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Outline

= Osteonecrosis
= pathophysiology
= epidemiology
= imaging investigation

= plain radiographs/CT
= MRI

= post-surgical

= Transient osteoporosis
= pathophysiology
= epidemiology
= iImaging investigation
= plain radiographs
= MRI

20 min ﬁ'



Osteonecrosis
Pathophysiology

Reduction of blood supply to bone ‘ Cell death

4

Subchondral bone anoxia/hypoxia

¥
‘ hyperemia

“creeping zone of substitution” ﬂatLergtVOarsyci‘;';[t‘Ztion» TRABECULAR
RESORPTION

OA « Articular surface collapse « Subchondral fracture

Mankin HJ. N Engl J Med 1992;326:1473-1479
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Common
[ raumi
|| ||
E I d e m I 0 I 0 Corticosteronds (exogenous and endogenous)
p gy ldiopathic
Sickle cell anemia

Collagen vascular disease

Lincommon
= United States: 10,000 - 20,000 pancreants
renal rransplantanon
. Drug therapy (iImmunosuppressive, cviotoxic
p at I e ntS/ye a I therapy, hsphosphonates ]
Pregnancy
Hadiabon therapy

" M a | e S > Fe m a I e S (4 - 8 . 1) Uheclusive vascular disease (thromboembaolic

disease and arterios

Infection (including human immunodeficiency

u 40 = 6 O y virusl

L.eukema/lymphoma

Vasculitis
Driabetes
Rare
u H umera | h ed d Dyysbaric conditions (caisson disease)
Hemophilia
LETTT]
Thermal injury (burn, frosthite)
) Gaucher disease
= Bilateral 50% (trauma, idiopathic: unilateral) Langerhans cell histiocytosis
Meuropathic arthropathy
Polyvevthemia vera

Muluple epiphivseal dysplasia

Ito H et al. J Bone Joint Surg Br1999,;81:969-974



Imaging investigation

Plain radiographs /CT
= Low sensitivity at initial stages (I, II)

= Diagnosis/staging at late stages

MRI
= Method of choice ( )

= 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



MRI

Imaging protocol

T1-w

STIR or PD/T2-w FSTSE

Articular cartilage sequences

Gd:

Increased SNR

b

Traumatic Hip Dislocation

Treatment of J
Fracture/Dislocation
AY
I:Abnormal Signal

s \

Normal Signal or Persistant or
Changes Resolving Worsening Abnormal
Signal

Improved spatial resolution

6w: 60% => bone marrow changes
3m: 60% => resolution, 40% => osteonecrosis
= MRI (4-6 w) =>abnormal signal MRI (3 m)

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




Staging
ARCO system

STAGE

0

2

3

4

FINDINGS

All present
techniques normal o
non-diagnostic

X-ray and CT are

normal at least ONE

of the below
mentioned is
positive

NO CRESCENT
SIGN! X-RAY
BNORMAL.:

sklerosis, osteolysis,

f@cal porosis

CRESCENT SIGN!
on the X-ray and/or
flattening of articular

surface of femoral
head

OSTEOARTHRITIS!
joint space
narrowing,

acetabular changes,
joint destruction

TECHNIQUES

X-ray, CT
Scintigraph
MRI

Scintigraph

MRI
*QUANTITATE
on MRI

SUBCLASSIFICA-
TION

4 ‘rdy, CT
intigraph
AR
*QUANTITATE
MRI & X-ray

X-ray, CT ONLY
* QUANTITATE
on X-ray

X-ray ONLY

contead

lateeal

QUANTITATION

Ql IANTITATION

% AREA INVOILVEMENT

misimal A< 15%
medaraty B IS %
> 0%

exfensive |

3 %

LENGTH
of CRESCENT

l\ '.'lﬂ"
B I15% W%
C> 0%

% SURFACE CULLAPSE &
DOME DEPRESSION




Imaging
ARCO I/

“band-like” lesion
= 7d

= |ow signal intensity zone (T1-w)

= surrounds normal BM area (initial stages)
= anterosuperior location

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



Imaging
ARCO I/

“double-line” sign ‘ }

= T2-wSE/TSE

v" Pathologic correlation
* sclerotic zone
* “creeping zone of substitution”

v" chemical-shift artifact

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



Imaging
ARCO I/

“bright band-like"” sign
= T2-wTSEFS, STIR, T1-wFSGd

-wﬂ

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



Imaging
ARCO Il

= Anterosuperior location
= Lytic area, surrounding sclerosis



Imaging
ARCO 1l

= “crescent sign” (subchondral fracture)

= Lowsignal T1-w, variable T2-w
= Smooth

= Parallels articular surface

V" Articular collapse

= MRA
= Synovitis, articular effusion

= BME

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



AVN & BME

= 30 - 50% of hips with AVN

= Advanced disease, NO early finding

BME

“band-like"” lesion
- Stages lll/IV

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

3. OA

= Pain

Fujioka M et al. Magn Reson Imaging 2001;19:985-991

B Extend of necrotic area Ito H et al. AJR2006;186:1761-1770

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






Imaging
ARCO IV

OA
= Joint space narrowing
= Subchondral sclerosis
= QOsteophytes

ARCO IV

S



Imaging
P ost surgical follow-up

Conventional MRI
= enhancement along graft
- reduced BME
= reduced extend and increased enhancement of necrotic
area

= increased BME
4= |ow signal intensity of the graft

Perfusion
= till 2 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
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Karantanas AH et al. Semin Musculoskelet Radiol 2011;15:281-300



Transient osteoporosis (TOH)

1. Sudden onset pain

2. Conservative treatment
3. BME

aBMEs:
TOH, RMO

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

Korompilias A V et al. ] 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



TOH
Pathophysiology

Remains to be defined...

= NO correlation with AVN

= Compartment regional pain syndrome (CRPS)

= Transient ischemia

= |nsufficiency fracture <> osteopenia

o (48.7%): subchondral fracture
: : osteopenia/osteoporosis

Korompilias A V et al. ] 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



Imaging
Plain radiographs

= 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



Imaging
MRI

= BME
= head, neck, proximal diaphysis
= “sparing sign”
= Articular effusion
= Subchondral fracture
= deeper location than AVN ("crescent”)
= irreqular
= “benign”

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



Imaging
"sparing sign”

4-6W
Inferomedial location 87.7%
Greater trochanter go%

Klontzas ME et al. Eur J Radiol 2015;84:431-6
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43 m, LT hip pain since 1m



Regional migratory osteoporosis (RMO)

= Progression of TOH

= Migratory arthralgia
= Weight-bearing joints of peripheral skeleton

(4m —1y)
s TOH (19,4-72% of patients) => BME

Contralateral hip
Knee
Ankle joint

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



RMO

STIR

; STIR
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55 m, DEXA: osteopenia



Take home

AVN
= MRIARCO I/l

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

= BME <"crescent sign”, articular surface collapse, OA
= X-ray advanced disease (ARCO llI/IV)

TOH
= |nsufficiency fracture<> osteopenia
= TOH &+ AVN

= Sudden onset

= Conservative treatment
= BME
= MRI: BME (“sparing sign”), articular fluid, subchondral fracture

RMO

= Progression of TOH
= Expected affected site (4m-1y)






