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 Osteonecrosis
 pathophysiology
 epidemiology
 imaging investigation

▪ plain radiographs/CT
▪ MRI
▪ post-surgical

 Transient osteoporosis 
 pathophysiology
 epidemiology
 imaging investigation

▪ plain radiographs
▪ MRI

20 min



Subchondral bone anoxia/hypoxia

Articular surface collapse

Reduction of blood supply to bone Cell death

Mankin HJ. N Engl J Med 1992;326:1473-1479

“creeping zone of substitution”
Hypervascularity

Inflammatory infiltration

hyperemia

TRABECULAR 
RESORPTION

Σκληρυντική ζώνη
“band-like”

Subchondral fracture
“crescent sign”

ΟΑ



Ito H et al. J Bone Joint Surg Br 1999;81:969-974

 United States: 10,000 - 20,000

patients/year

 Males > Females  (4-8:1)

 40-60 y

 Humeral head

 Bilateral 50% (trauma, idiopathic: unilateral)



Plain radiographs / CT

 Low sensitivity at initial stages (Ι, ΙΙ)

 Diagnosis/staging at late stages

MRI

 Method of choice (accuracy 97-100%)

 Early diagnosis

 Staging - prognosis

 Follow-up

Glickstein MF et al. Radiology 1988;169:213-215
Karantanas AH et al. Semin Musculoskelet Radiol 2011;15:281-300 



 Τ1-w

 STIR or PD/T2-w FS TSE

 Articular cartilage sequences

 Gd: 

Trauma (hip dislocation)
 6w: 60% => bone marrow changes
 3m: 60% => resolution, 40% => osteonecrosis

 MRI (4-6 w) => abnormal signal MRI (3 m)

Increased SNR

Improved spatial resolution

Karantanas AH et al. Semin Musculoskelet Radiol 2011;15:281-300 
Poggi JJ et al. Clin Orthop Relat Res 1995;319:249-259





Τ1-w, COR
Τ1-w, TRA

“band-like” lesion
 7d
 low signal intensity zone (Τ1-w)
 surrounds normal BM area (initial stages)
 anterosuperior location

Mitchell DG et al. Radiology 1987;162:709-715

ARCO I



“double-line” sign
 T2-w SE/TSE

 Pathologic correlation
• sclerotic zone
• “creeping zone of substitution”

 chemical-shift artifact

Karantanas AH et al. Semin Musculoskelet Radiol 2011;15:281-300 



“bright band-like” sign
 Τ2-w ΤSE FS, STIR, T1-w FS Gd

Malizos KN et al. Eur J Radiol 2007;63:16-28

Τ1-w, COR

STIR, COR



ARCO II
 Anterosuperior location
 Lytic area, surrounding sclerosis



 “crescent sign” (subchondral fracture) 

 Low signal Τ1-w, variable Τ2-w

 Smooth 

 Parallels articular surface

 Articular collapse

 MRA

 Synovitis, articular effusion

 BME
3D T2 GRE

Huang GS et al. AJR 2003;181:545-549
Meier R et al. Eur Radiol. 2014;24:2271-2278



 30 - 50% of hips with AVN

 Advanced disease, NO early finding

BME
+

“band-like” lesion
+

1. Subchondral fracture- “crescent sign”
2. Articular surface collapse
3. ΟΑ

 Pain 

 Extend of necrotic area
Fujioka M et al. Magn Reson Imaging 2001;19:985-991

Ito H et al. AJR2006;186:1761-1770
Karantanas AH et al. Semin Musculoskelet Radiol 2011;15:281-300 

Stages III/IV



STIR, CORT1-w, TRA

T1-w Gd3D T2 GRE



ARCO IV

ΟΑ
 Joint space narrowing
 Subchondral sclerosis
 Osteophytes

Imaging 
ARCO IV



Conventional ΜRI
 enhancement along graft
 reduced ΒΜΕ
 reduced extend and increased enhancement of necrotic 

area

 increased ΒΜΕ
 low signal intensity of the graft

Perfusion 
 till 1 m => minimal vascularization
 1-7 m => neovascularization

Karantanas AH. Eur Radiol 2007;17:2225-2236
Karantanas AH et al. Semin Musculoskelet Radiol 2011;15:281-300

Fujisawa K et al. Microsurgery 1995;16:673-678 



Karantanas AH et al. Semin Musculoskelet Radiol 2011;15:281-300 

6th week2nd week



aBMEs:
ΤΟΗ, RMO

 Middle-aged males (m:f=3:1)
 Pregnancy (3ο trimester)

Korompilias A V et al. J Am Acad Orthop Surg. 2008;16:480-9
Klontzas ME et al. Eur J Radiol 2015;84:431-6

Uzun M et al. Clin Rheumatol. 2013;32:919-23

1. Sudden onset pain
2. Conservative treatment
3. ΒΜΕ 



Remains to be defined…

 NO correlation with AVN

 Compartment regional pain syndrome (CRPS)

 Transient ischemia

 Insufficiency fracture  osteopenia

 76/155 (48.7%): subchondral fracture

 30/31: osteopenia/osteoporosis

Korompilias A V et al. J Am Acad Orthop Surg. 2008;16:480-9
Klontzas ME et al. Eur J Radiol 2015;84:431-6

Uzun M et al. Clin Rheumatol. 2013;32:919-23



 Osteopenia (3-4 w)

 Periarticular (proximal femur - acetabulum)

 Normal joint space

 +/- articular fluid

Daniel WW et al. J Bone Joint Surg Am 1992;74:1262-1264
Malizos KN et al. Eur J Radiol 2007;63:16-28



 BME

 head, neck, proximal diaphysis

 “sparing sign”

 Articular effusion
 Subchondral fracture

 deeper location than AVN (“crescent”)

 irregular 

 “benign”

Klontzas ME et al. Eur J Radiol 2015;84:431-6



4-6w
Inferomedial location 87.7%
Greater trochanter 90%

T1-w FS Gd

STIR
Klontzas ME et al. Eur J Radiol 2015;84:431-6



T2-w FS

STIR

40 m, RT hip pain since 5w,
deterioration since 1 week



STIR

STIR

43 m, LT hip pain since 1m



 Progression of ΤΟΗ 

 Migratory arthralgia
 Weight-bearing joints of peripheral skeleton

 ΤΟΗ (19,4-72% of patients) => BME 

Karantanas AH Et al. Eur J Radiol 2008;67:34-41
Klontzas ME et al. Eur J Radiol 2015;84:431-6

Cahir JG et al. Eur J Radiol. 2008;67:2-10

(4m – 1y)

 Contralateral hip
 Knee
 Ankle joint



STIR
13-03-13

STIR
10-04-13

STIR 
Nov-12

RMO



C

baseline

3 months 7 months

RMO

55 m, DEXA: osteopenia



AVN
 MRI ARCO I/II

 “band-like” lesion, “double line”, “bright band-like”

 BME “crescent sign”, articular surface collapse, ΟΑ

 X-ray advanced disease (ARCO III/IV)

ΤΟΗ
 Insufficiency fracture osteopenia
 TOH AVN

 Sudden onset

 Conservative treatment

 ΒΜΕ 

 MRI: BME (“sparing sign”), articular fluid, subchondral fracture

RMO

 Progression of ΤΟΗ

 Expected affected site (4m-1y)



Thank you!


