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Transient Osteoporosis: transient bone 

marrow oedema?
Wilson AJ, Murphy WA, Hardy DC, Totty WG

Radiology 1988; 167:757-60

“….ill-defined bone marrow hyperintensities on T2-weighted MR images

in patients with debilitating knee and hip pain ……” 

“ Corresponding standard radiographs were normal or demonstrated

nonspecific osteopenia ………”

“The term Bone Marrow Oedema reflects a lack of a better term and

emphasizes the generic character of the condition …….”



Bone marrow edema : a final common pathway

for extremely different conditions



Bone Marrow Edema: 

List of various terms found in the Literature

• Acute  bone marrow edema

• Bone bruising

• Bone marrow lesions

• Bone marrow edema syndrome

• Edema-like bone marrow abnormality

• Migratory transient Osteoporosis

• Post-transplant distal limb syndrome

• Regional migratory Osteoporosis

• Regional transient Osteoporosis

• Shifting bone marrow edema of the knee

• Transient bone marrow edema syndrome

• Transient osteoporosis

• Transient migratory Osteoporosis

• Transient bone marrow edema



Bone Marrow Edema is a descriptive term which identifies a specific

Magnetic Resonance Imaging pattern that can be observed in a

number of clinical entities, often characterized by pain as their main

symptom, but show significant differences in terms of

histopathological findings, causal mechanisms and prognosis.

Reumatismo 2014, Vol 66  N. 2
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Signal characteristics of  bone oedema at MR imaging

T1 weighted Hypointense

T2 weighted Hyperintense

T2 Fat suppressed

(STIR)
Hyperintense

Post - i.v.  gadolinium Enhancement
T1

T2STIR



T 1 T 2



T1 : Chronic, not Active Sacroiliitis T2 STIR: Active Sacroiliitis



Booz C et al. Eur Radiol 2019
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The pathophysiology of Bone Marrow Edema

Increased marrow 

blood flow

(hyperaemic) 

Impaired vascular

drainage 

(congestive)

Direct physical

insult 

Inflammation

Capillary leakage

Bone marrow necrosis

Bone marrow fibrosis

Increased

intramedullary 

pressure

Accumulation of eosinophilic

fluid in extracellular marrow spaces



BME = BMA = BML

Histopathology shows fibrosis, osteonecrosis 

and bone remodeling but little actual edema

Bone marrow “abnormality” (BMA) or  Bone 

Marrow “lesion”  (BML) preferred term



CRPS-I: Personal observation RA:  Dalbeth N et al. Ann Rheum Dis 2009

OA: Hunter DJ et al. Arthritis Res Ther 2009 SA:  Marzo-Ortega H et al. Rheumatology 2008



Rheumatol Int 2012



Bone Marrow Lesions Etiology

• Trauma

– Fracture (acute, osteoporotic, 

stress)

– Local transient Osteoporosis

– Bone bruise

– Osteochondral injuries

• Degenerative lesions

– Osteoarthritis

• Inflammatory lesions

– Inflammatory arthropaties and 

enthesitis

• Ischemic lesions

– Avascular necrosis

– CRPS type I

– Sickle cell anemia

• Infectious lesions

– Osteomyelitis

– Diabetic foot, Charcot Arthropaty

– Sepsis

• Metabolic/Endocrine lesions

– Hydroxyapatite deposition disease
(HADD)

– Gout

• Iatrogenic lesions

– Local surgery

– Radiotherapy

• Neoplastic ( and neoplastic-like) 
lesions



Bone marrow oedema : a final common pathway

❖ Traumatic

❖ Neoplastic

❖ Vascular

❖ Degenerative

❖ Inflammatory



Traumatic Bone Edema



Condition Proposed pathophysiology

Trauma Fracture/microfracture



The local expression of inflammatory cytokines peaks within 

24 hours after a fracture in models of distraction Osteogenesis

Kon T et al JBMR  2001

Cho TJ et al Calcif Tissue Int 2007



Bone edema in

Atraumatic Osteoporotic

fracture



Postraumatic

fracture

Insufficiency

fracture

Regional

Migratory

Osteoporosis

Osteonecrosis

Osteoarthritis

Bone Marrow

Edema

Possible diseases underlying traumatic

Bone Marrrow Edema

Trabecular microfractures



Neoplastic Bone Edema



Condition Proposed pathophysiology

Tumor Bone damage/vasoactive mediators
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Vascular Bone Edema



Bone Vascular Syndromes

• Reflex Sympathetic Dystrophy Syndrome (CRPS-I)

• Bone Marrow Oedema Syndrome

• Aseptic Necrosis



Condition Proposed pathophysiology

CRPS-I Tissue hypoxia, acidosis



General definition of the syndrome

CRPS describes an array of painful conditions characterized by a continuing (spontaneous and/or evoked)

regional pain that is disproportionate in time or degree to the usual course of any known trauma or other

lesion. The pain is regional ( not in a specific nerve or dermatome) and usually has a distal predominance

of abnormal sensory, motor, sudomotor,vasomotor and/or trophic findings. The syndrome shows variable

progression over time.

Harden MR et al. Pain Med 2007









The pathophysiology of CPRS-I

Impaired microcirculation

Tissue hypoxia

Afferent mechanisms

(Neurogenic inflammation) 

Metabolic tissue acidosis

Central nervous system

mechanisms

Pain Impaired bone metabolism

Efferent mechanisms





Bone Marrow Oedema Syndrome

(Transient Osteoporosis of the Hip)

 Predominantly middle-aged men and pregnant female at third trimester of pregnancy 

 Usually monolateral (90% of cases)

 Disabling hip joint pain

 Focal loss of radiodensity on plain X-ray

 Increased radio-tracer uptake in bone scintigraphy

 Characteristic pattern of BMOS on MRI

 Self-limiting clinical course (6-24 months)

 History of unusual activity before the onset (5-10%)



BMD measurements in 16 patients with BMES of the hip
(mean disease duration 8 ± 3.8 weeks)
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Relationship between BME and development of symptoms 

and prognosis in patients with ON of the femoral head
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Distinguishing features

of Bone Marrow Edema Syndromes and Avascular Osteonecrosis

Progressive in 70-80 % of patientsResolutionPrognosis

Focal lesionDiffuse bone edema patternMRI 

InsidiousAcuteOnset of symptoms

Bilateral in more than 50 % of casesUnilateral, may be recurrentLaterality

Interruption of bone supplyUnknown (variant of RSDS)Etiology

1 to 13 to 1Male/Female Ratio

15.000 cases per yrRareIncidence

Avascular Necrosis
Bone Marrow Edema 

Syndromes



Degenerative  Bone Edema



Condition Proposed pathophysiology

Osteoarthritis Microdamage in subchondral bone





The amount of Bone Marrow Edema in Hip OA correlates with

the severity of pain, radiographic findings and number of microfractures

Taljanovic MS et al. Skeletal Radiol 2008



Brandt K et al. ARD 2006



Inflammatory Bone Edema



Condition Proposed pathophysiology

Inflammation : RA,SpAs
Pro-inflammatory (osteoclastogenic) 

Cytokines



Non-radiographic axial SpA



Bone edema, pain and joint swelling 

in early Rheumatoid Arthritis



Wang F et al. Front Immunol 2019



Bone marrow edema links to increased Osteoclast formation in bone 

marrow during the development of CIA

Wang F et al. Front Immunol 2019



Bone edema in RA is associated with inflammatory infiltrates and

increased osteoclast number

Dalbeth N et al. Ann Rheum Dis 2009
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Pain

Time

Trabecular fracture

with edema

Subchondral

collapse

Koo KH et al. Radiology 1999

Natural history of pain in Osteonecrosis of the femoral head
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Bone marrow lesions in knee osteoarthritis 

with and without joint pain
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Fluctuations of knee pain and changes in Bone Marrow 

Lesions in patients with Knee OA
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Haugen IK et al. Ann Rheum Dis 2015





Bone edema, inflammation and  pain in Osteoid Osteoma
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Ann Rheum Dis 2009



Ors for development of erosive progression at bone level

during the first year, in the presence or absence

of local synovitis or bone edema at baseline

Arthritis Rheum 2016



Bone marrow edema lesions and their relation to progression

before and after adjustment for mechanical alignment

Felson et al.   Ann Intern Med 2003



Odds of progression of tibiofemoral cartilage defect score

according to whether a “large” BML or a “very large” BML was present

Wluka AE et al. Ann Rheum Dis 2009

Ann Rheum Dis 2009



Logistic Regression Analysis on predictors of the development of new 

syndesmophytes after 2 years in 100 patients with AS
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Natural History ?



The natural history of BML in community-based 

adults with no clinical knee OA

• Incident BML in initially BML-free knees : 14 %

• Incident BML associated with incoming knee pain ( OR 4.2; 1.2-15.1)

• BML present at baseline : complete resolution in 46 %

Davies-Tuck ML et al. Ann Rheum Dis 2009



Arthritis Res Ther 2014



Sem Arthritis Rheum 2014



Ota S et al. Arthritis Res Ther 2019



Bone edema : a key role for 

further assessment ?



Aprile 2013

Marzo 2010

Febbraio 2014Settembre 2013







Young WF  NEJM 2007



Bone Marrow Oedema = Bone Marrow Lesion

• A final common pathway 

• Associated with pain in several clinical conditions

• Possible predictive role  (OA, RA, AS)

• Easy to diagnose

• Clinically relevant

• Sometimes a clinical challenge


