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Worrisome and Incidental Signs on Knee
Radiographs in Clinical Practice: Traumatic
and Degenerative Lesions

Irina Kapustina, MD, PhD; George Morcos, MD; Mark Wieland, MD; Derik L Davis, MD

Editor’s note: This is the first part of a two-part series. The second part will appear in the March/April 2023 issue of

Applied Radiology.

Most diagnostic errors by radiolo-
gists in clinical practice involve mus-
culoskeletal findings on radiographs,
and missed fractures represent more
than 90% of malpractice claims.'?

Knee radiography is one of the
most common musculoskeletal stud-
ies interpreted by radiologists in daily
clinical practice and is the standard
of care for initial imaging of acute or
chronic knee pathology.>® A variety
of knee radiography protocols exist,
but every study should at minimum
contain frontal (anteroposterior [AP]
or posteroanterior) and lateral views.*
Other common options in a knee ra-
diograph series include weight-bear-
ing, patellar tangential, oblique, and
cross-table lateral views.*®’

In this article we describe worri-
some imaging signs on knee radio-
graphs to inform radiologists and ra-
diologists-in-training how to identify
a select group of difficult-to-diagnose
traumatic pathologies and when to
recommend additional imaging or
clinical work up. We also discuss
incidental signs of degenerative joint
disease and a developmental anomaly
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on knee radiographs that mimics
worrisome pathology, in order to
allow definitive diagnosis and to be-
stow confidence that no further work
up is required.

Traumatic Fractures

Segond Fracture

The Segond fracture is important
to recognize due to its strong associ-
ation with anterior cruciate ligament
(ACL) and meniscal tears.® The typ-
ical mechanism involves excessive
internal rotation and varus stress,
which cause a focal avulsion of bone
from the lateral tibial plateau, com-
monly sustained as a sports-related
injury. Patients commonly present
with acute knee pain.’

On radiographs, the Segond frac-
ture appears as a small, avulsed bone
fragment from the lateral tibial pla-
teau (Figure 1). Although the injury is
subtle in appearance on radiographs,
magnetic resonance imaging (MRI)
demonstrates the strong association
with ACL tear to greater detail).” The
primary emphasis is placed on sur-
gical intervention for the underlying
knee internal derangement."

Tibial Spine Fracture

Tibial spine fractures most often
occur in skeletally immature knees.
This injury is considered equivalent

to adult ACL tears, as children and
adolescents have a greater propen-
sity to suffer acute bone injury from
ACL avulsion of the tibial spines
rather than ligamentous tear of the
ACL as compared to adults.!* Mech-
anisms for injury include abnormal
knee rotation or blunt trauma near
the anterior knee while the joint is
flexed. Patients typically present
with pain, swelling, and decreased
range of motion.!2

Tibial spine fractures appear
through the central region of the
proximal tibia epiphysis, often with
an associated knee joint effusion
(Figure 2). Computed tomography
(CT) and MRI have greater sensitivity
to delineate fracture characteris-
tics, while MRI can also be used to
diagnosis additional meniscal, liga-
mentous, and/or articular cartilage
internal derangements relevant for
preoperative planning.! Treatment
of these fractures with ACL avulsion
typically consists of surgery or cast-
ing in the pediatric population.™

Lipohemarthrosis

In the acutely traumatized knee,
systematic evaluation of the soft
tissues is required. Lipohemarthrosis,
defined as intra-articular floating fat
in a joint effusion, is an important clue
for diagnosing radiographically-occult
fractures.** Traumatic intra-articular
fracture is the primary mechanism
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Figure 1. Segond fracture.
(A) AP radiograph shows
a mildly displaced acute
fracture fragment (arrow)
from the lateral aspect of
the lateral tibial plateau in
a patient presenting with
acute knee trauma. (B)
Sagittal T2 fat-saturated
MRI shows an absence

of the anterior cruciate
ligament at the intracondylar
notch (arrows) compatible
with complete tear.

Worrisome and Incidental Signs on Knee Radiographs

SA-CME

REVIEW

Figure 2. Tibia spine fracture. (A) AP radiograph shows a mildly displaced transverse acute fracture at the tibial spine region (arrow) of the proximal
tibial epiphysis in a skeletally immature patient. There is also a nonossifying fibroma incidentally noted at the distal femoral metadiaphysis. (B) Sagittal
T1 and (C) sagittal T2 fat-saturated MR images show the anterior cruciate ligament (short arrow) attached to the avulsed tibial spine fracture (long

arrow) with associated bone marrow edema.

for fatty marrow leakage into the
joint space and lipohemarthrosis is
pathognomonic for acute fracture.®*
Acute pain and swelling are classic
symptoms/signs.

Radiologists should consider
cross-table lateral radiographs for all
traumatic knee series, as standard
frontal and lateral views are less
likely to identify lipohemarthro-
sis.%15 On cross-table lateral views,
the key finding is a sharp linear
interface between hydrophobic
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floating fat and hydrophilic hemar-
throsis, most commonly seen at

the suprapatellar pouch (Figure 3).
Occasionally, lipohemarthrosis will
present with three distinct layers
when the hemarthrosis further sep-
arates into distinct serum and red
blood cell layers.®!¢ In the setting of
lipohemarthrosis without a definite
radiographically visible fracture, the
radiologist should inform the exam
requestor that additional cross-sec-
tional imaging is indicated to detect

and characterize the occult frac-
ture.” Treatment is typically driven
by orthopedic management of the
underlying fracture, with self-resolu-
tion of the lipohemarthrosis.

Traumatic Malalignment

Anterior tibial translation

Anterior tibial translation (ATT)
is an important radiographic sign of
knee instability. The ACL primarily

Applied Radiology 9
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Figure 3. Lipohemarthrosis. (A) Cross-
table lateral and (B) AP radiographs
show no obvious fracture in a patient
with blunt trauma to the knee after a
fall. The sharp interface produced by the
fat-fluid level (between arrows) reflects
a lipohemarthrosis owing to an acute
occult fracture, indicating the need for
follow-up with cross-section imaging.

Figure 4. Anterior tibial translation. (A)
Lateral radiograph from a pedestrian
struck by a car shows a suprapatellar
knee effusion (black asterisk). The
center of the femoral condyles (long
arrow) articulates with the posterior
third of the tibial plateau instead of the
center (short arrow). (B) Sagittal T2 fat-
saturated MR image shows an absence
of the anterior cruciate ligament at the
intracondylar notch (arrows) compatible
with complete tear. An acute bone
contusion is present at the tibia (white
asterisk).

10

resists ATT but when torn allows
abnormal anterior subluxation of
the tibia relative to the femur.”* In
the acute clinical setting, severe pain
and swelling are common. In cases
of subacute clinical presentation,
perceived instability may be the most
pressing concern.?
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On a lateral knee radiograph, ATT
appears as the central region of the

femoral condyles articulating with the
posterior third of the proximal tibial
plateau (Figure 4). In this setting, MRI
may be considered to definitively
characterize the ACL tear and identify
other potential injuries. Treatment

is based on orthopedic management
of the tear and any other associated
internal derangements.

Patella Alta

Patella alta is a “high-riding”
patella that rests in a more proximal
position than expected relative to

January / February 2023
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Figure 5. Patella alta. n
(A) Lateral radiograph

of a patient with acute
blunt trauma from a fall
shows a knee effusion
(asterisk) and a > 20%
difference (ratio > 1.2)
between the maximum
oblique distance across
the patella (black

line, 4.5 cm) and the
distance from the
patellar inferior pole

to tibial tuberosity
(white line, 7.0 cm). (B)
Sagittal T1 MR image
shows an acute patellar
tendon tear (arrow).

Figure 6. Transient patellar dislocation. (A) Sunrise radiograph of a patient with pain and instability shows a small ossific fragment (arrow) in the
patellofemoral compartment. (B) Axial T2 fat saturated MR image shows the classic bone marrow contusion pattern centered at the medial patellar
pole (short arrow) and lateral aspect of the lateral femoral condyle (long arrow), allowing for definitive diagnosis. An effusion is also present (asterisk).

the tibiofemoral articulation. Most alta presents with a more insidious diagnosed when the distance from
cases represent a developmental onset of patellofemoral pain and the inferior pole of the patella to
anomaly, but acquired patella alta recurrent patellar subluxation or tibial tuberosity is more than 20%

is suspicious for a ruptured patellar dislocation.?»* of the maximum oblique distance
tendon. Acutely acquired patella alta Patella alta is most common- across the patella.? Thus, a ratio of
typically presents with new-onset ly evaluated on the lateral knee more than 1.2 indicates patella alta
knee pain, swelling, and decreased radiograph using the Insall-Salvati on a lateral knee radiograph. The
range of motion.??? Chronic patella method (Figure 5). Patella alta is condition is managed orthopedically
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Figure 7. Osteochondritis dissecans. (A) AP radiograph demonstrates a discrete curvilinear lucency (arrow) with an adjacent small, ovoid ossific
fragment at the lateral aspect of the medial femoral condyle. (B) Coronal proton density and (C) sagittal short tau inversion recovery MR images

demonstrate fluid signal (long arrow, B) completely separates the in-situ fragment (short arrow, C) from the medial femoral condyle.

Figure 8. Geode. (A)
Lateral view shows a
small, round, linear
lucency with a thin
sclerotic margin
(arrow) in the fibular
head. Proximity to the
proximal tibiofibular
joint allows for the
diagnosis of a benign
geode. (B) Lateral
view in a different
patient shows an
isolated focal lytic
lesion with a narrow
zone of transition at
the articular surface
of the patella (arrow)
consistent with a

geode.
”
on a case-by-case basis, depending at any age, adolescents and young correlation with clinical history in-
on the underlying cause and pre- adults classically are most affected. crease the probability of diagnosing
senting symptoms.”’ Patients often present with knee pain this abnormality. Detecting an os-
and a history of patellar dislocation seous fragment in the suprapatellar
Transient Patellar Dislocation with spontaneous reduction. Clini- joint space may provide the only per-
Transient patellar dislocation (TPD) cally, TPD is elusive, and more than ceptible clue (Figure 6). Most cases
is a knee instability syndrome affect- 50% of cases are initially clinically often present with a nonspecific joint
ing the patellofemoral compartment. misdiagnosed.?® effusion.*® MRI evaluation can “rule
The term “transient” implies brief Radiographic diagnosis of TPD in” TPD, since the modality allows
events of lateral patellar subluxation or may be challenging, since most for identification of the classic “kiss-
dislocation followed by spontaneous spontaneously reduce prior to im- ing contusion” bone marrow edema
reduction.?®* Although TPD may occur aging. A high clinical suspicion and pattern located at the medial patellar
12 Applied Radiology January / February 2023



Figure 9. Central osteophyte. (A)

AP view in a patient with signs of
degenerative joint space narrowing
and small marginal osteophyte
formation with a small osseous
protuberance at the central articular
surface of the lateral femoral condyle
(arrow). (B) Coronal proton density
MRI image shows an osseous
protuberance (arrow) in continuity
with the subchondral bone and
without overlying articular cartilage,
consistent with a central osteophyte.

Figure 10. Baker cyst osteochondral
body. (A) Lateral radiograph shows
an osteochondral body (arrow) with
peripheral mineralization in the soft
tissues of the posterior knee. (B)
Axial proton density fat saturated
MR image shows the osteochondral
body located inside of a Baker cyst.

pole and lateral femoral condyle
(Figure 6). Corrective surgery to ad-
dress predisposing ligamentous and
osseous abnormalities is performed
in knees deemed unstable.?*

Miscellaneous
Worrisome Mimics

Osteochondritis dissecans

Osteochondritis dissecans (OD) is a
chronic disease of subchondral bone
that can mimic signs of fracture on
knee radiographs, most commonly
in the lateral region of the medial

January / February 2023
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femoral condyle. Adolescents and
young adults are the most likely to
manifest OD, often presenting with
knee pain, swelling, and locking.*
Identifying advanced-stage OD
before the in-situ bone fragment dis-
places into the joint space improves
long-term prognosis.

Radiographic findings of advanced
OD with an in situ fragment demon-
strates an ossific fragment at the
articular surface, separated from
the adjacent bone by a curvilinear
lucency (Figure 7). Its location at the
lateral region of the medial femoral
condyle and relative smooth margins

of the curvilinear lucency help to dif-

ferentiate OD from an acute fracture.
MRI can confirm the diagnosis and
provide staging information critical
for treatment. Patients with unstable
in-situ fragments are candidates

for surgery.®2%

Incidental Signs

Degenerative Joint Disease
Geode

A geode is a subchondral cyst typ-
ically associated with full-thickness
articular cartilage loss. Geodes are

Applied Radiology
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not true “cysts” but instead represent
cyst-like changes. Most cases do not
represent a diagnostic dilemma for
the radiologist, since they typically
present with other findings related
to osteoarthritis - including os-
teophytes, joint space loss, and/or
subchondral sclerosis.?** Symp-
tomatic patients often present with
complaints emblematic of osteo-
arthritis - knee pain, stiffness, and
swelling, among others. However,
geodes presenting on radiographs
in isolation without other definitive
signs of osteoarthritis may be con-
fused with more worrisome diagno-
ses such as malignancy.
Radiography demonstrates geodes
as classically round, well-defined,
lytic lesions with a thin, sclerotic, nar-
row zone of transition at an articular
surface (Figure 8). Their location at
the subchondral bone of an articular
surface and appearance should allow
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for confident radiographic diagno-
sis of a benign, degenerative geode
requiring no additional follow-up.

Central Osteophyte

Osteoarthritis is commonly
diagnosed in patients who present
clinically with variable complaints
of knee pain, swelling, locking, and
stiffness. The osteophyte is a basic
feature in establishing the radio-
graphic diagnosis, with osteophyte
formation typically occurring at the
joint margins. The precise pathogen-
esis of osteophytes is still unclear but
is thought to represent a response to
altered biomechanics.?” Osteophytes
that occur at the center, rather than
at the margin, of the joint are much
less common.** Radiologists should
not confuse central osteophytes with
truly worrisome bone conditions.

On radiographs central osteo-
phytes appear as well-defined focal

Figure 11. Multi-partite patella. AP radiograph shows two
well-defined, non-united ossified secondary ossification
centers at the superolateral pole of the patella,
consistent with a tri-partite patella.

osseous protuberances in continuity
with the subchondral bone at the
articular surface (Figure 9). Associat-
ed signs of osteoarthritis - marginal
osteophytes, joint-space narrowing,
and/or geodes - should increase
diagnostic confidence for a degener-
ative central osteophyte requiring no
additional work up.

Baker Cyst Osteochondral Body

Degenerative intra-articular osteo-
chondral bodies (“loose bodies”) are
a well-known condition in patients
with knee osteoarthritis. On radio-
graphs, a mineralized mass centered
in the soft tissues rather than in the
knee joint raises potential suspicion
for malignancy. Baker cysts are
synovial cysts created by a region
of the posterior knee joint capsule
that anatomically has displaced in
a posterior direction between the
semimembranosus and medial
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head of the gastrocnemius tendons.
Typically, joint contents travel into
the Baker cyst through a mecha-
nism resembling a one-way valve.®
Displaced osteochondral bodies, and
even meniscal fragments, are known
to collect in Baker cysts.
Radiographically, single or multi-
ple well-defined osteochondral bod-
ies appear as one or more mineral-
ized masses in the soft tissues behind
the knee (Figure 10). Identifying
additional findings associated with
osteoarthritis — osteophytes, joint
space loss, geodes, and/or subchon-
dral sclerosis — should allow more
confident diagnosis of degenerative
osteochondral bodies in a Baker
cyst without the need for follow up.
Radiographs that lack any other signs
of osteoarthritis, have an ill-defined
or stippled pattern of mineralization,
or show an unexplained mineralized
soft-tissue mass in a location not
consistent with a Baker cyst should
undergo cross-sectional imaging to
exclude malignancy or other worri-
some conditions.**

Miscellaneous (Incidental)

Multi-partite Patella

Developmental anomalies of the
patella are common. The patella
is the largest sesamoid bone in the
body with variable fusion patterns
of secondary ossification centers.
The most common location is the
superolateral pole.** Particularly in
the setting of trauma, multi-partite
patella can create diagnostic uncer-
tainty on radiographs by mimicking
the appearance of acute fracture.

Multi-partite patella can be differ-
entiated from a comminuted fracture
by identifying two or more smooth,
well-defined, and non-united round
or ovoid secondary ossification
centers located at the superolater-
al pole and separated from each
other and the larger patellar body
by well-defined curvilinear lucen-
cies (Figure 11).4* In the absence
of associated bony tenderness with
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direct palpation at the site of a classi-
cally-appearing multi-partite patella
on physical examination, no follow
up is necessary.

Conclusion

Knee radiography is common
in daily clinical practice. Knowl-
edge of worrisome signs related to
difficult-to-detect traumatic knee pa-
thology informs radiologists when to
expeditiously recommend additional
imaging and/or clinical evaluation.

Familiarity with less-common
incidental signs of degenerative joint
disease and developmental anomaly
allow for definitive diagnosis and
confidence that no further evalua-
tion is required.
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