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John A. Carrino, M.D., M.P.H.



MARROW: 
Normal MR Imaging

• Red (Hematopoietic)
– T1 = muscle (except in neonates)
– T2 > muscle & <fat

• Yellow (Fatty)
– short T1 & long T2
– isointense to sub-Q fat (< T2)

• SI reflects underlying composition

FAT H2O PROTEIN

Red(Hematopoietic) 40% 40% 20% 

Yellow(Fatty) 80% 15% 5%

T1-WI

T2-WI



MR Imaging Techniques

• Fluid Sensitive 
Sequences 
– STIR (short tau

inversion recovery)
– FSE T2-weighted

• spectral fat 
suppression

• T1-weighted
– CSE 

• Chemical-Shift 
Imaging (opposed 
phased) 

• DWI (Diffusion 
Weighted Imaging)

• MR spectroscopy



Bone Marrow Bone Marrow Edema (BME)

• Nonspecific response to injury or xs stress
• Patho-physiology (ECF)

– hypervascularity & hyperprefusion (hyperemia)
– inflammatory infiltrate � resorption
– granulation (fibrovascular) tissue
– Adaptive/Reactive � biomechanical (Wolfs Law)

• Patho-etiology  (# of causes are legion)
• SI varies with amount of extracellular H20
• Enhancement with contrast irrespective of 

etiology



MARROW EDEMA DDXMARROW EDEMA DDX

• ARTIFACTUAL

• TRAUMATIC
– Acute
– Chronic

• BIOMECHANICAL

• CONGENITAL/ 
DEVELOMENTAL

• VASCULAR

• NEOPLASTIC

• INFLAMMATORY
• NEUROPATHIC

• METABOLIC
• DEGENERATIVE

• IATROGENIC
• IDIOPATHIC



OCCULT INJURIESOCCULT INJURIES

• Acute history of trauma
– significant signs & symptoms 
– high index of suspicion

• Radiography
– negative or indeterminate

• more sensitive techniques for FX detection
– bone scintigraphy (FNs in elderly (< 72 hrs)
– MR (equisensitive & more specific than BS)



TibialTibial Plateau Occult FXPlateau Occult FX



TALUS FXs







Sanders TG, Ptaszek AJ, Morrison WB. Fracture of the lateral process of the talus: 
appearance at MR imaging and clinical significance. Skeletal Radiol. 1999 Apr;28(4):236-9.



CONTUSIONSCONTUSIONS

• “BONE BRUISE”
• Microtrabecula FXs 
• no FX line
• Pattern may be clue or secondary sign 

of ligament/tendon injury
• Often subarticular from osteochondral 

impaction



Patellar DislocationPatellar Dislocation



Snearly WN, Kaplan PA, Dussault RG. Lateral-compartment bone contusions in 
adolescents with intact anterior cruciate ligaments. Radiology. 1996 Jan;198(1):205-8.





ATFL sprain with contusionATFL sprain with contusion



LOWER EXTREMITY LOWER EXTREMITY 
BIOMECHANICS: WalkingBIOMECHANICS: Walking

• Coordinated movement 
• Bone - rigid stabilizer (rotation)
• Joints – stability 20 configuration
• Ligaments – restrain rotation & 

translation
• Muscle – active stabilizers



LOWER EXTREMITY LOWER EXTREMITY 
BIOMECHANICS: WalkingBIOMECHANICS: Walking

• Remarkable consistency within an individual

• Distinct differences among individuals
• Complex task

• Energy conserved by 
– minimizing change in center of gravity

– controlling momentum (u)
– transferring energy between body segments



• Law of tensile strength
• bone stress response similar to other  

structural materials (metal, wood, ceramics & 
plastic)

• as stress loading force increases � deformity 
on structure also increases

 Wolff J, Uber die theorie des Knochenschwundes durch vermehrten Druck and
der Knochenanbildung durch Druckenlastung, Archiv fur klinische 
Chirurgie(1891) 42



• Elastic (temporary 
deformity)

• Plastic (permanent 
deformity)
– inc # microFxs � cortical 

cracks � progress
– propagated by subcortical

infractions

• FX (complete)

Daffner RH, Pavlov H. Stress Fractures: 
Current Concepts.AJR 1992:159;245-252

 Chamay A, Tshants P. Mechanical Influence in 
bone remodeling: experimental research on 
Wolff’s Law. J Biomech 1972;5:173-180

 Wright TM, Hayes WC. The fracture 
mechanics of fatigue crack propagation in 
compact bone. J Biomed Mat Res 1976;7:637-
648



STRESS RXN/FX SPECTRUMSTRESS RXN/FX SPECTRUM

• Definitions
– FATIGUE

• Abnormal muscular stress or torque on bone 
with normal elastic resistance

– INSUFFICIENCY
• physiologic force on deficient bone 
• (decreased mineral or elastic resistance)

• Common
• Specific locations



FatigueFatigue FxsFxs : : 
Predisposing ConditionsPredisposing Conditions

• Anatomic/Biomechanical
– Broad Pelvis
– Femoral anteversion
– Genu valgus
– Tibial Torsion
– Foot Pronation
– Limb Length discrepancy
– Muscle imbalances

• Training Errors
– change in intensity, 

speed or distance
– insufficient stretching or 

rest

• Equipment
– inadequate or 

inappropriate



Muscle

Time

Bone

Courtesy of Mark Schweitzer



• Osteoporosis (any 
cause)
– post menopausal
– steroid induced

• Osteomalacia & Rickets
– Renal Failure

• Rheumatoid Arthritis
• Diabetes Mellitus

• Post Radiotherapy
• Post lower extremity Fx  

(disuse osteoporosis)
• Surgery (arthroplasty)
• Paget Disease
• Osteogenesis 

Imperfecta
• Osteopetrosis
• Hyperparathyroidism

(Renal Failure)

InsufficiencyInsufficiency FxsFxs : : 
Predisposing ConditionsPredisposing Conditions





SupraSupra --acetabularacetabular Insufficiency Insufficiency FxFx



Stress Fracture: Proximal Femur





Supracetabular Insufficiency 
FX
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PELVIS: Insufficiency FXs
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Fibula Stress FX











Cuboid Cuboid FXFX



FriedbergFriedberg ’’s s InfractionInfraction





LE Stress FX locations

• Pelvis
– Sacral
– Supracetabular
– Parasymphyseal

• Femur
– Head ?
– Neck

• Medial > lateral

• Tibia
– Proximal
– Distal

• Fibula
– Distal diaphysis

• Ankle
– Calcaneus (posterior)

• Foot
– Navicular (mid)
– Metatarsals 

• 2nd & 3rd shaft
• 5th base

– Sesamoid (medial)



EXERCISE INDUCED BMEEXERCISE INDUCED BME

• BME - increased prevalence 
in runners when 
compared to a control group
– No Sxs

• Findings predominately in 
Tarsal bones
– similar to stress Fx

distribution

• Important b/c many patients 
imaged are engaged in 
athletic activities

Lazzarinr KM, Troiano RN, Smith RC. Can running cause the appearance of Marrow 
Edema on MR Images of the Foot and Ankle? Radiology 1997; 202:540-542.



ALTERED WEIGHT BEARINGALTERED WEIGHT BEARING

• BME - developed post
orthotic usage
– foot > tibia > femur
– unilateral & ipsilateral to

orthosis
– most = diffuse 
– minority - similar 

distribution to stress FXs

• ? correlate imaging with 
stage
– BME - response to stress 

without FX or SX

Schweitzer ME, White LM. Does Altered Biomechanics Cause Marrow 
Edema? Radiology 1996; 198:851-853.



OsteitisOsteitis Pubis: Post Pubis: Post PartumPartum



SI joint Instability: Post SI joint Instability: Post PartumPartum





DEVELOPMENTAL:
TARSAL COALITIONS

• <1% Incidence � ?
• T-C & C-N (90%)

• 50 % bilateral
• AD with variable penetrance

• failure of differentiation & segmentation of 
primitive mesenchyme

• when becomes less fibrous � SX 

• HX = painful pes planus



Middle TC joint coalition: Pediatric



Middle TC joint coalition: Adult



Middle TC joint coalition: Adult



Middle TC joint Middle TC joint 
coalition: Adultcoalition: Adult



CN Joint Coalition: AdultCN Joint Coalition: Adult



CN Joint Coalition: AdultCN Joint Coalition: Adult



“As to diseases make a habit of two things 
… To help, or at least to do no harm”

Hippocrates

“As to diagnostic images, make a habit of two things …

To recognize disease, or at least to know your normal 
variants”

Jack P. Lawson, M.D.



ANATOMIC VARIANTSANATOMIC VARIANTS

• Chronic Chondroosseous Disruption
– Bipartite Patella
– Dorsal Defect of the Patella
– Os subfibulare of the Ankle

• Congenital Synchondrosis
– Accesory Navicular Bone of the Foot
– Os trigonum of the Foot

• Predispose to Premature DJD
– Os Intermetatarsarum � Hallux Valgus

Lawson JP. Clinically Significant Radiologic Anatomic Variants of the 
Skeleton. AJR 1994;163:249-255.



Bipartite Patella



Bipartite Patella



Patella: Patella: 
Dorsal DefectDorsal Defect



Os Subfibulare











SYMPTOMATIC VARIANTS: SYMPTOMATIC VARIANTS: 
Accessory Accessory NavicularNavicular

• Bone Marrow Edema
– altered biomechanics
– chronic stress
– osteonecrosis

• MR can furnish objective basis for 
management

Miller TT, Staron RB, Feldman F, Parisien M, Glucksman WJ, Gandolfo LH. 
The symptomatic accessory tarsal navicular bone: Assesment with MR 
imaging. Rad 1995; 195:849-853.



Os Trigonum Syndrome



Os Trigonum

PTFL 
attachment



Os Trigonum Syndrome





VASCULARVASCULAR

• Hyperermic
– Inflammatory
– Disuse 

• Ischemic
– Osteonecrosis

• Infarct
• AVN



Immobilization: POST CAST BME



DISUSE: Diffuse Pattern



DISUSE: Round Pattern



DISUSE OSTEOPOROSIS



DISUSE OSTEOPOROSISDISUSE OSTEOPOROSIS



OsteonecrosisOsteonecrosis

• arterial or venous insufficiency
– fatty marrow > red marrow

• Broad Categories
– Infection
– Post Traumatic
– Systemic disease
– Idiopathic
– Iatrogenic

• Nomenclature
– AVN (avascular necrosis)
– Infarct



OSTEONECROSISOSTEONECROSIS

• MR Imaging
– BME pattern (early)
– loss of subchondral fat SI (early)
– double line sign (specific)

• ring of T1 hypointensity and T2 hyperintensity
• reactive interface vs. chem shift
• MR signal lag because lipid content not altered

• MR findings may be detected at 10-15 days 
(30 days)
– Brody AS, Strong M, Babikan G, et al. John Caffey Award paper.

Avascular necrosis: Early MR imaging and histologic findings in a 
canine model. AJR 1991: 157;341-345



Early Early OsteonecrosisOsteonecrosis : BME: BME



Late Late OsteonecrosisOsteonecrosis



SICKLE CELL ANEMIA: ACUTE INFARCTSICKLE CELL ANEMIA: ACUTE INFARCT



Mature InfarctMature Infarct



Hip AVN

• Femoral head very common location (75%)

• combination of marrow edema of the proximal 
femur and focal osteonecrosis of the femoral 
head are strongly associated with hip pain in
early stage osteonecrosis

• Pain improvement usually parallels the 
resolution of BME

Koo KH, Ahn IO, Kim R, Song HR, Jeong ST, Na JB, Kim YS, Cho SH. Bone marrow 
edema and associated pain in early stage osteonecrosis of the femoral head: prospective 
study with serial MR images. Radiology. 1999 Dec;213(3):715-22.









TRANSIENT OSTEOPOROSIS TRANSIENT OSTEOPOROSIS 
(BME) OF THE HIP(BME) OF THE HIP

• Edema without clear demarcations
• Effusion/STS
• Similar MR to acute osteonecrosis (AVN)
• Resolution over time 
• Marrow signal intensity reconstitution
• May represent salvaged AVN







• Lack of any additional subchondral change on T2-
weighted or contrast-enhanced T1-weighted 
images had 100% positive predictive value for 
transient lesions. 

• For irreversible lesions, presence of a subchondral
area of low signal intensity at least 4 mm thick or 
12.5 mm long had positive predictive values of 
85% and 73%, respectively, on T2-weighted 
images and 87% and 86%, respectively, on 
contrast-enhanced T1-weighted images.

Vande Berg BC, Malghem JJ, Lecouvet FE, Jamart J, Maldague BE. Idiopathic bone marrow edema 
lesions of the femoral head: predictive value of MR imaging findings. Radiology. 1999 Aug;212(2):527-35.

Femoral Head BME:
Predictive Value of MR



A. a subchondral area 
of low signal 
intensity

B. a thin line of low 
signal intensity

C. focal deformity of 
the epiphyseal
contour

Vande Berg BC, Malghem JJ, Lecouvet FE, Jamart J, Maldague BE. Idiopathic bone marrow edema 
lesions of the femoral head: predictive value of MR imaging findings. Radiology. 1999 Aug;212(2):527-35.

Femoral Head BME:
Predictive Value of MR
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• Hip

• Knee
• Talus

• Cuboid
• Navicular

• Metatarsals

• BME without FX line

• absence of an overt 
acute trauma

• May be migratory
• May be ray pattern
• Conservative TX

Wilson AJ, Murphy WA, Hardy DC, Totty WG. Transient osteoporosis: 
transient bone marrow edema? Radiology. 1988 Jun;167(3):757-60.



INFLAMMATORY

• Infectious
– Osteitis
– Osteomyelitis

• Noninfectious
– Inflammatory Arthropathies (Rheumatic 

Conditions)
– Granulomatous Diseases of uncertain etiology

• LCH (Langerhans Cell Histiocytosis)



KNEE: Septic ArthritisKNEE: Septic Arthritis



Ankylosing Spondylitits



INFLAMMATORY ARTHROPATHYINFLAMMATORY ARTHROPATHY



Reactive Arthritis (Reiter Disease/)Reactive Arthritis (Reiter Disease/)



Recalcitrant Plantar Recalcitrant Plantar FascitisFascitis





DEGENERATIVEDEGENERATIVE

• Osteoarthritis
– Primary
– Secondary

• Geodes
– Early: ill-defined area of edema
– Later: discrete cystic structures

• “BME-like”
– Mechanical/Adaptive response



Geodes: Geodes: PathoetiologyPathoetiology





KneeKnee OsteoarthritisOsteoarthritis

• BME strongly associated with presence of pain

Felson DT, Chaisson CE, Hill CL, Totterman SM, Gale ME, Skinner KM, Kazis L, 
Gale DR. The association of bone marrow lesions with pain in knee
osteoarthritis. Ann Intern Med. 2001 Apr 3;134(7):541-9.

• moderate or large effusions & synovial thickening 
more frequent among those with pain than those 
without pain adjusting for degree of radiographic OA 

• synovial thickening is uniquely associated with the 
severity of knee pain

Hill CL, Gale DG, Chaisson CE, Skinner K, Kazis L, Gale ME, Felson DT. Knee 
effusions, popliteal cysts, and synovial thickening: association with knee pain in
osteoarthritis. J Rheumatol. 2001 Jun;28(6):1330-7. 



Subtalar Subtalar OAOA



ANKLE: Severe OAANKLE: Severe OA



� ����� ��	�
���
�� ����
����������������	������
�������������
�
����	�����
��������
��
������������������
�
�������

� �����������������
����
���	���������
�����
�������������������
��
��������������
����
�
������� �
���
��
�������

Rubin DA, Harner CD, Costello, JM. Treatable Chondral Injuries in the Knee: Frequency of 
Associated Focal Subchondral Edema. AJR 2000;174:1099–1106

Knee: Treatable Chondral Injuries



OCD: InstabilityOCD: Instability



OCD: InstabilityOCD: Instability



METABOLICMETABOLIC

• Hematopoietic Marrow
– Pediatric
– Adult

• Obesity
• Female
• Smokers

– Reconversion
• Hemoglobinopathies

• PAGET Disease



Hematopoietic Marrow

• Conversion = distal � proximal
– Epi/Apophysis: cartilage � ossify(fat)
– metaphyses - SI related to vessels

• Reconversion = opposite order
– uniform or patchy

• DDX: Red marrow versus Infiltrative DZ
– Reconversion pattern
– Symmetry
– Pathological process >> T2



Sickle Cell Anemia: Sickle Cell Anemia: HematopoieticHematopoietic MarrowMarrow



METABOLIC: Paget Disease

• Systemic disease of uncertain etiology
– Virus (GCT with cytoplasmic inclusions)

• Variable MR appearance (signal 
intensity)
– Fibrovascular Marrow (BME)
– Fatty infiltration

– Prominent trabeculae

Vande Berg BC, Malghem J, Lecouvet FE, Maldague B. Magnetic resonance 
appearance of uncomplicated Paget's disease of bone. Semin Musculoskelet Radiol. 
2001;5(1):69-77. 







PAGET DISEASE



NEOPLASTIC

• Lesion/Perilesional edema

• SI unreliable for histology
– overlap: benign vs malignant

• Marrow replacement 
– leukemia - diffuse
– lymphoma - focal

• Metastatic deposits
– hematogenous � Red marrow



NEOPLASTIC

• Radiography
– I0 Imaging modality for DDX

• Degree of BME does not correspond to 
malignancy

• Benign lesions with prominent BME
– chondroblastoma
– osteoid ostema/osteoblastoma

• may be difficult to detect without periosteal reaction

– LCH (Langerhans Cell Histiocytosis)
• Not a neoplasm but tumor-like condition



CHONDROBLASTOMACHONDROBLASTOMA





Osteoid OsteomaOsteoid Osteoma



NEUROPATHICNEUROPATHIC

• Patho-etiology
– Neurovascular = neurally initiated vascular reflex  -

> hyperemia, angiogenesis & osteoclastic activity
– Neurotraumatic = mechanical trauma to an 

insensate joint 

• Confounder for Osteomyelitis

•• Use Use MorrsionMorrsion ’’s s Rule of THUMB!Rule of THUMB!

Allman RM, Brower AC, Kotlyarov EB. Neuropathic Bone and Joint Disease. Rad Clin
North Am 1988;26(6) 1373-1381.



NEUROPATHICNEUROPATHIC



NEUROPATHICNEUROPATHIC





IATROGENICIATROGENIC

• Radiotherapy

• Chemotherapy
– edema & congestion

• Bone Marrow Recovery agents
– GCSF (granulocyte colony stimulating factor)
– ? Erythropoietin

• Debridement



RadiotherapyRadiotherapy

• Experimentally
– edema (acute) � hemorrhage � fat

• Clinically 
– TX start  � BME at 2 wks

Sugimura H, Kisanuki A, Tamura S, Kihara Y, Watanabe K, Sumiyoshi A. Magnetic resonance 
imaging of bone marrow changes after irradiation. Invest Rad 1994:29(1); 35-41.

Stevens Sk, Moore SG, Kaplan ID. Early and late bone-marrow changes after irradiation: MR 
evaluation. AJR 154:745-750, 1990.



Subtendinous Subtendinous BMEBME

• Response to tendon abnormality
– Mechanical (friction)
– Hyperememia (especially inflammatory 

arthropathy)
– biomechanical

• Most common locations in LE
– PTT dysfunction

• medial tibia > navicular (tubercle) > calcaneus > talus

– Peroneal “split” syndrome � lateral fibula





Subtendinous BME
of the Ankle

• BME localized in a subtendinous location
– associated with overlying tendinopathy

medially and laterally
– associated with ankle pain medially

Morrison WB, Carrino JA, Schweitzer ME, Sanders TG, Raiken DP, Johnson CE. Subtendinous
Bone Marrow Edema Patterns on MR Images of the Ankle: Association with Symptoms and 
Tendinopathy. AJR 2001;176:1149–1154



PTTPTT
DysfunctionDysfunction



Marrow Disease SimulatorsMarrow Disease Simulators

• Incomplete Fat 
Suppression

• Hematopoietic
– residual
– reconverted

• Chem Shift
Misregistration

• Motion

• Post Radiotherapy
– chronic � apparent T2 

hyper adjacent

• SNR 
– partial volume effects

• Susceptibility 
• Iron Overload 

(Hemosiderosis)

Pitfalls, Variants, and Artifacts in Body MR Imaging.Pitfalls, Variants, and Artifacts in Body MR Imaging. MirowitzMirowitz. . 



Radiotherapy Left Radiotherapy Left hemipelvishemipelvis



CONCLUSIONCONCLUSION

• BME associated with many disorders
• DX � Ancillary Imaging Findings
• Clinical Context
• Disease Oriented Approach
• “Contusion Confusion”
• Quantitative MR techniques


