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CASE REPORT

Calf “Arch Sign” Seen on a Tc-99m-MDP Bone Scan Is Indicative
of Synovial Fluid Leak in Ruptured Baker's Cysts: Case Reports
and Analysis of Literature
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Abstract

The authors present two cases in which the ruptured popliteal (Baker’s) cysts remained undetected and were diagnosed only
during an isotope investigation. The aim was to describe a specific imaging sign, the “arch sign”, that is indicative of ruptured
Baker’s cysts. In both cases, the whole-body imaging was performed 2 hours after injection of 706.7 MBq of Tc-99m-MDP.
Single-photon emission computed tomography (SPECT) imaging was performed to localize an accumulation of the radiophar-
maceutical. An analysis of literature was performed to connect these cases with previously reported data and to detect the
pathognomonic radio image sign of ruptured popliteal cysts. The arch-shaped distribution of the radiopharmaceutical below
the knee joints was seen already on the whole-body bone scan image in both cases. An anterior view of SPECT MIP images
showed the arched accumulation of the Tc-99m-MDP bone tracer along the postero-medial aspect of the right calf secondary to
synovial fluid leak from a ruptured Baker’s cyst. The similar arthroscintigrams were published since 1971 without recognizing
this sign as pathognomonic. Tc-99m-MDP bone scanning is sensitive for a Baker’s cyst with synovial effusion, and distribution
of a radiopharmaceutical in the medial posterior calf in a shape of an arch, the arch sign, may serve as an indicator of a ruptured
popliteal cyst.
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Introduction ed from liposarcoma, popliteal aneurysm or hematoma,

popliteal varices, cellulitis, xanthoma, fibrosarcoma, and

Cysts in the popliteal region (Baker’s cysts) are benign
lesions filled with synovial fluid that frequently commu-
nicates with the semimembranosus-gastrocnemius bursa.
They may be associated with osteoarthritis, rheumatoid
arthritis, or cartilage tears, but in many cases, they re-
main asymptomatic [1, 2]. In addition to the habit of
mimicking thrombophlebitis and deep vein thrombosis
or coexisting with them, the cysts should be differentiat-
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other soft tissue tumors [2—4]. A physical examination is
confusing in most such cases, and certain imaging tech-
niques were introduced in the process of diagnosis al-
ready in the middle of the previous century.

Popliteal cysts were examined radiographically by
arthrography of the knee, ultrasonography, and MRI and CT
scan images that permitted visualization of a well-defined cyst
wall and fluid density contents [5, 6]. While intact cysts be-
came well detectable, the diagnostic precision in cases of the
ruptured or dissecting cysts was less impressive because in
such cases the cyst actually disappears and the synovial fluid
escapes into the calf and may widely spread over its superfi-
cial posterior compartment. That is why nuclear medicine im-
aging procedures were also added to the diagnostic armamen-
tarium for Baker’s cysts.

Rarely published articles on the use of isotopes for diag-
nostic purposes in cases of the suspected Baker’s cyst
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indicated high potential of radionuclide-involving investiga-
tions in cases of the popliteal cysts [7, 8]. Whatever isotope
was used, it was demonstrated that in the case of a ruptured
Baker’s cyst, radioactivity extends far below the knee joint
into the posterior and sometimes medial calf [9, 10]. Despite
these promising results, diagnostic nuclear medicine was
completely ignored in the review articles on the imaging spec-
trum of Baker’s (popliteal) cysts and diagnostic approaches to
popliteal fossa masses [11, 12].

To stress the importance of diagnostic nuclear medicine in
cases of ruptured popliteal cysts, we present two cases in
which the ruptured cysts remained undetected and were diag-
nosed only during an isotope investigation. The second aim of
the current paper was to describe a specific imaging sign, the
“arch sign,” that is indicative of ruptured Baker’s cysts. Our
analysis of literature connects these cases with previously re-
ported data to confirm that the “arch sign” is a pathognomonic
sign of ruptured popliteal cysts.
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Case Reports
Case 1

A 68-year-old female patient was presented for the whole-
body bone scan to evaluate her complaints of idiopathic pains
in various joints of the extremities. The patient did not have
the history of rheumatoid arthritis, thrombophlebitis, synovitis
of the knee, and traumas of the low extremities. No acute
inflammatory disorder was detected. She was administered
with 706.7 MBq (19.1 mCi) of 99m-technetium methylene
diphosphonate (Tc-99m-MDP). The whole-body imaging
was performed 2 hours after the radiopharmaceutical was
injected. The arch-shaped distribution of the radiopharmaceu-
tical below the right knee was seen already on the whole-body
bone scan image (Fig. 1).

A diffuse intense accumulation of Tc-99m-MDP was noted
in all joint surfaces of the right knee. In addition, an accumu-
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Fig. 2 Fused coronal SPECT-CT
image of a 99m-Tc-MDP bone
scan of case 1 knees, presenting
synovial fluid leak from the
ruptured Baker’s cyst and the
connection, at the arrow level,
between the knee and the arched
tracer accumulation

lation of the tracer was also seen in the synovial effusion of the
same knee. It should be noted that the tracer uptake runs along
distally and medial-posteriorly to the right calf. Single-photon
emission computed tomography (SPECT) with low-dose
computed tomography (CT) imaging was performed and
demonstrated the localized accumulation of the radiopharma-
ceutical in the effusion between the semimembranosus tendon
and the medial head of the gastrocnemius (Fig. 2). The rup-
tured Baker’s cyst was detected, and an MRI-based confirma-
tion of the diagnosis was suggested. The findings were con-
firmed by MR examination performed later on. A surgical
opinion also confirmed the diagnosis, but due to the age and
general condition of the patient, a conservative treatment was
chosen.

Case 2

A 74-year-old woman was admitted to the Department of
Nuclear Medicine with complaints of pain in the left knee
and suspected osteonecrosis. There was no history of multiple
joint pains, rheumatoid arthritis, thrombophlebitis, and any
pathology in the left knee prior to the pain episode. The

patients suffered from obesity, atrial fibrillation, and hyperten-
sion. On physical examination of the knee, no soft mass was
palpable in the popliteal fossa and deep vein thrombosis was
suspected. No anteroposterior or lateral instability of the joint
was observed. The duplex scan of the left knee and calf
showed edema and swelling of the left calf and popliteal fossa
without any evidence for thrombosis at the femoral or popli-
teal veins.

On a 3-phase bone scan image, hyperemia and increased
blood pool around the left knee were detected with uptake on
the late scan in the patellofemoral and medial aspect of the
knee. It was accompanied with intra-articular knee effusion on
a SPECT-CT image compatible with degenerative changes.
As in case 1, the arch-shaped distribution of the radiopharma-
ceutical (706.7 MBq) below the left knee was seen already on
the whole-body bone scan image (Fig. 3). The accumulation
of Tc-99m-MDP in the postero-medial aspect of the calf due
to a leak of synovial fluid was clearly observed (Fig. 4). In
addition, there was a swelling of the left calf and an increased
accumulation of Tc-99m-MDP on the medial aspect of the
popliteal fossa space between the semimembranosus tendon
and the medial head of the gastrocnemius. The patient was
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Fig. 3 The whole-body Tc-99m-
MDP bone scan of case 2,
demonstrating diffuse tracer
accumulation in the left calf with
arched linear increased tracer
activity along the postero-medial
aspect indicative of synovial fluid
accumulation due to a ruptured
Baker’s cyst
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Fig. 4 SPECT-CT axial (left image) and coronal (right side) images of case 2 left knee, demonstrating Tc-99m-MDP tracer and synovial fluid
accumulation at the superficial posterior compartment of the left calf due to a ruptured Baker’s cyst
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Fig. 5 The “arch sign,” the
arched accumulation of the Tc-
99m-MDP bone tracer along the
postero-medial aspect of the right
calf secondary to synovial fluid
leak from a ruptured Baker’s cyst
as seen on the anterior view of
SPECT maximum intensity
projection image (case 1)

diagnosed with a ruptured Baker’s cyst. A surgical opinion
also confirmed the diagnosis, but due to the age and general
condition of the patient, a conservative treatment was chosen.

Discussion

Our cases demonstrate the usefulness of nuclear medicine in
diagnosing previously undetected ruptured Baker’s cysts.
When the above-described patients were sent for radionuclide
scintigraphy, the presence of Baker’s cysts and their rupture
were not suspected. In addition to asymptomatic behavior of
the majority of such cysts before the rupture [1, 2, 13], Baker’s
cysts may develop and rupture in normal knee joints [14] and
rupture itself can remain asymptomatic [13]. Therefore, to
whatever reason the whole-body scanning or a specific inves-
tigation of the knee joints is performed, nuclear medicine
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practitioners should be aware of the imaging sign indicating
a ruptured Baker’s cyst. The arch sign, the visible distribution
of'a radiopharmaceutical in the medial posterior calfin a shape
of an arch, is indeed the pathognomonic sign of ruptured pop-
liteal cysts. To our knowledge, the first images of the arch sign
were published in the article of Levin et al. in 1971 (Figs. 3
and 4 of that article) [9]. The authors used I-131-labeled hu-
man serum albumin being injected intra-articularly to visual-
ize the ruptured cyst. The first image of the arch sign obtained
with the help of 99m-technetium-containing radiopharmaceu-
tical (Tc-99m-labeled human serum albumin) was published
in 1975 (arthroscintigrams) [15]. The authors of the 1970s,
with their technical devices and limited previously collected
data, did not recognize the shape of the radioisotope shadow
as pathognomonic. The following publications of 99m-
technetium-involving investigations of Baker’s cysts were ex-
tremely sporadic. For example, the last research on the
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subject, in which specifically Tc-99m-MDP was used, was
published in 2006 [16]. Twelve years later, combining all the
data from 1969 to 2019, we are inclined to believe that (1) the
bone scanning can be sensitive for a Baker’s cyst with syno-
vial effusion and that (2) the above-described arch sign may
serve as an indicator of a ruptured cyst (Fig. 5). There were
case reports describing anterolateral rupture of a Baker’s cyst
or even proximal dissection and rupture of the cyst into the
thigh [17, 18]. Such cases are extremely rare while the abso-
lute majority of Baker’s cysts rupture towards the superficial
posterior compartment of the calf[1, 2, 19] thus presenting the
arch sign. The reason for appearance of this sign is that before
Tc-99m-MDP will concentrate in the bones, it is distributed in
various body fluids including the synovial fluid.
Accumulation of the tracer in the synovial fluid may be even
enhanced due to the increased regional perfusion and perme-
ability in cases of chronically inflamed arthritic joints causing
extravasation of Tc-99m-MDP into the expanded synovial
interstitium. After that, Tc-99m-MDP is successfully washed
out from the blood through the kidneys but remains “trapped”
in the leaked synovial fluid for a longer time that permits the
observation of the indicated arch-shaped uptake.

The usefulness of SPECT investigations for cases of
Baker’s cysts was recognized long ago [20]. A PET/CT scan
investigation of the Baker’s cyst was also reported [21]. The
beneficial cooperation between SPECT-CT and ultrasonogra-
phy and MRI studies is evident. Ultrasonography presents
clear results if “a large hypoechoic space” is seen behind the
calf muscles after the rupture [19]. The results will be less
convincing in cases with insignificant leaks, and in such cases,
Tc-99m-MDP may clearly indicate the leak of the synovial
fluid. As for MRI, it is the best option to diagnose the intact
cyst by analysis of its walls, content, and signal intensity sim-
ilar to those of the synovial fluid. Yet, in some cases, even
MRI data may not be fully convincing especially in cases
when no underlying knee pathology was detected or the leak
of the synovial fluid is insignificant. In such cases, MRI and
SPECT-CT data may reinforce each other.

Conclusion

Tc-99m-MDP bone scanning is sensitive for a Baker’s cyst
with synovial effusion, and distribution of a radiopharmaceu-
tical in the medial posterior calf in a shape of an arch, the arch
sign, may serve as an indicator of a ruptured popliteal cyst.
SPECT-CT investigation findings may confirm soft tissue ab-
normalities detected by MRI.
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