
The supposed cyst in the calf of the leg was formed really by 
a collection of fluid which had escaped from the interior 
of the knee-joint. 

Synovial fluid-filled cysts in the popliteal space arising from 
the semimembranosus bursa of the knee jointin the poplite-

al region (Baker’s cysts) (BC) are benign lesions that frequently 
associated with intra-articular abnormality in the knee. They may 
be associated with osteoarthritis, rheumatoid arthritis, or cartilage 
tears, but in many cases, they remain asymptomatic [2,3]. The 
cysts may mimicthrombophlebitis and deep vein thrombosis or 
coexist with them. They also should be differentiated from li-
posarcoma, popliteal aneurysm or hematoma, popliteal varices, 
cellulitis, xanthoma, fibrosarcoma, and other soft tissue tumors 
[2-4]. A physical examination is confusing in most such cases and 
certain imaging techniques were introduced in the process of di-
agnosis already in the 1960s [5]. 

BC was examined radiographically by arthrography of the 
knee, ultrasonography, and magnetic resonance imaging (MRI) 
and CT scan images that permitted visualization of a well-de-
fined cyst wall and signal intensity similar to that of the syno-

vial fluid [6,7]. As a rule, an isotopic investigation of BC is not 
-

well-detectable, the diagnostic precision in cases of the ruptured 
or dissecting BC is more challenging. In such cases, the cyst 
often disappears and the synovial fluid escapes into the calf and 
may spread over its superficial posterior compartment. Nuclear 
medicine imaging procedures,while not added to the diagnostic 
armamentarium for BC, may be helpful in such cases [5,9].

Articles on the use of isotopes for diagnostic purposes in cas-
es of the suspected BCwere published rarely. Yet, they indicated 
a high potential of radionuclide-involving investigations in cas-
es of the popliteal cysts [10,11]. Whatever isotope was used, it 
was demonstrated that in a case of ruptured BC radioactivity ex-
tends far below the knee joint into the posterior and sometimes 
medial calf [11,12]. Despite these promising results, diagnostic 
nuclear medicine was completely ignored in the review articles 
on the imaging spectrum of BC and diagnostic approaches to 
popliteal fossa masses [8,13,14]. 

The current review aimed to stress the importance of diagnostic 
nuclear medicine in cases of ruptured BC, which can remain un-
detected and could be diagnosed non-invasively during an isotope 
investigation. The second aim of the current review is to describe 
a specific imaging sign, the Arch Sign or shaft-bow sign, which is 
indicative of ruptured BC. 

The current review aimed to analyze planar and subsequent 
SPECT images of patients with BC.The literature was thorough-
ly searched for adequately documented cases of ruptured BC 
accompanied with imaging data published between 1969 and 
August2020. Medline's PubMed, Embase, ScienceDirect, SCO-
PUS, and Google Scholar were searched using the keywords 
such as "popliteal cyst", "Baker’s cyst", "ruptured Baker’s 
cyst", AND “diagnostics”, “imaging”, “technetium”, “SPECT”, 
“MRI” OR “radiology”. References of published papers were 
also searched for additional cases. Search results were limited 
to original human studies, and the main search criterion was to 



find properly described cases of ruptured BC with published 
images. The selected papers should contain data about three 
investigations: the whole-body imaging with 99m-technetium 
methylene diphosphonate (Tc-99m-MDP), single-photon emis-
sion computed tomography (SPECT) with low-dose computed 
tomography (CT) imaging, and subsequent MRI investigation.

The review of existing literature aimed to detect the pathog-
nomonic nuclear image sign of ruptured BC and to confirm 
that the Arch Sign is a pathognomonic sign of the ruptured BC. 
During the screening phase, 17 relevant articles were selected 
from 474 initially screened publications for further analysis. 

While an isotopic investigation of BC is not indicated, the exist-
ing data on BC detection by such investigation is fragmentary. It 
is limited to (1) the cases in which BC was detected accidentally 
during the radionuclide-involving investigation of the skeleton 
(“silent” ruptures) and (2) the cases when the initial diagnosis of 
the knee-calf pathology (rheumatoid arthritis, thrombophlebitis, 
synovitis of the knee) was not confirmed and was changed to BC 
after subsequent in-depth investigation. If no soft tissue mass is 
palpable in the popliteal fossa during physical examination of the 
knee, deep vein thrombosis may be suspected and a patient may 
be referred for a subsequent investigation. If the duplex scan of 
the knee and calf showed edema and swelling of the calf and pop-
liteal fossa without any evidence for thrombosis at the femoral or 
popliteal veins, the isotope investigation may be suggested. 

The indications for whole-body bone imaging may include 
complaints of idiopathic pains in various joints of the extremi-
ties, unclear or suspicious cases of rheumatoid arthritis,throm-
bophlebitis, synovitis of the knee, suspected osteonecrosis, and 
traumas of the lower extremities [9].

As a rule, whole-body imaging is to be performed 2 hours 
after I.V. injection of Tc-99m-MDP to be followed with SPEC-
Tand low-dose CT imaging to localize the accumulation of the 
injected radiopharmaceutical [15]. The arc-shaped distribution 
of the radiopharmaceutical below the knee joints can be seen 
already on the whole-body planar bone scan image. Anterior 
view of SPECT MIP images shows the half-bend shaft-bow-
looking activity from Tc-99m-MDP bone tracer along the pos-
tero-medial part of the calf because of synovial fluid leak from 
a ruptured cyst [Figure 1]. A diffuse intense accumulation of 
Tc-99m-MDPis usually noted in all joint compartments of the 
affected knee. In addition, an accumulation of the tracer is seen 
in the synovial effusion of the same knee [Figure 2]. The tracer 



uptake runs along distally and medial-posteriorly to the calf. 
SPECT with low-dose CT imaging usually demonstrates the 
localized accumulation of the radiopharmaceutical in the ef-
fusion between the semimembranosus tendon and the medial 
head of the gastrocnemius mus-
cles. If the ruptured BCis de-
tected, MRI-based confirmation 
of the diagnosis may be needed.

On a 3-phase bone scan image, hyperemia and increased 
blood pool around the knee could be detected with uptake on 
the late scan in the patellofemoral and medial aspects of the 
knee. The age-related degenerative changes may offer some 
variations to the picture, but the arch-shaped accumulation of 
Tc-99m-MDP in the posteromedial aspect of the calf due to a 
leak of synovial fluid is usually clearly observed [15]. 

The analysis of literature indicates that the first images of 
the Arch Sign were published 
in the article of Levin et al. in 
1971 (figures 3 and 4 of that ar-
ticle) but this sign was not rec-
ognized as pathognomonic [Figure 3] [12]. The authors used 
I-131-labeled human serum albumin being injected intra-ar-
ticularly to visualize the ruptured cyst. The first image of the 
Arch Sign obtained with the help of 99m-technetium-contain-
ing radiopharmaceutical (Tc-99m-labeled human serum albu-
min arthroscintigram) was published in 1975 [16]. The first 
investigation of BC with the help of 99m-technetium-contain-
ing radiopharmaceutical was performed in 1969 but only intact 

BCs were investigated [5]. The authors of the 1970s, with their 
technical devices and limited previously collected data, did 
not recognize the shape of the radioisotope shadow as pathog-
nomonic. During the 1970s and the beginning of the 1980s, 

arthrography with contrast me-
dium was the main diagnostic 
imaging tool for BC cases [17-
19]. Arthrograms could indicate 

the rupture of BC but the contrast medium was unable to pen-
etrate far down the calf. For example, in 1980, Macfarlane and 
Bacon investigated ruptured BC in normal knee joints [20]. 
The arthrograms were able to indicate the upper portion of the 
arch but not the whole arch (case 4 in that article). During the 
1980s, arthrography was replaced by ultrasonography and CT 
investigations. In 1982, Gompels and Darlington [21] com-
pared ultrasonography and arthrography as diagnostic tools for 

BC. Ultrasonography could de-
tect the distribution of free fluid 
from a ruptured BC all over the 
calf but usually presented it as a 

straight line rather than an arch (figure 2 in that article). 
The following publications of 99m-technetium-involved in-

vestigations of BC were extremely sporadic. For example, the 
next to last research on the subject, in which specifically Tc-99m-
MDP was used, was published in 2006 [22]. Twelve years later, 
the analysis of all data from 1969 to 2019 indicated that the bone 
scanning can be sensitive for BC with synovial effusion and that 
the Arch Sign may serve as an indicator of a ruptured cyst [9].

The usefulness of SPECT and positron-emission tomogra-

long ago [23,24]. The beneficial cooperation between SPECT-
CT and ultrasonography and MRI studies is evident. Ultraso-
nography presents clear results if a large hypoechoic space is 
seen behind the calf muscles after the rupture [25]. The results 
will be less convincing in cases with insignificant leaks. In 
such cases, Tc-99m-MDP may clearly indicate the leak of the 
synovial fluid.

In some cases, MRI images may demonstrate a similar ar-
cuate curvature of the fluid leak. Erkus et al. [26] obtained the 
images with the Arch Sign in a case of compartment syndrome 
secondary to BC rupture (figure 4C in that article). Üstüner and 
colleagues [27] observed this sign even in a toddler already in 
2020 (figure 1 in that article). These authors did not indicate 
the observed changes in the calf as a pathognomonic sign of 
ruptured popliteal cysts. 

Finally, the Arch Sign should be distinguished from the 
crescent sign that was described in the literature as another 
pathognomonic sign of ruptured BC. This sign was described 
in 1976 as a clinical observation sign [28]. During a clinical 
examination, the crescent sign is seen as bruising below the 
medial malleolus, which indicates fluid in the calf gravitating 
toward the ankle.



The current review demonstrates the usefulness of nuclear 
medicine in diagnosing previously undetected ruptured BCs. In 
addition to the asymptomatic behavior of the majority of such 
cysts before the rupture [2,3,29], BCs may develop and rup-
ture in normal knee joints [20]. The rupture itself can remain 
asymptomatic [29]; therefore, for whatever reason the whole-
body scanning or a specific investigation of the knee joints are 
performed. Nuclear medicine practitioners should be aware of 
the imaging sign indicating a ruptured BC. 

The Arch Sign is indeed the pathognomonic sign of ruptured 
popliteal cysts. Case reports described anterolateral rupture of 
BC or even proximal dissection and rupture of the cyst into the 
thigh [30]. Such cases are extremely rare while the absolute ma-
jority of BCs rupture toward the superficial posterior compart-
ment of the calf thus presenting the Arch Sign [2,3,9,26]. The 
reason for the appearance of this sign is that before Tc-99m-MDP 
will concentrate in the bones, it is distributed in various body flu-
ids including the synovial fluid. After that, Tc-99m-MDP is suc-
cessfully washed out from the blood through the kidneys but re-
mains trapped in the leaked synovial fluid for a long time, which 
permits observation of the indicated arch-shaped uptake [9,15].

The majority of the ruptured BC cases can be successfully 
diagnosed without using ionizing radiation [8,13,14,31]. SPECT 
may be used in cases of knee pathology other than BC [32]. Nu-
clear medicine may be reserved for unclear cases and precise de-
tection of silent asymptomatic cases of BC. Chondrocalcinosis, 
osteoarthritis, and BC may coexist [33]. In such complicated cas-
es, physicians may add SPECT-CT to their diagnostic armamen-

-
lished. As for MRI; it is the best option to diagnose the intact cyst 
by analysis of its walls, the content, and the signal intensity simi-
lar to that of the synovial fluid. In some cases, MRI data may not 
be fully convincing especially when no underlying knee patholo-
gy was detected or the leak of the synovial fluid is insignificant. 
In such cases, MRI and SPECT-CT data may reinforce each other. 

Tc-99m-MDP bone scanning for BC with synovial leak leads to 
a distribution of the radiopharmaceutical in the medial posteri-
or calf in a shape of a shaft-bow-looking curvature, Arch Sign, 
which serves as an indicator of a rupture. SPECT-CT findings 
may confirm soft-tissue abnormalities detected by MRI.



Intergenerational inheritance of immune traits linked to 
epigenetic modifications has been demonstrated in plants 
and invertebrates. Katzmarski and co-authors provided 
evidence for transmission of trained immunity across 
generations to murine progeny that survived a sublethal 
systemic infection with  or a zymosan 
challenge. The progeny of trained mice exhibited cellular, 
developmental, transcriptional and epigenetic changes 
associated with the bone marrow-resident myeloid effector 
and progenitor cell compartment. Moreover, the progeny of 

trained mice showed enhanced responsiveness to endotoxin 
challenge, alongside improved protection against systemic 
heterologous and  
infections. Sperm DNA of parental male mice intravenously 
infected with the fungus  showed DNA methylation 
differences linked to immune gene loci. These results provide 
evidence for inheritance of trained immunity in mammals, 
enhancing protection against infections.

Cytotoxic T lymphocytes (CTLs) are thought to kill target 
cells in a rapid, all-or-nothing process. This action may 
be the case when target cell immunogenicity is high; 
however, in solid tumors, single CTL encounters may fail 
to kill target cells. Weigelin and colleagues found that 
migrating CTLs move between cancer cells and initiate 
apoptosis by additive sublethal interactions or additive 

cytotoxicity. Sublethal damage occurs by perforin-
dependent membrane pore formation, nuclear lamina 
rupture, and DNA disruption. In mouse melanoma tumors 
in vivo, additive cytotoxicity in interstitial tissue results in 
preferential elimination of invading tumor cells.

There has been considerable debate about the role of 
schools in the transmission of severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2). In a perspective, 
Ladhani and the sKIDs Investigation Team discussed 
the data, which indicated that although children and 
staff can acquire COVID-19 in schools, these infections 
largely reflect community infection rates, and schools 
are not a major driver of transmission when mitigation 
measures are in place. Those mitigations include 

masking, distancing, sanitization, air-quality monitoring, 
bubbles, contact tracing, and isolation. Children can 
acquire COVID-19 and experience severe disease in 
some cases, as well as extended symptoms called Long 
COVID, but children mostly benefit from being able to 
attend school and receive in-person teaching and other 
support infrastructure.


