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8.1            Anatomy and Normal MRI 
Appearance 

8.1.1     Capsule and Synovial 
Compartments 

 The articular capsule of the knee consists of a thick 
outer layer, the fi brous capsule, and a thinner inner 
layer, the synovial membrane (synovium). 

 The synovium is a mesenchymal tissue com-
posed of two to three layers of specialized cells 
(synoviocytes) and a supporting connective tis-
sue that includes a well-developed vascular net-
work and relatively abundant adipose tissue [ 1 ]. 
This hypervascular membrane is responsible for 
the secretion of the synovial fl uid, which lubri-
cates and nourishes the joint [ 2 ]. The synovio-
cytes also have a role in removing intra- articular 
particles including cartilaginous debris [ 2 ]. 

 The knee joint can be seen as common joint 
space that is subdivided by synovial membranes 
into several interconnected compartments. 
Anteriorly, at the central femoropatellar com-
partment, the synovial membrane attaches to the 
patellar borders and extends circumferentially 
beneath vastus lateralis and vastus medialis mus-
cles to the anterior femoral shaft. It covers also 
the anterior aspects of the cruciate ligaments. 
The medial and lateral femorotibial compart-
ments of the synovial membrane are represented 
by the lateral and medial extensions of the cen-
tral  portion [ 2 ]. These compartments are sepa-

rated by the infrapatellar synovial fold anteriorly 
and by a refl ection of the synovium that extends 
from the sides of the posterior cruciate ligament 
onto the fi brous capsule, posteriorly [ 2 ]. The 
anterior and posterior cruciate ligaments, 
menisci, and the infrapatellar fat pad are located 
“extrasynovially” which means that they are 
located outside the abovementioned synovial 
compartments.  

8.1.2     Synovial Bursae and Synovial 
Recesses 

 Synovial bursae or synovial recesses are exten-
sions of the synovial membrane between differ-
ent anatomical structures, and their role is to 
reduce the friction during the motion of these 
structures. The knee bursae are numerous and, in 
the absence of pathological changes, rarely 
apparent on MR imaging [ 3 ]. The knowledge of 
the locations of synovial bursae is important 
since in pathological conditions, they may 
become apparent and a cause for misdiagnosis or 
diagnostic uncertainty [ 2 ]. The classifi cation of 
the bursae is made on their anatomic location 
(Table  8.1 ). Readers of MR images should look 
for anterior and posterior bursae on sagittal 
planes and for medial and lateral bursae on axial 
planes. However, they should have in mind that 
normal bursae are generally not visible on MR 
imaging.  
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8.1.3     Synovial Plicae 

 Synovial plicae are normal anatomical structures 
representing embryologic remnants of the syno-
vial membrane and are defi ned as thin, vascular-
ized synovial folds without a known function [ 2 , 
 4 ]. The plicae are usually asymptomatic, and they 
can be found at MR imaging within the knee 
joints as low-signal-intensity thin bands 
(Fig.  8.1 ). The most encountered plicae of the 
knee are the suprapatellar plica, the infrapatellar 
plica, the lateral patellar plica, and the mediopa-
tellar plica (Table  8.2 ). 

8.2                         MRI Pathological Findings 

8.2.1     Joint Effusions 

    Synovial Fluid 
 The synovial fl uid is a viscid fl uid secreted by the 
synovium. The knee synovial fl uid is commonly 
depicted on MR imaging, but a defi nitive crite-
rion that enables to defi ne the quantity of the 
effusion as normal or pathological has not been 
clearly established. Clinically, knee effusions of 
less than 6–8 mL cannot be appreciated. However, 
on MR imaging, a volume of 1 mL of effusion 

may be visible adjacent to the femoral condyles 
[ 13 ]. Some authors demonstrated that a volume 
of 4 mL of fl uid is depicted on plain radiography 
and, on midline sagittal MR images, leads to an 
anteroposterior diameter of the midline suprapa-
tellar recess of 4 mm [ 13 ,  14 ]. This volume of 

  Fig. 8.1    Suprapatellar plica in a 28 year old female. 
Sagittal T2-weighted fat-suppressed image shows the 
synovial plica as a low-signal-intensity thin band ( arrow )       

   Table 8.2    Synovial plicae of the knee [ 4 ,  11 ,  12 ]   

 Anatomy  MR imaging appearance 

 Suprapatellar plica (Fig.  8.13 )  Located between the suprapatellar 
bursa and the knee joint cavity; runs 
from the posterior aspect of 
quadriceps tendon, above the patella 
upward to the anterior aspect of the 
femur 

 Low-signal-intensity linear band 
posterior to the patella 

 Infrapatellar plica or ligamentum 
mucosum (Fig.  8.14 ) 

 The most commonly plica in the 
knee; runs from the femoral origin 
anterior to the intercondylar notch 
downward to the inferior pole of the 
patella 

 Low-signal-intensity band of various 
dimensions anterior and parallel to 
the anterior cruciate ligament, often 
within the infrapatellar fat pad 

 Mediopatellar plica (Fig.  8.15 )  Runs from the medial capsule of the 
knee obliquely downward to the 
synovium of the infrapatellar fat pad 

 Low-signal-intensity linear band that 
may be connected to the 
suprapatellar plica; can extend 
between the medial facet of the 
patella and medial face of the 
trochlea 

 Lateral patellar plica (Fig.  8.16 )  The least common plica of the knee; 
runs from the popliteus hiatus and 
attaches to the infrapatellar fat pad 

 Low-signal-intensity linear 
longitudinal band 1–2 cm lateral to 
the patella 
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effusion was considered to be clinically impor-
tant [ 15 ]. With increasing volumes of effusion, 
the fl uid fi rst collects in the suprapatellar bursa 
and subsequently in the posterior recesses and 
popliteal tendon sheath [ 13 ]. 

 Although the knee effusion may be the only 
fi nding on MR imaging, most commonly the 

synovial fl uid is the result of a different underly-
ing pathology (e.g., infl ammatory diseases, 
trauma, degenerative changes, tumors). On MR 
imaging, the joint fl uid appears homogeneously 

a b

  Fig. 8.2    Suprapatellar bursa in a 40 year old female. Sagittal T2-weighted fat-suppressed image ( a ) and axial proton- 
density (PD) fat-suppressed image ( b ) show the fl uid in the suprapatellar bursa ( arrow )       

  Fig. 8.3    Prepatellar bursa in a 55 year old male. Sagittal 
T2-weighted fat-suppressed image shows a small amount 
of fl uid in the prepatellar bursa ( arrow )       

  Fig. 8.4    Deep infrapatellar bursa in a 22 year old female. 
Sagittal T2-weighted fat-suppressed image shows the 
deep infrapatellar bursa posterior to the distal part of the 
patellar tendon between the tendon and anterior tibia 
( arrow )       
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hypointense or of intermediate signal intensity on 
T1-weighted images and hyperintense on 
T2-weighted images.  

    Hemarthrosis and Lipohemarthrosis 
  Hemarthrosis  is the result of the hemorrhage 
within the joint due to ligamentous injury, bone 

  Fig. 8.5    Suprahoffatic and infrahoffatic recesses in a 
19 year old female. Sagittal T2-weighted fat-suppressed 
image shows the suprahoffatic recess ( large arrow ) close 
to the inferior border of the patella and the infrahoffatic 
recess ( small arrow )       

  Fig. 8.6    Central synovial recess in a 30 year old female. 
Sagittal T2-weighted fat-suppressed image shows the recess 
located anterior to the anterior cruciate ligament ( arrow )       

a b

  Fig. 8.7    Medial posterior femoral recess (medial gastroc-
nemius bursa) and lateral posterior femoral recess (lateral 
gastrocnemius bursa) in a 40 year old female. Sagittal 
T2-weighted fat-suppressed images through the medial 
compartment ( a ) and lateral compartment ( b ) show the 

medial gastrocnemius bursa ( arrow  in  a ) between the knee 
capsule and the medial head of the gastrocnemius muscle 
( curved arrow  in  a ) and the lateral gastrocnemius bursa 
( arrow  in  b ) between the knee capsule and the lateral head 
of the gastrocnemius muscle ( curved arrow  in  b )       
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fracture, patellar dislocation, or other diseases 
including pigmented villonodular synovitis, 
hemophilia, articular tumors, neuroarthropa-
thy, gout, and anticoagulant therapy [ 12 ,  16 , 

 17 ]. The MRI appearance of hemarthrosis 
depends on the stage of the hemorrhage. In the 
early stage, the hemorrhage has a double-layer 
fl uid level  appearance with a superior layer of 
blood serum fl oating on an inferior layer of 
cellular debris of intermediate signal intensity 
on T1- and T2-weighted images. Gradient-
echo images are especially useful for the iden-
tifi cation of blood products due to the 
“blooming” effect. 

  Lipohemarthrosis , the presence of blood and 
fat within the joint, is a very strong indicator 
for intraarticular fracture. Most commonly, 
lipohemarthrosis is seen on MR imaging as a 
three-layer fl uid level that appears approxi-
mately 3 h after trauma (Fig.  8.17 ) [ 18 ]. The 
superior layer with fat signal intensity (hyper-
intense on T1- and T2-weighted images and 
hypointense on  fat- suppressed images) repre-
sents the fl oating fat. The intermediate or the 
central layer appears as a normal joint fl uid and 
represents the blood serum, and the inferior 
layer of cellular debris is seen as intermediate 
signal intensity on T1- and T2-weighted 
images. In the very early stage, lipohemarthro-
sis may show a double-layer appearance with 
entrapment of globules of fat [ 18 ].    

  Fig. 8.8    Gastrocnemius-semimembranosus bursa (popli-
teal cyst or Baker’s cyst) in a 36 year old male. Axial 
proton-density (PD) fat-suppressed image shows a small 
amount of fl uid in the popliteal bursa ( arrow ) which is 
located between the semimembranosus ( SM ) and the 
medial head of the gastrocnemius muscle ( MGT )       

a b

  Fig. 8.9    Subpopliteus bursa in a 40 year old female. 
Sagittal T2-weighted fat-suppressed image ( a ) and axial 
proton- density (PD) fat-suppressed image ( b ) show the 

subpopliteal bursa ( large arrow  in  a ,  b ) located between 
the posterior horn of the lateral meniscus ( LM ) and the 
popliteus tendon ( PT )       
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8.2.2     Intra-articular Bodies 

 Intra-articular bodies are best depicted on MR 
imaging in the presence of joint effusion as they 
are nicely outlined by the surrounding joint 

fl uid. They appear as fi lling defects within the 
fl uid (Figs.  8.18 ,  8.19 ,  8.20 , and  8.21 ). The best 
technique to visualize intra-articular bodies is 
direct MR arthrography where the contrast 
agent is administered directly into the joint 
space increasing the amount of the intra-articu-
lar joint fl uid. However, in the knee, intra-artic-

a b

  Fig. 8.10    Posterior capsular recess in a 40 year old 
female. Sagittal T2-weighted fat-suppressed image ( a ) 
and axial proton-density (PD) fat-suppressed image ( b ) 
show the posterior capsular recess ( large arrow  in  a ,  b ) 

located in the midline behind the posterior cruciate liga-
ment. In cases of posterior capsule lesions, the fl uid from 
this recess may be identifi ed posteriorly to the capsule 
( small arrow  in  a )       

  Fig. 8.11    Lateral collateral ligament-biceps femoris 
bursa in a 25 year old male. Axial proton-density (PD) 
fat-suppressed image shows a small amount of fl uid in the 
lateral collateral ligament-biceps femoris bursa ( large 
arrow ) which is located between the lateral collateral liga-
ment ( LCL ) and the biceps femoris tendon ( BT )       

  Fig. 8.12    Parameniscal recesses in a 41 year old male. 
Coronal proton-density (PD) image shows the paramenis-
cal recesses ( arrows ) in contact with the lateral femoral 
and lateral tibial condyle       
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ular bodies are often large, and usually there is 
enough joint fl uid present. Thus, MR arthrogra-
phy in the knee for the detection of  intra-articular 

bodies is not recommended as a standard proce-
dure, but can be helpful in cases where intra-
articular bodies are suspected but cannot be 
otherwise detected.     

 Intra-articular bodies may have different eti-
ologies, and the MRI signal appearance depends 
on the structure and origin of the bodies 
(Table  8.3 ). In the knee, intra-articular bodies 
are usually found beneath the medial collateral 
ligament, within the intercondylar notch, and in 
the tendon sheath of the popliteus tendon, or 
they can migrate into Baker’s cysts [ 12 ]. It 
needs to be noted that intra-articular bodies are 
diffi cult to detect during arthroscopy, i.e., when 
they are located in recesses or compartments, 
which are hardly or even non-accessible by the 
arthroscope.

  Fig. 8.13    Suprapatellar plica in a 33 year old male. Sagittal 
proton-density (PD) image shows the suprapatellar plica 
within the suprapatellar fat pad ( arrow ). The plica appears 
thickened indicating a suprapatellar plica syndrome       

  Fig. 8.14    Infrapatellar plica or ligamentum mucosum in 
a 43 year old male. Sagittal T2-weighted fat-suppressed 
image shows the ligamentum as low-signal-intensity thin 
band ( large arrow ) anterior and parallel to the anterior 
cruciate ligament. Note the fl uid in the central synovial 
recess ( small arrow )       

a

b

  Fig. 8.15    Mediopatellar plica in a 26 year old male. 
Sagittal proton-density (PD) image ( a ) and axial 
proton- density (PD) fat-suppressed image ( b ) show a 
normal mediopatellar plica ( arrow  in  a ,  b ) as a thin 
low-signal- intensity band in the medial suprapatellar 
fat pad       
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8.2.3        Synovitis 

 Synovitis, the infl ammation of the synovial mem-
brane, can be the result of several disorders 
including infl ammatory arthritis, osteoarthritis, 
infection, pigmented villonodular synovitis, 
chronic intra-articular hemorrhage, metabolic 

diseases, tumors, and trauma. The MR imaging 
diagnosis of synovitis is based on the evaluation 
of the synovium thickness and the presence of 
synovial effusion. The synovial hypertrophy may 
involve the entire knee synovium or may be focal 
and is seen on T2-weighted and on gradient- 
weighted images as hyperintense synovial mem-
brane having a thickness of more than 2–3 mm 
(Fig.  8.22 ) [ 19 ]. A better appreciation of synovi-
tis is obtained on postcontrast T1-weighted MR 
images that enable a superior delineation of the 
hypertrophied synovial membrane from the joint 
effusion (Fig.  8.23 ). Due to hyperemia of the 
infl amed synovium, there is an increased syno-
vial enhancement on postcontrast T1-weighted 
images that can be also used to differentiate 
between acute and chronic infl ammation.   

 Signal alterations in Hoffa’s fat pad are a fi nd-
ing that can be seen in a multitude of diseases and 
can be used as a surrogate for knee synovitis 
[ 20 – 22 ]. 

    Infl ammatory Synovitis 
in Rheumatological Disorders 
 In rheumatological disorders (rheumatoid arthritis, 
psoriatic arthritis, and ankylosing spondylitis), the 
synovium is affected fi rst, followed by involve-
ment of the cartilage and bones. MR imaging 

a b

  Fig. 8.16    Lateral patellar plica in a 38 year old male. Sagittal proton-density (PD) image ( a ) and sagittal T2-weighted 
fat-suppressed image ( b ) show the lateral patellar plica ( arrow  in  a ,  b ) extending from the popliteus hiatus to the patella       

  Fig. 8.17    Lipohemarthrosis in a 16 year old female. 
Axial proton-density (PD) fat-suppressed image shows 
the superior layer of fl oating fat which appears hypoin-
tense on fat-suppressed sequences ( star ), the intermediate 
or the central layer which appears as a normal joint fl uid 
and represents the blood serum ( small arrow ), and the 
inferior layer of cellular debris which is seen as intermedi-
ate signal intensity ( large arrow )       
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enables the diagnosis of all intra- articular patho-
logical changes including synovitis and joint effu-
sion, bone marrow edema, and subchondral 
erosions (Fig.  8.20 ). There are different MRI tech-
niques used in the evaluation of the synovial pro-
liferation that are used either for qualitative or 
quantitative evaluation. Synovitis is best identifi ed 
on T2-weighted images and postcontrast 
T1-weighted images as uniform or irregular thick-
ening of the synovial membrane. Different quanti-
tative evaluations of synovitis have been described 

including the synovial volume measurement and 
the rate of contrast enhancement. Dynamic con-
trast-enhanced T1-weighted sequences may dif-
ferentiate between active and chronic phases of the 
disease with a rapid synovial enhancement (30–
60 s) after contrast administration in active or 
acute phases [ 23 ,  24 ]. Nevertheless, synovial vol-
ume or enhancement rate measurements require 
 post- processing work, which is time consuming in 
clinical practice and thus rarely used [ 12 ]. Apart 
from demonstrating the synovial proliferation, 

a

c

b

  Fig. 8.18    Intra-articular free cartilage fragment in a 43 year 
old male. Sagittal T2-weighted fat-suppressed image ( a ) 
shows a small fragment of cartilage surrounded by joint fl uid 

( arrow ). Sagittal T2-weighted fat-suppressed image ( b ) and 
coronal proton-density (PD) image ( c ) demonstrate the lat-
eral femoral condyle as the donor site ( arrows  in  b ,  c )       
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MRI demonstrates periarticular infl ammation and 
tendon and ligament infl ammation as well as com-
plications such as ruptures of the tendons, pres-
ence of “rice-bodies” bursitis, osteonecrosis, and 
stress fractures [ 25 ,  26 ]. 

 Although rheumatoid arthritis and the sero-
negative spondyloarthropathies share similar 
pathological changes, several fi ndings can  narrow 
the differential diagnosis [ 12 ]. In rheumatoid 

arthritis, there are symmetrical abnormalities, 
and the extent of subchondral erosions and the 
degree of synovial infl ammation are more promi-
nent. However, intra-articular rheumatoid nod-
ules are rarely seen [ 27 ]. The rheumatoid nodules 
are solitary or multiple nodules that appear as 
inhomogeneous isointense or hypointense lesions 
on T1-weighted images and inhomogeneous 
isointense or hyperintense on T2-weighted 

a

c

b

  Fig. 8.19    Detached bone fragment in a 21 year old 
female 3 years after knee injury. Coronal T1-weighted 
image ( a ), sagittal proton-density (PD) image ( b ), and 
axial proton-density (PD) fat-suppressed image ( c ) show a 

bone fragment detached from the lateral femoral condyle 
( arrows ). The chronicity of the condition is demonstrated 
by the synovial reaction around the lesion and the absence 
of bone marrow edema       
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a b

  Fig. 8.20    Rheumatoid arthritis in a 45 year old male. 
Coronal proton-density (PD) fat-suppressed image ( a ) 
shows small innumerable nodules within the synovial 
membrane ( small arrows ). Subchondral erosions are seen 
in the tibial subchondral bone ( large arrows ). Sagittal 

T2-weighted fat-suppressed image ( b ) also shows sub-
chondral bone marrow edema of the anterior tibial plateau 
( large arrow ), synovitis ( small arrow ), and erosion of the 
fi bular head ( curved arrow )       

a b

  Fig. 8.21    Acute gout in a 55 year old male. Axial proton-
density (PD) fat-suppressed image ( a ) and axial 
T1-weighted fat-suppressed postcontrast image ( b ) show 
the gout tophus of relatively high signal intensity on a fat-
suppressed image ( large arrow  in  a ) but without 

 enhancement after contrast administration ( large arrow  in 
 b ). Subchondral cysts are seen within the adjacent patella 
( curved arrows  in  a ,  b ) resulting from repetitive gout 
attacks. The synovia is thickened and joint effusion is 
present ( small arrows  in  a ,  b )       
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   Table 8.3    Etiology and MRI appearance of intra- articular bodies [ 12 ]   

 Etiology/structure  MRI fi ndings 

 Cartilage/meniscus (Fig.  8.18 )  Similar signal intensity with joint cartilage/meniscus; MR images should 
be carefully scrutinized for donor site; the size of the body should match 
the size of the donor site 

 Bone (Fig.  8.19 )  Signal intensity of bone marrow; MR images should be carefully 
scrutinized for donor site 

 Osteochondral fragment  Cortical bone of low signal intensity on all MR sequences with attached 
cartilage of intermediate signal intensity on T1- and T2-weighted; may 
mirror the defect at the donor site 

 Infl ammatory synovitis (including 
tuberculosis) (Fig.  8.20 ) 

 Intermediate- to low-signal-intensity small innumerable nodules along the 
synovial membrane (rice bodies) 

 Gout (Fig.  8.21 )  Soft tissue tophi of monosodium urate crystal deposits with 
inhomogeneous T2-weighted signal intensity; enhances after i.v. contrast 
administration 

 Primary synovial osteochondromatosis  Multiple circumscribed nodules of metaplastic hyaline cartilage (range 
from 2.0 mm to more than 1.0 cm); the signal intensity varies according to 
the maturity of the nodules and the presence of calcifi cations within the 
nodules; may present as conglomerate mass 

 Pigmented villonodular synovitis  Conglomerate or scattered nodules within the joint; low signal intensity on 
T1-weighted images and low to high signal intensity on T2-weighted 
images; “blooming” on gradient-echo images due to iron deposition 

 Hemophilic arthropathy  Similar appearance with pigmented villonodular synovitis 
 Metallic foreign bodies  Filling defects with susceptibility artifacts 
 Intra-articular gas  Low-signal-intensity globular fi lling defects with “blooming” on 

gradient-echo images 

a b

  Fig. 8.22    Chronic synovitis in a 65 year old male. 
Sagittal T2-weighted fat-suppressed image ( a ) and axial 
proton- density (PD) fat-suppressed image ( b ) show a 
synovium with a thickness of more than 3 mm but without 

a clear delineation from the joint fl uid ( large arrows  in  a , 
 b ). Note the diffuse involvement of the entire synovium 
including the posterior recess ( small arrow  in  a )       
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images compared with muscles (Fig.  8.24 ). They 
may enhance homogeneously or heterogeneous 
predominantly in the periphery. In ankylosing 
spondylitis and other seronegative spondyloar-
thropathies, the knee joint is involved in 30 % of 
the patients with long-standing disease, and the 
bone marrow edema has a perientheseal distribu-
tion that is not commonly seen in patients with 
rheumatoid arthritis [ 12 ,  28 ]. The osseous fusion 
is also more common in seronegative spondylo-
arthropathies. Overall, however, differential 
diagnosis remains diffi cult on MR images, and in 
the clinical routine, one might not be disap-
pointed when a fi nal diagnosis cannot be made 
with 100 % confi dence.   

    Synovitis in Osteoarthritis 
 Synovial proliferation and joint effusion in osteo-
arthritis is the result of ligament injuries, loose 
bodies, cartilage deterioration, and meniscal 
damage (Fig.  8.25 ) [ 29 ,  30 ]. Synovitis is present 
even in the early phase of osteoarthritis, and there 
is evidence that synovial proliferation is not only 

  Fig. 8.23    Acute synovitis in a 25 year old female. Axial 
proton-density (PD) fat-suppressed image ( a ) shows 
synovial hypertrophy and irregularity ( arrow ).  Axial 
T1-weighted fat-suppressed postcontrast image ( b ) shows 
an increased enhancement and enables a superior delinea-
tion of the hypertrophied synovial membrane ( arrow ) 
from the joint effusion         

a b

  Fig. 8.24    Rheumatoid nodules in a 45 year old male with 
rheumatoid arthritis. Sagittal proton-density (PD) image 
( a ) and sagittal T2-weighted fat-suppressed image 
( b ) show two infrapatellar nodules with signal intensity 
similar to muscles ( large arrows  in  a ,  b ). Note the 

 synovitis in the suprapatellar bursa and central recesses 
( small arrows  in  a ,  b ) as well as the infl ammation of the 
Baker’s cyst ( curved arrow  in  a ,  b ) which appears with 
inhomogeneous signal intensity and diffuse pericystic 
changes       
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a secondary phenomenon but that it also plays a 
role in progression of cartilage loss [ 29 ]. Synovial 
infl ammation is believed to contribute to pain in 
patients with knee osteoarthritis, and several 
studies have indeed shown that high-grade syno-
vitis in patients with knee osteoarthritis is statisti-
cally associated with pain [ 29 ,  31 ].   

    Infectious Synovitis 
 The imaging fi ndings in infectious synovitis are 
nonspecifi c, and MRI cannot differentiate septic 
from nonseptic arthritis. The clinical history is 
key for differential diagnosis. Early detection of 
infectious synovitis is crucial in the treatment 
management and in preventing bone deformities. 
Thus, if there is clinical suspicion for infection, 
MR should be performed immediately and any 
destructive monoarticular process should be 
regarded as infection until proven otherwise [ 12 ]. 
There are several MRI fi ndings that suggest an 
infectious etiology. These include synovial thick-
ening, soft tissue edema, and extensive bone mar-
row edema with enhancement involving both 
sides of articulation and bone erosions (Fig.  8.26 ) 
[ 32 ,  33 ]. Inhomogeneous joint effusion with 
septa and debris or the presence of synovial or 

bone abscess is highly correlated with septic 
arthritis (Fig.  8.26 ). The evolution and the varia-
tion of the imaging fi ndings can help narrowing 
down the differential diagnosis. In bacterial 
arthritis, there is a rapid evolution with extensive 
erosions, whereas in tuberculosis, the evolution is 
slow and the granulation infl ammatory tissue 
extends in the subchondral bone (pannus) [ 12 ].   

    Hemosiderotic Synovitis 
 Hemosiderotic synovitis occurs in hemophiliac 
males because of chronic intra-articular hemor-
rhage. The knee joint is particularly often 
involved, and the patients develop osteoarthritis 
and complain of pain and stiffness of the joint 
[ 34 ,  35 ]. Due to repetitive hemorrhage, the 
synovium becomes thickened owing to intrasy-
novial fi brous scarring [ 34 ]. The absorption of 
hemosiderin by the synovial membrane leads to 
infl ammation and hypertrophy with pannus for-
mation extending throughout the cartilage into 
the subchondral bone. MR imaging identifi es the 
thickened synovium and hemarthrosis as well as 
subchondral cysts and erosions (Fig.  8.27 ). The 
thickened synovium is best appreciated on post-
contrast T1-weighted images. On gradient-echo 

a b

  Fig. 8.25    Chronic medial collateral bursitis in a 45 year 
old male with advanced medial knee osteoarthritis. Coronal 
proton-density (PD) fat-suppressed image ( a ) and axial 
proton-density (PD) fat-suppressed image ( b ) show the 

presence of fl uid between the superfi cial and the deep lay-
ers of the medial collateral ligament (MCL) ( large arrows  
in  a ,  b ). Note the subchondral edema and the cartilage 
absence in the medial compartment ( small arrows  in  a )       
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a b

  Fig. 8.26    Infectious arthritis in a 32 year old female after 
anterior cruciate (ACL) reconstruction. Sagittal 
T2-weighted fat-suppressed image ( a ) and sagittal 
T1-weighted fat-suppressed postcontrast image ( b ) show 

an abscess of the tibial plateau ( large arrows  in  a  and  b ). 
The synovia is thickened and shows increased enhance-
ment of the synovial membrane in the suprapatellar bursa 
and the pericruciate area ( small arrows  in  a  and  b )       

sequences, blooming artifacts are characteristic 
for the hemosiderin-laden synovium and helpful 
for detection in early phases of the disease [ 36 ]. 
Hemosiderotic synovitis can be found also in 
patients with intrasynovial hemangiomas for 
which the knee joint is the most frequently 
involved site [ 37 ].   

    Arthridities and Metabolic Diseases 
   Gout 
 Gout is a rheumatological disorder characterized 
by urate crystal deposition within the joint. The 
tophi vary from a few millimeters to 5 cm and 
can be localized in the capsule, the synovium, 
the articular cartilage, the subchondral bone, and 
the periarticular soft tissue. In the acute phase, 
there is thickening of the synovia and effusion, 
and the tophi are isointense or hypointense to 
muscle on T1-weighted images and variable low 
to high signal intensity on T2-weighted images 
depending on the edema and granulation tissue 
(Fig.  8.21 ). After repetitive attacks, subchondral 
erosions and small subchondral cysts may be 

seen refl ecting intraosseous deposits of tophi 
[ 38 ]. The most specifi c imaging modality for 
urate deposition is dual-energy CT which can 
confi rm or rule out gout disease with near 100 % 
accuracy [ 39 ].  

   Calcium Pyrophosphate Dihydrate Crystal 
Deposition (CPPD) or Pseudogout 
 Calcium pyrophosphate dihydrate crystal deposi-
tion is the result of crystal deposition in the 
synovium, the cartilage, the menisci, the periar-
ticular tissue, and the intervertebral disk. It can be 
idiopathic or may be associated with other meta-
bolic disorders, including hyperparathyroidism, 
gout, hypomagnesemia, Wilson’s disease, acro-
megaly, hemochromatosis, and  hypophosphatasia 
[ 40 ]. The acute form commonly affects the knee, 
and MR imaging reveals thickening of the 
synovium with calcium deposits, joint effusion, 
and calcifi ed low-signal-intensity loose bodies. In 
the chronic form, MR imaging shows an acceler-
ated form of a destructive arthritis. Cartilage and 
meniscal calcifi cations are better seen on gradi-
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ent-echo sequences because of the blooming arti-
facts. Calcifi cations of low signal intensity on all 

MR sequences are commonly encountered in the 
periarticular soft tissue.  

   Basic Calcium Phosphate Crystal 
Deposition (Hydroxyapatite) 
 Hydroxyapatite deposition is the most common 
deposition disease and most frequently affects the 
shoulder. Crystal deposition may be identifi ed on 
MR imaging due to intra-articular foreign bodies, 
calcifi ed tendons insertions, cartilage destruction, 
and subchondral cysts and erosions. In some cases, 
deposition near the origin or insertion of tendons 
may simulate a malignant bone neoplasm [ 41 ].  

   Amyloidosis 
 Amyloid deposition involves the synovial mem-
brane, which shows focal nodules or bulky masses 
[ 2 ]. Amyloid arthropathy has been well docu-
mented as a complication in long-term  dialysis 
patients and usually occurs at least 5 years after 
treatment [ 12 ]. MR imaging identifi es the nodules 
which have a signal intensity that is in between 
that of cartilage and muscle. Subchondral cysts 
and small erosions are also often present.    

8.2.4     Bursitis 

 Bursitis may be acute or chronic and may be caused 
by local or systemic processes such as trauma, 
overuse, infection, infl ammatory arthropathy, and 
tumors. Thickening of the synovial membrane and 
effusion make the bursa visible on MR images as 
fl uid collections with low signal on T1-weighted 
images and high signal on T2-weighted images in 
acute cases. In chronic cases, the infl amed bursa 
appears as an inhomogeneous mass mainly due to 
thickening, calcifi cations, and hemorrhage [ 3 ]. 
Diffuse infl ammation of the soft tissue in the vicin-
ity of bursitis may be present. Most of the bursae 
around the knee are only visible in pathological 
conditions, and the clinical symptoms and the etiol-
ogy may differ between different bursae (Table  8.4 ). 
However, to establish a correct diagnosis is impor-
tant for the differentiation from other intra- or 
extra-articular disorders and for avoiding unneces-

a

b

  Fig. 8.27    Hemosiderotic synovitis in a 29 year old 
hemophiliac male. Axial proton-density (PD) fat- 
suppressed image ( a ) shows hemarthrosis with double- 
layer appearance. The inferior level is represented by 
cellular debris of intermediate signal intensity ( large 
arrow ). The synovium is thickened owing to intrasynovial 
fi brous scarring ( small arrow ). Sagittal T2-weighted fat- 
suppressed image ( b ) demonstrates a small area of 
hemosiderin- laden synovium ( arrow )       
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   Table 8.4    Etiology and clinical manifestations of bursitis [ 3 ,  42 – 49 ]   

 Etiology of bursitis  Clinical symptoms 

 Suprapatellar bursitis (Fig.  8.28 )  Synovitis, infections, trauma, 
infl ammatory and degenerative 
joint disorders, tumors; isolated 
bursitis is uncommon 

 Anterior knee pain; soft tissue mass 
may be palpated 

 Prepatellar bursitis (Fig.  8.29 )  Overuse injury or trauma; 
occupational kneeling or crawling 
(housemaid’s knee, carpet layer’s 
knee) 

 Focal pain and swelling anterior to 
patella 

 Superfi cial infrapatellar or pretibial 
bursitis (Fig.  8.30 ) 

 Trauma or occupational overuse 
(clergyman’s knee) 

 Pain anterior to tibial tubercle 

 Deep infrapatellar bursitis (Fig.  8.29 )  Extensor mechanism overuse; 
runners and jumpers 

 Anterior knee pain; may mimic 
patellar tendinitis 

 Gastrocnemius-semimembranosus bursa   See  Baker’s cyst   See  Baker’s cyst 
 Iliotibial bursitis  Overuse injury in runners  Anterolateral knee pain; may 

mimic iliotibial tendinitis 
 Lateral collateral ligament-biceps 
femoris bursitis 

 Trauma  Pain and swelling along the lateral 
side 

 Medial collateral bursitis (Fig.  8.25 )  Genu valgum, trauma, 
osteoarthritis, osteophytic spurs, 
rheumatoid disorders, fl atfoot 
deformity; horseback riding, 
motorcycling 

 Pain along the medial side over the 
medial collateral ligament; palpable 
nodule at the medial side of the 
knee 

 Pes anserinus bursitis (Fig.  8.31 )  Rheumatoid arthritis or 
osteoarthritis especially in 
overweight middle-aged to elderly 
women; runners 

 Vague medial knee pain; tenderness 
and swelling along the proximal 
medial tibia; may mimic meniscal 
or medial collateral ligament injury 

 Medial collateral ligament- 
semimembranosus bursitis 

 Repetitive or acute trauma; valgus 
stress 

 Focal pain along the posteromedial 
knee at the level of knee joint 

  Fig. 8.28    Acute suprapatellar bursitis in a 46 year old 
patient with knee arthritis. Axial T1-weighted fat- 
suppressed postcontrast image shows irregular thickening 
and increased enhancement of the synovial membrane 
( arrow )       

  Fig. 8.29    Prepatellar bursitis and deep infrapatellar bur-
sitis in a 56 year old male. Sagittal T2-weighted fat- 
suppressed image shows infl ammation of the deep 
infrapatellar bursa ( large arrow ) and fl uid collection in the 
prepatellar bursa ( small arrow )       
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sary arthroscopy. Within the fl uid accumulation of 
the bursae, loose bodies may be identifi ed. 
Predominant locations are the suprapatellar bursa 
and the gastrocnemius- semimembranosus bursa.

          Adventitial Bursitis 
 In contrast to the inherent anatomic bursae, there 
are also bursae which develop secondarily as a 
result of the increased friction between a normal 
tendon, muscle, or ligament and a pathologic 
point such as osteochondroma. Adventitial 
 bursitis may appear also between orthopedic 
hardware and normal anatomical knee structures.   

8.2.5     Synovial Cysts 

 Synovial cysts are juxta-articular fl uid collections 
lined by synovial cells that may or may not com-
municate with the joint and may extend in any 
direction [ 44 ,  50 ].    The presence of the synovial 
lining allows the distinction from other cystic 
lesion, and its presence makes the disorders that 
affect the knee synovium affect the synovial cysts 
as well (infl ammatory synovitis, metabolic syno-
vitis, hemorrhage, synovial  osteochondromatosis). 

Synovial cysts are often discovered incidentally in 
routine MRI examinations. The most specifi c type 
of synovial cyst is the popliteal (Baker’s) cyst. 

    Popliteal (Baker’s) Cyst 
 The term popliteal cyst refers to the fl uid collec-
tion in the gastrocnemius-semimembranosus 
bursa. The cyst communicates with the knee joint 
and with the medial gastrocnemius bursa. The 
incidence of popliteal cyst on MRI reported in 
the literature ranges from 5 to 38 % and is signifi -
cantly higher in patients over 50 years [ 51 – 54 ]. 
There is a high association between joint effusion 
and osteoarthritis and the popliteal cyst. Several 
internal derangements of the knee coexist with 
popliteal cyst even in the absence of joint effu-
sion [ 52 ]. Tears of the posterior horn of the 
medial meniscus, lateral meniscal tears, bilateral 
meniscal tears, and anterior cruciate ligament 
tears are associated with popliteal cyst [ 3 ]. 
Patients may be asymptomatic or may complain 
with palpable mass in the popliteal fossa, 
 posterior knee pain, calf claudication due to com-
pression of the popliteal artery, or symptoms of 
nerve compression [ 54 ,  55 ]. On MR imaging, 
uncomplicated simple popliteal cyst appears as 
lobulated multilocular hypointense on 
T1-weighted images and hyperintense on 
T2-weighted images fl uid mass between semi-
membranosus and gastrocnemius tendons that 
may extend over a variable distance superiorly or 
inferiorly (Fig.  8.32 ). In the case of complicated 
popliteal cyst, the MR imaging appearance is 
inhomogeneous demonstrating foci of hemor-
rhage and calcifi cations. Rupture of the cyst is 
identifi ed as diffuse fl uid of high signal 
T2-weighted intensity in the surrounding mus-
cles and in the subcutaneous tissue (Fig.  8.33 ).     

8.2.6     Ganglion Cysts 

 Ganglion cysts are tumor-like lesions surrounded 
by a dense capsule of connective tissue and are 
found in locations that are under constant stress. 
They are fi lled with mucoid material because of 
mucoid cystic degeneration in collagenous struc-
tures [ 56 ]. The ganglia are classifi ed into intra- 

  Fig. 8.30    Superfi cial pretibial bursitis in a 36 year old 
female. Sagittal T2-weighted fat-suppressed image shows 
fl uid collection anterior to the tibial tubercle ( arrow )       
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articular, extra-articular, and periosteal ganglia 
[ 3 ]. On MR imaging, they all appear as well- 
delineated rounded mass of hypointensity or 
intermediate signal intensity on T1-weighted 
images, of high signal intensity on T2-weighted 
images (compared to skeletal muscle), and with 
peripheral enhancement on postcontrast fat- 
suppressed T1-weighted images. 

    Intra-articular Ganglion Cysts 
 Intra-articular ganglion cysts are an uncommon 
fi nding (Fig.  8.34 ). A prevalence of 0.2–1.9 % on 
knee imaging or arthroscopy is reported [ 57 – 61 ]. 
They are extrasynovial and intracapsular and 

rarely communicate with the joint. Usually, they 
are associated with the cruciate ligaments, the 
infrapatellar fat pad, and the posterior capsule. 
No association was described with cruciate liga-
ment tears. The clinical symptoms are pain, ten-
derness, limitation of motion, clicking, and 
palpable mass depending on the location [ 58 – 61 ]. 
Mucoid degeneration of the ligaments and gan-
glion cysts likely represents manifestations of the 
same pathology (Fig.  8.35 ) [ 62 ]. The ganglion 
cysts associated with the anterior cruciate liga-
ment are fusiform and tend to extend along the 
ligament, whereas the cysts associated with pos-
terior cruciate ligament or the infrapatellar fat 

a

c

b

  Fig. 8.31    Pes anserinus bursitis in a 47 year old female. 
Coronal proton-density (PD) fat-suppressed image ( a ), 
sagittal T2-weighted fat-suppressed image ( b ), and axial 

proton-density (PD) fat-suppressed image ( c ) show fl uid 
collection in the pes anserinus bursa ( arrows )       
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pad are more often multiloculated (Fig.  8.36 ) 
[ 63 ]. Ganglion cysts within the infrapatellar fat 
pad are most often located anterior to the anterior 
horn of the lateral meniscus.    

 Intraosseous ganglion cysts are located in 
the epiphyses of the bones and are associated 
with mucoid degeneration and ganglion cyst 
of cruciate ligaments [ 62 ]. They are 

a b

  Fig. 8.32    Uncomplicated popliteal or Baker’s cyst in a 
49 year old male. Axial proton-density (PD) fat-sup-
pressed image ( a ) and sagittal T2-weighted fat-suppressed 
image ( b ) show the fl uid collection in the gastrocnemius- 

semimembranosus bursa ( arrows ). Baker’s cyst may 
extend superior or inferior along the semimembranosus 
and gastrocnemius tendons       

a b

  Fig. 8.33    Complicated popliteal or Baker’s cyst in a 
53 year old male. Two axial proton-density (PD) fat-sup-
pressed images ( a ,  b ) show diffuse collection which 

extends distally along the medial gastrocnemius muscle 
( arrows ) suggestive for rupture of the Baker’s cyst       
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 well-delineated unilocular or multilocular 
(Fig.  8.37 ).   

    Extra-articular Ganglion Cyst 
 Extra-articular ganglion cysts may arise from 
joint capsule, tendon sheath, ligaments, muscles, 
or bursae. Although they rarely communicate 
with the joint, the detection of a possible com-
munication is important in planning the surgery 

[ 44 ]. Bone erosions and dissection along the tis-
sue planes may occur [ 44 ,  57 ].  

   Periosteal Ganglion Cyst 
 Periosteal ganglion cysts are very rare, occur 
more frequently in men, and are the result of 
mucoid degeneration of the periosteum [ 3 ]. They 
produce erosions and reactive periosteal reaction 
with symptoms such as pain and swelling 

a

c

b

  Fig. 8.34    Popliteal ganglion cyst in 71 year old female. 
Sagittal proton-density (PD)image ( a ), sagittal 
T2-weighted fat-suppressed image ( b ) and coronal 

T1-weighted image ( c ) show an intraarticular lobulated 
and septate cystic mass located in the popliteal fossa 
( arrows )       
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[ 64 ,  65 ]. The most common location is in close 
proximity of the pes anserinus, in the proximal 
tibial shaft [ 64 ,  65 ].   

8.2.7     Synovial Plica Syndrome 

 Plica syndrome is defi ned as a painful impair-
ment of knee function in which the only fi nding 
is the presence of thickened plica [ 4 ]. The plica 
syndrome is a rather obscured and unappreciated 
pathological entity [ 66 ]. Trauma, a sudden 
increase in athletic activity, synovial foreign bod-
ies, or any form of synovitis may lead to infl am-
mation of synovial plica. The result is fi brosis 
and thickening of the synovial fold that may 
impinge against intra-articular structures, often 
creating localized cartilage pathology of the 
 femoropatellar joint [ 66 ]. These result in pain, 
snapping, or pseudolocking during knee fl exion. 
The infrapatellar and the mediopatellar plica syn-
dromes are the most common. A symptomatic 
plica may be palpable especially when the hyper-
trophied plica resembles a soft tissue mass [ 67 , 
 68 ]. Because of the anterior pain, especially in 
the mediopatellar plica syndrome, the symptoms 
may mimic the clinical fi ndings of a medial 

a b

  Fig. 8.35    Mucoid degeneration of the Wrisberg ligament 
in a 43 year old male. Sagittal proton-density (PD) image 
( a ) and coronal proton-density (PD) fat-suppressed image 

( b ) show a ganglion cyst of the Wrisberg ligament 
( arrows ) resulting from mucoid degeneration of the 
ligament       

  Fig. 8.36    Ganglion cyst of the anterior cruciate ligament 
(ACL) in a 53 year old female. Sagittal proton-density 
(PD) image shows a fusiform ganglion cyst of the anterior 
cruciate ligament ( arrow )       
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meniscus tear [ 4 ]. Pathological plica appears on 
MR images as a thickened low-signal band or a 
small mass and is easily identifi ed especially 
when joint fl uid is present (Fig.  8.13 ). In chronic 
cases, cartilage damages or erosions may be seen 
in the femoropatellar joint. For any form of plica 
syndrome, a conservative treatment should be 
considered as the fi rst choice especially in young 
patients.  

8.2.8     Synovial Tumor-Like Lesions 
and Synovial Tumors 
(Table  8.5 ) 

      Synovial Osteochondromatosis 
  Primary synovial osteochondromatosis  is an 
uncommon benign synovial disorder characterized 
by formation of round metaplastic cartilaginous 
subsynovial nodules or osseous loose bodies in 
joints, tendon sheaths, or bursae. The nodules may 
contain calcifi cations, cartilage and bone, or only 
cartilage (synovial chondromatosis) [ 69 – 71 ]. 
There is no association between synovial osteo-
chondromatosis and previous trauma, and the knee 
is the most affected joint. Clinically it manifests 

with pain, swelling, and limitation of motion [ 72 ]. 
Osteochondromatosis appears on MR imaging as 
soft tissue mass with internal nodules variable in 
size (from 2.0 mm to 1.0 cm). The presence of 
joint effusion is a typical sign in all forms of osteo-
chondromatosis. The nodular lesions that are 
exclusively cartilaginous are hypointense or isoin-
tense to the muscle on T1-weighted images and of 
high signal on T2-weighted images. Uncalcifi ed 
lesions are sometimes diffi cult to distinguish from 
the joint effusion on unenhanced images, but on 
postcontrast fat-suppressed T1-weighted MR 
images, the nodules show enhancement and are 
easy to differentiate from the synovial fl uid. The 
presence of calcifi cations or bone within the nod-
ules leads to an inhomogeneous MRI appearance 

a b

  Fig. 8.37    Intraosseous ganglion cysts in a 49 year old 
male. Sagittal T2-weighted fat-suppressed image ( a ) and 
axial proton-density (PD) fat-suppressed image ( b ) show 

an intraosseous cystic lesion of the proximal tibial epiphy-
sis ( arrows )       

   Table 8.5    Classifi cation of synovial tumor-like lesions 
and synovial tumors   

 Benign  Malignant 

 Synovial osteochondromatosis  Synovial sarcoma 
 Pigmented villonodular 
synovitis (PVNS) 

 Synovial 
chondrosarcoma 

 Localized nodular synovitis  Metastases 
 Lipoma arborescens 
 Synovial hemangioma 
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with low-signal- intensity foci (calcifi cations) or 
high-signal- intensity lesion on T1-weighted 
images showing signal suppression on fat-satu-
rated images (fatty marrow in bony lesions) 
(Fig.  8.38 ) [ 73 ]. Subchondral erosions may also 
be seen but typically in more aggressive forms of 
the disease. Intra-articular cartilaginous or osse-

ous loose bodies with joint effusion and hypertro-
phy of synovial membrane may be seen in 
idiopathic epiphyseal osteonecrosis, osteochon-
dral fracture, and osteochondritis dissecans. This 
particular condition is referred by some authors as 
 secondary synovial osteochondromatosis with 
loose bodies  [ 74 ].   

a b

c d

  Fig. 8.38    Primary synovial osteochondrosarcoma in a 
55 year old male. Sagittal proton-density (PD) image ( a ) 
shows an intraarticular well delineated mass ( large arrow ) 
in the infrapatellar fat pad. The lesion is highly inhomoge-
neous with a large amount of calcifi ed cartilage ( small 
arrow ). After contrast administration, sagittal ( b ) and 

axial ( c ) T1-weighted fat-supressed images show 
 inhomogeneous enhancement  ( arrows  in  a  and  b ). CT 
image ( d ) demonstrates the calcifi ed cartilage within the 
tumor ( arrows  in  g ). A defi nite differential diagnosis 
between osteochondrosarcoma and osteochondroma is 
practically imposible based only on the imaging fi ndings       
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   Pigmented Villonodular Synovitis 
(PVNS) 
 Pigmented villonodular    synovitis is a benign 
slow-growing proliferative disorder that pro-
duces localized or diffuse nodular thickening of 
the synovial membrane. The disease is locally 
invasive, and the localized intra-articular form 
occurs almost exclusively in the knee [ 26 ]. The 
diffuse intra-articular form usually affects the 
large joint, most commonly the knee and hip 
[ 26 ]. Hemosiderin deposition is common in all 
forms of disease, but the extent of hemosiderin is 
much more prominent in diffuse intra-articular 
forms [ 75 ]. The disease may also occur extra- 
articularly in a bursa (pigmented villonodular 
bursitis) or tendon sheath (pigmented villonodu-
lar tenosynovitis) [ 75 ]. The disease affects males 
and females equally, and the age of presentation 
is between the second and fi fth decade of life. 
The patients complain of acute episodes of pain 
and swelling and functional mechanical symp-
toms like locking and catching. In the focal or 
nodular form of PVNS, MR imaging may reveal 
low-signal-homogeneous-intensity solitary mass 
on T1-weighted images with moderate contrast 
enhancement. Small hyperintense T1-weighted 
of xanthomatous foci may be also present. On 
T2-weighted images, the nodules are inhomoge-
neous low signal intensity as a result of hemosid-
erin deposit (Fig.  8.39 ). In the diffuse form of the 

disease, MRI shows heterogeneous diffuse 
plaque-like thickening with villonodular appear-
ance of intermediate to low signal intensity on 
T1-weighted images, low signal intensity on 
T2-weighted images, and hyperintense on 
T1-weighted postcontrast images. Associated 
large joint effusion is common, but the cartilage 
is preserved and subchondral erosions may be 
seen only in late phases. Although, the defi nitive 
diagnosis is made by biopsy, the MR imaging 
fi ndings are virtually pathognomonic for pig-
mented villonodular synovitis [ 76 ].   

   Localized Nodular Synovitis (Synovial 
Giant Cell Tumor) 
 Localized nodular synovitis (synovial giant cell 
tumor) is a benign neoplasm characterized his-
tologically by proliferating histiocytes bearing 
lipids and hemosiderin with a variable number 
of multinuclear giant cells [ 77 ]. The knee is the 
preferred synovial joint affected, and patients 
may complain with anterior knee pain, meniscal 
symptoms, and locking [ 77 ,  78 ]. MR imaging is 
the best diagnosis tool and shows a mass lesion 
of low or intermediate high signal intensity on 
T1-weighted images, intermediate or moderate 
high signal intensity on T2-weighted images, 
and moderate enhancement on postcontrast 
T1-weighted images (Fig.  8.40 ). On gradient- 
echo MR images, blooming artifacts may appear 

a b

  Fig. 8.39    Intra-articular pigmented villonodular synovi-
tis in a 50 year old female. Sagittal proton-density (PD) 
image ( a ) and coronal proton-density (PD) fat-suppressed 
image ( b ) show a low-signal inhomogeneous solitary 

mass in the posterior synovial recess ( arrows ). Note the 
low signal intensity of hemosiderin deposition which is 
prominent in the intra-articular forms compared with the 
extra-articular forms       
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  Fig. 8.40    Localized nodular synovitis (synovial giant 
cell tumor) in a 21 year old female. Sagittal T2-weighted 
fat- suppressed image ( a ) and sagittal proton-density (PD) 

image ( b    ) show a mass lesion of low signal intensity 
located into the infrapatellar fat pad ( arrows )       

because of the presence of hemosiderin. The 
lesion is most commonly located within the 
infrapatellar fat pad and suprapatellar bursa.   

   Lipoma Arborescens (Villous 
Lipomatous Proliferation 
of the Synovial Membrane or Diffuse 
Synovial Lipoma) 
 Lipoma arborescens is one of the rarest benign 
synovial disorders and is characterized by fatty 
infi ltration of the synovial membrane. It affects 
preferentially adult men [ 74 ]. The lesions can be 
multifocal and bilateral and can appear as high-
signal- intensity fatty intra-articular mass on T1- 
and T2-weighted images (see Fig.   7.34    ). The 
synovial membrane is usually infl amed and 
enhances after contrast administration.  

   Synovial Hemangioma 
 Synovial hemangioma is vascular malformation 
that affects mainly children and young adults 
[ 79 ]. The lesion may be localized or diffuse and 

it manifests with pain and swelling. MR imaging 
may show an isointense T1-weighted to muscles 
lesion with dilated, tortuous vessels with signal 
fl ow void. The lesion enhances variably after 
contrast administration. Synovial hemangiomas 
may bleed and the MR imaging fi ndings in these 
cases mimic hemosiderotic synovitis.  

   Synovial Sarcoma 
 Synovial sarcoma accounts for approximately 
5 % of all soft tissue sarcomas with the vast 
majority representing secondary involvement by 
the tumor from immediate structures of the joint 
[ 80 ,  81 ]. One third of the cases occur in the lower 
extremity and are the most common soft tissue 
malignancy of the lower extremity in the 6- to 
25-year age range [ 81 ]. The knee joint is the most 
common involved joint (88 %) [ 82 ]. There is a 
lack of specifi c fi ndings on MR imaging that 
makes this entity to be considered in the differen-
tial diagnosis if imaging fi ndings are not specifi c 
for another entity [ 82 ]. Usually, the tumor appears 
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as a cystic inhomogeneous well- delineated lobu-
lated and septated mass with peripheral and sep-
tal enhancement [ 83 ,  84 ]. The tumor is in the 
proximity of the joint or within the joint and may 
be in contiguity with the bone or invading the 
bone [ 85 ]. Other MR imaging fi ndings include 
calcifi cations, foci of hemorrhage, fl uid-fl uid lev-
els, and the triple signal intensity appearance 
[ 85 ]. Calcifi cations are usually seen on radio-
graphs and are present in up to 32 % of the cases 
[ 86 ]. The triple signal intensity appearance is 
seen on T2-weighted images and is defi ned by 
the presence of hyperintense, isointense, and 
hypointense lesions relative to the fat signal 
intensity translating the mixture of solid, cystic, 
fi brous, and hemorrhagic content [ 85 ].  

   Synovial Chondrosarcoma 
 Synovial chondrosarcoma is extremely rare and 
is not clear whether arises de novo or from malig-
nant degeneration of synovial osteochondroma-
tosis [ 79 ]. The MRI appearance is similar to 
synovial osteochondromatosis, and, therefore, 
there are no reliable distinguishing MRI fi ndings 
between the two entities (Fig.  8.38 ). Distant 
metastases usually appear in the lung [ 87 ].  

   Synovial Metastases 
 Lung cancer is the most common cancer that 
metastasizes in the joints, and the knee joint is 
most frequently affected [ 88 ]. The result is a met-
astatic arthritis that can involve all structures of 
the knee joint: the synovium, cartilage, and bone. 
The diagnosis is made with biopsy or cytology of 
the joint effusion [ 79 ,  88 ].    

8.3     MRI Impression 

     1.    Joint effusion (within suprapatellar bursa, 
within recesses, within popliteal tendon sheath)   

   2.    Hemarthrosis   
   3.    Lipohemarthrosis (usually indicator of bone 

fracture)   
   4.    Intra-articular bodies (specify the origin of 

the bodies):
•    Cartilage  
•   Bone  
•   Osteochondral fragment  

•   Small nodules (in infl ammatory synovitis)  
•   Tophi in gout  
•   Small hyaline cartilage (primary synovial 

osteochondromatosis)  
•   Scattered nodules with “blooming” arti-

facts (pigmented villonodular synovitis or 
hemophilic arthropathy)  

•   Metallic foreign bodies (correlation with 
clinical history)  

•   Intra-articular gas      
   5.    Synovitis (thickness >2–3 mm)

•    Infl ammatory (associated bone marrow 
edema, erosions)  

•   Osteoarthritis (associated cartilage loss, 
subchondral cysts)  

•   Synovial thickening, bone marrow edema, 
erosions suggesting infectious synovitis  

•   Hemosiderotic synovitis  
•   Synovitis with crystal deposition (gout, 

calcium pyrophosphate dehydrate crystal 
deposition, hydroxyapatite)  

•   Amyloid deposition      
   6.    Bursitis (location of the involved bursa)

•    Complicated bursitis (loose bodies, calci-
fi cations, hemorrhage, soft tissue 
infl ammation)      

   7.    Adventitial bursitis – specify the cause of 
bursitis (osteochondroma, orthopedic 
hardware)   

   8.    Synovial cyst (location)
•    Uncomplicated  
•   Complicated (loose bodies, calcifi cations, 

hemorrhage, rupture, nerve or artery 
compression)      

   9.    Ganglion cyst (intra-articular/extra-articular/
periosteal)   

   10.    Synovial plica thickening (suprapatellar, 
infrapatellar, mediopatellar, lateral patellar)   

   11.    Synovial mass (correlated with clinical 
history)
•    Osteochondromatosis  
•   Pigmented villonodular synovitis  
•   Localized synovitis  
•   Lipoma  
•   Hemangioma  
•   Sarcoma  
•   Chondrosarcoma  
•   Metastases            
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