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The use of MR arthrography to document

an occult joint communication in a recurrent

peroneal intraneural ganglion

Abstract The pathogenesis of intra-
neural ganglia remains controversial.
Only half of the reported cases of the
most common type, the peroneal
nerve at the fibular neck, have been
found to have pedicles connecting the
cysts to neighboring joints detected
with preoperative imaging or intra-
operatively. We believe that all intra-
neural ganglia arise from joints and
that radiologists and surgeons need to
look closely preoperatively and in-
traoperatively for connections. Not
identifying these connections with
imaging and surgical exploration has
led not only to skepticism about an
articular origin of the cyst but also to a
high recurrence rate after surgery. We
present a patient who had two recur-
rences of a peroneal intraneural gan-
glion in whom a joint connection was
not detected on previous MRI’s and
operations. Reinterpretation of the
original films and high resolution MRI

demonstrated an “occult” joint con-
nection to the superior tibiofibular
joint. MR arthrography performed
after exercise and one hour delay,
however, clearly showed the connec-
tion and communication. The joint
connection was then confirmed at
surgery through an articular branch.
Postoperatively the patient regained
nearly normal neurologic function and
follow-up MRI showed no cyst re-
currence. MR arthrography with de-
layed imaging should be considered in
cases of intraneural ganglia when a
joint connection is not obvious on
MRI.

Keywords Proximal tibio-fibular
joint . Peroneal nerve ganglion .
Articular branch . MR arthrography

Abbreviations MRI: magnetic
resonance imaging . CT: computerized
tomography . FSE: fast spin echo

Introduction

Intraneural ganglia are benign cysts that occur within the
epineurium of nerves. They have been considered curious
clinical entities because of their poorly understood patho-
genesis. Various theories have been proposed, the most
popular of which include a degenerative one in which
cysts occur de novo due to degeneration of surrounding
elements; and a synovial (articular) one in which cysts
form directly from their joint relationship [1]. Lack of
identification of a joint connection in approximately 50%

of cases with imaging or surgery “supports” the degener-
ative theory and “disproves” the synovial theory [2]. While
identification of a joint connection by itself lends support
to the synovial theory, demonstration of a joint commu-
nication proves the synovial theory.

Recent evidence has shown a strong association of
intraneural ganglia and joint connections if they are
carefully looked for [3, 4]. Elucidating the pathogenesis
of these cysts is necessary for us to understand this
clinical entity but also to improve outcomes [1]. Not
identifying and treating a joint connection risks recur-
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rence after surgery. Ironically, joint connections are
often identified after recurrences; in these cases, retro-
spective review of the initial images can typically reveal
the connections.

Increased awareness and improved imaging can improve
the preoperative evaluation and reveal a joint connection,
even when it is not obvious. We present a case of a peroneal
intraneural ganglion that had an “occult” connection to the
superior tibiofibular joint which was not identified on two
previous MRI’s and at two operations. High resolution MR
arthrography performed with delayed imaging and after
exercise documented a connection and communication
which helped guide surgeons to perform successful
surgery.

Case Report

A 40 year-old man presented in December 2003 with a
several year history of a left foot drop due to a recurrent
peroneal intraneural ganglion cyst despite two operations
(Fig. 1). Prior imaging and surgical exploration specifically
did not reveal any evidence of a joint connection. The
patient also had a long history of injuries to his left lower
limb. He sustained a left anterior cruciate ligament rupture
and a medial meniscal tear in 1982 following a soccer
injury and had undergone open partial meniscectomy at
that time. He also had suffered several left sided ankle
sprains in the past.

Fig. 1 The recurrent cyst (*) can be appreciated in the mid portion
of the previous surgical incision (arrowheads)

Fig. 2 Initial preoperative MRI
(February 2003). a Sagittal FSE
T2 (TR=3750/40.6 ms) image
with fat saturation shows cyst
extending from the superior
tibiofibular joint (arrow) down
(dashed arrow) into the articular
branch (arrowhead). b Sagittal
FSE T2 (TR=3750/TE=40.6 ms)
image with fat saturation shows
fluid in the joint (arrow), along
the course of the articular branch
(arrowhead) and into (dashed
arrow) the deep and common
peroneal nerves (*). Note the
prominent knee effusion (+).
c and D Serial axial FSE T2
(TR=3,750/TE=39.2 ms) image
with fat saturation shows cyst
in superior tibiofibular joint
(arrow), articular branch
(arrowhead) and common pero-
neal nerve (*) in C). In d the
course of the articular branch of
the peroneal nerve is shown
better (arrowhead)
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In September 2002, he began experiencing some
discomfort in the leg and dorsum of his foot. Rather
precipitously he developed severe pain accompanied by a
foot drop in February 2003 after skiing. Physical exami-
nation revealed a dense deep peroneal nerve lesion affect-
ing tibialis anterior, extensor digitorum longus and exten-
sor hallucis longus. Peronei function was preserved.
Decreased sensation was noted in the first dorsal web
space only. MRI at that time revelaed an intraneural
ganglion cyst extending along the course of the peroneal
nerve over a 7.5 cm segment (Fig. 2). There also were
degenerative changes in the superior tibiofibular joint and
tricompartmental knee arthritis. There was full thickness
cartilage loss in the medial compartment with reactive
subchondral edema, tearing of the posterior horn of the
lateral meniscus from the posterior tibial attachment and a
4 mm calcified loose body in the anterolateral recess of the
knee joint. Postoperative changes from the medial menis-
cectomy were noted as was a chronic complete proximal
tear of the anterior cruciate ligament. A small knee effusion
was present. No denervational changes were noted. That
same month, decompression of the cyst was performed.

Over the next several months, he regained some function
in his left foot, although he still had mildly reduced foot
dorsiflexion and moderate loss of toe extension with
persistent sensory loss in the great toe. In late September
2003, he felt a mass behind his knee and developed
dysesthesias in the foot. Ultrasound showed recurrence of
the intraneural cyst (maximal dimensions 1.5×3.2×1.4 cm).
That same week, he underwent microsurgical neurolysis
and “complete” resection of the cyst from within the

peroneal nerve at the level of the fibular head, maintaining
the integrity of fascicles. Distally, normal nerve branches
were seen. The histological appearances confirmed an
intraneural ganglion cyst.

Immediately after the second surgery, he regained some
additional motor strength and sensation with only mild to
moderate residual functional deficit. Three months later,
however, he began experiencing similar prodromal symp-
toms of painful dysesthesias in the foot. Repeat ultrasound
showed a 1.4 × 0.7 × 1.1 cm cyst in the same location. MRI
confirmed the recurrence of a peroneal intraneural cyst at
the level of the fibular neck region which extended 3.5 cm
proximally. No communication with the superior tibiofib-
ular joint was noted by an experienced musculoskeletal
radiologist (Fig. 3).

At the end of December 2003, he was referred to our in-
stitution for surgical intervention. Percussion over and prox-
imal to the visible mass (Fig. 1) produced paresthesias in the
dorsomedial aspect of the foot. Tibialis anterior was 3+/5;
extensor digitorum longus and extensor hallucis longus, 2/5
and peronei, 5/5. Sensation was absent in the first dorsal web
space, but was preserved in the dorsum of the foot. He was
unable to walk on his heels. He had varus deformity of his
knee with changes of moderate degenerative joint disease. He
had full range of knee motion. Retrospective review of the
previous MRI’s (Figs. 2 and 3) and ultrasounds (not shown)
performed and interpreted elsewhere showed a characteristic
“tail” sign connection to the superior tibiofibular joint.

To confirm joint communication, an MR arthrogram was
performed (Fig. 4). Thirty cc of 1:200 dilute gadolinium in
normal saline with 0.2 cc of 1:10,000 epinephrine were

Fig. 3 Postoperative MR images with recurrent peroneal intraneural
cyst (December 2003). a Axial FSE T2 (TR=5100/TE=39.2 ms)
image with fat saturation shows the intraneural cyst within the
common peroneal nerve (*). There is cyst fluid in the superior
tibiofibular joint (arrow) suggesting an occult connection not
visualized in this image and the articular branch (arrowhead). b
Axial FSE T2 (TR=5,100/TE=39.2 ms) image with fat saturation

shows the cyst fluid tracking from the superior tibiofibular joint
(arrow) along the course of the articular branch (arrowhead) and into
the peroneal nerve (*). c Sagittal FSE T2 (TR=3516/TE=40.6 ms)
image with fat saturation shows the cyst in the common peroneal nerve
(*). There is fluid extending from the superior tibiofibular joint (arrow)
along a portion of the articular branch (dashed arrow). Note the large
knee effusion (+)

174



injected into the knee joint. Post contrast T1 weighted
images with fat saturation were obtained in all three planes
in addition to T2 weighted images with and without fat
suppression. Initial images showed contrast within the knee
and superior tibiofibular joint. The initial images demon-
strated fluid but not contrast within the cyst. Delayed
images were then performed one hour later and immedi-
ately following multiple knee squats. MR images showed
contrast material extending into the superior tibiofibular
joint, around the neck of the fibula and then into the

complex cyst. These images were reformatted using three-
dimensional techniques to illustrate the communication of
the knee joint and the superior tibiofibular joint with the
peroneal intraneural ganglion after gadolinium administra-
tion (Fig. 5).

Repeat surgery was performed. An intraneural ganglion
involving the common peroneal nerve was identified prox-
imal to the fibular neck region (Fig. 6). The cyst extended
to a point 2 cm proximal to the peroneal tunnel region.
There the common peroneal nerve appeared normal on its

Fig. 4 MR arthrography was
performed in order to document
joint communication. (Decem-
ber 2003) a T1 weighted
(TR=566/TE=18 ms) image
with fat saturation with intraar-
ticular gadolinium shows exten-
sive degeneration in knee and
superior tibiofibular joint. There
is no contrast within CPN. b T1
weighted (TR=566/TE=18 ms)
image with fat saturation with
intraarticular gadolinium shows
small amount of contrast seen in
superior tibiofibular joint
(arrow). Initially, there is no
contrast within the intraneural
cyst. c FSE T2-weighted
(TR=3,000/TE=68 ms) image
with fat saturation at the same
level as in A shows the peroneal
intraneural cyst (*) and fluid in
the superior tibiofibular joint.
d FSE T2-weighted (TR=3,000/
TE=68 ms) image with fat sat-
uration at the same level as
b shows fluid in the superior
tibiofibular joint (arrow). Cyst
fluid, seen along the course of
the articular branch (arrowhead)
of this image, is not visualized
in the T1-weighted image (b), as
this is not yet opacified with
gadolinium. e Delayed oblique
coronal T1-weighted (TR=700/
TE=17 ms) image with fat sat-
uration 1 h after exercise now
shows opacification of the
articular branch (closed arrow-
head), confirming the connec-
tion to the superior tibiofibular
joint (small arrow). There is a
small amount of contrast in the
common peroneal nerve (open
arrowhead). Also, one can see
the connection of knee and
superior tibiofibular joint
(open arrow)
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external surface. The dissection continued more distally
into a previously unoperated region. The terminal branches
were identified beneath the peroneus longus. The small
articular branch was identified and traced to the superior
tibiofibular joint where the nerve branch had a cystic
enlargement near its capsular insertion. The joint was
opened up and cyst fluid was evacuated. The articular
branch was ligated and disconnected from the joint. The
articular branch appeared hollow with displaced fascicles.
The superior tibiofibular joint was resected. A small
longitudinal incision was made in the cystic region of the
common peroneal nerve between fascicles (Fig. 6). Thick
gelatinous material was evacuated from the nerve. Intra-
neural dissection was not performed and the cyst wall itself
was not resected. Pathology confirmed an intraneural
ganglion within the distal articular branch specimen.

Postoperatively the patient regained nearly complete
function in the tibialis anterior and toe extensors over
6 months and the extensor hallucis longus by 15 months.
He resumed his athletic lifestyle without limitations. MRI
done ten months postoperatively documented no recur-
rence of the cyst (Fig. 7).

Discussion

This case is consistent with the unified synovial theory that
we have proposed for intraneural ganglia [1]. We believe
that intraneural ganglia derive from joints, penetrate
through a capsular rent, and dissect via the path of least
resistance up the epineurium of nerves via articular
branches. Increased intraarticular pressure increases the
likelihood of cyst dissection through a one-way valve. By
understanding the pathophysiology of these cysts, we feel
that MRI techniques need to be exploited in order to best
reveal these joint connections, especially when the latter
appear not to exist.

This case also illustrates how easy it is for radiologists
and surgeons to refute the synovial theory when an articular
connection is not immediately obvious. In this particular
case, the joint connection was not identified on routine
imaging studies performed by experienced radiologists at
other institutions (Figs. 2 and 3). While the joint connec-
tion was not immediately apparent, subtle suggestions of a
connection could be established on our retrospective
review of the MRIs and ultrasound studies. Surgeons on
two occasions did not dissect distally enough to examine
the articular branch sufficiently.

Various imaging modalities have been used to diagnose
intraneural ganglia and establish a joint connection,
including ultrasound [5–8], CT [9–12], and MRI [3, 13–
15]. Routine arthrography and CT-arthrography have been
used successfully in revealing joint communications with
neighboring joints and intraneural ganglia [1, 16–21]. We
believe that MR arthrography is the procedure of choice to
reveal “occult” joint connections and communications in
cases of intraneural ganglia. Similar to Malghem’s expe-
rience with CT-arthrography, first pass imaging frequently
does not reveal a joint communication. Delayed imaging
seems to be beneficial in allowing contrast extravasation
from the joint into para-articular cysts [22]. As observed by
Hunt et al. [23] in a patient with an adventitial cyst of the
popliteal artery that communicated with the knee joint,
exercise also had an important effect, presumably by
increasing intraarticular pressure. Because the visualization
of the contrast medium within the cyst was relatively faint
and the connection not easily visualized using standard
imaging planes, three-dimensional imaging helped visual-
ize the joint communication [24].

More experience is needed with MR arthrography and
intraneural ganglia and the effects of varying time delays
and amounts of exercise. One potential limitation of MR
arthrography for peroneal intraneural ganglia is related to
the difficulty in injecting the superior tibiofibular joint
itself. While injecting this joint can be accomplished with
image guidance [25], injection of the knee joint is simpler
and faster to perform, whenever this is feasible. The knee

Fig. 5 Three-dimensional reconstructed image (post gadolinium
administration) shows the communications between the knee joint,
the superior tibiofibular joint and the course of the cyst (yellow)
within the articular branch and into the common peroneal nerve
itself. The common peroneal nerve and its articular, deep and
superficial branches are depicted in green
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joint and the superior tibiofibular joints may only
communicate with each other in 64% of cases [26].
Despite these data, we [1], like Malghem [19–21], have
injected the knee and performed CT arthrography to
delineate superior tibiofibular joint cysts. We wonder if a
communication between the knee joint and the superior
tibiofibular joint exists in a higher percentage of people
than reported, or if patients with peroneal intraneural

ganglia have a higher percentage of these communications.
In fact, the communication between the knee joint and the
superior tibiofibular joint may play a part in the underlying
pathoanatomy; the patient in this paper along with several
others in our large series of peroneal intraneural ganglia [3]
had knee effusions, which may contribute to distribution of
higher intraarticular pressures.

Fig. 6 Operative findings. a The intraneural cyst is seen within the
common peroneal nerve (on background). The articular branch (red
vasoloop within square box) appears normal on its exterior surface.
Distally, the deep and superficial branches are within blue
vasoloops. b The articular branch (red loop) extension of the cyst
(*) has been traced to the superior tibiofibular joint (black spatula).
c The articular branch itself seen in Fig. 6a was ligated. Its distal

most connection is shown. It appears hollow. This branch serves as a
conduit between the superior tibiofibular joint and the cyst. The
fascicles are displaced eccentrically. d The cyst is being incised
longitudinally without disruption of individual fascicles. The
superior tibiofibular joint (arrow) has been resected. e Gelatinous
material is expressed from within the cyst. f The cyst wall is
decompressed but not resected
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Just as MR arthrographic techniques have proven to be
the most sensitive technique for establishing joint commu-
nications with extraneural ganglia at other sites [27–31],
we believe that this imaging modality can be applied to
intraneural ganglia occurring elsewhere as well. We
recently established a communication between the gleno-

humeral joint via a posterior labral tear in a patient with a
recurrent suprascapular intraneural ganglion [32]. We
believe that MR arthrography can be incorporated into a
diagnostic algorithm to document joint communications
when MRI or other imaging modalities do not adequately
reveal joint connections.

Fig. 7 Postoperative MR images after successful surgery (October
2004). a Axial T2 weighted FSE (TR=4,200/TE=38.5 ms) image
with fat saturation shows postoperative changes of resection of
superior tibiofibular joint without evidence of recurrent cyst. Some
minor signal changes remain in the anterior compartment muscu-

lature. b T2 weighted (TR=600 ms/TE=12.5 ms) gradient echo
image with fat saturation shows degenerative changes in the lateral
compartment of the knee. The postoperative changes at the superior
tibiofibular joint are exaggerated by the gradient echo technique. No
recurrent or residual cyst is seen
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