
As an isolated injury or a frequent component in a multiple
trauma patient, the knee is one of the most commonly injured
joints. Although not usually a life-threatening injury, correct
management may significantly affect the quality of life and
mobility for a patient following a traumatic event. In addition,
failure to make a timely and
accurate diagnosis of a vascu-
lar injury may have significant
detrimental effects for the trau-
ma patient and result in perma-
nent disability. 

It is critical that emergency
department (ED) physicians use
the history of the injury to
direct the physical examination
and diagnostic testing, as well
as provide prompt referral to an
orthopedic specialist if the con-
dition requires surgical inter-
vention. The ED physician also
must understand the limitations
faced in making a definitive diagnosis in the first 24 hours fol-
lowing an acute injury, a critical time period. 

The authors present a thorough review of the anatomy, critical
features of the physical examination, and indications for further
diagnostic testing in a patient who has sustained a traumatic
knee injury.

— The Editor 

Introduction
Traumatic knee injuries are a common reason for presentation

to EDs following injury; approximately 1 million knee injuries
are treated in EDs in the United States each year.1,2 In addition to
isolated knee injuries, the knee joint is frequently injured in asso-

ciation with other injuries in
multiple trauma victims. 

Because the knee is a com-
plex joint, it is critical to under-
stand the different patterns of
injury that can occur: injuries to
bone, ligaments, cartilage, and
surrounding soft tissue. 

The emergency physician
(EP) must develop a rational
imaging strategy to identify
potential injuries and have a
good understanding of the types
of injuries to properly care for
the patient with knee trauma.
Many traumatic knee injuries

require orthopedic consultation for operative management, and
those injuries must be identified quickly and efficiently to expe-
dite care of the patient. 

Finally, there are many pitfalls in the evaluation of the knee,
especially the failure to diagnose arterial injury, which makes a
thorough understanding of the knee and its surrounding struc-
tures essential to the active clinician.
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Anatomy of the Knee
An understanding of the anatomy of the knee is imperative to

assessing injuries involving this complex joint. The knee is the
largest articular joint in the body and consists of a hinge joint
formed by the articulation of the femur and the tibia. The femur
broadens out at the knee joint into two rounded articular promi-
nences: the medial and lateral condyles. Those prominences
articulate with the tibial plateaus on the proximal tibia. Small
eminences from the condyles form the medial and lateral epi-
condyles, which serve as attachment points for the collateral liga-
ments. The anterior portion between both condyles contains a
shallow depression that accommodates the patella. 

The patello-femoral articulation is not involved in weight
bearing.2 The proximal tibia also contains medial and lateral
condyles, which are flattened surfaces that support weight bear-
ing. These surfaces are referred to as the medial and lateral tibial
plateaus. Each plateau has approximately 10° of downward slope
away from the center of the tibia. Centrally, the tibial plateau

contains two superior projections: the anterior and posterior tibial
spine. These projections serve as attachment points for the cruci-
ate ligaments. 

Also of interest is the tibial tuberosity, which is located on the
anterior surface of the tibia below the knee. This bony promi-
nence serves as the attachment of the quadriceps tendon. The
proximal fibula, although not technically part of the knee, is
included in this discussion. These structures combine to form the
major bony articulations of the knee. (See Figure 1.)

The popliteal fossa is a depression found behind the knee
joint. Several important structures are located in this recess,
including the popliteal artery and vein, as well as the peroneal
and tibial nerves. The popliteal artery represents the continuation
of the femoral artery into the knee joint. This artery supplies a
rich anasthomosis of blood vessels supplying the knee joint and
then divides into the anterior and posterior tibial arteries. The
artery is relatively fixed within the popliteal fossa, thus, making
it prone to injury with any stress on the knee joint.3,4

The common peroneal nerve wraps around the proximal fibu-
la. Injury to this nerve may result in a foot drop.5 Intact dorsiflex-
ion at the ankle must be documented with any significant trauma
to the proximal fibula.

The static stability of the knee joint depends on its surround-
ing ligaments (See Figure 1). The anterior cruciate ligament
(ACL) prevents anterior displacement of the tibia in relation to
the femur. The posterior cruciate ligament (PCL) prevents poste-
rior and rotational displacement. Both the ACL and PCL also
contribute to proprioception. The medial collateral ligament
(MCL) resists valgus stress, while the lateral collateral ligament
(LCL) resists varus stress. 

With the knee in full extension, all of the ligaments are taut,
ensuring complete stability of the knee joint. The knee must be
flexed to 20-40° before the joint is relaxed, and some rotational
movement of the joint is possible. The medial and lateral menisci
are cartilaginous structures that support the femorotibial articula-
tion and also aid in weight bearing. (See Figure 2.) The menisci
contribute to joint stability and provide both lubrication and
cushioning to the knee. The medial meniscus is attached firmly
to the MCL and joint capsule making it more susceptible to
injury. Because of the absence of pain fibers, menisci injuries may
have a delayed detection or go undetected.

The muscular structures of the knee provide dynamic stability
to the joint. The knee extensors (quadriceps group) include the
vastus medialis, vastus intermedius, vastus lateralis, and rectus
femoris. They combine to form the quadriceps tendon, which
inserts into and encompasses the patella. The quadriceps tendon
then becomes the patellar tendon and inserts into the tibial
tuberosity. The vastus medialis exerts a medial force on the patel-
la, thus, preventing lateral subluxation. The knee flexors (ham-
strings group) include the semimembranosus, semitendinosus,
and biceps femoris. The knee adductors include the gracilis, sar-
torius, and a portion of the semitendinosus, combining to form
the pes anserinus medially. The iliotibial tract, popliteus muscle,
and a portion of the biceps femoris attach laterally. 
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History and Physical Examination
A thorough history regarding the mechanism of injury is cru-

cial to identification of the particular pattern of knee injury. For
example, an anterior force applied to the tibia with the foot plant-
ed typically results in an ACL injury; the PCL frequently is dam-
aged by a posterior force under the same conditions.6,7 

It should be noted, however, that an accurate history of the
injury may be absent in patients with multiple trauma; therefore,
a careful examination of the knee is imperative and correlation
with historical information appropriate in all patients. Informa-
tion obtained should include the direction of the force that caused
the injury and the weight-bearing status of the patient at the time
of impact. The knee is commonly subjected to compression, dis-
traction, flexion, extension, rotation, valgus or varus stress, and
sliding forces. 

Additional information, including the position of the patient
in an automobile (e.g., driver, front-seat or rear-seat passenger),
anticipated impact, and damage to the dashboard, may be partic-
ularly important in association with motor vehicle trauma. The
location of pain and the presence of a pop or snap (noted in up to
90% of cases associated with ACL rupture at the time of injury )
are also very important.8-10

Patients with ACL or PCL injuries also may complain of the
knee “giving out,” especially with pivoting. Complaints of knee

locking may indicate a torn meniscus, a loose body, rupture of
the ACL or PCL, or an osteochondral fracture.11-12

An osteochondral fracture occurs when a portion of the articu-
lar surface, including both lining cartilage and underlying bone,
becomes separated from either the femur or tibia. The time of
injury and the amount of swelling or effusion that has developed
can be helpful in distinguishing the injured structure. The cruci-
ate ligaments are well vascularized, and a tear can produce a
large effusion within a couple of hours.8,9,13,14 Acute hemarthroses
is a sign of intra-articular injury, with a high percentage of these
injuries involving ACL tears. Osteochondral fractures also can
produce large effusions quickly and account for as many as 67%
of traumatic hemarthroses in children without apparent fracture
on x-ray.15 A smaller effusion that collects during a longer period
of time is more indicative of a partial ligament tear or meniscal
injury.

A detailed examination of the knee in flexion and extension
can provide very specific information about the type of injury
involved. The initial evaluation should include assessment of
deformity, swelling, effusion, tenderness, and open wounds. It is
also helpful to compare any findings to the uninjured knee. Loca-
tion of tenderness on examination corresponds with the site of
injury identified surgically in up to 76% of cases.10 As noted
above, the presence of a large effusion that is noted within 1-2
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Figure 1. Knee Bony Anatomy Figure 2. Knee Ligamentous Anatomy

The bony anatomy of the knee consists of the articulation of
the femur and the tibia, which meet to form a hinge joint. The
joint is protected in front by the patella. The joint is cushioned
by articular cartilage that is located at the ends of the tibia,
femur, and under the patella. The lateral and medial meniscus
are cartilaginous and further cushion the joint.

Reprinted with permission from: The Nicholas Institute of
Sports Medicine and Athletic Trauma. Available at: www.nis-
mat.org.

The ligaments of the knee are designed to stabilize the knee.
The collateral ligaments are located along the sides of the knee
and limit lateral motion. The ACL is located at the center of the
knee and connects the tibia to the femur. The ACL functions to
limit rotation and forward motion of the tibia. The PCL limits
backward motion of the tibia. The MCL restricts valgus stress,
and the LCL resists varus stress.

Reprinted with permission from: The Nicholas Institute of
Sports Medicine and Athletic Trauma. Available at www.nis-
mat.org.
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hours of injury is highly suggestive of cruciate ligament rupture
or an osteochondral fracture. A full popliteal fossa may be seen
with popliteal artery disruption, suggesting that the knee may
have been dislocated, that a bicruciate ligament rupture may be
present, or that both injuries have occurred simultaneously.

It is extremely important to remember that a reliable examina-
tion may not be possible within the first few hours of injury, and
the patient may need to have a repeat exam in 24-48 hours when
the pain and swelling have subsided. In the multiply injured
patient, other priorities may limit the initial examination of the
knee and associated structures. Following stabilization, a com-
plete and directed physical examination will reveal likely injury
patterns.16

Valgus and varus stress should be applied to the knee in 20-
30°of flexion and in full extension. This action will help to iden-
tify MCL and LCL injuries. Examination of the knee in slight
flexion allows for relaxation of the major muscle groups that pro-
vide support to the knee and isolates the supporting ligamentous
structures of the knee joint.

Anterior and posterior drawer tests should be performed with
the hip flexed at 45°, the knee flexed at 90°, and the foot secured
in a neutral position on the exam table. Anterior force should be
applied to the proximal tibia to assess for ACL integrity and pos-
terior force applied to assess for PCL integrity. The same exami-
nations also should be repeated with the foot secured in internal
and external rotation.2 The tibia should be limited by a discrete
end-point in the anterior and posterior directions. Any sliding

forward or backward suggests an ACL or PCL injury.
Lachman’s test is more sensitive for ACL rupture (up to 99%

sensitivity vs 77% for the anterior drawer test).17 Hold the distal
femur with one hand, and apply anterior force to the proximal
tibia with the other hand while the knee is flexed 20-30° (See
Figure 3.). Here again, a discrete end-point should be appreciat-
ed. A lack of a discrete end-point or significant anterior move-
ment of the tibia is indicative of a positive test.

The Lateral Pivot Shift test is performed with the knee in full
extension. The leg is lifted by the distal tibia, which will produce
subluxation of the proximal tibia with ACL disruption. The knee
is flexed carefully to 20-40°, while a mild valgus force is applied
to the knee, and the foot is moved laterally. A thud can be appre-
ciated as the tibia subluxes against the femur with this motion. 

Meniscal injuries are detected using the McMurray’s test,
Apley compression test, or medial-lateral grind test.18 The
McMurray test involves flexion of the knee beyond 90° with the
foot externally rotated in the examiner’s hand. (See Figure 4.)
The other hand palpates the medial joint line as the knee is
extended gradually beyond 90°. Pain, a popping sensation, or
crepitus indicates a medial meniscus injury. Repeat the test with
the foot internally rotated while the lateral joint line is palpated.
Pain and crepitus with flexion indicate lateral meniscus injury.
The McMurray’s test alone has been shown to have a low sensi-
tivity and specificity for detecting medial meniscus injuries. 19,20 

Apley’s compression test is performed with the patient in a
prone position, and the knee flexed to 90°. Pain with rotation of
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Figure. 3 The Lachman Test

The Lachman’s test is more sensitive than the anterior
drawer test for ACL rupture. As illustrated above, the knee
should be flexed 20-30°. One hand should hold the distal
femur. With the other hand, apply anterior force to the
proximal tibia. If an end-point is not appreciated or signifi-
cant movement of the anterior tibia occurs, the test is con-
sidered positive.

Reprinted with permission from The Nicholas Institute of
Sports Medicine and Athletic Trauma. Available at
www.nismat.org.

Figure 4. The McMurray Test

The examiner flexes the knee beyond 90° with the foot exter-
nally rotated in the examiner’s hand. The other hand palpates
the medial joint line as the knee is extended gradually beyond
90°. A medial meniscus injury is indicated by pain, a popping
sensation, or crepitus.

Reprinted with permission from The Nicholas Institute of
Sports Medicine and Athletic Trauma. Available at www.nis-
mat.org.



the foot while upward traction is applied suggests damage to the
capsule and/or ligaments. Pain with rotation of the foot while
downward traction is applied indicates meniscal injury.

The medial-lateral grind test is performed in the supine
patient by cradling the calf in one hand and palpating the medial
and lateral joint lines with the other. Valgus and varus stress is
applied to the joint. Any crepitus felt along the joint line indi-
cates possible meniscal injury.

Bragard’s sign is tenderness along the anterior medial joint
line upon internal rotation and extension of the tibia and indi-
cates a likely medial meniscus injury.

Payr’s sign is pain with pressure applied to the medial aspect
of the knee with the patient sitting cross-legged. The knees
should be flexed at 90°. This finding is also consistent with medi-
al meniscus injury.

First Steinmann’s sign is either pain in the anterolateral joint
space with internal rotation and flexion of the knee, which is
consistent with a lateral meniscus tear, or pain in the anteromedi-
al joint space with external rotation and flexion of the knee,
which suggests a medial meniscus tear.

Secondary Steinmann’s sign helps to distinguish a meniscal
injury from an LCL or MCL disruption. It involves a shifting

location of tenderness from the region of the collateral ligament
when the knee is flexed to the anterior aspect of the knee when
fully extended. 

In addition, a thorough evaluation of the neurovascular status
of the knee should be done, focusing on the presence or absence
of pulses in the posterior tibial, dorsalis pedis, and popliteal
arteries, as well as the sensory function of the various nerves sup-
plying the area below the knee.

Injury to the Bony Structures of the Knee
Bony injuries to the knee can involve the distal femur, proxi-

mal tibia and fibula, patella, or dislocation of the knee. The man-
agement of these various injuries differs based on the mechanism
and location of injury. 

Femoral Fractures. Fractures of the distal femur are rare
injuries 1,21,22 and are grouped into four different categories: Class
A, supracondylar fractures; Class B, intercondylar fractures;
Class C, condylar fractures; and Class D, epiphyseal fractures
(See Figure 5.)

All femoral fractures present with knee pain or hip pain,
inability to bear weight, and tenderness over the distal femur.
These fractures usually occur as the result of a direct blow to the
distal femur, such as from a dashboard or steering wheel. A large
amount of force is required to produce a femoral fracture and
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Figure 5. Intercondylar Femoral Fracture Figure 6. Tibial Plateau Fracture

This patient sustained an intercondylar femur fracture.
Because a large amount of force is necessary to produce this
injury, the patient should be assessed carefully for other
injuries. In addition, the close proximity of the popiteal artery
and vein to the distal femur should alert the clinicial to the pos-
sibility of vascular injury.

Image courtesy of Howard Werman, MD.

This patient sustained a tibial plateau fracture. Meniscal and
ligamentous injuries commonly accompany these fractures.

Image courtesy of Howard Werman, MD.



consequently, these fractures often are associated with other
injuries. Additionally, because of the muscular attachments of the
quadriceps group, the hamstring muscles and both the gastrocne-
mius and soleus muscles, displacement of the fracture fragments
is common. Remember that the popliteal artery and vein are in
close proximity to the distal femur and are prone to injury with
such fractures.

Supracondylar Fractures. By definition, these fractures
occur above the femoral condyles and do not involve the knee
joint. As a result, effusions are not associated with this type of
injury. Five percent to 10% of these fractures are open frac-
tures.23 All of the other fractures mentioned above have an intra-
articular component. Epiphyseal fractures usually occur in chil-
dren older than 10 years. Because bone growth around the knee
joint accounts for almost two-thirds of adult leg length, these
injuries commonly are associated with leg shortening, and all
Salter-Harris fractures of the knee joint should have urgent ortho-
pedic evaluation.10,21,22

Distal femur fractures all require urgent orthopedic consulta-
tion and can be treated with immobilization, traction, or opera-
tive fixation at the discretion of the consulting orthopedic spe-
cialist. Skeletal traction often is the preferred method by orthope-
dic surgeons once the patient is admitted; however, a hare trac-
tion splint can be used to immobilize the fracture in the ED until
the skeletal pins can be placed. Significant pain control often is
required; traction on the femur is extremely painful.2 Commonly
associated injuries include ipsilateral hip fractures, popliteal vas-
cular injuries, peroneal nerve injury, and damage to the quadri-
ceps or hamstring groups.

Tibial Fractures. Tibial fractures are divided into four class-
es: Class A, condylar fractures; Class B, spine fractures; Class C,
tuberosity fractures; and Class D, subcondylar fractures.

Tibial fractures typically occur in one of two ways: 1) a direct
blow to the tibia (bumper injury); or 2) axial compression of the
tibia, which occurs when the knee is forcibly extended in antici-
pation of a frontal impact. 

Class A injuries (condylar and plateau fractures) usually are
produced by axial loading (e.g., a fall from a height). (See Figure
6.) The rotational stress on the knee will determine whether the
medial or lateral tibial plateau is affected.24 The lateral plateau is
the site of fracture in the majority of cases.1 Meniscal and liga-
mentous injuries commonly accompany these fractures; the
menisci and medial and lateral collateral ligaments are related
closely to and attached to the tibial plateaus.25 A plateau fracture
without depression of the articular surface can be treated by a
long leg cast. Any depression or irregularity of the articular sur-
faces requires immediate orthopedic consultation and surgical
repair. ACL and MCL tears are associated with lateral plateau
fractures; PCL and LCL tears are associated with medial plateau
fractures. Lateral plateau injuries are more common and usually
are due to involvement of the tibial spine.25

Class B injuries (spine fractures) are rare but present similar
to ACL and PCL tears, depending upon which spine is fractured.
The mechanism of injury typically involves an anterior or poste-
rior force to the proximal tibia with the knee in flexion. Anterior

spine fractures are 10 times more common than posterior spine
fractures and are associated with ACL injuries.25 Complete spine
avulsion requires urgent orthopedic consultation and surgical
repair, while incomplete fractures can be treated by a knee
immobilizer and orthopedic follow-up. 

Class C injuries (tuberosity fractures) involve the attachment
of the quadriceps tendon, and present with pain over the anterior
tibia with signs similar to either partial or complete quadriceps
tendon rupture (difficulty or inability to perform a straight leg
raise). These fractures can occur as the result of a shearing force
or more commonly, due to forced flexion of the knee, creating
stress on the quadriceps tendon. Partial avulsions can be treated
by immobilization and orthopedic follow-up; complete avulsions
require operative fixation. Clinically, this type of injury is indis-
tinguishable from quadriceps tendon rupture, but plain x-rays
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Figure 7. Patellar Fracture

This radiograph demonstrates a patellar fracture. Patellar frac-
tures typically occur secondary to direct knee trauma. Non-
displaced patellar fractures may be managed with a knee
immobilizer and pain control.

Image courtesy of Howard Werman, MD.



will show the avulsed segment of the tibial spine attached to the
end of the quadriceps tendon.

Class D injuries (subcondylar fractures) can be treated with
immobilization and do not require urgent orthopedic consultation
unless there is comminution of the fragments or associated
injuries. Like supracondylar patellar fractures, these injuries do
not involve the joint space.

Proximal Fibular Fractures. These fractures are typically
noted as the result of a direct blow to the area or a valgus stress
on the knee joint. The latter mechanism typically produces lateral
collateral ligament injury and peroneal nerve injury.1 Isolated
proximal fibular fractures can be treated symptomatically with a

knee immobilizer and analgesics. A variant of the proximal fibu-
lar fracture, the Maisonneuve’s fracture, involves a distal tibial
fracture or ligamentous disruption, resulting in instability of the
ankle. Thus, the ankle joint should be assessed carefully if a
proximal fibular fracture is present, and x-rays should be
obtained if the ankle is tender.

Patellar Fractures. Patellar fractures typically are caused by
direct knee trauma (e.g., a knee striking a dashboard), and are
divided into several classes: non-displaced, transverse, pole frac-
tures, comminuted (non-displaced or displaced), vertical, or
osteochondral. High impact injuries are associated with hip frac-
tures and dislocations. A secondary mechanism may involve an
avulsion caused by the pull of the quadriceps mechanism. Patel-
lar fractures are more common in males. 

A non-displaced fracture can be treated with a knee immobi-
lizer and pain control. If the quadriceps mechanism is intact (See
Figure 7), the patient can bear weight as well. Fractures associat-
ed with disruption of the extensor mechanism or displacement
more than 3 mm requires operative repair in an urgent manner.

Remember that anatomical variants of the patella can include
a bipartite and tripartite patella. With a bipartite patella, a second-
ary ossification center typically is noted in the upper outer por-
tion of the patella, which may be confused with a fracture.
Because these variants tend to be bilateral, a comparison view of
the uninjured patella should be obtained. 

Patellar Dislocation
Patellar dislocations typically occur when the patient twists on

an extended knee. Rarely, dislocation can occur as the result of a
lateral or medial blow to the patella. The condition is more com-
mon in women.26 Many patients (10–50%) will have recurrent
episodes during their lifetimes. The patella almost always dislo-
cates laterally (80%).26 Sometimes this injury is associated with
medial joint capsule injury. 

Patellar dislocation is very painful, and the patient often pres-
ents with a fixed, partially flexed knee with obvious displace-
ment of the kneecap. The reduction can be performed in one of
two manners.

Passive Hyperextension of the Knee. This is a painful proce-
dure and often requires pain control and sedation. The lower leg
is grasped in one hand, the upper leg in the other, and the knee is
straightened passively. The patella then is moved back into place
by hand, forcing the patella medially.

Active Hyperextension of the Knee. The patient can be
asked to straighten the knee (e.g., to touch the bed with the back
of his knee while standing or lying). A cooperative patient can
perform this maneuver, and reduction causes immediate cessa-
tion of pain.

Whichever method is chosen, plain knee radiographs should
be obtained following successful reduction to identify any asso-
ciated patellar fractures or osteochondral injuries, which are seen
in up to 5% of cases.1,26 Additionally, a thorough knee examina-
tion should be performed once the patella is in anatomic align-
ment; up to 12% of patients with a patellar dislocation have an
associated ligamentous or meniscal injury.1,26 Knee immobiliza-
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Figure 8. Angiogram of Popliteal Artery 
Showing Intimal Tear

Injury to the popiliteal artery is common in patients with
knee dislocations. These injuries require early recognition
and, optimally, a repair within 6-8 hours of the injury. Intact
pulses in the foot do not exclude vascular injury.

Image courtesy of Howard Werman, MD.



tion should be used to prevent recurrent dislocation, and follow-
up within one to two weeks is indicated. If recurrent dislocation
occurs, operative fixation may be needed.

Knee Dislocation
Knee dislocation is the result of a significant force delivered

to the knee and occurs as the result of hyperextension, posterior
forces to the tibia, or significant rotary forces.27 One example is a
bumper impact by a motor vehicle against a planted lower
extremity. Any knee dislocation is associated with significant lig-
amentous disruption.5 There are three types of dislocation of the
knee: anterior, posterior, and lateral. In anterior dislocations (the
most common type), the tibia is displaced anteriorly to the femur
and typically is the result of hyperextension of the knee joint. In
posterior dislocations, the tibia is forced posteriorly by a direct
force applied to the proximal tibia. Lateral dislocations can be
medial or lateral, and occur with equal frequency. Lateral dislo-
cations can be complicated further with rotary deformity of the
knee as well. Any type of knee dislocation carries a 20% inci-
dence of open joint injury5 and classically presents with a
deformed knee and severe pain. Pulses in the foot must be
assessed immediately and may be present or absent. Reduction
of all three types of dislocations requires longitudinal traction.
Sedation and pain relief commonly are required.1,5 Post-reduction
radiographs should be obtained to assess for concomitant frac-
tures, which can include tibial and patellar fractures, as well as
fibular head fractures. A thorough neurovascular examination
must be conducted following successful reduction to determine if
there is injury to the peroneal and tibial nerves. One additional
injury pattern is worthy of mention—proximal tibiofibular dislo-
cations or subluxations—rare injuries that are seen after a signifi-
cant fall. Peroneal nerve injuries commonly are associated with
this type of dislocation.

Injury to the popliteal artery is common in knee dislocations
(up to 40% of all dislocations).3,28 (See Figure 8.) It is critical that
such injuries be identified early and repaired within 6-8 hours of
injury.28 Intact pulses in the foot do not exclude the possibility of
arterial injury. An arteriogram should be performed on these
patients according to most experts, although an alternative strate-
gy of admission and repeated clinical examination after normal
ankle brachial indices (ABI) in the ED has been suggested.5 An
ABI is performed by obtaining a blood pressure in the arm, by
standard technique, then taking a blood pressure at the ankle.
Dividing the ankle pressure by the arm pressure determines the
ABI. Ankle pressure should be greater than brachial pressure.
Thus, a ratio of one or greater is considered normal. An ABI of
0.9 or less is concern for possible arterial injury. Patients who
have peripheral arterial disease also will have an ABI of less than
0.9, possibly leading to a false positive result. Whichever strategy
is used, knee immobilization and urgent orthopedic consult is
required.

Treatment of Bony Knee Injuries
Many bony knee injuries can be treated by casting; immobi-

lization of the joint above and below the injury is critical for opti-

mal

healing. For tibial and fibular fractures, it can be accomplished
either with a long leg cast or through the combined use of a short
leg cast and a knee immobilizer. When properly applied, the knee
immobilizer will combine effectively with the cast to immobilize
both the knee and ankle. This technique can be used for a variety
of knee fractures. Some fractures, however, require surgical
repair and should have urgent orthopedic consultation. 

Injury of the Supporting Structures of the Knee
Sprains involve injury to the ligaments of the knee. A Grade 1

sprain corresponds with a small incomplete tear and involves
local tenderness with minimal swelling, no instability of the
knee, and little increased pain with stress applied to the knee. A
Grade 2 sprain corresponds with a moderate incomplete tear and
involves local tenderness with moderate swelling, and some joint
instability with a firm end-point on stress. A Grade 3 sprain cor-
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Figure 9. Knee Ligamentous Injury

Sprains involve injury to the ligamentous structures of
the knee. They vary in severity from a Grade 1 sprain (a
small incomplete with no instabiity of the knee) to a
Grade 3 sprain (a complete ligamentous disruption with
complete joint instabilty).

Reprinted with permission from Hughston Sports Medi-
cine Foundation.

Medial 
collateral 
ligament
torn

Twisting motion causing ACL to rupture



responds with a complete ligamentous disruption and involves
local tenderness, swelling that can be minimal or marked, and sig-
nificant joint instability with no clear end point.29 (See Figure 9.)

Partial ligament tears typically are more painful and can pro-
duce significantly more swelling than complete disruptions. The
MCL is the most commonly injured knee ligament. (See Figure
9.) The mechanism usually involves a strong lateral force applied
to a slightly flexed knee. This type of injury also can produce
ACL disruption and tearing of the medical meniscus. Isolated
Grade 1 or Grade 2 sprains can be treated with immobilization,
compression, rest, ice, elevation, and non-steroidal anti-inflam-
matory medications with orthopedic or primary care follow-up
within a few days. Grade 3 injuries can be treated similarly with
prompt orthopedic referral (within 24 hours).

The medial and lateral menisci also are commonly injured
structures within the knee. They are not innervated, but injury
may produce pain because of irritation from injury to adjacent
ligaments. These structures are relatively avascular with their
blood supply coming from peripheral capillaries. This poor blood
supply results in slower accumulation of joint effusions associat-
ed with meniscal injury. The medial meniscus is fixed more
securely and is more commonly injured. Acute meniscal tears are
usually longitudinal and located peripherally.14 If it extends along
the entire length of the meniscus, it is considered a bucket-handle
tear. Traumatic ruptures are rare before age 10 years. They typi-
cally produce a triad of symptoms including joint line pain,
swelling, and locking of the knee. The patient also may complain
of the knee “giving out.” Treatment is the same as for a grade 1
or 2 sprain.

Knee trauma also can produce disruption or injury to the
many tendinous insertions about the knee. Disruption of the
quadriceps mechanism can occur in a number of possible loca-
tions. Such injuries commonly occur as the result of forced flex-
ion of the knee with the quadriceps muscle contracted.30 Rupture
of the quadriceps tendon superior to the patella is more frequent
in the elderly population, while patellar tendon ruptures inferior
to the patella are more common in young athletes.30 The extensor
tendon mechanism also can be disrupted with a complete trans-

verse fracture of the patella and with avulsion of the tibial tuber-
cle. Split and referral for orthopedic repair of the injury is recom-
mended. Repeated, low-grade stress to the patella tendon may
produce tendonitis or jumper’s knee.31,32

Radiography
Plain radiography can be very helpful in the diagnosis of frac-

ture, dislocation, and effusion about the knee after trauma; how-
ever, it reveals little useful information about ligamentous, men-
iscal, or tendon injuries.9,33-35 Standard views include a true ante-
rior-posterior and lateral view of the knee along with one or two
oblique views of the knee. Additional views may include a sun-
rise view of the knee, which is specifically used to identify patel-
lar injuries.1 In this projection, the knee is flexed, and the beam is
directed tangentially to the longitudinal axis of the patella. 

Historically, x-rays of the knee have been overused, and sev-
eral clinical decision rules have been proposed to assist the
examiner in determining which patients do not require imaging.
The most widely accepted are the Ottawa Knee Rules,36 which
state that plain films of the knee are indicated if the patient is: 1)
55 years of age or older; 2) has tenderness at the head of the fibu-
la; 3) has isolated tenderness of the patella; 4) is unable to flex
the knee to 90°; or 5) is unable to bear weight for four steps both
in the ED and immediately after the injury. (See Table 1.) These
rules have helped decrease radiography rates, decrease cost to the
patient, and decrease the length of stay in the ED without
decreasing the rate of identifying clinically significant fractures
of the knee.15,36

Computerized tomography (CT) scanning of the knee occa-
sionally is used by the orthopedic consultants to delineate further
the anatomy of a fracture, but it has a limited role in the ED eval-
uation of the acutely injured knee.37 Magnetic resonance imaging
(MRI) is useful in the outpatient setting for evaluating the soft-
tissue structures about the knee when the specific injury is in
question, but usually is not necessary as part of the emergency
assessment.9,33 When the type of injury is readily apparent from
history and physical examination, the patient often will undergo
arthroscopy without having an MRI.

Other Diagnostic Studies
Saline Arthrogram. When concerned about the possibility of

a penetrating joint injury (e.g., a laceration that overlies the joint
space), a saline arthrogram can be used safely to exclude com-
munication with the joint. Proper performance of a saline arthro-
gram can help identify otherwise occult, open joint injuries.38

To perform a saline arthrogram, the knee is prepped and
draped in a sterile fashion, with the knee in a 30° flexion. Lido-
caine 1% with or without epinephrine can be used as local anes-
thesia. A superior medial or lateral approach should be used sim-
ilar to an arthrocentesis. The choice of approach is based upon
avoiding the suspected area of penetration. Using the margin of
the patella as a landmark, the clinician inserts an 18-gauge nee-
dle attached to a syringe containing sterile saline into the knee
joint under negative pressure. Once placement is confirmed by
aspiration of synovial fluid, 20-30 mL of saline is instilled into
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Plain radiographs are indicated if the patient has any one of
the following conditions:

•    Age 55 years or older
•    Tenderness at head of fibula 
•    Isolated tenderness of the patella (no bone tenderness

of knee other than patella)
•    Inability to flex to 90°
•    Inability to bear weight for four steps both in the ED and 

immediately after injury 

Adapted from: Bachman LM, et al. The accuracy of the
Ottawa knee rule to rule out knee fractures: A systematic
review. Ann Intern Med 2004;140:121-124.

Table 1. Ottawa Knee Rules



the joint space, while the laceration or other skin injury is
observed. Leakage of saline from the laceration confirms that
there is communication with the joint space. Open joint injuries
require emergent orthopedic consultation, and usually operative
debridement and irrigation.

After finishing the procedure, be sure to remove all injected
saline from the joint; the extra fluid may be quite uncomfortable
for the patient.

Angiography. Angiography is a critical imaging modality
used with suspected anterior dislocations, posterior dislocations,
or bicruciate ruptures. Popliteal artery injury occurs in associa-
tion with these injuries in 30-40% of cases.3,28 The prognosis is
good when arterial injury is identified and repaired within 8
hours of injury. When the diagnosis is delayed, up to 86% of
patients with popliteal artery injury require amputation, and 66%
of those remaining have permanent ischemic changes of the leg
and foot.16,21 If distal pulses are absent with this type of injury
post-reduction, immediate surgical exploration is necessary.

Pitfalls
Several potential pitfalls exist in the evaluation of patients

with knee injuries, including: 1) not getting a complete history
regarding the mechanism of injury; 2) failure to have the knee re-
examined in 24-48 hours when pain and swelling have
decreased; 3) failure to examine the knee in flexion and exten-
sion; and 4) failure to consider popliteal artery injury in the face
of significant knee injury, especially in the case of dislocations,
and address this condition with either angiography or immediate
surgical exploration.

Summary
Patients frequently present in the ED with trauma to the knee.

It is critical for the ED physician to be familiar with the anatomy
of the knee, trauma associated with certain mechanisms of injury,
and appropriate diagnostic testing that is indicated based on the
history and a thorough physical examination. Limitations of the
initial examination should be recognized, as well as the more
subtle findings of potential vascular compromise. Appropriate
diagnostic testing should be performed and orthopedic consulta-
tion and follow-up obtained when indicated. 
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CE/CME Questions

1. Which of the following statements regarding the popliteal fossa is not

true?

A. The popliteal fossa is a depression found behind the knee joint.

B. The popliteal artery represents the continuation of the femoral

artery into the knee joint and is located in this recess.

C. The artery is not fixed within the fossa, which protects it from

injury when the knee is stressed.

D. The peroneal nerve is located within this recess.

2. Which of the following statements is true regarding meniscal injuries?

A. Meniscal injuries are detected using the McMurray’s test, Apley

compression test or medial-lateral grind test. 

B. The McMurray test involves flexion of the knee beyond 90°

with the foot externally rotated in the examiner’s hand. The

other hand palpates the medial joint line as the knee is extended

gradually beyond 90°. Pain, a “popping” sensation, or crepitus

indicates a medial meniscus injury. 

C. The McMurray test alone has been shown to have a low sensitiv-

ity and specificity for detecting medial meniscus injuries. 

D. Apley’s compression test is performed with the patient in a

prone position and the knee flexed to 90°. Pain with rotation of

the foot while upward traction is applied suggests damage to the

capsule and/or ligaments. Pain with rotation of the foot while

downward traction is applied indicates meniscal injury.

3. Which of the following statements regarding tibial fractures is not

true?

A. Tibial fractures typically occur in one of two ways: 1) a direct

blow to the tibia (bumper injury); or 2) axial compression of the

tibia, which occurs when the knee is forcibly extended in antici-

pation of a frontal impact. 

B. Class A injuries (condylar and plateau fractures) usually are 

produced by axial loading (e.g., a fall from a height). 

C. The rotational stress on the knee will determine whether the

medial or lateral tibial plateau is affected.

D. The medial plateau is the site of fracture in the majority of cases.

4. Which of the following statements regarding disruption of the quadri-

ceps mechanism is true?

A. Such injuries commonly occur as the result of forced extension

of the knee with the quadriceps muscle contracted.

B. Rupture of the quadriceps tendon superior to the patella is more

frequent in the elderly population, while patellar tendon ruptures

inferior to the patella are more common in young athletes. 

C. The abduction tendon mechanism also can be disrupted with a

complete transverse fracture of the patella and with avulsion of

the tibial tubercle.

D. Immediate arteriography is indicated.

5. Based upon the Ottawa rules, in which of the following patients

should plain radiographs not be obtained?

A. A 65-year-old male who has fallen down the steps and com-

plains of knee pain.

B. A 42-year-old female who presents after falling at a football

game with tenderness at the head of the fibula.

C. A 37-year-old skiier who presents after falling and has isolated

tenderness of the patella.

D. A 52-year-old male who presents with knee pain and can flex

his knee to 90°.
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CE/CME Instructions
Physicians and nurses participate in this continuing medical

education/continuing education program by reading the article,
using the provided references for further research, and study-
ing the questions at the end of the article. Participants should
select what they believe to be the correct answers, then refer to
the list of correct answers to test their knowledge. To clarify
confusion surrounding any questions answered incorrectly,
please consult the source material. After completing this
activity, you must complete the evaluation form provided
and return it in the reply envelope provided in order to
receive a certificate of completion. When your evaluation is
received, a certificate will be mailed to you.

CME Objectives
Upon completing this program, the participants will be able to:
a.) Quickly recognize or increase index of suspicion for occult

knee injury;
b.) Be educated about how to correctly and quickly stabilize,

and then to manage patients with knee trauma;
c.) Understand various diagnostic modalities for arterial

injuries; and
d.) Understand both likely and rare complications that may

occur.



6. Which of the following statements regarding knee dislocations is not

true?

A. Knee dislocation is the result of a significant force delivered to

the knee and occurs as the result of hyperextension, posterior

forces to the tibia, or significant rotary forces.

B. Any knee dislocation is associated with significant ligamentous

disruption. 

C. There are three types of dislocation of the knee: anterior, poste-

rior, and lateral. 

D. In anterior dislocations (the most common type), the tibia is 

displaced anteriorly to the femur and typically is the result of

hyperextension of the knee joint. 

E. In a lateral dislocation, the tibia is forced posteriorly by a direct

force applied to the proximal tibia. 

7. Which of the following statements regarding lateral dislocations is not

true?

A Lateral dislocations can be medial or lateral and occur with

equal frequency

B. Lateral dislocations can be complicated further with rotary

deformity of the knee. 

C. Any type of knee dislocation carries a 75% incidence of open

joint injury.

D. Reduction of the dislocation requires longitudinal traction. 

E. Sedation and pain relief commonly are required.

8. Which of the following statements regarding vascular injuries is true?

A. Injury to the popliteal artery is common in knee dislocations

(up to 40% of all dislocations).

B. It is critical that such injuries be identified early and repaired

within 6 to 8 hours of injury.

C. Intact pulses in the foot do not exclude arterial injury. 

D. An arteriogram should be performed on these patients accord-

ing to most experts, although an alternative strategy of admis-

sion and repeated clinical examination after normal ankle

brachial indices (ABI) in the ED has been suggested.

E. All of the above statements are true.

9. Which of the following statements regarding an ABI is not true?

A. An ABI is performed by obtaining a blood pressure in the arm

by standard technique, then taking a blood pressure at the ankle.

Dividing the ankle pressure by the arm pressure determines the

ABI. 

B. Ankle pressure should be greater than brachial pressure. 

C. A ratio of one or greater is considered normal. 

D. An ABI of 0.9 or less always means that the patient has 

sustained an arterial injury.

E. Patients who have peripheral arterial disease also may have an

ABI of less than 0.9.

10. A 35-year-old male presents with a patellar fracture. Which of the fol-

lowing statements is true?

A. A patellar fractures typically is caused by direct knee trauma. 

B. A secondary mechanism may involve an avulsion caused by the

pull of the quadriceps mechanism. 

C. Patellar fractures are more common in males.

D. A non-displaced fracture can be treated with a knee immobiliz-

er and pain control. 

E. All of the above statements are true.

Answer Key:
1. C; 2. B; 3. D; 4. B; 5. D; 6. E; 7. C; 8. E; 9. D; 10. E
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