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emale participation
in athletics has in-
creased dramatical-
ly during the past
three decades and can be
attributed to two key fac-
tors—a growing societal
enthusiasm for sport and
Title IX of the Educational
Amendments Act of 1972,
which required federally
funded institutions to pro-
vide equal opportunities to

ABSTRACT: Female athletes are particularly sus-
ceptible to ACL injury. It is to be expected, then, that
as female participation in athletics continues to
grow, so too will the number of ACL injuries in
women. To provide the best care, orthopedists need
to be proficient at identifying ACL injuries, assess-
ing their severity, and discussing treatment options.
Among the most important advice to female athletes
is how to prevent ACL injuries in the first place. His-
tory and physical examination are essential and
often sufficient in establishing the diagnosis. A non-
contact event associated with a “pop” and followed
by significant swelling of the knee is more than 70%
accurate for acute damage to the ACL. Reliable di-
agnostic evaluations are Lachman’s test and the
flexion-rotation drawer test. Imaging studies are cru-
cial in identifying related injuries. (Women Health
Orthopedic Edition 2001;4(3):100-107)

decreasing only slightly,
plateaus through age 40
before it declines. These
age-related differences in
ACL injury and surgery
correlate well with partici-
pation in competitive team
athletics, which drops sub-
stantially among women
(but not among men) after
college.

It is alarming that, dur-
ing a relatively short expo-

men and women in all cur-

ricular and extracurricular activities. However, along-
side this increase in participation by women has come
an increased incidence of injuries.

Female athletes appear to be particularly suscep-
tible to injuries of the anterior cruciate ligament (ACL).
According to some estimates, young competitive female
athletes have a twofold to tenfold higher risk of ACL in-
jury than do their male counterparts.’® The age distri-
bution of ACL injuries also varies between men and
women. Recent data provided by the American Board
of Orthopaedic Surgery and based on CPT (current pro-
cedural terminology) codes for ACL surgery suggest
that the incidence of ACL injury in women begins at
age 14, peaks at age 18, and then declines dramatical-
ly. By contrast, the incidence of ACL injury in men
starts to rise later, at age 16, peaks at age 20, and then,
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sure to competitive athlet-
ics, women experience these devastating injuries earlier
and with much greater frequency than do men. In this
article, we begin with a discussion of why such dispar-
ities exist, but focus primarily on the clinical parame-
ters most relevant to your practice: how to recognize,
assess, and—most importantly—prevent ACL injuries
in women. A short discussion entitled “ACL injury rates
in the general population” (see page 102) highlights the
magnitude of the problem and thus the essentialness
of clinical know-how.

SEX DIFFERENCES EXPLAINED

Several intrinsic and extrinsic factors account for the
higher incidence of ACL injury in women compared
with that in men. Proposed factors include anatomic
differences in the ACL, femoral notch, and alignment
of the lower extremities; differences in joint laxity; and
differences in strength, training, and conditioning.!312
In women, the femoral notch is narrower, lower ex-
tremity alignment is more valgus, and joint laxity, pos-
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sibly as a result of hormonal influ-
ences, is more common. Each of
these variations puts the ACL at
greater risk for injury.

More recently implicated, and
arguably more promising in expla-
nation, are differences in neuro-
muscular control strategies and
movement patterns.’*'” Kinematic
studies using videographic motion
analysis and surface electromyog-
raphy have shown that female ath-
letes perform stopping, cutting, and
jumping maneuvers in ways that
place strain on the ACL and thus
increase the risk for injury. Com-
pared with male athletes, female
athletes tend to exhibit:
¢ A lesser degree of knee flexion.
¢ Greater valgus knee alignment.
¢ Higher quadriceps to hamstring

muscle activation.
¢ Higher peak anterior shear forces
at the knee.

DIAGNOSIS

PATIENT HISTORY

Oftentimes, the history of an ACL
injury is of a noncontact event that
occurred while changing direction
or landing from a jump. The patient
may report that she heard or felt a
“pop” followed by acute swelling of
the knee in the next few hours. Pa-
tients are usually unable to contin-
ue with their sporting activity and
have difficulty bearing weight. This
presentation is so characteristic of
an acute injury to the ACL that the
history alone, even without the as-
sistance of any further tests or eval-
uations, will provide an accurate
diagnosis more than 70% of the
time.IBQD

PHYSICAL EXAMINATION

When an acute ACL injury occurs
and rapid swelling and pain devel-
op, physical examination of the
knee may be difficult. Serial exam-
inations (and occasionally sterile
aspiration and intra-articular injec-
tion with a local anesthetic) can be
helpful but should be considered
only if radiographs show no evi-

Figure 1. Lachman’s test is performed with the patient supine and the involved
extremity on the side of the examiner. Holding the knee in slight flexion (10 to 15
degrees), the examiner stabilizes the femur with one hand while applying with the
other an anteriorly directed force to the proximal posterior tibia. The degree of
anterior translation suggests the extent of the injury. Ninety-degree counterclockwise
rotation of the proximal hand and placement of the fingers across the patient’s knee
enable the examiner to simultaneously palpate the proximal medial tibial plateau,
determine its relation to the medial femoral condyle, and better detect the amount of
relative translation.

L 3

Figure 2. The flexion-rotation drawer test is performed with the patient and - -

examiner in similar arrangement as Lachman’s test but with the knee held in only
slight flexion and supported instead at the proximal tibia. As the knee is brought from
an extended position towards flexion, the absence of the ACL allows the tibia to roll
on the femur without the simultaneous translation that is usually present. This re-
sults in an anteriorly subluxated tibia on the femur. Then, as a position of further flex-
ion is reached, all of the translation occurs at once, with a dramatic reduction of the
tibial subluxation. The flexion-rotation drawer test is usually less well tolerated than
Lachman’s test and is more difficult to perform without anesthesia.

WOMEN’S HEALTH Orthopedic Edition -

101 Vol. 4, No. 3/SEPTEMBER-OCTOBER 2001



Chudik & Garrett: Anterior Cruciate Ligament Injuries

ACL injury rates in the
general population

The annual incidence of anterior cruciate ligament (ACL) injury
is about one in 3,000 persons, which translates to just over
100,000 ACL sprains per year.*¢ The majority of these cases
(more than 70%) are sports injuries in athletes of mean age 26
years.! Most ACL injuries occur during a three-decade period
between the ages of 16 and 45. The adjusted incidence rate for
this age-group is 1 in 1,750 persons. At least one half of the ACL
injuries in this group, however, occur during the first decade
between the ages of 16 and 25, raising the injury rate in the
younger subset to an even higher 1 in 1,000."

dence of fractures and the knee ap-
pears grossly stable. The usual rec-
ommendation of “rest, ice, com-
pression, and elevation” for seven
to ten days often successfully leads
to reduced swelling and symptoms
and thus can facilitate subsequent
evaluations.

When the knee is less painful
and the patient can relax, diagnos-

tic maneuvers such as Lachman’s
test (Figure 1) and the flexion-rota-
tion drawer test (a version of a
pivot shift test; Figure 2) can be
performed.’®?! Lachman’s test is
positive for an ACL rupture when
the side-to-side difference in ante-
rior translation is greater than 3
mm.?° Use of this test can also en-
able the detection of a “soft” end

Figure 3. The presence of an avulsion fracture at the medial tibial spine, the
site of insertion of the ACL, indicates a loss of continuity of the ligament and (there-
fore) insufficiency.

point—or, viewed another way, a
lack of the expected “firm” end
point. A firm end point is evidence
of an intact ACL, which normally
becomes taut with anterior transla-
tion of the tibia relative to the
femur.22! A soft end point is always
present with ACL injury and is
often easier to detect than an in-
crease in franslation.

Experienced physicians who
use Lachman’s test can accurately
diagnose an acute ACL injury 80%
to 90% of the time in the office set-
ting and 100% of the time when the
patient is under general anesthe-
sia.!82022 Similarly, the flexion-ro-
tation test, which directly assesses
the function of the ACL and its abil-
ity to control subluxation during
flexion and extension, is particu-
larly effective when it is performed
with the patient under anesthesia.

Physical examination is also
extremely important in guiding
treatment choices and ruling out
coexisting damage to other liga-
ments and the meniscus. Included
in the differential diagnosis are
acute patellar dislocation and
meniscal, chondral, or osteochon-
dral injuries.

IMAGING STUDIES

Plain radiographs of the knee are
rarely helpful in making the diag-
nosis but are necessary in ruling
out other injuries, such as fractures
and loose fragments of bone and
cartilage. In addition, radiographs
may reveal bony evidence of an
ACL injury. Avulsion fractures of
the medial tibial spine (Figure 3)
and vertically oriented avulsion
fractures of the lateral tibial plateau
(Segond fracture, Figure 4) are
commonly associated with damage
to the ACL.

Magnetic resonance imaging
(MRI) can be a valuable tool for vi-
sualizing damage to the ACL and
associated structures when the clin-
ical diagnosis is unclear (Figure 5).
Preoperative MRI has been shown
to be helpful in diagnosing multi-
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Figure 4. The Segond fracture is a vertically oriented avulsion fracture of the
lateral tibial plateau. It is commonly associated with ACL injury and is typically
located posterior to Gerdy’s tubercle and superior and anterior to the fibular head.

Radiography is required for its detection.

ligament injuries, osteochondral
fractures, bone bruises, and (in
particular) meniscal tears.?*** Iden-
tification of injuries to structures
other than the ACL is crucial, as
their existence can dramatically
alter the plan of treatment and af-
fect eventual outcome. A summary
of the steps you should take in con-
ducting a thorough diagnostic eval-
uation is found on page 108.

MANAGEMENT OPTIONS
OPERATIVE TREATMENT
Candidates: Operative treatment is
generally recommended for any
person who sustains combined lig-
ament injuries and for athletic in-

dividuals who wish to maintain a
level of activity above what the
knee will allow without recurrent
episodes of instability and injury.
In practice, we commonly find that
younger, active individuals who
compete in activities requiring fre-
quent deceleration, changes of di-
rection, and jumping fare better
with operative treatment. Surgery
should also be considered when
other injuries that can be repaired
are present. Meniscal injuries cor-
rected at the same time as ACL re-
construction have shown improved
rates of healing.?®

Key components: Operative
treatment of ACL injuries includes
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two important aspects—a techni-
cally correct procedure and a
sound and structured rehabilita-
tion. The former requires proper
graft selection, placement, and fix-
ation, as well as proper treatment
of other associated injuries. Be-
cause excellent results have been
reported for both one-incision and
two-incision arthroscopically as-
sisted ACL reconstruction using a
wide variety of autogenous and al-
logeneic graft materials, technique
and graft selection is best left to the
surgeon’s familiarity and prefer-
ence.?*2 The most frequently used
materials for ACL reconstruction
(Figure 6) are bone-patellar tendon-

WOMEN’S HEALTH Orthopedic Edition

103

Vol. 4, No. 3/SEPTEMBER-OCTOBER 2001



Chudik & Garrett: Anterior Cruciate Ligament Injuries

bone and hamstring tendon auto-
grafts.

Accelerated rehabilitation pro-
grams have allowed return to full
athletic competition as early as four
to six months after surgery and are
associated with excellent long-term
knee stability and minimal post-
operative complications.®'** Many
such programs are organized into
distinct steps or phases of rehabili-
tation. The first phase begins preop-
eratively and its goals are to reduce
swelling, regain range of motion of
the knee, normalize gait, and men-
tally prepare the patient for the
work to come. Attaining these goals
preoperatively is especially impor-
tant in decreasing the risk of post-
operative arthrofibrosis, problemat-
ic scarring that significantly limits
range of motion and function of the
knee.** The second phase begins
postoperatively and, while allowing
for wound healing, centers on main-
taining and further improving upon
the goals achieved in phase 1.
Phase 2 objectives are to maintain
full knee extension, achieve knee
flexion to 90 degrees, regain quadri-
ceps control, and normalize gait. As
these goals are met, the third phase
begins. Patients are encouraged to
work toward further knee flexion
and to develop leg strengthening
and endurance. Closed-chain exer-
cises are useful in that they may
protect the ACL graft from transla-
tion forces generated through co-
contraction of the quadriceps and
hamstring muscles.>* The last phase
focuses on return to sport. Further
strengthening and endurance and
proprioception, agility, and sports-
specific drills are key to achieving
the best outcome.

Rate of success: The outcome
of ACL reconstruction is predict-
ably good when measured by the
restoration of stability. Most stud-
ies report that 85% to 92% of pa-
tients will achieve a less than 3-mm
.side-to-side difference in anterior
translation, thereby eliminating in-
stability and allowing return to

Figure 5. An acute tear of the ACL
is evident on this T2-weighted magnetic
resonance image of the knee.

sport.* However, some degree of
knee pain and stiffness as well as
other mild symptoms often persist
after surgery.

The likelihood of experiencing
postoperative symptoms correlates
with the degree of damage encoun-
tered at the time of surgery and the
extent of postoperative scarring
and loss of motion. Despite their
increased risk for ACL injury,
women do as well as their male
counterparts do after ACL recon-
struction; outcomes and complica-
tions in the two sexes are similar.3¢

NONOPERATIVE TREATMENT

Candidates: Alternatives to surgery
are generally recommended for
older and less active individuals
who are amenable to reducing or
modifying their activity to a level
that avoids episodes of knee insta-
bility and reinjury. Nonoperative
treatment consists of an initial re-
habilitation protocol similar to that

of thé postoperative ACL recon-
struction program, but it differs by
having a greater emphasis on dy-
namic stabilization of the knee and
the development of protective motor
patterns.®

Coping and its consequences:
Prospective data suggest that most
patients who initially elect not to
undergo ACL reconstruction are
able to cope by making functional
adaptations and/or allowing their
injury to dictate the limits of their
activity.! Adaptations in motor pat-
tern include a quadriceps-avoid-
ance gait,*® increased hip and knee
flexion during cutting maneuvers,*
and hamstring-enhanced knee sta-
bilization.?” All of these mecha-
nisms prevent pathologic displace-
ment of the anterior tibia, which is
more likely to occur as a result of
ACL deficiency.

However, of those patients who
refuse surgical management and
opt to compensate for their injury
through behavioral and physical
modifications, approximately 20%
to 30% fail and later choose to un-
dergo reconstruction. Failure to
compensate correlates best with
age, pre-injury level of participa-
tion, and degree of joint instability.!
Only a limited number of persons
who have an ACL injury are capa-
ble of making the necessary adap-
tations required to maintain a high
level of athletic performance.

RISKS GUIDE PREVENTION

Recent investigations into the
mechanisms, biomechanics, and
kinematics of ACL injuries are pro-
viding needed information on the
events surrounding ACL injury and
are thus leading the way towards
prevention. What has been estab-
lished is that the majority of ACL
injuries—up to 70% or 80%—are
the result of a noncontact mecha-
nism.**#! Collected video footage
from an ad hoc study group of the
American Orthopaedic Society for
Sports Medicine-National Colle-
giate Athletic Association revealed
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that most noncontact ACL injuries
occur during sudden stops, land-
ings, or changes in direction when
the athlete appears off-balance.’
In the off-balance position, the
knees are usually in slight flexion
and (sometimes) valgus alignment.

Biomechanical studies corre-
late well with these observations.
Moreover, for the majority of knee
positions that put the ACL at high
risk of injury, the strain and stress
measured in the ACL increases
with simultaneous quadriceps ac-
tivity and is dampened by simulta-
neous hamstring activity.3+42-%0

As described earlier, human
performance and kinematic studies
have shown that women and men
use different neuromuscular con-
trol strategies and movement pat-
terns when they perform athletic
activities; such studies may provide
the strongest evidence yet for the
disparity in ACL injury rates be-
tween the sexes.'>"?

Together, these investigations
are helping to explain the overall
increased risk of ACL injury in
women and are providing direction
to other studies looking to establish
a means of prevention. Already,
neuromuscular training programs
have shown some success. Many
of them are designed to correct
errors in neuromuscular control
strategies and movement patterns
and have led to documented de-
creases in the rate of ACL injury
among women.*"* The completion
of a six- to eight-week preseason
jump-training program by female
soccer, volleyball, and basketball
players led to decreased peak land-
ing forces, decreased varus/valgus
moments at the knee, increased
hamstring power and strength, in-
creased hamstring-to-quadriceps
peak torque ratios, increased verti-
cal jump height, and—ultimately—
significantly fewer ACL injuries.>*
Educating your female patients
who regularly participate in athlet-
ics about this or a similar program
should be considered.
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Addressing ACL Injuries in Women

Due predominantly to differences in neuromuscular control
strategies and movement patterns, female athletes are more
susceptible than male athletes to injuries of the anterior
cruciate ligament (ACL).

Diagnosis of an ACL injury can usually be made from a
thorough history and physical examination. ACL injuries
often follow a stereotypical pattern that, when revealed by
the patient, can help to confirm the diagnosis. Up to 80%
result from a noncontact event such as occurs during sudden
stops, landings, or changes in direction; in many instances,
the patient will have been in an off-balance position.

Physical examination of the knee may not be possible when
acute swelling and pain are present. In such circumstances,
serial examination is recommended. Sterile aspiration and
intra-articular injection with a local anesthetic may also
facilitate the evaluation.

When physical examination is possible at the outset, two
diagnostic assessments—Lachman’s test and the flexion-
rotation drawer test—are indicated. Both are easy to perform
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athletic individuals who wish to maintain a level of physical
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operative treatment is typically reserved for older, nonathletic
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injury and current strategies for prevention.
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Clinician Cutout

Establishing the Diagnosis
of ACL Injury

STEVEN C. CHUDIK, MD, and WILLIAM E. GARRETT, MD

mong athletes, the circumstances of anterior

cruciate ligament (ACL) injury are so charac-

teristic that the history alone is often sufficient

in establishing the diagnosis. Physical exami-
nation is important to support the clinical diagnosis and
to rule out other possible injuries. Imaging tests are help-
ful in identifying associated injuries to bone, other liga-
ments, and meniscal and articular cartilage.

HISTORY

Patients with acute injury to the ACL are likely to re-

port that:

¢ The injury was the result of a noncontact event that
occurred while they were changing direction or land-
ing from a jump. Patients will usually describe them-
selves as having been “off-balance” when the injury
occurred.

¢ At the time of injury, they heard a “pop” that was fol-
lowed by acute swelling of the knee during the next
few hours.

¢ Immediately after the injury, they had to discontin-
ue their sporting activity and had difficulty bearing
weight.

It is also important to keep in mind that although
injury to the ACL is quite common in athletes of both
sexes, female athletes are at greater risk. Compared
with male athletes, female athletes tend to exhibit less
knee flexion, greater valgus alignment, and higher
quadriceps to hamstring muscle use—factors that cre-
ate substantially higher anterior shear forces at the
knee and thus greater risk of ACL rupture or tear.

PHYSICAL EXAMINATION

Inspect the injured area for swelling and assess the pa-
tient’s pain level, both of which can influence the suc-
cess and/or feasibility of physical examination. If thor-
ough examination of the knee is not possible at initial
presentation, serial examinations are recommended.
Occasionally, sterile aspiration and intra-articular in-
jection with a local anesthetic can be helpful. As part

of a complete assessment, two diagnostic evaluations

of the knee should be conducted:

@ Lachman’s tesl is positive for ACL rupture when the
side-to-side difference in anterior translation is
greater than 3 mm. It can also reveal the relative ex-
tent of soft-tissue damage. To perform this test, have
the patient lie supine and position the involved ex-
tremity at your side. While holding the knee in slight
flexion (10 to 15 degrees), stabilize the femur with
one hand; with the other hand slowly apply an an-
teriorly directed force to the proximal posterior tibia.

® The flexion-rotation drawer lest directly assesses the
function of the ACL and its ability to control subjux-
ation during flexion and extension. For this test, po-
sition the patient as she was in Lachman’s test but
with the knee held in only slight flexion and support-
ed instead at the proximal tibia. Slowly flex the knee
and note the degree of anterior tibial translation.

COEXISTING INJURIES

During physical examination it is extremely important

to rule out coexisting injuries. Often occurring at the

same time as ACL injury are:

¢ Tearing of the meniscus.

¢ Tearing of other ligaments, most often the medial
collateral ligament.

¢ Patellar dislocation.

¢ Chondral injury.

¢ Osteochondral injury.

IMAGING TESTS

¢ Plain radiographs should always be ordered to rule
out fractures and loose fragments of bone and carti-
lage. They may also reveal bony evidence of an ACL
injury, such as an avulsion fracture of the medial tib-
ial spine or the lateral tibial plateau.

© Magnetic resonance imaging is most useful preoper-
atively in identifying multi-ligament injuries, osteo-
chondral fractures, bone bruises, and—especially—
meniscal tears. %
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