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Objective: To present a unique case of a young pubertal
female athlete who was prospectively monitored for previously
identified anterior cruciate ligament (ACL) injury risk factors for
3 years before sustaining an ACL injury.

Background: In prospective studies, previous investigators
have examined cross-sectional measures of anatomic, hormon-
al, and biomechanical risk factors for ACL injury in young female
athletes. In this report, we offer a longitudinal example of
measured risk factors as the participant matured.

Differential Diagnosis: Partial or complete tear of the ACL.

Measurements: The participant was identified from a cohort
monitored from 2002 until 2007. No injury prevention training or
intervention was included during this time in the study cohort.

Findings: The injury occurred in the year after the third
assessment during the athlete’s club basketball season. Knee
examination, magnetic resonance imaging findings, and arthro-
scopic evaluation confirmed a complete ACL rupture. The
athlete was early pubertal in year 1 of the study and pubertal

during the next 2 years; menarche occurred at age 12 years. At
the time of injury, she was 14.25 years old and postpubertal,
with closing femoral and tibial physes. For each of the 3 years
before injury, she demonstrated incremental increases in height,
body mass index, and anterior knee laxity. She also displayed
decreased hip abduction and knee flexor strength, concomitant
with increased knee abduction loads, after each year of growth.

Conclusions: During puberty, the participant increased body
mass and height of the center of mass without matching
increases in hip and knee strength. The lack of strength and
neuromuscular adaptation to match the increased demands of
her pubertal stature may underlie the increased knee abduction
loads measured at each annual visit and may have predisposed
her to increased risk of ACL injury.

Key Words: knee injuries, neuromuscular adaptations,
lower extremity injuries, anterior cruciate ligament injury
mechanisms, high-risk athletes, female athlete triad, neuromus-
cular spurt

dolescent and adult female athletes are 4 to 6 times

more likely to sustain a sport-related noncontact

anterior cruciate ligament (ACL) injury than are
male athletes.!-3 Although strong evidence indicates a sex
difference in ACL injury rates in postpubertal athletes, no
similar trend is present in prepubescent athletes.48
However, knee injuries in preadolescent athletes constitute
up to two-thirds of the sport-related injuries in children
reported as joint sprains, with most sprains occurring at the
knee.? Sprains to the ACL are rare in preadolescent
children, and sex differences do not appear to be present in
children before their growth spurt.4-6 However, after their
growth spurt, female athletes have higher rates of knee
sprains, a trend that continues into maturity.?

Currently, few investigators have prospectively quantified
risk factors for ACL injury in young female athletes.
LaPrade and Burnett!9 performed the first prospective
investigation to identify factors related to increased ACL
injury risk in collegiate athletes. No sex differences were
reported, but intercondylar notch stenosis was related to an
increased risk of injury.10 Uhorchak et alll determined that
female cadets with increased joint laxity, smaller femoral
notch width, and greater body mass index were more likely to
sustain ACL injuries during 4 years of military training.
Hewett et all2 prospectively measured biomechanics in high

school volleyball, soccer, and basketball players. Measures of
lower extremity valgus, which included knee abduction
torque, during vertical jump task predicted ACL injury risk.
More recently, Myer et all3 used a case-control study design
from a large prospective data set to evaluate joint laxity
measures and their relationship to ACL injury risk. Greater
joint laxity, especially at the knee, also may contribute to
increased risk of knee injury in high school and collegiate
female athletes. Previous authors provided snapshots of
injury risk factors in adult and late-adolescent athletes;
however, to our knowledge, no prospective longitudinal
reports have quantified risk factors in early pubertal athletes,
nor is there evidence of changes in these risk factors as
females mature. Our purpose was to present the case of a
young, pubertal female athlete who was prospectively
monitored for ACL injury risk factors for 3 years before
sustaining an ACL injury. Although the injury mechanism
and surgical procedure were not unique, the inclusion of 3
consecutive years of data provides information related to
injury risk factors during growth and development.

CASE REPORT

The 14-year-old female athlete was injured when she
“took a charge” while playing Amateur Athletic Union
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basketball. She felt an immediate “pop” in her left knee,
fell awkwardly, and could not stand or walk without
assistance. She had no previous history of participation-
limiting knee pain or injury. Her examination was
remarkable for difficulty fully extending the knee, and
she had a low-grade effusion. Both her Lachman and
anterior drawer tests were positive, and she had lateral
joint line pain with the McMurray test. Plain radiographs
of the left knee indicated closing physes (both tibia and
femur) with no specific abnormalities. Magnetic resonance
imaging (MRI) indicated a complete disruption of the
ACL, a tear in the anterior horn of the lateral meniscus,
and contusions to the lateral femoral condyle and
posterolateral tibial plateau in a pattern characteristic of
ACL failure. The athlete and her parents opted for
arthroscopically assisted ACL reconstruction with ipsilat-
eral hamstrings tendon autograft.

The novelty of this case report is that at the time of her
injury, the athlete was a research participant enrolled in a
prospective biomechanical-epidemiologic study to deter-
mine the relationship of maturational development to risk
factors for ACL injury in female athletes.!4 The participant
was first evaluated at age 11 years and then reevaluated
annually before each fall basketball season to monitor
changes in maturation status and potential risk factors for
ACL injury.

MEASUREMENTS

Demographic and Anthropometric Data

The participant was identified from a cohort that was
screened prospectively before participating in sports from
2002 until 2007. Data were collected annually, just before
the start of the athlete’s competitive basketball season, for
3 years prior to the ACL injury. Informed written consent
was obtained from her guardian, and the investigation was
approved by the institutional review board before screen-
ing began.

The participant’s height and mass were recorded. She
was tested for generalized joint laxity, using tests previ-
ously described by Pasque and Hewett!5 (visual approxi-
mation and goniometric measures). Anterior-posterior
tibiofemoral translation was quantified using the Com-
puKT knee arthrometer (Medmetric Corp, San Diego, CA)
to measure total anterior-posterior displacement of the
tibia relative to the secured femur. During the measure-
ment, each leg was placed on the adjustable thigh support
with the knee stabilized at 20° to 35° of knee flexion. The
arthrometer was secured to the lower leg such that the
patella sensor pad rested on the patella, with the knee joint
line reference mark on the CompuKT aligned with the
athlete’s joint line.13 The ankle and foot were stabilized to
limit leg rotation. The tester provided posterior and
anterior pressure (=134 N) on an axis perpendicular to
the tibia. Total displacement (mm) was plotted on the
computer and recorded. The CompuKT measurements of
anterior knee laxity demonstrated high reliability,!3 with
intraclass correlation coefficients between testers ranging
from 0.81 to 0.86 and within-testers correlations ranging
from 0.92 to 0.95. All laxity testing for this participant was
performed by 1 investigator, who demonstrated moderate
to high intrarater reliability, with coefficients ranging from

0.891 to 0.972 for the CompuKT and joint laxity scores,
respectively, during pilot testing. In addition, general joint
laxity classifications similar to those used in the current
investigation also demonstrate good to excellent interrater
(R = 0.75) and intrarater (R = 0.81) reliability.13

Notch width index was determined from MRI after the
injury as the ratio of the width of the intercondylar notch
to the width of the distal femur at the level of the popliteal
groove. The intercondylar notch was measured at the
narrowest point of the notch at the level parallel to the
popliteal groove.16.17

Maturational Status

The athlete was classified into 1 of 4 pubertal categories
(prepubertal, early pubertal, pubertal, or postpubertal) using
the modified Pubertal Maturational Observational Scale!8 at
each visit. The scale uses parental questionnaires and
investigator observations to classify participants into the
pubertal categories: prepubertal (equivalent to Tanner stage
1), early pubertal (Tanner stage 2), pubertal (Tanner stages 3
and 4), or postpubertal (Tanner stage 5).19 The scale has
shown high reliability and can be used to differentiate
between pubertal stages based on indicators of adolescent
growth, breast development, menstruation status, axillary
and leg hair growth, muscular development, presence of
acne, and evidence of sweating during physical activities.19-22

Menstrual History

Included with the consent form was a detailed medical
history and previous sport participation questionnaire. The
forms, which included redundant questions for cross-
checking the reliability of answers, yielded an annual
objective documentation from the parents regarding the
athlete’s current menstrual status and date of menarche.2!
In addition, the participant was interviewed after the injury
to determine her menstrual status at the time of injury.

Biomechanics

The biomechanical methods we employed have been
detailed previously23 but will be explained briefly here.
Each year, the participant had 37 retroreflective markers
placed by the same investigator at defined anatomic
locations (Figure 1). The athlete’s neutral (zero) alignment
and subsequent measures were referenced to a static
measurement taken each year. Once the static trial was
completed, the participant was positioned at the top of a
31-cm box with her feet aligned 35 cm apart (distance
measured between toe markers)24 for the drop vertical
jump. She was instructed to drop directly down off the box
and immediately perform a maximal-effort vertical jump.
Knee abduction moment recorded during a drop vertical
jump has been identified as an important risk factor and
provides moderate-to-high within-sessions and between-
sessions reliability over extended time intervals.12.23 The
first landing on the force platforms (ie, the drop from the
box) was used for analysis; 3 successful trials were recorded
and averaged. Trials were collected with a motion analysis
system (EVaRT version 4; Motion Analysis Corp, Santa
Rosa, CA) consisting of 8 cameras (sampling at 240 Hz)
and 2 force platforms (sampling at 1200 Hz) (model ORG6;
AMTI, Watertown, MA).
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Figure 1. Biomechanical marker set and static position used
during motion analysis testing. Reprinted with permission from
the National Athletic Trainers’ Association.2?

Biomechanical data were imported into Visual3D (version
3.65; C-Motion, Inc, Germantown, MD) and MATLAB
(version 7.0; The MathWorks, Natick, MA) for data
reduction and analysis. The vertical ground reaction force
(VGRF) data were used to calculate initial contact with the
ground immediately after the athlete dropped from the box.
Initial contact was defined as occurring when VGRF first
exceeded 10 N. Toe-off was subsequently calculated after
initial contact when the VGRF fell below 10 N. To minimize
possible peak impact errors induced by different force and
video cutoff frequencies, the force plate data and marker
trajectories were filtered through a low-pass, fourth-order
Butterworth filter at the same cutoff frequency of 12 Hz
before joint moment calculations.25> We used these data to
calculate joint moments using inverse dynamics.26 The net
external knee abduction moment integral over time (impulse)
(N'm-s) represented external load on the joint during the
entire stance phase. Center of mass was estimated for the
entire body from each segment within Visual3D.27

Dynamic Strength

Isokinetic knee extension-flexion (concentric-concentric
muscle action) strength was measured with the participant
seated on the dynamometer and the trunk perpendicular to
the floor, the hip flexed to 90°, and the knee flexed to 90°.
Before each data collection set, a warm-up set, which
consisted of 5 submaximal knee flexion-extension move-
ments for each leg at 300°/s, was performed. The test
session consisted of 10 knee flexion-extension repetitions
for each leg at 300°/s. Peak flexion and extension torques
were recorded. Concentric hip abduction strength was
assessed with the athlete standing erect and fully support-
ed, with a stabilization strap around the pelvis and her
hands gripping a stable hand rest (Figure 2). The test leg
was positioned lateral to the opposite leg at 0° of hip and
knee flexion. The axis of abduction-adduction of the hip

Figure 2. Standing hip abduction test measurement technique.

was aligned with the axis of rotation of the dynamometer.
The resistance pad was affixed to the participant’s leg just
proximal to the knee joint. She was provided instructions
and allowed to execute 5 submaximal warm-up hip
abduction-adduction movements at the test speed. The
warm-up was immediately followed by the test session,
consisting of 10 repetitions of maximal-effort hip abduc-
tion with passive adduction at 120°/s. The protocol was
repeated on the opposite limb. Peak hip abduction torques
were recorded.

RESULTS

Demographic and Anthropometric Data

At the time of injury, the athlete had increased in total
height (4%; Figure 3) and body mass index (29%), with
small incremental increases in anterior-posterior tibiofem-
oral knee laxity (14%) relative to the first biomechanical
testing 3 years earlier (Figure 4). The calculated height of
the center of mass also incrementally increased with each
annual visit (Figure 3). At the time of injury, the 22.8 ratio
of notch width relative to knee width was within the
normal ranges (23.1 *= 4.4; Figure 5) and did not indicate
narrowing, which can be related to increased injury risk.17

Maturational Status and Menstrual History

The participant was determined to be in early puberty in
year 1, pubertal in years 2 and 3, and postpubertal at the
time of injury (6 months later). At the time of injury, her
age was 14 years 3 months (171 months). Postinjury
radiographs indicated closing physes of the femur and
tibia, with no remarkable abnormalities (Figure 6); bone
age was estimated (via the Greulich and Pyle method)?28 at
14 years (168 months). The athlete reported that menarche
occurred at age 12, between the measurements for years 2
and 3. At the interview, she indicated that she had missed 3
successive menstrual cycles at the time of injury, with more
than 3 months since the last menses.

Biomechanics and Strength

During each annual visit, the participant displayed an
increased knee abduction impulse during the drop vertical
jump, with limited change in vertical jump performance
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Figure 3. The athlete demonstrated incremental increases in
center of mass height at each testing visit.

height during maturation (Figure 7). She also demonstrat-
ed limited quadriceps muscle strength increases, with
decreased hip abduction and relative knee flexor-to-
extensor strength during maturation (Figure 8).

Mechanism of Injury

The athlete and parent reported on the mechanism of
injury. The former described that she was ‘““attempting to
take a charge at the baseline when [the] knee gave out.” The
MRI indicated bone contusions on the left lateral femoral
condyle and left posterolateral tibia, reflective of a medial
knee collapse (dynamic valgus) injury mechanism (Figure 9).

OUTCOME

The athlete was offered treatment options for the ACL
rupture to the left knee, including hamstrings tendon
autograft, patellar tendon autograft, and nonsurgical
treatment. She and her parents consented to arthroscopy
and ACL reconstruction with hamstrings tendon autograft.
She pursued return-to-sport phased rehabilitation at The
Cincinnati Children’s Sports Medicine Biodynamics Cen-
ter. However, before achieving any of the functional
milestones outlined in phase 4, which are indicated before
progressing back into sport, the participant began reinte-
grating into team activities.29-30 At 6.8 months after
surgical reconstruction, the athlete reported that while
playing defense at basketball practice, she tripped, heard a
“pop,” and felt pain in her left knee. Both MRI and
arthroscopic evaluation confirmed a complete ACL dis-
ruption of her previously reconstructed knee ligament.

DISCUSSION

The mechanism underlying the sex disparity in ACL injury
risk is likely multifactorial in nature. Several theories have
been proposed to identify the mechanisms that underlie ACL
injury risk in female athletes. These theories include related
extrinsic (physical and visual perturbations) and intrinsic
(anatomic, hormonal, neuromuscular, and biomechanical)

25 - - 60
e Body mass index
23 =l == Anterior-posterior laxity A
ko Mass 55
21
19 A B
- 17 1
£ —
2= 151 T4 o
X = ©
3@ 5] -
A
+ 40
11
— — *
o - -
-~ - +35
7 -
5 T T 30

11 (Early pubertal) 12 (Pubertal)

13 (Pubertal) 14 (Postpubertal

injured)

Age (Pubertal Stage)

Figure 4. The measured anthropometric changes associated with each year of growth and development.

(BMI) are shown on the same scale.

Laxity and body mass index

104 Volume 44 e Number 1 ® February 2009



Figure 5. Notch width index was measured on magnetic resonance
imaging after the injury. Notch width index was calculated as the
ratio of the width of the intercondylar notch to the width of the distal
femur at the level of the popliteal groove and the narrowest point of
the notch at the level parallel to the popliteal groove.

mechanisms.3! The participant reported that she was
attempting to defend the baseline drive to the basket, and
her knee gave out just before she had contact with her
opponent. In 1990, McNair et al32 reported that 70% of ACL
injuries were noncontact and 30% were contact injuries. In
2004, Olsen et al33 performed a videographic examination of
ACL injury mechanisms in team handball and concluded
that the ACL injury mechanism in women was a forceful
valgus collapse with the knee close to full extension,
combined with tibial rotation. Although the exact biome-
chanical mechanism cannot be determined directly, these
data in combination with the MRI images reflective of bone
contusions on the left lateral femoral condyle and left
posterolateral tibia may indicate a medial knee collapse
(dynamic valgus) injury mechanism.

The athlete was determined to be early pubertal in year
1, pubertal in years 2 and 3, and postpubertal at the time of
injury (6 months later). Previous authors!2.21 have indicat-
ed that biomechanical risk factors often peak once a female
athlete reaches the postpubertal stage of development. The
participant reported menarche had occurred at age 12,
between the year 2 and year 3 measurements. During the
interview, she indicated she had missed 3 successive
menstrual cycles at the time of injury, with more than 3
months passing since last menses. A systematic review of
the literature indicates that the menstrual cycle may have a
significant effect on ACL injury risk.34 In the time period
between menses and ovulation, surrounding the preovula-
tory (first half) of the menstrual cycle, the risk of injury
appears to be increased.34 The irregularity of the athlete’s
menstrual cycle at the time of injury makes an accurate
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Figure 6. Radiographs indicating closing A, femoral and B, tibial
physes with no remarkable abnormalities in the athlete at the time
of injury.

determination of the cycle phase difficult. Hormonal
influences on neuromuscular control of the joints and
dynamic knee abduction loads could be an underlying
mechanism for ACL injury risk in female athletes. In 1996,
Sarwar et al3s reported quadriceps strength increases and a
slowing of muscle relaxation during the ovulatory phase of
the menstrual cycle.3! Serum estrogen concentrations
fluctuate radically throughout the cycle, and estrogen has
measurable effects on muscle function and tendon and
ligament strength.31.35 In 1994, Lebrun3¢ reported differ-
ences in isokinetic strength, anacrobic and aerobic capacity,
and high-intensity endurance in females during different
phases of the menstrual cycle.3! In 1987, Posthuma et al37
demonstrated a decrease in motor skills in the premenstrual
phase.3! These data indicate that estrogen may have had
effects on neuromuscular function and the potential for
increased dynamic knee abduction motion and load in the
participant as she matured.2l Conversely, reports on
postpubertal females suggest that serum hormone levels
are not related to biomechanical performance changes.38.39
Although hormones and the menstrual cycle may have
contributed to the athlete’s injury risk as she matured, these
relationships would be speculative in the current report.
Future research to determine potential relationships be-
tween the menstrual cycle and knee ligament injury in female
athletes is warranted.

The participant demonstrated significant musculoskeletal
changes in addition to the likely hormonal changes
experienced during the study period. She was 14 years old
at the time of her injury and demonstrated incremental
increases in her body mass index and mass at each annual
visit. It is possible that the 17% increase in body mass
demonstrated from the time of her last testing visit to the
injury may have influenced the mechanism of injury. A
longitudinal study of youth soccer players 5 to 12 years of
age demonstrated that age greater than 11 years was a risk
factor for knee injury in girls. For female players older than
8 years of age, body mass index was also a risk factor for
increased knee injury risk.531 Uhorchak et alll reported that
women with body weight or body mass index greater than 1
SD above the mean had a 3.2 or 3.5 times greater risk,
respectively, of ACL injury than those with lower body
weight or body mass index.3! Increased ACL injury incidence
increases incrementally on a yearly basis, reaching its peak at
age 16 years in females.8 Cross-sectional data also indicate
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that female athletes demonstrate incremental increases in
knee abduction load as they increase in chronological age.40
Interestingly, the knee abduction loads that are related to
increased knee injury risk also peak at age 16, concomitant
with peak ACL injury incidence in female athletes.8.40
Adding to the loss of lower extremity control, maturing
females also demonstrate decreased passive joint stability as
they mature, compared with males.!8 The current athlete also
increased her anterior tibiofemoral laxity as she matured.

The greater joint laxity, especially at the knee, also may
contribute to the increased tendency for dynamic valgus
laxity that can predispose female athletes to increased
dynamic valgus loads and ACL injury risk as prepubescent
females mature.12.13.21.40 Cumulatively, these data may
indicate a relationship between maturational development
and the tendency for high-risk female athletes to demonstrate
an increased coronal-plane load strategy, as opposed to a
sagittal-plane load absorption strategy, during dynamic
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Figure 9. Magnetic resonance imaging shows A, disrupted anterior cruciate ligament, B, bone bruises on the left lateral femoral condyle,
and C, left posterolateral tibia are related to a valgus mechanism at time of injury.

sport-related activities. Loading in the coronal plane,
combined with increased passive laxity, may destabilize the
knee, load the ACL, and increase knee injury risk in
postpubertal athletes!2.2441-48

During peak growth (height and mass) velocity in pubertal
athletes, the tibia and femur grow at rapid rates in both
sexes.49 Rapid growth of the 2 longest lever arms in the human
body initiates height increases concomitant with increasing
height of the center of mass, as was demonstrated in the
participant (Figure 3). Beynnon et al50 reported that
increased thigh length was an ACL injury risk factor in
female skiers.3! Lower extremity bone lengths may underlie
the increased risk of ACL injuries; however, anatomic
measures often do not correlate with dynamic injury
mechanisms.31.51 In the current report, the apparent increase
in vertical height of the athlete’s center of mass as she matured
(Figure 3) may have placed greater demands on her core and
trunk control. Yet she did not demonstrate matching
increases in relative hip abduction or hamstring strength to
help meet these demands (Figure 8). As she reached maturity,
in the absence of adaptations in core power and control to
match her whole-body increases in inertial load, increased
knee abduction loads may have been influenced.14.21,52-57

During maturation, male athletes naturally demonstrate a
“neuromuscular spurt” (increased strength and power
during maturational growth and development) to match
the increased demands of growth and develop-
ment.20.21,53,58,59 The participant did not demonstrate any
similar neuromuscular strength adaptations to match the
increased demands created by structural and inertial changes
from her pubertal development. This lack of adaptation is
common in female athletes.20.21.53.58,59 One might hypothe-
size that after the onset of puberty (concomitant with or just
after peak height velocity), the increased tibia and femur
lever length, combined with increased body mass and height
of the center of mass, in the absence of increases in strength
and recruitment of the musculature at the hip and torso, may
have led to the athlete’s decreased control of lower extremity
alignment and knee loads during dynamic tasks.14.21.60

Evidence that neuromuscular training reduces the levels of
potential biomechanical risk factors for ACL injury, increases
measures related to the “neuromuscular spurt,” and decreases

general knee and ACL injury incidence in female athletes
exists.21.43.48.61-65 However, reevaluation of ACL injury rates
in female athletes indicates that this important health issue has
yet to be resolved in society, because increased knowledge and
application of injury prevention techniques have not provided
dramatic reductions in ACL injury incidence in female
athletes.66 A recent investigation by Grindstaff et al¢7
indicated that standard, nontargeted neuromuscular training
programs require application to 89 female athletes to prevent
1 ACL injury. Theoretically, by identifying female athletes at
greater risk for ACL injury, the numbers needed to treat to
prevent an ACL injury could be reduced substantially. Pilot
work testing this theory suggests that female athletes
categorized as high risk for ACL injury based on excessive
dynamic knee valgus loads are more responsive to neuromus-
cular training aimed at reducing this risk factor.1248 Due to
the near-100% risk of osteoarthritis in the ACL-injured
population,68 with or without surgical reconstruction, pre-
vention is currently the only effective intervention for these
life-altering injuries. The greatly increased risk of knee
osteoarthritis suggests the need to develop more specific
injury prevention protocols targeted to high-risk mechanisms.
In addition, determining the timing of these interventions for
the greatest effectiveness is salient. Through both longitudinal
and prospective cohort study designs used to determine the
contributing mechanisms of increased knee loads associated
with maturational development, progress toward character-
izing risk factors for ACL injury continues.

CONCLUSIONS

The anatomic and neuromuscular changes associated with
puberty may underlie biomechanical changes, which may
lead to an increased risk of ACL injury in female athletes.21.69
As with all case reports, the interpretation and generalization
of the reported data are limited by sample size; however, we
present interesting comparisons of ACL risk factors across
pubertal developmental stages in a young female athlete. The
current case indicates that after the onset of puberty, the
participant increased body mass and height of the center of
mass without matched increases in hip and knee strength.
For this athlete, the absence of adaptive increases in lower
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extremity control may have predisposed her to sustain an
ACL injury during competition. Although multiple factors
were likely to have contributed to her increased risk of ACL
injury, neuromuscular control and lower extremity strength
are perhaps the most modifiable factors. A focus on research
into modifiable factors, so that effective interventions can be
instituted, is imperative. Similarly, investigating innate and
potentially nonmodifiable variables that contribute to ACL
injury in female athletes will promote a better understanding
of developmental patterns and how they might relate and
contribute to identified modifiable risk factors. This research
is especially important in the pubescent athlete, because the
individual in the current case demonstrated significant
developmental changes, both anatomically and hormonally
(the latter inferred). The musculoskeletal changes that occur
during puberty may alter both passive joint laxity and
dynamic joint stability and potentially lead to higher injury
rates in this population. If all risk factors (modifiable and
nonmodifiable) are identified, clinical algorithms can be
developed to accurately identify those at high risk. These
algorithms can then be used to target high-risk athletes with
the most effective intervention instituted in the right time
frame. Prospective longitudinal designs are needed to
scientifically test hypotheses related to development of
increased risk for ACL injury in the female athlete.
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