact, varus landing Out for season
Untrained ACL Basketball Noncontact, valgus twisting Out for season
Untrained ACL Soccer Noncontact, twisting Out for season
Untrained ACL Basketball Noncontact, hyperextension/twisting Out for season
Untrained MCL Basketball Contact, lateral side at landing 7
Untrained MCL Soccer Noncontact, hyperextension 5
Untrained MCL Soccer Contact, valgus blow to tibia 5
Untrained MCL Soccer Noncontact, twisting 20
Untrained MCL Basketball Noncontact, repeated valgus stress Out for season
Trained ACL Basketball Contact, lateral blow Out for season
Trained ACL/MCL Basketball Contact, valgus blow Out for season
Male control ACL Soccer Noncontact, twisting Out for season
Male control MCL Basketball Contact, valgus blow 10
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indicated a trend for a difference in injury rates between
all groups in the soccer population (P 5 0.07). There was
also a trend toward a higher incidence of serious knee
injury in untrained female players versus trained female
players (P 5 0.11). Untrained female athletes had a
higher incidence of serious knee injury than male athletes,
although the difference was not significant (P 5 0.08),
while trained female soccer players and male soccer play-
ers had statistically similar incidences of serious knee
injury (P 5 0.46). Similar trends were observed for non-
contact injuries.

Eight girls’ basketball teams (273 athletes) participated
in the study: three teams trained with the program and
five did not. Seven boys’ basketball teams were included in
the study. Five knee injuries occurred on the untrained
girls’ teams, two knee injuries occurred on the three
trained girls’ teams, and one knee injury occurred in a
male basketball player. The number of basketball player-
exposures was 10,370 for the untrained group, 4767 for
the trained group, and 13,039 for the male control group.

The incidence of injury was 0.48 for untrained female
athletes, 0.42 for trained female athletes, and 0.08 for
male basketball players. The difference in basketball in-
jury rates was not significant between groups (P 5 0.17) or
between trained and untrained female athletes (P 5 0.89).
Both untrained (P 5 0.06) and trained (P 5 0.12) groups
showed strong trends toward a higher incidence of serious
knee injury than the male athletes, but neither was sta-
tistically significant. However, when noncontact injuries
in basketball were examined (four in the untrained group,
zero in the trained group, and zero in the male group),
there was a trend (P 5 0.019) toward a lower incidence of
injury to the trained basketball players relative to the
untrained players. Untrained female athletes had signif-
icantly more noncontact knee injuries than did the male
athletes (P 5 0.03), while the number of noncontact inju-
ries in trained female athletes was similar to that in male
athletes.

DISCUSSION

This is the first prospective study to report the effects of
neuromuscular training on knee injury in female athletes
involved in high-risk sports. The incidence of serious knee
injury was 2.4 to 3.6 times higher in the untrained group
than in the trained group, depending on whether the sport
of volleyball was included. Untrained female athletes
were 4.8 to 5.8 times more likely than male athletes to
suffer a knee injury, and trained female athletes were 1.3
to 2.4 times more likely than male athletes to suffer a knee
injury. These results indicate that neuromuscular train-
ing may decrease injury risk in female athletes. The de-
creased injury incidence in trained athletes might be due
to increased dynamic stability of the knee joint after
training.

Nontrained female athletes are predisposed to knee lig-
ament injuries.1,4,10,12,13,19,30,32 High landing forces and
imbalances in hamstring and quadriceps muscle strength
and firing patterns may be the reasons for the predispo-
sition.15,16 Preventive measures, such as neuromuscular
training, should be undertaken with the female athlete to
decrease the incidence of serious knee injury in this high-
risk population.

The increased incidence of female knee injuries could be
multifactorial (that is, hormones, anatomy, length of
sports participation); however, training may be able to
override the effects of a number of these factors. Although
we do not know the effects of this specific training pro-
gram on estrogen fluctuations, other training programs
have been shown to affect estrogen levels,6 in addition to
enhancing muscular stabilization of a more valgus (or
varus) knee. Neuromuscular training is an intervention
that can have a biomechanical effect, such as decreased
landing forces and adduction and abduction moments, as
well as a physiological effect, such as decreased estrogen
levels and increased hamstring-to-quadriceps ratios.

More than than 90% of the female subjects in our prior
study (10 of 11) effectively decreased their peak landing
forces.15 The decrease in landing forces observed is impor-
tant in that it directly translates to forces in the joints of

Figure 3. Serious knee injuries per 1000 athlete-exposures
in soccer and basketball players.

Figure 4. Noncontact injuries per 1000 athlete-exposures in
soccer and basketball players.
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the lower extremity. Dufek and Bates7 examined the im-
portance of decreasing landing forces and pointed out the
relation between these forces and knee injury. They ar-
gued that the high percentage of injuries that occur in
jumping sports during landing (approximately 60% of the
total injuries), and the high concentration of lower extrem-
ity injuries in these sports, strongly suggests that a rela-
tionship exists between landing forces and lower extrem-
ity injury.

In our prior study,15 both knee adduction and abduction
moments decreased an average of 50% at landing after
training. Landing in either a varus or valgus stance is a
less stable position for the knee.25 Therefore, a decrease in
adduction and abduction moments at landing may stabi-
lize the joint and prevent serious knee injury. Thus, ath-
letes should avoid excessive adduction or abduction forces
at the knee.20 The decrease in the adduction and abduc-
tion moments may be related to increased hamstring and
gastrocnemius muscle function in stabilizing the joint in
the coronal plane.

An important observation from our earlier study was
the threefold-greater knee extension moment (reflective of
increased knee flexor activity) demonstrated by the male
athletes compared with the female athletes. Male athletes
demonstrate relatively high use of the knee flexor muscu-
lature at landing compared with female athletes. This
may be a protective mechanism involving the hamstring
or gastrocnemius muscles to counteract the high peak
landing forces that male athletes demonstrate.

Huston and Wojtys16 demonstrated differences in mus-
cle recruitment patterns between elite female and male
athletes. In a high percentage of trials, female athletes
contracted their quadriceps muscles in response to an
anterior tibial translation, whereas male and female con-
trol subjects responded to an anterior tibial translation by
first contracting their hamstring muscles. The hamstring
muscles are an ACL agonist, resisting forces that strain
the ACL, whereas the quadriceps muscle contraction at
low knee flexion angles acts as an ACL antagonist, signif-
icantly increasing strain on the ACL. In addition, these
authors showed that female athletes have more anterior
knee laxity and significantly less lower extremity strength
than their male counterparts.

The hamstring muscles are important to the stabiliza-
tion of the knee joint. They function as a joint compressor
and restrain anterior motion of the tibia.27 These two
functions decrease anterior shear forces and greatly re-
duce load on the primary restraint to anterior tibial mo-
tion, the ACL.2,23,28 Female athletes demonstrate a
marked imbalance between hamstring and quadriceps
muscle strength before training.15,16 The training pro-
gram used in this study has been shown to correct this
imbalance and bring the ratio of hamstring to quadriceps
isokinetic strength in female athletes to the same level as
that in male athletes.15 Baratta et al.2 noted the increased
risk of ligament damage in athletes with quadriceps-to-
hamstring strength imbalances and reduced hamstring-
quadriceps coactivation patterns. They observed in-
creased coactivation of the hamstring muscles in athletes

with quadriceps-to-hamstring strength imbalances after
hamstring muscle training exercises.

The increase in hamstring muscle peak torque and
power observed in the trained subjects in our prior study15

brought the lower hamstring-to-quadriceps ratio of female
athletes (near 50%) up to values equivalent to that of male
athletes (approximately 65%). Hamstring-to-quadriceps
ratios at or below 50% may indicate a pathologic condi-
tion.5 It has been hypothesized that hamstring-to-quadri-
ceps ratios lower than 60% can predispose an athlete to
ACL injury.8 Female athletes, even to a greater extent
than nonathletes, tend to be “quadriceps dominant” in
both strength and muscle firing patterns.15,16

Study Limitations

The present study has a few important limitations. First,
this was not a randomized, double-blinded study. There
were not equal numbers of each type of sports participant
in each group. Subjects were not randomly striated into
trained and untrained groups, rather each coach decided
whether his or her team would undergo training. There
were more volleyball players in the trained group and this
may have biased this group toward lower injury rates.
Other studies have demonstrated lower rates of knee in-
jury in women’s volleyball compared with women’s soccer
and basketball at the collegiate level.17 The relative levels
of serious injury among these three sports in the high
school athlete are not well defined. Neither the subjects
nor the investigators were masked as to who was and was
not trained. This also introduces possible bias into the
study. A final important limitation is the low number of
observed injuries. In this high school setting, with approx-
imately 1 in 100 female athletes and 1 in 500 male ath-
letes sustaining a serious knee injury, recruiting a suffi-
cient number of subjects for obtaining high statistical
power was problematic.

Conclusions and Future Directions

The jump training program outlined in this report de-
creased the overall incidence of serious knee injury. These
effects undoubtedly arise from a combination of improve-
ments in technique and strength. Much of the benefit of
the program appears to be through decreases in the mag-
nitude of the adduction and abduction moments at the
knee and improvement of the hamstring-to-quadriceps
strength ratio.15 Our recommendation is that young fe-
male athletes in sports that entail jumping, pivoting, and
cutting, such as basketball, volleyball, and soccer, be
trained before participation with a proven effective jump
training program that includes progressive resistance
weight training for the lower extremity.

There remain a number of unanswered questions need-
ing further research. We have tracked young female ath-
letes, both trained and untrained, to determine whether
injury rates are lowered with training. Two factors that
should be further investigated are adduction and abduc-
tion moments at the knee and imbalances between ham-
string and quadriceps muscle strength or dominant versus
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nondominant leg musculature, as they may serve as indi-
cators of a predisposition to injury in specific athletes and
a need for preparticipation training.
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