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Bones and Cartilage



• Normal and abnormal bone marrow

• In adults the bone marrow is largely composed of 
fat.
Normal islands of red marrow may produce 
confusing images.
Red bone marrow can be pronounced in young 
women, cigarette smoking, high altitude, 
hemoglobinopathy or for no reason at all.



• Patient with leukemia and abnormal bone marrow

• Case on the left shows abnormal bone marrow.
On T1W the signal intensity is lower than muscle.
On T2W-images the signal is very bright.
The abnormal signal comes into the epiphysis. 



• Another case with abnormal marrow.
In this case the marrow is too dark on T1 and T2 due 
to iron deposition in the marrow after many blood 
transfusions in a patient with hemosiderosis.



Avascular Necrosis
The most common marrow abnormality is Avascular
Necrosis (AVN).
Some people will say 'AVN, Osteochondrosis Dissecans
and Stress fracture all look the same'.
There is however a distinct difference.
AVN has the following features:
1. Focal abnormality is subchondral and originates in 
the bone.
2. Normal cartilage (until it collapses).
3. Wedge shaped marrow edema due to bone 
infarction.



• Avascular Necrosis: fluid underneath the cartilage just like a 
crescent sign on a X-ray. Cartilage is normal.



• The wedge-shaped pattern of bone marrow edema is just the 
same as any other infarction in the body i.e. liver infarction or 
kidney-infarction.



Insufficiency fracture

Acute onset of medial joint pain.
There is diffuse marrow edema on T2W-image.
On T1W-image the focal abnormality is not directly 
subchondral.
The abnormality on the T1 is more inside the edema.
On the T1W-image a dark line is visible indicating a 
insufficiency fracture.
This patient will get better with no weight bearing.





• On the left another patient with knee pain after trauma.

There is some effusion but otherwise the x-rays are normal 



• In the same patient the MRI shows an obvious tibiaplateau
fracture.
The point is that any patient who is unable to bear weight in 
the hip, knee or ankle with normal X-rays needs another 
study.



Spontaneous Osteonecrosis of knee(SONK)/ 
Subchondral insufficiency fracture of knee(SIFK)

• Subchondral fracture 
followed by 
osteonecrosis

• MRI- Subchondral
linear component 
representing fracture 
with low signal 
intensity and  
surrounding marrow 
edema with high signal 
intensity





The axial proton density image with fat saturation shows loss of patellar 
articular cartilage focally at the median ridge and adjacent medial and lateral 
facets (long arrows). There is no articular cartilage loss at the lateral trochlea
(short arrow). At the medial trochlear region (arrowhead), the intermediate 
signal represents pre-femoral fat pad, mimicking articular cartilage. The 
trochlear cartilage normally extends further proximally at the lateral aspect .



The sagittal proton density image with fat saturation, obtained near trochlear
midline, illustrates the moderate (partial-thickness) articular cartilage loss, with 
subarticular bone marrow edema (arrow).  At the trochlear aspect, the prefemoral
fat pad (arrowhead) contacts the patella. 



On coronal proton density image with fat saturation, mild (partial-thickness) 
articular cartilage loss is shown  in the medial compartment, femoral aspect 
(arrow). The vague region of signal loss at the lateral tibial plateau articular
cartilage (arrowhead) is artifactual. The menisci are normal. 



Sagittal T1-weighted  and STIR  images demonstrate well-defined subchondral bone 
marrow lesions in OA with subchondral cysts and marrow edema at the 
patellofemoral compartment (arrows), severe (full-thickness) articular cartilage loss, 
and osteophyte formation. 



Coronal T1-weighted image demonstrating marginal osteophytes (arrows) in 
a patient without articular cartilage loss at the medial and lateral 
compartments. 







• Osteochondritis Dissecans

• The diagnosis Osteochondritis Dissecans is usually 
made on X-rays.
The question for MRI is whether it is stable or 
unstable.
The case  is unstable for two reasons:
- small cysts at the base of the lesion (red arrow)
- even more important is fluid at the base of the lesion 
(blue arrow)
Notice that this layer of fluid is different from AVN 
where the fluid is between the cartilage and the bone



• Unstable Osteochondritis Dissecans



• Unstable Osteochondritis Dissecans. The only helpfull sign for 
the diagnosis unstable OD is the fluid (yellow arrow) not the 
edema nor the break in the osteochondral surface (green 
arrow).



• The case on the left shows a OD with bone marrow 
edema and a break in the osteochondral surface.
But since there is no fluid we cannot tell if this is 
stable or unstable.
At operation the OD was found to be stable

•



A proton density-weighted fat-suppressed coronal image demonstrates a fluid 
signal-intensity line (arrows) at the base of the osteochondral lesion of the 
medial femoral condyle, compatible with unstable OCD. 





Chondromalacia patella

• Inflammation of underside of patella and

softening of cartilage.

• Common in young adults, can mimic meniscal tear



Grade MRI finding

I Focal signal intensity changes without contour deformity (difficult 
to assess on MRI)

II Focal signal intensity change and contour bulge (partial thickness)

III Focal signal intensity change, contour irregularities, cartilage 
thinning and fluid extension into cartilage (full thickness)

IV Similar to stage III with defects extending to the cortical bone 
(with subchondral bony changes)



Normal                                               GradeII Grade II



Grade IVGrade III



Pigmented villonodular synovitis

• Pigmented villonodular synovitis (PVNS) is a benign 
proliferative synovial lesion of uncertain etiology.

• PVNS is typically mono-articular, and the knee is the most 
commonly affected joint.

• Affected patients may be of any age, though the process is 
most often seen in the 3rd and 4th decades.

• Patients initially present with painless swelling that may 
mimic a joint effusion. Over time, pain develops, but is mild 
relative to the degree of swelling within the joint. Limitation 
of motion and hemorrhagic joint effusions may also be 
present.



• On MR images, PVNS is identified by multiple, 
lobulated intraarticular soft tissue masses. The lesions 
generally have intermediate to low signal intensity on 
both T1 and T2 weighted images. PVNS lesions tend to 
bleed, resulting in characteristic deposition of very low-
signal intensity hemosiderin. Hemosiderin is best 
displayed at high magnetic field strength and with 
gradient-echo techniques, which accentuate the 
magnetic susceptibility effects of hemosiderin. When 
present, erosion into bone or adjacent soft-tissue 
structures such as the patellar tendon is well 
demonstrated with MR.



• A T1-weighted sagittal image reveals extension of the 
process into the patellar tendon (arrow).

• The proton density-weighted axial image with fat-
suppression, osseous erosion into the patella (arrow) is 
also evident. 



• A T1-weighted sagittal image 
reveals a solitary infrapatellar
soft-tissue mass, compatible 
with localized nodular 
synovitis (arrow).

The lesion is well defined and 
contains low signal intensity 
indicating hemosiderin
(arrow) on the proton 
density-weighted axial view. 



Villous lipomatous proliferation of the synovial 
membrane (lipoma arborescens)

• Lipoma arborescens is a “lipoma-like” benign villous proliferation of 
synovium with replacement of the subsynovial connective tissue by 
mature fat cells. It is not a neoplasm, but rather thought to be a 
nonspecific reactive response to chronic synovial irritation, whether 
from mechanical or inflammatory insults.

• Patients are typically in the 5th – 7th decades, but lipoma
arborescens also occurs in young patients with chronic arthritis. 

• Lipoma arborescens is nearly always associated with underlying 
degenerative joint disease, chronic rheumatoid arthritis or prior 
trauma. An effusion is typically present, and can be produced by the 
lesion or from the underlying arthritis.  



• Lipoma arborescens, gross appearance. Frond-like fatty synovial villi
project into a joint distended by effusion. The villi are variable in 
size. The suprapatellar recess of the knee is the most common 
location.



• A sagittal T1-weighted image 
demonstrates a large primarily fat-
signal mass-like area (yellow arrows) 
filling much of the suprapatellar bursa. 
The innumerable individual villi are 
small in this case, with small quantities 
of interposed fluid, creating a feathery 
appearance

An area posterior to the infrapatellar fat pad 
which resembles fluid on the T1-weighted 
sequence has intermediate signal on the sagittal
PD FS sequence, compatible with an area of 
hypertrophic synovium little or no fat deposition 
(red arrows). When lipoma arborescens develops 
in patients with chronic synovitis, patients also 
often have such areas of synovial thickening 
without fat deposition.



• Same patient- Axial PD FS MR image showing 
the large feathery-appearing lipoma
arborescens filling the suprapatellar recess. 



Primary Synovial Chondromatosis
(Reichel Syndrome)

• Synovial chondromatosis is a rare, monoarticular benign process 
characterized by hyaline cartilaginous bodies proliferating in 
subsynovial tissue and detaching as a collection of numerous 
chondral bodies in a joint or less commonly in bursae or tendon 
sheaths. 

• 70-95% of the bodies undergo mineralization and may eventually 
undergo ossification.

• It is typically a self-limiting process, however, it may recur locally 
and rarely undergo malignant transformation.

• Imaging plays a key role in the diagnosis and management as the 
clinical presentation is non-specific and laboratory tests do not 
exist. Pathology may simulate chondrosarcoma making the MRI 
characteristic features vital to the correct diagnosis and 
management of these patients.



• Gross pathology photographs of primary synovial 
chondromatosis nodules: “Knee arthrotomy. Innumerable 
nodules of glistening blue hyaline cartilage are 
demonstrated throughout the synovial surface.



• Secondary synovial chondromatosis is more common than 
the primary form and presents in the setting of chronic 
pathology of the joint either secondary to a mechanical or 
an arthritic process leading to formation of loose chondral
bodies.

• It is more commonly seen in the knee, hip or shoulder in 
the setting of osteoarthritis, trauma, inflammation, 
osteonecrosis or neuropathy and found in patients who are 
older than patients with primary disease.

• The bodies arise from loose hyaline cartilage implanting in 
synovium and inducing synovial metaplasia. The 
subsequent metaplastic chondral bodies that accumulate in 
the joint tend to be fewer in number and more variable and 
larger in size suggesting various times of origin.

• Several concentric rings of calcification may be seen in 
secondary synovial bodies as opposed to the more typical 
‘ring and arc’ pattern of chondroid calcification seen in 
primary synovial chondromatosis. 



• A plain film radiograph  demonstrates the typical ‘ring and arc’ (green arrow) 
pattern of mineralization seen in numerous uniform shape and sized bodies in the 
popliteal cyst and is pathognomonic for primary synovial chondromatosis. Note 
the preservation of cartilage and relative lack of chronic pathology in the joint as is 
typical for primary synovial chondromatosis. 



• A sagittal fat suppressed proton density-weighted (a), sagittal T1-weighted (b)  
images of the knee demonstrate a moderate sized joint effusion containing 
numerous uniform shape and size bodies (red arrows). Several areas of nodular 
coalescence are noted (white arrows) and a small mechanical erosion is seen at 
the posterolateral tibial plateau (orange arrow) fat signal foci (purple arrow) 
consistent with mineralization 



• axial fat suppressed proton density-weighted  and sagittal proton density-
weighted  sequences of the knee demonstrate multiple varying size intra-
articular bodies (red arrows), with areas of nodular coalescence and 
varying degrees of central signal void as well as a large ossified body 
(yellow arrow). There is moderate osteoarthritis in the joint.



Traumatic knee 

Transient lateral patellar dislocation
• The pattern of bone bruising seen in a transient lateral patellar 

dislocation is easy to understand if one considers the mechanism of 
injury. 

• The injury typically occurs from a twisting event with the knee in 
mild flexion (less than 30°). The patella becomes unstable and 
undergoes a transient, violent lateral displacement.

• During this dislocation phase of injury, shearing forces can damage 
the articular surfaces of either the patella or the lateral femoral 
condyle.

• With knee extension and subsequent reduction, the patella 
bounces back into position and in doing so, the medial patella 
impacts against the non-weightbearing anterolateral aspect of the 
lateral femoral condyle, resulting in the characteristic marrow 
edema pattern. 



• A fat-suppressed proton density-weighted coronal image 
following patellar dislocation reveals the classic lateral 
condylar bone bruise (arrow). Edema is also present 
medially in the region of the MPFL and medial retinaculum
(arrowheads). 



• An axial fat-suppressed T2-weighted image reveals numerous typical findings of 
recent lateral patellar dislocation. The patella remains laterally shifted (blue arrow) 
and an osteochondral injury of the medial patella (arrowheads) is apparent. 
Edema and thickening compatible with tears of the MPFL and medial retinaculum
(red arrows) are apparent both anteriorly and posteriorly. A bone bruise of the 
lateral femoral condyle (asterisk) and an abnormally shallow trochlear groove (red 
line) are also indicated. 



Intercondylar tibial eminence fracture.
• The intercondylar tibial eminence fracture is one of the 

most common knee fractures in children and is usually seen 
between the ages of 8 and 14 years.

• It is typically caused by forceful hyperextension or a direct 
blow upon the distal femur with the knee in flexion. The 
increased tension on the ACL will typically result in 
stretching or partial tearing of the ACL before the tibial
eminence fractures. 

• The fracture could be nondisplaced or displaced, 
comminuted or non-comminuted, and occasionally involves 
the posterior portion of the intercondylar eminence, 
especially in adults. 

• There is a high incidence of injury to other structures of the 
knee joint such as the menisci, capsule, collateral 
ligaments, or articular cartilage in adults.



• The tibial eminence is located between the 
articular surfaces of the medial and lateral tibial
plateaus and includes the footprint for the ACL. In 
skeletally immature individuals, the collagen 
fibers of the ACL blend from ligament to 
perichondrium to epiphyseal cartilage, as 
opposed to adults where the ACL inserts directly 
into bone by Sharpey’s fibers. This difference is 
thought to result in failure of the incompletely 
ossified tibial eminence in children and 
adolescents with knee injuries. 



• Classification
• Intercondylar eminence fractrues are commonly 

classifed according to the Meyers and McKeever
classification system  as follows:

• Type I - Minimal displacement of the avulsed fragment, 
with excellent bony apposition

• Type II - Displacement of the anterior third or half of 
the affected bone (with intact posterior hinge), with a 
beaklike deformity appearing on the lateral radiograph

• Type III - Fragment of bone completely separated from 
its bone bed in the intercondylar eminence, without 
bony apposition

• type IV fractures -displacement with a comminuted
avulsed fragment.



• T1-weighted sagittal image of the knee of a 10 year-old boy with a 
type II fracture demonstrates elevation of the avulsed tibial
eminence anteriorly (arrowheads). There is entrapment of a portion 
of Hoffa's fat pad (asterisk) underneath the fragment. 



• A comminuted, displaced tibial eminence fracture consistent with a type 
IV injury in an adult shown on a coronal T2-weighted image. The 
fragments (asterisks) are elevated and are no longer in contact with the 
underlying bone. Note that the anterior root of the lateral meniscus 
inserts onto one of the fragments (arrowhead), which could make fracture 
reduction more difficult. Concomitant injury includes a medial collateral 
ligament sprain (arrows). 



Posteromedial corner injury of the 
knee.

• The posteromedial corner of the knee (PMC) is 
comprised of the structures between the 
posterior border of the superficial medial 
collateral ligament (SMCL) and the medial border 
of the posterior cruciate ligament (PCL). This 
includes the posterior oblique ligament (POL), 
semimembranosus tendon (SM), the oblique 
popliteal ligament (OPL) and the posterior horn 
of the medial meniscus (PHMM). The medial 
head of the gastrocnemius also provides support. 



• An axial fat-suppressed proton density-weighted image in a 13 year 
old following a fall with twisting reveals soft tissue thickening and 
edema throughout the region of the POL (arrows). The low signal 
intensity SMCL (arrowhead) is visible anterior to the region of the 
POL. Marrow edema (asterisk) is visible within the medial femoral 
condyle as well. The medial gastrocnemius tendon (MG) and the 
semimembranosus tendon (SM) are unaffected. 



• Axial and coronal fat-suppressed proton density images in a 
15 year-old with medial pain demonstrate avulsive marrow 
edema within the medial epicondyle (asterisks), at the 
expected attachment site of the POL. There is edema and 
soft tissue thickening in the region of the POL (arrows). 



Tibial plateau fracture

• Tibial plateau fractures were originally termed a 
bumper or fender fracture but only 25% of tibial
plateau fractures result from impact with automobile 
bumpers.

• The most common mechanism of injury involves axial 
loading, e.g. fall from a significant height. In younger 
patients, the most common pattern of fracture is 
splitting, while in older, more osteoporotic patients, 
depression fractures typically are sustained

• Fractures of the lateral plateau are much more 
common than the medial plateau.

http://radiopaedia.org/articles/tibial-plateau


• Schatzker classification system is one method of classifying tibial plateau 
fracturesand splits the fracture into six types.

• Schatzker I: is a wedge-shaped pure cleavage fracture of the lateral tibial
plateau, originally defined as having less than 4 mm of depression or 
displacement

• Schatzker II: split and depression of the lateral tibial plateau, type I 
fracture with a depressed component

• Schatzker III: pure depression of the lateral tibial plateau
– divided into two subtypes

• Schatzker IIIa: those with lateral depression
• Schatzker IIIb: those with central depression

• Schatzker IV: pure depression of the medial tibial plateau, without a 
fracture fragment

• Schatzker V: involving both tibial plateau regions
• Schatzker VI: fracture through the metadiaphysis of the tibia

http://radiopaedia.org/articles/tibial-plateau-fracture


• Type I fracture in a 12-year-old boy who experienced trauma to the 
lateral knee.  Coronal proton-density–weighted MR image shows a 
lateral tibial plateau fracture. Sagittal T2-weighted MR image shows 
an indistinct anterior cruciate ligament (ACL) with increased signal 
intensity (arrow), a finding compatible with a partial tear.



• Coronal T2-weighted MR image shows 
depression of the tibial articular cartilage



• Type IIIB fracture in an 18-year-old man who fell and twisted his knee. 
Coronal proton-density–weighted MR image shows a compression 
fracture of the intercondylar eminences and the central aspect of the 
lateral tibial plateau, a type IIIB fracture. (d) Sagittal T2-weighted MR 
image shows an associated avulsion injury of the ACL (arrow). 




