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Letter from the Editor

wonderful organ;
it starts working
the moment you

“The brain is a

get up in the

mormning and
does not stop
until you get into
the office.”

— Robert Frost

In this Issue

William T. O'Brien, Sr., D.O.

Editor-in-Chief, Journal of the American Osteopathic College of Radiology

It is a pleasure to present the latest issue
of the JAOCR, especially to those who may
be reading the journal for the first time. The
JAOCR is a quarterly journal that has been in
publication since 2012. The journal was ini-
tially developed as an educational resource
for the members of the college (AOCR),
publishing a series of review articles and
differential-based case reports covering a par-
ticular radiology subspecialty; however, as
this journal is now open access with Anderson
Publishing, it has become available to the ra-
diology community-at-large.

For each issue of the JAOCR, guest editors
are invited to recruit contributors and content
in their particular subspecialties. The guest edi-
tors review and edit each issue prior to submis-
sion to the JAOCR. Although invited, articles
undergo additional peer review to ensure the
highest quality content in the journal.

Submission of articles is by invitation only
through the guest editors. If you would like to
be considered for a guest editor position in a
particular subspecialty field, please contact
the AOCR staff at info@aocr.org with your
contact information, subspecialty of interest,
and a copy of your CV. All radiologists are
welcome to serve as contributors, and AOCR
membership is not a requirement for partici-
pation in the journal.

This issue of the JAOCR is titled Brains
& Bones with articles on neuro- and muscu-

loskeletal imaging. The format for this issue
was inspired by the 2013 mid-year AOCR
conference in Dallas, TX, which was chaired
by Dr. Rocky Saenz.

For the MSK portion of this issue, Drs.
Saenz, Ries, Giese, and Knapp from Botsford
Hospital in Farmington Hills, MI, authored a
comprehensive review article on MRI of the
ankle and hindfoot; Drs. Kotecha and Cerni-
glia from the University of Massachusetts
Memorial Medical Center in Worcester, MA,
put together a differential-based case report
reviewing lytic epiphyseal lesions; and Drs.
Sheeler and Saenz from Botsford Hospital au-
thored a Viewbox article showing an unstable
osteochondral defect.

For the neuroimaging portion of the issue, I
drafted a pictorial review article covering the
CNS imaging manifestation of neurofibroma-
tosis Type 1; Dr. Zapadka of Wake Forest Bap-
tist Health in Winston-Salem, NC, authored a
comprehensive case-based review of temporal
lobe signal abnormality on MRI; and Dr. Betts
of Cincinnati Children’s Hospital Medical
Center in Cincinnati, OH, composed a View-
box article on Wernicke encephalopathy.

I wish to express my deepest gratitude to
the contributors of this issue for volunteer-
ing their time and expertise to put together an
exceptional educational resource. I hope that
you thoroughly enjoy this and future issues of
the JAOCR.

The views expressed in this material are those of the author, and do not reflect the official policy or position of the U.S.

Government, the Department of Defense, or the Department of the Air Force.
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MRI of Ankle and Hindfoot Pain

Rocky Saenz D.0., Stacy Ries, D.0., Juliann Giese, D.0., Daniel Knapp D.O.

Department of Radiology, Botsford Hospital, Farmington Hills, Ml

ver the last 10 years, there has

been a significant increase in ankle
MRI. When patients present to their
primary care physician or specialist
with ankle or hindfoot pain, there are a
variety of possible etiologies. Unfortu-
nately, these different diagnoses have
overlapping clinical signs and symp-
toms. For this reason, referring clini-
cians tend to rely on MRI to clarify or
solidify a diagnosis to guide treatment
and management decisions. Therefore,
it is important for the radiologist to be
able to recognize and diagnose common
pathologies within this region. This re-
view article focuses on ligamentous in-
juries, common tendon pathology, and
overuse syndromes.

Ligamentous injuries
Lateral Ligamentous Injuries

Ankle joint injuries are the most
common sports-related injuries with
approximately 75% involving the lat-
eral ligamentous complex.1 The lateral
complex is composed of the anterior
talofibular ligament (ATF), the calca-
neofibular ligament (CF), and the pos-
terior talofibular ligament (PTF).1 The
anterior talofibular ligament is the most
commonly injured ligament as it is the
weakest of the lateral ankle ligaments,
followed by the calcaneofibular liga-
ment and finally the posterior talofibular
ligament.'-3 These ligaments are almost

always injured sequentially from ante-
rior to posterior. Therefore, if the ATF
is intact on imaging, it can often be pre-
sumed that the other lateral collateral
ligaments are also intact.*

Nearly half of ATF injuries occur
during an athletic activity with bas-
ketball being the most commonly in-
volved sport.> The classic mechanism
of injury is ankle inversion with forced
plantar flexion. Patients typically
present with acute lateral ankle pain
and soft tissue swelling.!® Clinicians
evaluate the degree of swelling, ecchy-
mosis, and inability to bear weight to
assess the grade/extent of ligamentous
injury.!® Teenagers and young adults
experience the highest rates of ankle
sprains with an equal incidence among
males and females. !>

The mainstay treatment for acute
ligamentous ankle injury is conserva-
tive management with short-term im-
mobilization, followed by functional
rehabilitation. A successful recovery
occurs in approximately 80% of pa-
tients utilizing this approach.!?7 Since
treatment rarely requires surgical inter-
vention, MRI is typically reserved for
evaluating highly competitive athletes
in whom primary ligamentous repair is
being considered, as well as for the 20%
of patients who develop chronic ankle
instability following failed conservative
treatment.'-3-7

Ankle MRI, Saenz et al.

When evaluating the lateral liga-
ments, both the axial and coronal
images are useful. Axial images dem-
onstrate the ATF and PTF more clearly,
while coronal images better demon-
strate the calcaneofibular ligament.
MRI findings of acute ATF injury in-
clude ligament discontinuity, nonvisu-
alization of the ligament, detachment,
and/or contour irregularity.”* Indirect
associated findings for an ATF injury
include loss of surrounding fat planes,
ankle joint effusion, and lateral soft tis-
sue edema.>* In addition, the presence
of a “bright rim” sign (a bright dot-like
or curvilinear high-signal intensity
focus on T2 images involving the talus
and fibula along the cortex) signifi-
cantly increases the accuracy of detect-
ing ATF injuries.> A complete tear is
typically seen on MRI as a fluid-gap/
discontinuity with subsequent retraction
of lax fibers or nonvisualization of the
ligament (Figure 1).’

Medial Ligamentous Injuries

The deltoid ligamentous complex,
also known as the medial collateral
ligament, is the strongest of the ankle
ligaments. It serves as the primary sta-
bilizer of the axially loaded ankle.®®
Unlike its lateral counterpart, it is
rarely injured, accounting for only 5%
of all ankle sprains. Male athletes are
3 times more likely to experience a

J Am Osteopath Coll Radiol 2015; Vol. 4, Issue 2
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Ankle MRI, Saenz et al.

FIGURE 1. ATF normal, partial tear, complete tear. Axial proton density fat-saturated (PD FS) image (A) shows the normal appearance of the ligament
(arrow). Axial PD FS image (B) displays abnormal thickening of the ATF (arrow). Axial PD FS image (C) demonstrates nonvisualization of the anterior
talofibular ligament with extensive surrounding soft tissue edema involving the anterior aspect of the lateral gutter (arrow) compatible with ATF com-

plete tear.

FIGURE 2. Deltoid sprain. Axial (A) and coronal (B) PDFS images demonstrate increased signal
intensity within thickened deltoid ligament deep fibers (white arrows) compatible with deltoid
sprain. Patchy high-intensity signal is seen involving the medial malleolus (blue arrow) revealing
an associated medial malleolus contusion. Fluid is seen within the posterior tibial tendon sheath
with an otherwise normal-appearing tendon (green arrow), consistent with tenosynovitis.

medial ankle sprain than females.®?
Forced eversion and pronation of the
ankle is the classically described mech-
anism of injury, most often resulting
in a medial malleolus avulsion frac-
ture due to the strength of the deltoid

ligament.5® Medial ankle sprains are
more painful than lateral ankle sprains
and often result in mechanical instabil-
ity.” Patients commonly present with
medial ankle hematoma and tender-
ness in the acute setting.?

The deltoid ligament is comprised
of 2 obliquely oriented, parallel com-
ponents (superficial and deep), which
join together to form the triangular/
deltoid-shaped ligamentous complex.®?
These 2 components act somewhat syn-
ergistically to stabilize the ankle against
valgus and pronation forces.® The most
superficial component is comprised
of the tibiocalcaneal, tibionavicular,
posterior superficial tibiotalar, and ti-
biospring ligaments. The deep group
consists of the anterior tibiotalar liga-
ment and posterior deep tibiotalar liga-
ments (PDTL).® Tears involving the
deep ligaments are more common;
however, tears of both layers rarely
occur in isolation. Injuries to these two
components should be classified sepa-
rately on MRL.7:%10

When evaluating the deltoid ligament,
the coronal images are typically the easi-
est to use. The most common MRI find-
ings of acute deltoid ligament sprain
include fascicular disruption, heteroge-
neity, and loss of striations within the
ligament.'® An acutely torn ligament
is best appreciated on fluid-sensitive,
fat-saturated sequences in the coronal
plane, which demonstrate increased
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fluid signal with fluid-filled gaps or
complete discontinuity of the liga-
ment (Figure 2).”'° The deep PDTL is
generally regarded as the thickest and
strongest of the ligaments and normally
demonstrates a heterogeneous appear-
ance with internal striations caused by
individual fascicles separated by inter-
posed fat; acute injury causes this liga-
ment to become amorphous with loss
of these striations secondary to hemor-
rhage and hemosiderin deposition.”'0
Treatment of deltoid ligament injuries
remains somewhat controversial with
surgical treatment being primarily re-
served for those with associated frac-
tures, chronic deltoid ligament injury,
and/or chronic ankle instability.%1°

Tendon Injuries
Imaging Tendons

Tendons should have a homoge-
neous hypointense appearance on MRI.
Specifically, T1-weighted (T1W),
T2-weighted (T2W), proton density
(PD), and inversion recovery (IR) im-
ages should all demonstrate homo-
geneous hypointense signal intensity
throughout the tendons. The Achilles
tendon is the one exception to this rule
within the ankle (see Achilles discus-
sion below). Since the Achilles tendon
is a conglomeration of tendons, it often
has some small foci of intermediate
intratendinous signal intensity. When
reviewing an MRI, the best approach
is to follow each tendon from the most
cranial image to the most caudal image,
evaluating them for homogeneity with
regard to shape and signal intensity. It is
the opinion of the authors that the axial
plane provides the easiest approach for
evaluating tendons of the ankle.

Tendon Abnormalities

The major abnormalities involving
tendons include degeneration, tenosy-
novitis, partial tears, complete tears,
tumors, and a multitude of deposition
disorders within the tendon. Degen-
eration of a tendon occurs from aging
or chronic overuse. Generally, this
is a painless process but may evolve
or predispose the tendon to partial or

complete rupture with relatively mini-
mal trauma. Tendons with degenera-
tion will exhibit a normal or enlarged
caliber with intermediate signal inten-
sity within the substance of the tendon
(centrally) on T1 sequences and cor-
responding hyperintense T2 signal.
Tendinitis, tendinopathy or tendinosis
are all used to describe abnormal in-
tratendinous signal. On imaging, it is
difficult or impossible to distinguish
signal intensity of degeneration from
partial tears, and both processes are
thought to be on a continuum of micro-
tear progression.'!

Tenosynovitis refers to fluid sur-
rounding the tendon, which indicates
an inflammatory process of the tendon
sheath. The underlying tendinous sub-
stance can be of normal or abnormal
signal intensity. Fluid signal intensity
(hypointense T1/hyperintense T2) must
surround the entire circumference of the
tendon to diagnose tenosynovitis.

A partial tear represents incomplete
disruption of the tendon fibers, whereas
a complete tendon tear/rupture results
in total disruption of the tendon with 2
distinct ends of the tendon identified.
Partial tears can be variable in appear-
ance on MRI but typically exhibit high
signal intensity within the tendon sub-
stance on fluid sensitive sequences.
Chronic tears may have low T2 signal
intensity due to scarring and fibrosis.
The tendon may appear thickened,
thinned, or of normal caliber depending
on the etiology and age of the injury. A
tear may occur in a vertical or longitudi-
nal fashion with respect to the long axis
of the tendon.

A complete rupture is easier to iden-
tify on clinical examination secondary
to dysfunction or severe weakness. The
role of imaging is to confirm the pres-
ence of a full thickness tear, determine
the quality of tendon remnants, and
identify the degree of retraction. These
factors are important for patient man-
agement and surgical planning.'!

Achilles Tendon Injuries
Achilles tendon pathology is a com-
mon cause of hindfoot pain. In the past

Ankle MRI, Saenz et al.

3 decades, the incidence has increased
secondary to increased participation in
recreational and competitive sports.'?
The rate of Achilles tendon injuries
in runners is approximately 10 times
higher than in age-matched controls.'?
The most common patients who suffer
from this condition are physically ac-
tive individuals who have recently in-
creased their training regimen, resulting
in repetitive microtrauma. The peak age
of occurrence is 30-40 and with a slight
male predominance.'* As the largest
tendon in the body, the Achilles tendon
endures strain and is at risk of rupture
from running, jumping, and sudden
acceleration and deceleration move-
ments.'* Achilles tendon injury can be
associated with trauma at any age, and
physical examination findings typically
differentiate between partial and com-
plete rupture.'*

Achilles tendon rupture presents with
an acute onset of severe pain, often de-
scribed as “being kicked” or “shot in
the heel.”'? In contrast, pain associated
with tendinopathy generally occurs at
the beginning and end of a training ses-
sion with variable periods of discomfort
during activity.'? Tendon injuries can be
acute or chronic. In the acute phase, the
tendon becomes edematous with maxi-
mal tenderness to palpation approxi-
mately 2-6 cm proximal to the insertion
point on the calcaneus.'? Patients will
have difficulty with active plantar flex-
ion of the foot. The “Thompson test” or
squeezing of the calf muscle with the
patient in a prone position assesses the
integrity of the Achilles tendon. If intact,
calf squeeze will result in passive plantar
flexion. In the setting of Achilles rupture,
however, the test will not result in pas-
sive plantar flexion.'*

The Achilles tendon represents a con-
fluence of the gastrocnemius and soleus
muscles that end in a tendinous inser-
tion on the superior calcaneal tuberos-
ity.!? The tendon most commonly has a
flat or concave anterior margin on axial
images; however, a focal convexity may
be seen as a normal variant in some in-
dividuals. This focal anterior contour
convexity is caused by the soleus muscle

J Am Osteopath Coll Radiol 2015; Vol. 4, Issue 2
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Ankle MRI, Saenz et al.

FIGURE 3. Achilles tendon: Normal, intrinsic partial tear, and rupture. Sagittal inversion recovery (IR) image (A) shows a normal tendon (arrow). Sagit-
tal IR image (B) shows a focal thickened tendon with an intrinsic partial tear, pregnant Achilles sign (arrow). Sagittal PD FS image (C) demonstrates a

“fluid gap” (arrow) associated with tendon rupture

FIGURE 4. Master knot of Henry bursitis.
Coronal PD FS shows fluid signal surrounding
the master knot of Henry (midfoot junction
at crossing between FHL & FDL). The image
shows the FHL superiorly (yellow arrow) and
FDL inferiorly surrounded by focal fluid (white
arrow).

fibers merging with the gastrocnemius
muscle in a spiral configuration.'" The
tendon does not have a surrounding true
synovial sheath, as is the case with the
remaining tendons of the ankle; rather,
it has a paratenon composed of a single
layer of cells. This surrounding tissue is
highly vascularized and is responsible
for much of the blood supply to the ten-

don. Approximately 12-15 cm from its
insertion point onto the calcaneus, the
fibers begin to rotate at 90 degrees, and
this rotation becomes most pronounced
at approximately 5-6 cm from the in-
sertion. Angiographic injection studies
have demonstrated a zone of relative
hypovascularity 2-7 cm proximal to
the insertion point. This predisposes
the distal aspect of the tendon (approxi-
mately 4-6 cm proximal to the calcaneal
insertion) to injury with a relative in-
ability to properly heal.!!!3

The Achilles tendon is easiest to
evaluate utilizing both the sagittal and
axial planes. The sagittal plane dem-
onstrates continuity of a normal ten-
don with a uniform slender appearance
(Figure 3A). Acute partial thickness
injury will manifest as edema and hem-
orrhage, which is seen as increased
intra-tendinous T2 signal intensity. In
addition, the aforementioned flat to
concave anterior margin will appear
convex anteriorly, which is best seen
on the axial images. A focal anterior
bulge may be seen with both tendinosis
and partial tears on sagittal sequences
(Figure 3B). In the setting of complete
tendon rupture, the most reliable imag-
ing finding is identifying tendon dis-
continuity (Figure 3C). When viewed
in the sagittal plane the degree of re-
traction may also be evaluated which is
important for surgical planning. A com-

plete tear or rupture generally requires
surgical intervention, while a partial
tear may be amenable to conservative
therapy.'!

Flexor Hallucis Longus Tenosynovitis

The medial compartment tendons
of the ankle from anterior to posterior
include the posterior tibialis, flexor
digitorum, and flexor hallucis lon-
gus (remembered as Tom, Dick and
Harry). Flexor hallucis longus (FHL)
tenosynovitis is commonly referred
to as “dancer’s tendinitis” due to its
high prevalence among professional
female ballet dancers.'>'® Chronic, re-
petitive, forced plantar-flexion, such
as en-pointe dancing, creates irritation
and inflammation of the flexor hallucis
longus tendon sheath as it enters the
flexor retinaculum. This leads to the
development of tenosynovitis, the most
common FHL-related injury.'>!® Pa-
tients classically present with insidious
onset posteromedial ankle pain that is
worsened by activity.' The hallmark
physical exam finding is pain with
active hallux plantar flexion against
resistance. 67

Tenosynovitis most commonly oc-
curs proximally, posterior to the talus,
at the level of the sustenaculum talus
as the tendon descends into the fibro-
osseous tunnel between the medial and
lateral talar tubercles.?!”!8 Symptoms,
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FIGURE 5. Tenosynovitis of the FHL and pos-
terior tibialis tendons. Axial PD FS image dem-
onstrates fluid signal intensity surrounding the
flexor hallucis longus tendon with an other-
wise normal-appearing, homogenous tendon
(white arrow). A similar appearance is noted
involving the posterior tibialis tendon (blue
arrow) also consistent with tenosynovitis.

however, may occur anywhere through-
out its course, including the midfoot
at the master knot of Henry and dis-
tally within the forefoot between the
sesamoids at the region of the FHL
tendon insertion.?!7-18 Therefore, it is
essential for the radiologist to follow
the FHL tendon from its origin to its
insertion in order to avoid overlook-
ing less common but symptomatic
locations of irritation. One of these un-
common areas is at the knot of Henry
(Figure 4). The master knot of Henry
is the midfoot tendinous junction or
crossing between the flexor hallucis
longus and flexor digitorum longus,'”
originally described by Henry. There is
typically FHL tenosynovitis proximal
to the master knot. Various additional
pathologies have been described in as-
sociation with FHL tenosynovitis, such
as posterior ankle impingement, which
may be caused by a mobile os trigo-
num or Stieda’s process (see section
on os trigonum syndrome), synovial
adhesions, tendon hypertrophy, distal
insertion of the FHL muscle, muscle
elongation, longitudinal degenerative
tears, and nodularity within the fibro-
osseous tunnel.'®!”

Ankle MRI, Saenz et al.

FIGURE 6. FHL tenosynovitis. Sagittal IR image (A) demonstrates focal fluid signal within the ten-
don sheath surrounding the FHL tendon at the level of the ankle joint (arrow). Next contiguous
sagittal IR image (B) demonstrates fluid extending below the level of the ankle joint (arrows) with
an otherwise normal tendon compatible with FHL tenosynovitis. Note there is no significant ankle
joint effusion present.

MRI is often ordered if there is a
high clinical suspicion for posterior im-
pingement or FHL tenosynovitis.' One
study demonstrated 82% of patients
with suspected FHL tenosynovitis had
positive MRI findings, revealing ex-
cess fluid accumulation within the FHL
tendon sheath posterior to the ankle
joint (Figure 5).'6 A potential pitfall is
a normal communication between the
FHL tendon sheath and tibiotalar joint
that exists in approximately 20% of
individuals. Care should be taken not
to mistake physiologic synovial fluid
occurring within the tendon sheath
in these individuals with pathology
(Figure 6).>2°

Conservative treatment with physical
therapy and anti-inflammatory medica-
tion is often the appropriate initial treat-
ment for FHL tenosynovitis. Surgical
intervention is typically reserved for
high-level athletes and performers un-
able to perform desired activities or in
the setting of failed conservative man-
agement.'® The surgical technique uti-
lized for FHL tenosynovitis is tendon
sheath release.!6

Posterior Tibial Tendon Injury
The posterior tibial tendon (PTT)
is the largest tendon within the medial

compartment and is approximately
twice the size of the others (flexor digi-
torum and flexor hallucis longus). The
PTT passes inferior and posterior to the
medial malleolus and uses the medial
malleolus as a pulley. The PTT attaches
to the navicular bone, the 3 cuneiforms,
and the bases of the first through fourth
metatarsals. A potential pitfall in evalu-
ating this tendon is the multiple sites
of attachment and orientations of the
multiple tendinous branches. The at-
tachment sites often have a thickened
appearance and high signal intensity,
which is a normal finding and should
not be confused with a partial tear, espe-
cially at the navicular attachment site. !

High signal intensity or tendinous
thickening elsewhere in the tendon,
however, is considered pathologic. Hy-
perintense intrasubstance T2 signal in-
tensity indicates a partial tear (Figure
7). Commonly, this will be evident as
the tendon passes posterior to the me-
dial malleolus, as this is a site of bony
compression with a forced eversion
type injury.?! A small amount of fluid
may be present eccentrically around
a normal tendon. If fluid is seen com-
pletely encompassing the tendon,
this implies a tenosynovitis. A high
association of PTT dysfunction is

J Am Osteopath Coll Radiol 2015; Vol. 4, Issue 2
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Ankle MRI, Saenz et al.

FIGURE 7. Posterior tibial tendon partial tear. Axial PD FS FIGURE 8. Anterior tibial tendon rupture. IR sagittal image demonstrates a focal
image demonstrating increased tendon size, surrounding ~mass in the anterior ankle, which represents the retracted anterior tibialis tendon
(arrow). There is loss of signal of the normal subcutaneous fat signal intensity sec-

edema, and abnormal intrinsic signal (arrow).

associated with abnormalities of the na-
vicular bone, to include os naviculare,
and will be discussed in more detail
elsewhere in this article.

Anterior Tibial Injury

Classically, 3 tendons are found in
the anterior compartment of the ankle.
From medial to lateral, these are the an-
terior tibial, extensor hallucis longus,
and extensor digitorum longus (can be
remembered as “Tom’s Hairy Dog”).
These tendons are responsible for dor-
siflexion of the ankle and foot. The an-
terior tibial tendon is the most likely
of all of the anterior compartment to
be pathologic. This tendon is the most
medial and the largest of the anterior
tendons. It begins at approximately the
junction between the lower and middle
third of the tibia and courses inferiorly
to the medial border of the foot, insert-
ing on the first metatarsal base and first
cuneiform. Throughout its course, it is
held tightly to the ankle joint by three
retention tunnels formed by the superior
extensor retinaculum and the superior-
medial and inferiomedial limbs of the
inferior extensor retinaculum.?

ondary to edema.

Trauma is a common cause of ante-
rior tibial tendon injury. Non-traumatic
tears are uncommon, but may be seen
with increasing age and in individuals
who run on inclines. Rupture can re-
sult in a significant degree of dysfunc-
tion with diminished ankle dorsiflexion
strength. Occasionally, patients with a
partial or complete tear of this tendon
present with a focal mass suspected to
be a tumor, rather than with symptoms
of a tendon injury, but most are diag-
nosed clinically prior to imaging.'! On
physical exam, weak dorsiflexion of the
ankle with maintained hyperextension
of the hallux and lesser digits will be
evident.*

The role of imaging with a com-
plete anterior tibial tendon rupture is
for confirmation, to detect other tendi-
nous injuries, to evaluate the extensor
retinaculum, and for surgical planning.
The classic MR findings of any tendon
rupture is discontinuity of the tendon,
thickening of the retracted portion,
and excess fluid in the tendon sheath
(Figure 8).%*

Nonsurgical treatment includes
bracing and is reserved for the elderly

or cases in which surgery will not be
tolerated secondary to medical comor-
bidities.?

Peroneus Brevis Partial Tear

The lateral compartment tendons of
the ankle include the peroneus brevis and
longus (also known as the fibularis bre-
vis and longus), which serve as the pri-
mary evertors of the foot. Together, they
pass posterior and inferior to the lateral
malleolus and use this bony prominence
as a pulley. A common tendinous sheath
is shared in the proximal fibula; the ten-
dons and sheath then separate distally to
become 2 distinct tendons. The peroneus
brevis attaches to the base of the fifth
metatarsal. The peroneus longus splays
out to attach on multiple sites along the
plantar aspect of the foot, mainly involv-
ing first cuneiform and first metatarsal.
Normally, the peroneus brevis is flat or
oval shaped. It is situated posterior to the
lateral malleolus and anterior to the pero-
neus longus.

“Peroneus brevis split” is used to de-
scribe a longitudinal or vertically ori-
ented tear, which is the most common
injury of the peroneus brevis tendon.
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A history of severe or recurrent inver-
sion type ankle injury is usually elu-
cidated. Lateral ankle pain and edema
along the course of the tendon is gener-
ally evident clinically. Multiple struc-
tures, to include the lateral collateral
ligaments, have a high association of
injury with peroneus brevis injuries, and
many symptoms overlap with chronic
ankle instability."! During forced dor-
siflexion, the peroneus brevis tendon is
compressed between the peroneus lon-
gus and the lateral malleolus, resulting
in a vertical tear. The key findings of a
split tear on MRI include identifying the
peroneus brevis tendon separated into 2
distinct tendons (Figure 9).

Overuse In juries/Syndromes
Os Trigonum Syndrome

Also known as posterior impinge-
ment syndrome, os trigonum syndrome
(OTYS) presents as acute or chronic pos-
terior ankle pain exacerbated by both
plantar and dorsiflexion. Along with
other ankle impingement syndromes,
OTS is most commonly seen in danc-
ers and soccer players.?®?’ The name
os trigonum syndrome infers causa-

FIGURE 9. Split tear of the peroneus brevis.
Axial T1-weighted image (A) demonstrates
edema around the peroneus brevis at the
level of the calcaneus (arrow). Axial PD FS
image (B) at a level superior to image (A)
shows the peroneus brevis tendon is split in 2
distinct sections (arrows).

tion of a prominent os trigonum (an
unfused accessory ossicle of the lateral
tubercle of the talus), but this is only
one of the anatomic etiologies. Other
predisposing anatomic variants include
a prominent lateral talar tubercle termed
“Stieda’s process” (a shelf-like superior
prominence of the calcaneal tuberos-
ity), prominent down-sloping of the
posterior tibial articular surface, and a
posterior intermalleolar ligament.?82°
Soft-tissue causes of impingement can
also occur and may be attributed to sy-
novitis of the flexor hallucis longus
tendon sheath, a thickened posterior
intermalleolar ligament, posterior syno-
vial recess of the subtalar and tibiotalar
joints, disruption of the synchondrosis
between the os trigonum and the lateral
talar tubercle, or loose bodies.2834

An os trigonum may be present in
up to 14% of asymptomatic patients.*?
Therefore, MRI is critical in assess-
ing for findings of OTS, including bone
marrow edema, posterior ankle soft tis-
sue inflammatory changes, a thickened
posterior intermalleolar ligament, and
posterior ankle synovitis (Figure 10). In-
flammatory changes are specifically seen

Ankle MRI, Saenz et al.

in the posterior synovial recess of the
subtalar and tibiotalar joints.?> Synovitis
of the flexor hallucis longus is also com-
monly seen. Additional imaging find-
ings on MRI include posterior capsular
thickening, bone marrow edema or fluid
signal at the synchondrosis, and ligament
disruption. After diagnosis of OTS, con-
servative management, which may in-
clude image-guided steroid injection, is
the first line of treatment. If conservative
management fails, arthroscopic resection
of the os trigonum or other associated ab-
normalities is performed.

Os Naviculare Syndrome

Os naviculare syndrome is gener-
ally classified as a chronic stress related
injury. Although there is no classic pa-
tient population, the symptoms of os
naviculare syndrome become more
pronounced during weight-bearing,
walking, repetitive activities, and
when wearing narrow shoes.? There
are three types of accessory navicular
bones that are classified based on their
shape and location. Type I is located in
the distal portion of the posterior tibial
tendon, measuring 2-3 mm and is usu-
ally asymptomatic. Type II is most
important clinically as it is present in
up to 4%-21% of the population and is
commonly associated with medial bone
pain.*® Considered the secondary ossi-
fication center of the navicular bone, a
type II accessory navicular bone resides
slightly posterior to the medial pole of
the navicular bone (Figure 11). This ac-
cessory bone has also been referred to
as a “prehallux.” Type III is sometimes
referred to as a fused Type II and relates
to a prominent navicular tuberosity.
Further discussion relates to Type II ac-
cessory navicular bones, as it is the most
common type to cause pain.

Repetitive actions may cause shear-
ing stress forces at the ossicle-navicular
synchondrosis. Since all or portions of
the posterior tibial tendon insert on the
accessory ossicle, this may lead to teno-
synovitis of the posterior tibial tendon,
tendon disruption, granulomatous in-
flammation, soft tissue swelling, and/or
a mass of fibrocartilage tissue. Sequelae

J Am Osteopath Coll Radiol 2015; Vol. 4, Issue 2
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FIGURE 10. Os trigonum syndrome. Sagittal T1 image (A) shows the accessory ossicle, os trigonum (arrow). Sagittal PD fat suppressed image (B) dem-
onstrates bone marrow edema involving the os trigonum (short arrow) and the posterior peripheral soft tissue edema with pseudo-joint formation

(long arrow).

FIGURE 11. Type Il Os naviculare. AP radio-
graph of the foot with the arrow indicating
the type Il os naviculare creating a psuedo-
Jjoint with the navicular bone.
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FIGURE 12. Os naviculare syndrome. T1 (A) and PD fat-suppressed (B) axial images demonstrate
os naviculare syndrome. Note the inflammatory changes (hypointense T1 signal and hyperintense
PD signal) at the insertion of the posterior tibial tendon (circle). Subchondral cysts are present sur-
rounding the pseudo-joint indicating chronicity in this patient.

J Am Osteopath Coll Radiol 2015; Vol. 4, Issue 2




Ankle MRI, Saenz et al.

FIGURE 13. Haglund syndrome in 2 patients. Sagittal T1 image (A) shows a Haglund deformity (white arrow) and intrinsic Achilles tendon signal
indicative of tendinosis (red arrow). Sagittal PD FS image (B) demonstrates a Haglund deformity (white arrow), distended retrocalcaneal bursa (green
arrow), and retro-Achilles bursitis (yellow arrow). Sagittal T1 image (C) in another patient displays a Haglund deformity (white arrow) and retro-
Achilles bursitis (blue arrow). Sagittal PD FS image (D) illustrates a Haglund deformity with reactive marrow changes (white arrow), distended retro-
calcaneal bursa (green arrow), and intrinsic Achilles tendon signal, consistent with a partial tear (red arrow).

of chronic shearing forces at the syn-
chondrosis include inflammation and
0Steonecrosis.

The MRI findings include bone mar-
row edema of both the medial pole
and posterior aspect of the navicular
bone, as well as within the accessory
ossicle (Figure 12). Destruction of
the cartilaginous cap may sometimes
be seen as high signal intensity on fat
suppressed fluid sensitive sequences.
Indirect findings include widening of
the ossicle-navicular synchondrosis
or fracture of the accessory ossicle.
Definitive treatment is surgical inter-

vention, as untreated patients may go
on to develop flatfoot, instability, and/
or altered gait mechanics.?¢7

Haglund Syndrome

Haglund syndrome (HS) was first
described in 1927 by Patrick Ha-
glund.?® HS is a chronic overuse syn-
drome characterized by a chronic
inflammatory process with soft tissue
irritation or compression by a “Ha-
glund deformity.” The Haglund de-
formity (also known as pump bump
or Bauer bump) refers to hypertrophy
of the posterior superior calcaneus,

which compresses the Achilles tendon
between it and footwear. Patients usu-
ally present with posterior heel pain
that occurs when starting to walk after
a period of rest.*® Haglund syndrome
is characterized clinically by pain-
ful soft tissue swelling, the so-called
“pump bump,” at the level of the
Achilles tendon insertion.** Haglund
syndrome is more commonly seen in
women secondary to wearing tight fit-
ting footwear, “pumps.”* Hindfoot
varus, low back shoes, and pes cavus
are all predisposing factors.*® The con-
dition results in mechanically induced

J Am Osteopath Coll Radiol 2015; Vol. 4, Issue 2
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FIGURE 14. Anterior impingement syndrome. Sagittal T1 weighted image (A) shows “kissing osteophytes” at the anterior tibial plafond (white
arrow) and superior talus (yellow arrow) that narrow the tibiotalar angle. Low T1 signal is present within the anterior recess. Corresponding to the
low signal within the anterior recess is an inflammatory mass of heterogeneous signal (circle) on the PD fat-suppressed image (B). Peripherally, there
is a small joint effusion and bone marrow edema of the talus. Also note there is intrinsic signal with focal thickening of the Achilles, consistent with

tendinosis

inflammation of the superficial bursa,
Achilles tendinosis (bump), retrocal-
caneal bursitis (bump) due to repetitive
compression from the back of the shoes
(pumps), and prominent bursal projec-
tion of the calcaneus (bump) .3

On MRI, the diagnosis is most read-
ily made utilizing the sagittal plane. Both
T1 and fluid sensitive sequences are use-
ful. The classic triad of findings include
retrocalcaneal bursitis, Achilles tendi-
nosis or partial tear, and retro Achilles
bursitis (Figure 13). Occasionally, bone
marrow edema may be seen within the
posterior calcaneus involving Haglund’s
deformity. Treatment for this syndrome
is conservative with a combination of
nonsteroidal anti-inflammatory drugs
(NSAIDs) and steroids. Patients may
also respond to a minimally invasive
procedure with ultrasound-guided local
injection into the retrocalcaneal bursa.
Surgical treatment can also be performed
with bursectomy and resection of the Ha-
glund deformity.*®

Anterior Impingement Syndrome
Anterior impingement syndrome
(AIS) is a common cause of chronic

ankle pain caused by altered joint bio-
mechanics. The classic demographic
includes avid soccer players and ballet
dancers.?® These patients usually pres-
ent with limited and painful dorsiflexion
secondary to mechanical impingement
by osteophyte formation of the ante-
rior tibial plafond and anterosuperior
talus that collide in dorsiflexion, result-
ing in soft-tissue impingement (Fig-
ure 14A). Soft-tissue impingement by
hypertrophied synovium has also been
implicated. As to the cause of the os-
teophyte formation, many mechanisms
have been proposed. The current gen-
eral consensus is that it is multifacto-
rial.?® A possible mechanism of injury
is repetitive forced dorsiflexion leading
to repeated microtrauma, trabecular mi-
crofactures, and periosteal hemorrhage
with subsequent new bone formation
at the site of injury.?®? Another pos-
tulated mechanism is traction of the
anterior capsule during plantar flexion
causing avulsion injuries.?8?

MRI is particularly useful in detect-
ing bone marrow edema, synovitis,
and soft-tissue thickening within the
anterior recess (Figure 14). MRI can

also aid in assessing the degree of car-
tilage damage.?®2%4 Other findings
on both conventional weight-bearing
radiographs and MRI include narrow-
ing of the tibiotalar joint space, ante-
riomedial tibial and talar osteophytes,
and soft tissue swelling of the anterior
compartment. Lastly, an anterior tibota-
lar degree of < 60° may indicate anterior
impingement syndrome.?® Treatment
usually begins with conservative man-
agement, including physical therapy,
limitation of range of motion, and cor-
rection of over pronation. If conserva-
tive management fails, arthroscopy
or open surgery may be performed to
remove the osteophytes and soft tissue
abnormalities.

Conclusion

There are a myriad of causes of
ankle and hindfoot pain with ligamen-
tous injury, tendon injury, and over-
use syndromes being among the more
common etiologies. It is imperative
for the radiologist to have a working
knowledge of normal anatomy, ana-
tomic variants that mimic pathology or
predispose patients to injury, and the
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spectrum of imaging findings of multi-
ple pathological conditions on various
modalities. Applying this knowledge
when interpreting imaging studies —
particularly MRI — will aid the re-
ferring clinician in making the most
appropriate treatment decisions.
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Background

Neurocutaneous syndromes encom-
pass a group of disorders that affect
the embryonic ectodermal plate, which
includes the central and peripheral ner-
vous systems, as well as the overly-
ing skin. Mesodermal and endodermal
structures may be involved, depending
on the type and severity of the specific
neurocutaneous system. Common de-
velopmental abnormalities include dys-
plasias and often an increased incidence
of neoplasms.

Neurofibromatosis type 1 (NF1), also
known as von Recklinghausen disease,
is the most common of the neurocuta-
neous syndromes with an incidence of
approximately 1 in 2,600 to 1 in 3,500
live births.!* Men and women are af-
fected equally. NF1 is inherited in an
autosomal dominant fashion with vari-
able pathological and clinical expres-
sion. Approximately half of all cases
result from spontaneous mutations of
the NF1 gene.* The genetic defect af-
fects chromosome 17q12 and results
in decreased production of neurofibro-
min, which acts as a tumor suppressor.
The disease affects the brain, skull, or-
bits, spine, musculoskeletal system, and
skin/integumentary system, although

there is significant variability in the type
and severity of clinical manifestations.’
Diagnostic criteria for NF1 include the
presence of 2 or more of the following:
first degree relative with NF1, 6 or more
café-au-lait spots, 2 or more neurofibro-
mas (NFs) or 1 plexiform neurofibroma
(PNF), optic pathway glioma, bony
dysplasia, axillary or inguinal freckling,
and 2 or more Lisch nodules.> Central
nervous system (CNS) abnormalities
occur in approximately 15%-20% of
NF1 patients.”

Intracranial Manifestations of NF1
Parenchymal Involvement and
Neoplasias

Intracranial CNS manifestations in-
clude characteristic NF1 “spots” and
low-grade neoplasms. The NF1 “spots”
are regions of signal abnormality in-
volving the basal ganglia, thalami, den-
tate nuclei, cerebellar peduncles, optic
radiations, and brainstem in children
and adolescents; they are thought to
represent regions of myelin vacuoliza-
tion (Figure 1). They are hyperintense
on T2 sequences and typically iso- to
mildly hyperintense on T1 images.
There should be no mass effect or en-
hancement, as enhancement or signifi-

cant mass effect suggests development
of a low-grade glioma. The lesions may
wax and wane for the first decade of life
or so and then regress.® They are un-
common after the second decade of life.

The most common CNS neoplasm
associated with NF1 is a low-grade
optic pathway glioma (OPG). The
majority of children with OPGs have
NF1,%!% while approximately 20% of
patients with NF1 have OPGs.'""!2 The
presence of bilateral optic nerve glio-
mas is considered pathognomonic for
NF1. The tumors cause enlargement,
elongation and “buckling” of the optic
nerve, resulting in the “dotted i” ap-
pearance on axial images (Figure 2).
Enlargement and benign bony remodel-
ing of the optic canal may also be seen.
Although low-grade, the lesions may
extend to the optic chiasm, and along
the optic tracts and radiations (Fig-
ure 3). Visual loss and interval change
in size are the most important consider-
ations in terms of managing OPGs. The
tumors are hypointense on T1 and hy-
perintense on T2 sequences. Expansion
of CSF within the optic nerve sheath
complex may be seen, possibly due to
CSF trapping. Enhancement charac-
teristics are variable, especially in the

Page 16

J Am Osteopath Coll Radiol 2015; Vol. 4, Issue 2



FIGURE 1. NF1 “spots.” Axial fluid-attenuated inversion recovery (FLAIR) images demonstrate
multiple foci of increased signal intensity without mass effect involving the basal ganglia and
deep white matter tracts (A), as well as the cerebellum (including dentate nuclei) and the brain-
stem (B).

FIGURE 2. Optic pathway glioma. Axial T2 image (A) demonstrates enlargement and buckling of
the bilateral prechiasmatic and intraorbital segments of the optic nerves, resulting in the “dotted
i” appearance. There is also increased CSF signal intensity within the right optic nerve-sheath com-
plex. Axial T1 postcontrast image with fat suppression (B) reveals abnormal enhancement of the
enlarged optic nerves. Reprinted with permissions: O'Brien WT. Top 3 Differentials in Neuroradiol-
ogy. New York: Thieme, 2015.

FIGURE 3. Optic pathway glioma. Coronal T1 postcontrast image with fat suppression (A) shows
abnormal enlargement and enhancement of the intraorbital left optic nerve. Sagittal T1 postcon-
trast image with fat suppression in a different patient (B) reveals an enhancing suprasellar mass
centered within the optic chiasm.

NFI, O'Brien

setting of ongoing treatment, and are
less reliable in terms of directing treat-
ment decisions compared to a change in
tumor size or extent. Treatment options
include chemotherapy, surgery, and
radiation therapy, although radiation
therapy is generally avoided in patients
with NF1."3

Low-grade cerebellar, brainstem,
tectal plate, and basal ganglia gliomas
are also common and have an increased
incidence in the setting of NF1; the vast
majority are pilocytic astrocytomas,
although high-grade gliomas may oc-
casionally be seen as well. Pilocytic
variants involving the posterior fossa,
brainstem, and optic pathways com-
monly present as cystic tumors with an
enhancing mural nodule (Figures 4 and
5). Enhancement may be seen along the
cyst wall as well, which often indicates
tumor cells lining the cystic compo-
nent (Figure 5).!* On MRI, tectal plate
gliomas are typically T2 hyperintense
and iso- to hypointense on T1 with no
or minimal enhancement (Figure 6).
More aggressive gliomas most often
present in the pons and appear as ill-de-
fined, infiltrative masses with variable
enhancement patterns. Higher-grade
components demonstrate central necro-
sis with increased peripheral enhance-
ment and perfusion, as well as restricted
diffusion.'* Obstructive hydrocephalus
may result from mass effect associated
with tectal plate, cerebellar, or brain-
stem gliomas or as a result of aqueduc-
tal stenosis, which has an increased
incidence in patients with NF1.

Orbital Involvement

In addition to OPGs (described
above), orbital findings include sphe-
noid wing dysplasia with associated
pulsatile exophthalmos, buphthalmos
(globe enlargement), and intraorbital
extension of a plexiform neurofibroma.
Sphenoid wing dysplasia is a charac-
teristic finding of NF1 but is relatively
uncommon. The greater wing of the
sphenoid is most often involved. Al-
though the precise etiology of sphenoid
wing dysplasia is not entirely under-
stood, recent studies suggest that the
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FIGURE 4. Brainstem juvenile pilocystic astrocytoma. Axial T2 image through the pons (A) reveals a cystic lesion to the left of midline with mild mass

VAL E

effect and surrounding edema. Sagittal T1 postcontrast image (B) shows a nodular enhancing component along the inferior margin of the mass.

FIGURE 5. Posterior fossa juvenile pilocytic
astrocytoma. Sagittal T1 postcontrast image
demonstrates a large cystic and solid posterior
fossa mass with an enhancing nodular compo-
nent along its anterosuperior margin, as well
as enhancement along the wall of the cystic
component. There is compression of the 4th
ventricle and brainstem with obstructive hydro-
cephalus and inferior displacement of the cer-
ebellar tonsils through the foramen magnum.

process may be multifactorial with a
combination of bony dysplasia, as well
as an ipsilateral plexiform neurofibroma
affecting growth and closure of skull
base sutures.!> Cross-sectional imag-
ing demonstrates anterior displacement
and thinning of the sphenoid bone with
enlargement of the middle cranial fossa
in the anteroposterior dimension (Fig-
ure 7). Herniation of portions of the te-
mporal lobe and overlying CSF into the
posterior margin of the orbit results in
pulsatile exophthalmos. Globe enlarge-
ment — buphthalmos — may also be seen
in the setting of NF1 (Figure 8).

As the name would imply, neurofi-
bromas (NFs) are common in the setting
of NF1. NFs are classified as benign pe-
ripheral nerve sheath tumors with sub-
categories, including localized, discrete
superficial or deep NFs and diffuse
plexiform neurofibromas (PNFs). NFs
most often involve the orbits, head and
neck, spine, and paraspinal soft tissues
in patients with NF1. On MRI, they are

oo h

FIGURE 6. Tectal plate glioma. Sagittal T2
image (A) demonstrates enlargement of
the tectal plate with subtle increased signal
intensity. There is mass effect on the cerebral
aqueduct with associated obstructive hydro-

| cephalus, as evidenced by enlargement of

the lateral and third ventricles. Sagittal T1
images without (B) and with (C) contrast
show similar findings and no discernible
enhancement.

hyperintense on T2 and hypointense
on T1 sequences with heterogeneous
enhancement. Compared to schwan-
nomas, NFs are more likely to demon-
strate the target appearance with central
decreased and peripheral increased T2
signal intensity.'

PNFs refer to a network of nerve fas-
cicles and thickened fibers that occur
along the longitudinal axis of peripheral
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FIGURE 7. Sphenoid wing dysplasia. Axial CT
image in bone window reveals anterior dis-
placement and thinning of the sphenoid bone
on the right with enlargement of the middle
cranial fossa in the anteroposterior dimen-
sion. A soft tissue mass extending through
and expanding the right optic canal, consis-
tent with an optic pathway glioma, is partially
seen.

nerves. They appear more infiltrative
on MRI with T2 hypointense septa-
tions and heterogeneous enhancement
(Figure 9). PNFs commonly involve
the orbit, skull base, and spine. PNFs
are clinically important, since approxi-
mately 10% will undergo malignant
degeneration.!”

Vascular Involvement

NF1 is known to affect the intra-
cranial vasculature; however, the
incidence of vascular abnormali-
ties is relatively low. The most com-
mon vascular abnormalities include
regions of stenosis or occlusion, often
resulting in secondary moya moya

FIGURE 8. Buphthalmos. Axial CT image reveals enlargement of the right globe in a
young child with NF1, consistent with buphthalmos.

FIGURE 9. Plexiform neurofibroma. Coronal fluid-sensitive T2 (A) and postcontrast T1 (B) images

¥

with fat suppression (A) demonstrate a large enhancing T2 hyperintense mass with intermediate
to hypointense linear striations involving the pre- and postseptal compartments of the left orbit,
as well as involvement of the suprazygomatic masticator space on the left. There is mass effect on

the left with proptosis.

disease. Additional vascular abnor-
malities include arteriovenous malfor-
mations and fistulae, dolichoectasia,
as well as an increased incidence of
aneurysms. '8

Moya moya is characterized by pro-
gressive occlusion of the supraclinoid
internal carotid artery and/or proximal
cerebral arteries with development and
enlargement of multiple basilar col-
lateral vessels. The term “moya moya”
means “puff of smoke” in Japanese and
corresponds to the appearance of ab-
normal collateral vessels depicted on
angiography when the entity was first
described.'” On MR angiography, there
is loss of flow signal intensity at the

FIGURE 10. Vasculopathy/moya moya. Reformatted image
from an MR angiogram demonstrates occlusion of the termi-
nal carotid and proximal cerebral arteries with multiple basilar
and meningeal collateral vessels, consistent with moya moya.

carotid terminus and/or proximal ce-
rebral arteries with multiple enlarged
basilar collateral vessels, which have a
smudgy appearance (Figure 10). This
results in the characteristic “puff of
smoke” appearance. Patients are at risk
of ischemia and subsequent infarcts, es-
pecially in a watershed distribution, as
well as hemorrhage. Perfusion imaging
can be used to monitor disease progres-
sion and determine whether or not there
is an adequate vascular reserve.

Spinal Manifestations of NF1

Spinal manifestations of NF1 include
multiple bilateral intraspinal and para-
spinal neurofibromas. Spinal lesions may

J Am Osteopath Coll Radiol 2015; Vol. 4, Issue 2
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FIGURE 11. Spinal (plexiform) neurofibromas. Axial (A) and coronal (B) T1 postcontrast images
with fat suppression reveal multiple, large, lobulated, enhancing paraspinal, extradural, and intra-
dural extramedullary masses. Cord compression is seen at the cervicomedullary junction. The cor-
onal image (B) shows focal scoliosis within the upper thoracic spine associated with numerous
paraspinal masses, as well as foraminal extension and expansion within the upper cervical spine.

There is partial collapse of the left upper lobe.

FIGURE 12. Malignant peripheral nerve sheath
tumor. Coronal T2 image demonstrates a large
dumbbell-shaped mass extending through and
expanding a neural foramen within the lum-
bar spine on the left. The superior portion of
the intraspinal component is ill-defined and
increased in size from comparison examina-
tion. Multiple NFs are seen at adjacent levels.

be intradural, intradural and extradu-
ral, or purely extradural. On imaging,
smaller lesions are often T2 hyperin-
tense with prominent enhancement,
similar to schwannomas. Larger lesions
are more heterogeneous in signal in-

FIGURE 13. Kyphoscoliosis. Sagittal T1 image
with fat suppression reveals bony dysplasia
of the mid-lower cervical spine with a focal
kyphotic gibbus deformity. There is underly-
ing cord compression at the apex of the bony
deformity, as well as abnormal enhancement
within the epidural and paraspinal soft tissues,
consistent with NFs.

tensity and enhancement patterns. As
with NFs elsewhere and as discussed
above, neurofibromas are more likely
than schwannomas to demonstrate the
“target sign,” which refers to periph-
eral increased and central decreased T2

FIGURE 14. Lateral thoracic meningocele.
Axial image from a CT myelogram demon-
strates a large meningocele extending through
and expanding the left neural foramen and
into the adjacent paraspinal soft tissues. Image
courtesy of Paul M. Sherman, M.D.

signal intensity. Intra- and extradural
lesions extend through and expand the
bony neural foramina with benign bony
remodeling (Figure 11).

Although the majority of cases of ma-
lignant peripheral nerve sheath tumors
occur in the setting of neurofibromatosis,
the estimated incidence of malignant pe-
ripheral nerve sheath tumors in NF1 pa-
tients is approximately 5%.%° Malignant
lesions tend to be larger, more ill-defined
and heterogeneous, and grow fairly rap-
idly with regions of central necrosis
(Figure 12). Large retroperitoneal PNFs
may be present and are prone to malig-
nant degeneration, which is best charac-
terized by interval growth on subsequent
imaging.

Additional spinal manifestations in-
clude kyphoscoliosis (Figure 13), dural
ectasia with posterior vertebral body
scalloping, and lateral thoracic menin-
goceles. The bony manifestations of
NF1 may be due to a primary bony dys-
plasia and/or bony changes associated
with adjacent neurofibromas.?' Lateral
thoracic meningoceles are thought to
result from dural ectasia/meningeal
dysplasia (Figure 14).

Extra-CNS Manifestations of NF1

Extra CNS and spinal manifestation
are beyond the scope of this review,
but include cutaneous abnormalities,
such as cutaneous neurofibromas and
café-au-lait spots; pseudoarthroses and
bowing deformities affecting the long
bones of the extremities; “ribbon” ribs;
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and overgrowth or hypertrophy of all or
a portion of a limb. NF1 is associated
with an increased incidence of neopla-
sia, to include pheochromocytoma, gas-
trointestinal stromal tumors, leukemia,
and lymphoma.

Conclusion

Neurofibromatosis type 1 is the most
common of the neurocutaneous syn-
dromes, affecting multiple sites and
organ systems. CNS manifestations
occur in roughly 10%-20% of patients
and include regions of myelin vacuol-
ization (NF1 “spots”); multiple tumors,
to include gliomas (optic pathway and
spinal are the most common) and vari-
ants of neurofibromas; bony dysplasia;
vascular abnormalities; and dural ec-
tasia. Understanding the characteristic
imaging findings, as well as their clini-
cal significance and expected evolu-
tion, is critical in correctly interpreting
neuroimaging studies in this patient
population, and appropriately guiding
management decisions.
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Case Report, Zapadka

Temporal Lobe Signal Abnormality

Michael E. Zapadka, D.O.

Department of Radiology, Wake Forest Baptist Health, Winston-Salem, NC

Case Presentation
An 18-year-old man presented to the emergency department following a witnessed seizure with altered men-
tal status. Clinical exam was limited due to patient’s status. An MRI was performed (Figure 1).

FIGURE 1. Coronal FLAIR (fluid-attenuated inversion recovery) image demonstrates abnormal
hyperintense signal and gyral swelling involving the left insula, mesial temporal lobe, and infe-
rior frontal lobe.
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Key Imaging Finding(s)

Temporal lobe cortically based edema

Differential Diagnosis Based on FLAIR
Finding
Encephalitis (HSV, autoimmune)
Gliomatosis cerebri
Peri- or postictal edema
Infarction

Additional Key Images and Findings in
(Figure 2)

Discussion

The differential diagnosis in a patient
with cortically-based temporal lobe sig-
nal abnormality on MRI is broad and
includes etiologies such as infection,
tumor, and ischemia, among other path-
ological processes. Unfortunately, the
imaging findings are often nonspecific
with overlapping appearances. When
imaging is correlated with certain key
clinical features, however, the radiolo-
gist can often make an immediate and
profound impact on patient care. This
case discussion will highlight important
entities with a predilection for the tem-
poral lobes and limbic system.

Encephalitis
Herpes simplex encephalitis (HSE)
Multiple subtypes of the herpes virus
family are neurotropic and may cause
devastating neurologic injury. Herpes
simplex virus (HSV) 1 is ubiquitous and
generally acquired during childhood,
typically affecting the skin and facial mu-
cosa (i.e., cold sores). HSV 2 is another
common subtype that is usually acquired
through sexual contact with individuals
that may or may not have exhibited ac-
tive genital lesions. It is important to note
that neonatal HSE is most often caused
by vertical transmission of HSV 2 from
an infected vaginal canal during delivery.
Both the clinical and imaging manifes-
tations of HSV 2 will differ from reac-
tivated HSV 1, the latter of which is the
focus of this discussion. It is essential for
radiologists to be familiar with the imag-
ing manifestations of HSV 1, as it is the
most common cause for fatal sporadic
viral encephalitis in the U.S.!

Case Report, Zapadka

FIGURE 2. Axial T2 (A and B) images demonstrate abnormal T2 hyperintensity predominantly
involving the cortex of the left inferior frontal lobe, mesial temporal lobe, and insula with areas
of subtle restricted diffusion on ADC (dark signal, C). Axial postcontrast T1 image (D) shows
enhancement along the insular cortex.

Herpes simplex encephalitis (HSE)
may ensue during the primary phase of
HSV infection, but the majority of en-
cephalitis cases occur due to reactiva-
tion of latent HSV 1 virus. The virus
initially gains entry into the CNS via the
nasopharyngeal mucosa with retrograde
dissemination along trigeminal nerve
branches to the trigeminal ganglion,
where it is harbored in a latent fashion.
Viral reactivation may be spontaneous
or secondary to various stressors, to in-
clude trauma, immunosuppression, or
hormonal fluctuations.?

HSE has no gender predilection and
may occur at any age but does follow a
bimodal age distribution with one-half of
cases affecting those less than 20 years
of age and the other half in those greater
than 50 years of age. Patients usually
present with a viral prodrome including

fever and headache that may progress to
seizures, behavioral changes, hallucina-
tions, and altered mental status. Despite
antiviral therapy, HSE remains a devas-
tating infection with mortality rates as
high as 70%. Most survivors will have
permanent neurologic sequelae. When
HSE is suspected clinically or by imag-
ing, presumptive antiviral therapy should
be instituted urgently due to its high
morbidity and mortality; however, poly-
merase chain reaction (PCR) is neces-
sary for definitive diagnosis.

The imaging findings are nonspe-
cific, but HSE characteristically in-
volves the limbic system to varying
degrees. The anterior and medial tem-
poral lobes, insula, subfrontal region,
and cingulate gyri are most often af-
fected and are frequently bilateral and
asymmetric.> While medial temporal
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FIGURE 3. Herpes simplex encephalitis (HSE). Coronal FLAIR (A) and axial T2 (B) images dem-
onstrate abnormal hyperintense signal involving the right insula, temporal lobe, and inferome-
dial frontal lobe with associated mass effect. Repeat coronal FLAIR (C) and axial T2 (D) images 4
months later following treatment with acyclovir demonstrates corresponding areas of encephalo-
malacia and gliosis with parenchymal volume loss, reflecting the chronic sequelae of HSE.

lobe abnormality often prompts the ra-
diologist to suggest HSE, it is important
to remember that any portion of the lim-
bic system may be involved in isolation.

Noncontrast CT may be normal in
the early stage of HSE, or an abnor-
mality may be very difficult to detect,
in part due to beam-hardening artifact
obscuring the medial temporal lobes.
However, recognizing edema or mass
effect involving the medial temporal
lobe, insula, or other portions of the
limbic system should prompt the ra-
diologist to specifically suggest HSE
in the differential diagnosis. It is also
imperative to directly communicate as
much with the referring clinician, since
prompt diagnosis and treatment are
critical to preventing severe neurologic
sequelae.

MRI is the modality of choice when
HSE is suspected. Restricted diffusion
along the cortex of the limbic structures
may be the earliest finding detected.
Cortical and subcortical T2 and FLAIR
hyperintensity with indistinctness at
the gray-white interface are also typi-
cal findings. Early in HSE, there is often
relative sparing of the white matter, but
more extensive edema will develop as
HSE progresses. T1-weighted imaging
shows gyral swelling, but the T1 sig-
nal changes are usually less dramatic
than on T2 or FLAIR. In the subacute
stages of HSE, gyriform T1 hyperin-
tensity or susceptibility on gradient
echo (GRE) or susceptibility weighted
imaging (SWI) sequences reflects pete-
chial hemorrhage. Gyriform or patchy
enhancement may also be seen at this

stage secondary to blood-brain barrier
breakdown. In chronic stages, enceph-
alomalacia and gliosis develop (Fig-
ure 3) with gyriform T1 hyperintensity
indicating cortical laminar necrosis.
Generally the basal ganglia are spared;
brainstem involvement is rare. The dis-
tribution of findings in children with
HSE may differ and include extratem-
poral, extralimbic involvement, most
often affecting the parietal cortex.?

Autoimmune encephalitis

Multiple forms of autoimmune en-
cephalitis have been described, which
may or may not be associated with a
systemic malignancy. Among the auto-
immune encephalitides, paraneoplastic
limbic encephalitis (PLE) is most com-
monly implicated. PLE results from
immune mediated mechanisms with
antineuronal antibodies often detected
in serum or CSF, but without any di-
rect or metastatic tumor invasion of the
brain. Overall, PLE is relatively rare
and affects less than 1% of patients with
systemic cancer, most commonly small
cell lung cancer, followed by testicular
and breast cancer.”

Neurologic symptoms of PLE may
be the initial manifestation of a sys-
temic malignancy; therefore, recogni-
tion of this entity is key to pursuing
extra-CNS imaging. From a clinical
standpoint, a key-differentiating fea-
ture of PLE from herpes encephalitis
is a more insidious onset of symptoms.
Clinical findings are nonspecific and in-
clude short-term memory loss, seizures,
confusion, and psychiatric changes, as
might be expected given involvement
of the limbic system.?

CT again has a limited role in evalu-
ating for limbic encephalitis and MRI
is the modality of choice. As with
HSE, imaging findings are nonspe-
cific, but similarly include preferential
T2/FLAIR hyperintensity within the
medial temporal lobes as well as the
inferior frontal regions, insula, and cin-
gulate gyrus. Involvement of the medial
temporal lobes can be unilateral or bi-
lateral, and enhancement may be pres-
ent as well (Figure 4).*
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Anti-NMDA (N-methyl-D-aspar-
tate) receptor encephalitis is another
form of autoimmune encephalitis that
has gained much attention recently.
This entity was originally described in
adult women with underlying ovarian
teratoma, but is now recognized in adult
men and children even in absence of a
systemic neoplasm.’ Clinical features
include an initial prodrome of fever,
headache, vomiting, and diarrhea. Psy-
chiatric symptoms include anxiety,
paranoia, and insomnia. Ultimately,
psychosis may develop within weeks
of the prodromal phase in addition to
movement disorders, seizures, cogni-
tive decline, and autonomic dysfunc-
tion. Diagnosis is confirmed by the
presence of NMDA receptor antibodies
in serum or CSF.

CT has poor sensitivity for detec-
tion of this entity, and MRI is the study
of choice; however, even MRI may be
negative in 50% of confirmed cases.

FIGURE 4. Paraneoplas-
tic limbic encephalitis
(PLE). Coronal FLAIR (A)
and T1 post-contrast
(B) images demonstrate
abnormal symmetric
hyperintense signal and
swelling involving the
bilateral hippocampi and
medial temporal lobes
with associated enhance-
ment. Post-contrast axial
CT (C) of the abdomen
revealed a large right ret-
roperitoneal neoplasm,
pathologically proven to
be an angiosarcoma.

When present, MRI findings include T2/
FLAIR hyperintensity within the hip-
pocampus; cerebellar, frontobasal or
insular cortex; basal ganglia; brainstem;
and occasionally the spinal cord.’ Con-
trast enhancement may be present within
these regions of signal abnormality and
occasionally, abnormal meningeal en-
hancement may be identified.

Recent literature suggests anti-
NMDA receptor encephalitis is more
common than previously recognized,
but unfortunately, the diagnosis based
on neuroimaging alone is very difficult.
When diagnosed early, this represents a
treatable form of autoimmune encepha-
litis. Therefore, it is important for the
radiologist to be familiar with this en-
tity when interpreting an imaging study
that demonstrates findings of limbic en-
cephalitis. While this autoimmune en-
cephalitis may occur in the absence of
systemic neoplasm, screening for ovar-
ian teratoma in females or testicular
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or small cell lung carcinoma in males,
should be recommended.

Gliomatosis Cerebri

Gliomatosis cerebri represents a rare,
diffusely infiltrative glial neoplasm that
may arise de novo, from a previous as-
trocytoma, or less commonly from an
oligodendroglioma. These are aggres-
sive neoplasms with WHO grades rang-
ing from II-IV (most are WHO III).?
By definition, at least three lobes of
the brain are involved (updated WHO
classification) with common extension
into the basal ganglia and deep cerebral
white matter. Gliomatosis can occur at
any age but there is a peak presentation
between ages 40 and 50.° Clinically,
patients may present with cognitive or
behavioral decline, headaches, seizures,
or other focal neurologic derangement
that is generally more insidious in onset
than herpes encephalitis. Prognosis is
poor, and given its diffusely infiltra-
tive behavior, these are nonresectable.
Chemotherapy and radiation treatment
have not had a positive impact on over-
all survival.

CT has a limited role in evaluating
for gliomatosis because the findings
may be completely unapparent or at
least very subtle. Potential abnormali-
ties include hypodense regions in the
white matter associated with subtle
mass effect and poor gray-white differ-
entiation. Enhancement is usually not
detected on postcontrast CT.

MRI is the imaging modality of
choice. Findings typically include
extensive T2/FLAIR hyperintense,
infiltrative signal abnormality with
relatively mild associated mass effect
(Figure 5). T1 changes are less con-
spicuous with areas of signal abnormal-
ity that are iso- to hypointense relative
to normal gray matter. Despite wide-
spread infiltration of the white matter,
white matter architecture is otherwise
often preserved. Enhancement is ab-
sent or minimal; however, when pres-
ent, areas of enhancement or restricted
diffusion suggest a higher-grade tumor.
In general, gliomatosis lacks the vas-
cular proliferation and necrosis typical

J Am Osteopath Coll Radiol 2015; Vol. 4, Issue 2

Page 25



Case Report, Zapadka

FIGURE 5. Gliomatosis cerebri. Coronal fast multiplanar inversion recovery (FMPIR) image (A)
demonstrates abnormal hyperintense signal and mild swelling involving the right insula, tempo-
ral lobe, and inferomedial frontal lobe without enhancement on postcontrast T1 (B). Axial FLAIR
images (C and D) show further extent of signal abnormality to also involve the splenium and con-
tralateral mesial temporal lobe.

for high-grade glial neoplasms, which
likely accounts for the lack of enhance-
ment or increased rCBYV (relative ce-
rebral blood volume) on perfusion.’
MR spectroscopy may show typical tu-
mor-like spectra with reduced NAA (N-
acetylaspartate) and elevated choline.

Peri- or Postictal Edema

Following a generalized tonic-
clonic seizure or status epilepticus,
transient and reversible signal changes
may occur in the region of epileptic
discharge. These signal changes are
thought to result from vasogenic and
cytotoxic edema induced by seizure ac-
tivity.® In the acute setting, these signal

changes could be mistaken for infiltra-
tive tumor, infarction, or encephalitis.
The key to this diagnosis is not only the
appropriate clinical history of seizure,
but also demonstrating reversibility on
follow-up imaging.

CT has a limited role in evaluating
parenchymal abnormalities in the set-
ting of seizure, and MRI is again the
modality of choice. Imaging features
will vary based on acuity and overall
severity of seizure activity. Common
MRI findings include T2/FLAIR hyper-
intensity and swelling of involved corti-
cal gyri, hippocampus, and occasionally
the ipsilateral thalamus and basal gan-
glia (Figure 6). The subcortical white

matter may be involved to some extent,
but signal abnormality tends to predom-
inate in the cortex. Restricted diffusion
is often present (Figure 6A and 6C),
although its reversibility suggests that
cytotoxic edema alone does not account
for the diffusion restriction. Increased
MR perfusion and minimal enhance-
ment may be present as well at postic-
tal imaging (Figure 6G). Most of these
peri- or postictal signal abnormalities
will normalize within days; however,
cortical atrophy, laminar necrosis, me-
sial temporal sclerosis and gliosis may
be identified in the chronic setting.

Infarction

Acute or subacute cerebral infarction
is an important cause of gyral swell-
ing and signal abnormality within the
temporal lobe and elsewhere. Most in-
farcts are arterial in origin, which may
result from thrombosis of vulnerable
atherosclerotic plaque in a large vessel,
small vessel occlusion, or cardioem-
bolic events. As with the other entities
discussed, MRI is far more sensitive
than CT in detecting acute ischemia or
infarction. On imaging, both gray and
white matter are often involved with a
thromboembolic infarct, characteristic
of cytotoxic edema (Figure 7). Diffu-
sion restriction precedes T2/FLAIR
signal abnormality, which is a notable
differentiating feature from postic-
tal gyral edema (in which case T2/
FLAIR hyperintensity and restricted
diffusion occur simultaneously). An
important feature of arterial origin
thromboembolic infarcts is involve-
ment of a specific vascular territory.
For the radiologist, understanding the
normal cerebral arterial vascular dis-
tributions is vital. This is particularly
important when temporal lobe signal
abnormality is encountered since there
is mixed arterial supply. Specifically,
the posterior cerebral artery (PCA) sup-
plies the inferomedial temporal lobe,
the middle cerebral artery (MCA) sup-
plies the lateral and superior temporal
lobe, and the anterior choroidal artery
supplies a portion of the hippocampus.

Most cerebral infarctions are “bland”
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FIGURE 6. Three patients with postictal gyral
edema. Axial diffusion (A) and coronal FLAIR
imaging (B) on patient 1 following status epilep-
ticus demonstrates restricted diffusion and FLAIR
hyperintensity in the bilateral hippocampi. Patient
2 had EEG findings suggestive of left temporal
lobe onset epilepsy with postictal imaging reveal-
ing similar signal abnormality to patient 1, but
confined to the left hippocampus (C and D). Pat-
ent 3 was imaged following status epilepticus
with abnormal coronal FMPIR and FLAIR (E and F)
hyperintensity and swelling in the left hippocam-
pus. ASL (arterial-spinal labeled perfusion) MRI (G)
shows increased cerebral perfusion, particularly in
the left hemisphere.

or nonhemorrhagic, but hemorrhagic
transformation may complicate isch-
emic infarcts, usually in the first 24
hours following reperfusion therapy, or
spontaneously over a few days or first
week following infarct ictus. Petechial
hemorrhage appears as punctate foci of
hemorrhage within the cortex or basal
ganglia without mass effect and likely
reflects tissue reperfusion.? Petechial
hemorrhage occurs far more frequently
than parenchymal hematoma forma-
tion and generally does not alter pa-

tient prognosis or therapy. However,
gross hematoma formation does carry
increased morbidity and decreased sur-
vival. Spontaneous hemorrhagic trans-
formation is seen more commonly in
cardioembolic origin infarcts with ad-
ditional risk factors for hematoma for-
mation, including thrombolytic therapy,
large infarcts, and hyperglycemia.
Occlusion of dural venous sinuses
and/or cerebral veins is a rare cause of
acute “strokes”; however, the radiolo-
gist may be the first to suggest or make

the diagnosis given the elusive nature
of its clinical presentation. Common
patient signs and symptoms include
headache (seen in 90% of patients),
nausea, vomiting, seizure, and altered
consciousness.” Veno-occlusive disease
tends to affect younger individuals and
is more commonly seen in females with
the following risk factors: oral contra-
ceptives, pregnancy, hypercoagulable
states, dehydration, drugs, infection,
and trauma (among others).

Formation of thrombus within a dural
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FIGURE 7. Early subacute left MCA infarct. Axial diffusion weighted images (A and B) show
restricted diffusion corresponding to the territory of the left inferior MCA division (ADC not
shown). Axial FLAIR image (C) reveals associated gyral edema with loss of normal gray-white
interface. Axial GRE image (D) demonstrates susceptibility artifact due to complicating hemor-
rhagic transformation.

sinus, cortical vein, or deep cerebral vein
impairs venous outflow. Consequently,
venous pressures become elevated, re-
sulting in venous congestion and paren-
chymal ischemia. Venous infarcts have
a relatively high propensity for hemor-
rhagic transformation (30-40%), and an
important distinguishing feature is that
they will cross normal arterial vascu-
lar territories.’ The region of infarct can
be predicted by the dural sinus or veins
occluded. For instance, superior sagit-
tal sinus occlusion results in bilateral,
parasagittal frontal, parietal and occipi-
tal lobe infarcts; transverse and sigmoid

sinus occlusion results in temporal and
occipital lobe infarcts; vein of Labbe oc-
clusion results in temporal lobe infarcts;
and vein of Galen or straight sinus occlu-
sion can result in infarcts of the bilateral
thalami and basal ganglia.

On noncontrast CT, a clot within the
dural sinus or vein will appear hyper-
dense, while on MRI, the appearance
of thrombus will vary depending on its
age. Postcontrast imaging is very use-
ful to detect thrombus, which appears
as a “filling defect” within an otherwise
opacified venous structure. CT or MR
venography are also frequently utilized

protocols when veno-occlusive disease is
suspected clinically or to clarify findings
on noncontrast imaging. It is important
for the radiologist to be aware of certain
imaging pitfalls that mimic venous oc-
clusion including variant venous sinus
anatomy, arachnoid granulations, or
flow-related artifacts on MRI.

Diagnosis
Herpes simplex encephalitis (HSE)

Summary

Herpes simplex encephalitis (HSE) is
a potentially devastating neurologic dis-
ease; therefore, it is imperative that the
radiologist recognize and communicate
this diagnosis to the referring clinician
for urgent anti-viral therapy. Other imag-
ing considerations that can mimic HSE
include other autoimmune encephaliti-
des, gliomatosis cerebri, postictal gyral
edema, and acute cerebral infarction.
Knowledge of the timing and nature of
clinical presentation can assist the radi-
ologist in differentiating these potential
entities as being more or less likely.
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Lytic Epiphyseal Lesion

Hemang Kotecha, D.0., Christopher Cerniglia, D.O.

Department of Radiology, University of Massachusetts Memorial Medical Center, Worcester, MA

Case Presentation

A 44-year-old woman with a history of Sjogren syndrome presented with 4 months of right elbow pain that
began spontaneously, without any known precipitating trauma or injury. She denied constitutional symptoms.
Radiographs of the right elbow (Figure 1A) were initially interpreted as negative at an outside institution. Her
pain was attributed to inflammation and perhaps tendinitis, and she was sent to physical therapy. Ultimately, the
pain did not improve, and an MRI was performed (Figures 1B-D).

FIGURE 1. Frontal radiograph of the right elbow (A) demonstrates a geographic lucent lesion in the
epiphysis of the distal right humerus (arrowheads), extending to the trochlear articular surface (arrow).
There is no periosteal reaction, cortical destruction, or evidence of soft tissue component. Coronal T1
(B) and short tau inversion recovery (STIR) (C) MR images confirm the findings on the radiograph. The
lesion demonstrates intermediate T1 and intermediate high T2 signal. The extent of the lesion is limited
to the epiphysis. Axial fat-suppressed T1 postcontrast image (D) demonstrates mild diffuse homog-
enous enhancement.
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Key Imaging Finding(s)
Solitary lytic epiphyseal intramedul-
lary bone lesion

Differential Diagnoses
Giant cell tumor
Chondroblastoma
Clear cell chondrosarcoma
Eosinophilic granuloma

Discussion

A systematic approach is necessary
in providing an accurate differential
diagnosis for osseous lesions. Plain
radiographs are the mainstay for char-
acterizing these lesions, especially in
terms of having an aggressive or non-
aggressive appearance. Key features
to identify include the zone of transi-
tion between the lesion and surround-
ing bone and the presence of cortical
destruction or periosteal reaction. In
addition, lesion location and patient
demographics play a critical role in es-
tablishing a reasonable list of differen-
tial diagnoses. The leading differential
diagnoses for this solitary epiphyseal
intramedullary lucent lesion with a non-
aggressive imaging appearance include
giant cell tumor, chondroblastoma,
clear cell chondrosarcoma, and eosino-
philic granuloma, although infection
could have a similar appearance in the
appropriate clinical setting.

Giant cell tumor: Giant cell tumor
(GCT) is a typically benign, locally ag-
gressive, lytic lesion that is located ec-
centrically within metaphyseal bone
and extends to the articular surface.
Histologically, giant cell tumors contain
a prominent and diffuse osteoclastic
giant cell component on a background
of mononuclear cells.! The histopatho-
logical differential diagnosis of giant
cell tumor is extensive. Therefore,
careful correlation between clinical,
pathologic, and radiologic features is
necessary for accurate diagnosis.

The majority of GCTs affect skel-
etally mature patients with a peak
prevalence in the third decade. Ap-
proximately 80% of lesions occur in pa-
tients between 20 and 50 years of age.!
Clinical symptoms are nonspecific and

include pain, swelling, and decreased
range of motion at the adjacent joint.
In instances of pathologic fracture,
patients may present with acute onset
of pain.

Radiographically, location is the key
diagnostic feature, as the vast majority
extend to within 1 cm of subarticular
bone. The knee is the most common
site of involvement, including the dis-
tal femur and proximal tibia. On ra-
diographs, GCTs classically exhibit
geographic osteolysis, a narrow zone
of transition, and non-sclerotic borders.
The majority of lesions are eccentric in
location; however, large lesions may
appear centrally located. Computed to-
mography (CT) allows for improved
evaluation of cortical thinning, patho-
logic fracture, periosteal reaction, and
the absence of matrix mineralization.
MRI is useful in the detection of the
soft tissue extent of the tumor. The solid
components of GCT demonstrate low
to intermediate T1 and T2 signal in-
tensity, differentiating this tumor from
many other subarticular lesions. GCTs
can also contain secondary aneurysmal
bone cyst components, in which fluid-
fluid levels are characteristic.

Chondroblastoma: Chondroblas-
tomas are relatively rare, benign lucent
bone lesions that most commonly in-
volve the epiphyses of long bones. His-
tologically, these tumors contain mostly
mononuclear cells and variable num-
bers of giant cells.? Chondroblastomas
characteristically contain chondroid
matrix and may contain fine granu-
lar calcifications. Similar to giant cell
tumor, they may also less commonly
contain aneurysmal bone cyst compo-
nents. When cytologic atypia is present,
chondroblastomas may have pathologic
features that overlap with osteosarcoma
and clear cell chondrosarcoma; in these
cases, radiologic correlation is neces-
sary to establish an accurate diagnosis.”

Chondroblastomas typically occur
in young patients with a mean age at di-
agnosis of approximately 20 years, but
they can occur at almost any age.* The
incidence is greater in men compared to
women. Patients often clinically pres-

ent with pain, tenderness, stiffness, and
swelling. Similar to GCTs, chondroblas-
tomas most commonly occur at the knee.

The classic radiographic appearance
of chondroblastoma is that of a geo-
graphic epiphyseal lucent lesion with a
thin, fine sclerotic margin. Matrix min-
eralization is seen in approximately
30 percent of cases.? The majority of
chondroblastomas extend into the me-
taphysis to some degree in patients
with fused growth plates. The pres-
ence of thick, solid periosteal reaction
may help differentiate this lesion from
other indolent lucent lesions. On MRI,
chondroblastoma typically demon-
strates intermediate T1; low T2 signal;
and a thin, lobular, hypointense mar-
gin. Areas of low signal are secondary
to chondroid matrix mineralization.
On post-contrast imaging, most lesions
demonstrate either lobular or periph-
eral enhancement.? The majority of le-
sions show perilesional increased T2
signal and enhancement within the bone
marrow and periosteal regions which
reflects hyperemia and/or edema sec-
ondary to inflammatory reaction associ-
ated with elevated tumor prostaglandin
levels.*

Clear cell chondrosarcoma: Clear
cell chondrosarcoma is 1 of 5 histologic
variants of chondrosarcoma, which has
a strong predilection for the epiphyses
of long bones. Tumor cells range from
immature chondroblasts to mature
chondrocytes which have neoplastic
cells containing clear cytoplasm and
centrally positioned nuclei. Clear cell
chondrosarcoma is a slow-growing
neoplasm seen in patients with closed
physes and a peak incidence between
30 and 40 years of age.

Radiographically, clear cell chon-
drosarcoma is a lytic lesion, which may
have sclerotic borders. Matrix miner-
alization is demonstrated in one-third
of cases. Small lesions may be well-
circumscribed, while larger lesions
(>3 cm) can have cortical destruction
and soft tissue extension. Clear cell
chondrosarcoma shows intermediate
low T1 and intermediate high T2 sig-
nal with heterogeneous enhancement.
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When matrix mineralization is present,
internal low T1 and T2 signal is often
present.

Eosinophilic granuloma: Langer-
hans cell histiocytosis (LCH) is a disease
that encompasses 3 clinical syndromes,
including eosinophilic granuloma (EG),
Hand-Schiiller-Christian disease, and
Letterer-Siwe disease. The most com-
mon manifestation is eosinophilic granu-
loma, which is a localized and usually
solitary benign bone lesion. The exact
etiology is unknown, but the pathogen-
esis involves a proliferation and — in ag-
gressive forms — dissemination of the
Langerhans cells (LC). In EG, the bone
is destroyed and replaced by LCs and nu-
merous eosinophils.?

Patients with EG present clinically
with pain and swelling with or without
soft tissue mass. Although most pa-
tients manifest symptoms prior to age
15, patients can be affected at nearly
any age. Symptoms vary depending on
the site of osseous involvement; many
patients may even be asymptomatic.
While any bone may be involved, EG
has a predilection for flat bones, most
frequently affecting the skull. Approxi-
mately one-third of lesions involve
long bones, of which the femur is the

most common. Within the long bones,
most lesions are found in the diaphysis,
followed by the metaphysis; epiphyseal
lesions are rare. Lesions may cross the
growth plate.’

EG can have a variety of radiographic
appearances. In the acute phase, they
are aggressive-appearing lytic lesions
with a wide zone of transition and may
be difficult to differentiate from Ewing
sarcoma or infection. Chronic lesions in
long bones may also vary in appearance
with some lesions presenting as a small
area of medullary destruction with well-
defined sclerotic margins. Other lesions
may progress, causing endosteal scallop-
ing, cortical destruction, and a soft tissue
mass.’ CT is useful in delineating the ex-
tent of the lesion, presence of a soft tissue
mass, and degree of cortical destruction.
MRI has similar benefits, although the
imaging characteristics on both modali-
ties may be nonspecific and overlap with
more aggressive lesions.

Diagnosis
Giant cell tumor

Summary
Key features to assess in determin-
ing the aggressiveness of a bony lesion

Case Report, Kotecha et al.

include the zone of transition, presence
of cortical destruction, and periosteal
reaction. Once the aggressiveness of
the lesion has been established, the dif-
ferential diagnosis depends largely on
patient age and gender, as well as lesion
location, multiplicity, and matrix cal-
cifications. In our patient scenario, the
lesion location and imaging character-
istics were essential to establishing an
appropriate differential diagnosis for an
epiphyseal lesion. As with most cases,
the final diagnosis was made based on
a combination of the clinical presenta-
tion, imaging characteristics, and patho-
logic assessment.
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Aaron Betts, M.D.

Department of Radiology, Cincinnati Children’s Hospital Medical Center, Cincinnati, OH

Wernicke Encephalopathy

An 18-year-old critically ill boy was receiving parenteral nutrition during a complicated hospitaliza-
tion. MRI was obtained after he developed a decreased level of alertness and twitching in his right arm.
Axial fluid-attenuated inversion recovery (FLAIR) images showed hyperintense signal involving the cor-
tex of the posterior left frontal lobe, posteromedial thalami, tectal plate, and mammillary bodies. Diffu-
sion-weighted images showed corresponding diffusion restriction (not shown). Findings were consistent
with nonalcoholic Wernicke encephalopathy. Laboratory evaluation confirmed thiamine deficiency, and
he underwent intravenous thiamine repletion; his mental status changes and right upper extremity twitch-
ing subsequently resolved.

Wernicke encephalopathy is caused by thiamine (vitamin B1) deficiency. The classic triad of Wernicke
encephalopathy consists of altered consciousness, ophthalmoplegia, and ataxia. Typical areas of involve-
ment include the mammillary bodies, periaqueductal gray matter, tectal plate, and medial thalami. Atypi-
cal areas include the cerebellum, caudate nuclei, red nuclei, splenium, and cerebral cortex.! MR signal
abnormalities in these areas show increased T2 and FLAIR signal, often with diffusion restriction.

In adults, Wernicke encephalopathy is commonly associated with chronic alcoholism. In nonalco-
holic patients, numerous causes of nutritional deficiency of thiamine can lead to Wernicke encephalopa-
thy in both pediatric and adult patients, including parenteral nutrition, hyperemesis from pregnancy or
chemotherapy, eating disorders, and poor nutrition secondary to poverty or neglect.> Without treatment,
Wernicke encephalopathy can lead to devastating neurologic impairment or death. After treatment with
intravenous repletion of thiamine, the imaging findings and neurologic symptoms of Wernicke encepha-
lopathy are often reversible.!-?

1. Ha ND, Weon YC, Jang JC, et al. Spectrum of MR imaging findings in Wernicke encephalopathy: are atypical areas of involvement only
present in nonalcoholic patients? Am J Neuroradiol 2012; 33(7):1398-1402.
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Department of Radiology, Botsford Hospital, Farmington Hills, Ml

Osteochondral Defect, Unstable

A young adult patient presented with continued pain following an ankle injury despite conservative
management. Radiograph of the left ankle (A) demonstrates a cortical defect with separation of an osse-
ous fragment from the lateral talar dome (arrow). Coronal T1 (B) and proton density (PD) with fat sup-
pression (C) images show the focal defect (arrows) with associated low T1 signal and high signal on PD
between the articular cartilage and subchondral bone.

Osteochondral defect (OCD) of the talus occurs when an isolated fragment of articular cartilage and
subchondral bone are detached, resulting in a loose body. Trauma remains the primary etiology secondary
to acute traumatic event or repetitive loading injuries. Symptomatic OCD typically presents with chronic
ankle pain, stiffness, and/or catching. Radiographic findings may initially be negative or underestimate
the extent of injury. Thus, MRI is considered the modality of choice, particularly in determining insta-
bility and indications for orthopedic intervention. Stable fragments will show decreased signal intensity
involving the junction of the fragment and subchondral bone on T2 sequences, which indicates healing.
Unstable lesions have interposed high signal on T2 sequences, as in this case. Viability of the fragment
can be assessed on T1 sequences. Necrosis is evident when the fragment has low T1 signal intensity on all
sequences or does not enhance. !

1. Rosenberg ZS, Beltran J, Bencardino JT. MR imaging of the ankle and foot. RadioGraphics 2000; 20:5153-179.
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