- "in:;-:n*"'* '._,.u--n. R,

%@b@tlc Foot &L@ﬁ ction
S\J“\Q rﬁﬁ&ng

Andrea B. Rosskopf
University Hospital Balgrist

’- University of
’é E?E /' zurichum 26 November 2015 The Balgrist



http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCI_PsPqPiMcCFcxXFAod2LgHPQ&url=http://www.iviaggidiale.com/svizzera/&ei=stu8VY-uDcyvUdjxnugD&psig=AFQjCNHaDKmEZzm16d2Dp_sAh4YryAgl2g&ust=1438526664784487

MRI of Diabetic Foot

1. Pedal Osteomyeliﬂée{\%o
e

2. Charcot Foot &
Osteomyelitis
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Pedal Osteomyelitis

* Foot infections: Contiguous
spread of a skin ulcer

o Lifetime risk\of foot ulcers in
diabetic’ patients: 25.%

“Hl™) University of : . Badi - 20799 .
o y Donovan A, Schweitzer M: RadioGraphics 2010;30:723-736 The B a lgI’ISt
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Pedal Osteomyelitis

Typical locations of ulceration

e Toes

 Metatarsal Heads

e Calcaneus

d Ma”eO“ ' | _-' .» Bottom of
& '::_

locs

. ——Pad of foot

(shin bone)

- Medial

malleolus

| .'.|I<,'I';,IJ
malleolus

Heel of foot

AU University of Donovan A, Schweitzer M: RadioGraphics 2010;30:723-736 .
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Pedal Osteomyelitis

X-ray:

O \| -
gﬁﬁg\ \ high avallaiﬁytﬁgood anatomical overview

- Low sensitivity (43-75 %), low specificity (75-80%),

only late changes (10-14 d) , exact extent not visible

AW University of

i Zurich™ Donovan A, Schweitzer M: RadioGraphics 2010;30:723-736 TheBa lg rist




Pedal Osteomyelitis

MRI:

* Detects early signs of osteomyelitis (3- %@
e Sensitivity: 90 %; Specificity: %’Q@O

« Good anatomical rese{qﬁat\a ‘
« Bones and s&f{ﬂs’éﬁ)e evaluatlong'\?) ‘*
e No réa@@)%\ —

0 @ost 100 % NPV?&exclusmn of osteomyelitis

¢uS®

 EXpensive, not always available, contraindications

AN 1rs s Palestro CJ et al.: Best Pract Res Clin Rhe197-218. Review
(1) University of

g Zurich™ IDSA Guidelines 2012 (Infectious Diseases Society of North America)

TeBalgrist



Pedal Osteomyelitis

CI:
* Acute: Sensitivity: 67 %; Specificity: SOéQ\?
 Evaluation of chronic osteon‘%@(@Getection of

sequestrum or involu%{.kjﬂ\a

) | .
o Expensweé\@ﬂﬁbt%n dose, S (g@gthe evaluation

Vo°

University of

i Zutich™ Termat FM et al. : J Bone Joint Surg Am. 2005;87 (11): 2464-71. TheBa lgrist




MR Imaging

How ?

e Crucial: To know the ulcer location ! -

« Small field of view: Forefoot.orthindfoot

Important:

 Native T1-weighted-sequence in two planes:
Osteomyelitis

e Stir-sequence: Bone marrow edema, soft tissue
Infection

A unersyor | . meBalorict
Zurich" Donovan A, Schweitzer M: RadioGraphics 2010;30:723-736 algris



MR Imaging

Image protocol ?

or Stir
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MRI findings in Osteomyelitis

1. Locate ulcer & adjacent soft tissue chanqes
 Skin ulcer, skin callus, sinus tract; /
e Subcutaneous edema & imbitition

Donovan A. and Schweitzer M.: RadioGraphics 2010;30:723-736 ™eBa lg“St




MRI findings in Osteomyelitis

2. Look for bone marrow signal changes

i i
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T1lfs KM I

Palestro CJ et al.: Best Pract Res Clin Rhel197-218. Review .
TeBalgrist
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MRI findings in Osteomyelitis

T 1-Weighted MRI Characteristics
of Pedal Osteomyelitis

Mark S. Collins' OBJECTIVE. The objective of our study was to better define the Tl-weighted MRI char-
Matthew M. Schaar acteristics of surgically proven pedal osteomyelitis.

Doris E. Wenger CONCLUSION. Decreased T1 marrow signal in a geographic medullary distribution
with a confluent pattern and concordance with fat-suppressed T2- and T1-weighted postcon-
trast signal abnormality was present in 100% of the v proven cases of pedal osteomy-
elitis. None of the patients with decreased T1 marrow signal in a subcortical distribution or in
a hazy, reticulated pattern had surgically proven osteomyelitis regardless of the fat-suppressed
T2-weighted or posteontrast T1-weighted findings.

Jawayant N. Mandrekar

Crucial : pattern and location of signal drop

In T1lw-sequence

f i University of Collins MS et al.: AJR 2005,185386-393 The Ba lgrist

/ Zurich™




MRI findings in Osteomyelitis

Osteomyelitis Reactive Edema

Geographic, confluent Subcortical distribution and/or
hazy reticular, less sharp

Collins MS et al.: AJR 2005:185:386-393 The Balgrist




MRI findings in Osteomyelitis

: P\ |
Reactive bone marrow edema: ﬁ‘%

Loy Yo

* non-infectious edema, no replacement of adipocytes

Osteomyelitis Reactive Edema

University of Collins MS et al.: AJR 2005;185:386-393 The Ba lgnst

Zurich™




MRI findings in Osteomyelitis

Osteomyelitis Reactive Edema

Collins MS et al.: AJR 2005:185:386-393 i F lgrist




MRI findings in Osteomyelitis

Osteomyelitis 3. toe

Collins MS et al.: AJR 2005:185:386-393 i F lgrist




MRI findings in Osteomyelitis

Do we need contrast ?

* In uncomplicated cases NOT necessary:
Signal changes in T1lwsand'fluid-sensitive sequence

e High riskjatients: renal insufficiency

e Recommended forevaluation of soft tissue and
suspected complications

Palestro CJ et al.: Best Pract Res Clin Rheumatol. 2006 Dec;20(6):1197-218. .
Review TeBalgrist




MRI with CM

e Cellulitis or abscess ?

Palestro CJ et al.: Best Pract Res Clin Rhe197-218. Review

AU University of IDSA Guidelines 2012 (Infectious Diseases Society of North America)  The Ba lgrist
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MRI with CM

e Septic Arthritis:

Palestro CJ et al.: Best Pract Res Clin Rheumatol. 2006 Dec;20(6):1197-218. .
Review TeBalgrist




Case

59-year-old male, IDDM Il (25 years), long-term ulcer
plantar MTP |

guS°
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Case

Keimidentihkation

staphylococcus lugdunensis

N e Balgrist

Zurich”




Case

1 week later: acute necrosis Dig. |: Exartikulatio

e 6 weeks later: Eg W2

TeBalgrist



Stlr :- 3 :

Keimidentmfikation

Staphylococcus aureus

A1k ) University o,
' Zurich™
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MRI of Diabetic Foot

2. Charcot Foot &

Osteomyelitis
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Charcot Foot

* Neuropathic osteoarthropathy
e Jean-Martin Charcot in 1883

e Prevalence: 0.1-0.4%

o Patients 5thvand 6th decade Dr. Jean-Martin Charcot
* Risk)Diabetes more.than'10 years

o 9-35% hilateral disease

Ledermann HP, Morrison WB: Semin Musculoskelet Radiol. 2005 Sep;9(3):272-83
Ao . Rogers LC et al.:Diabetes Care. 2011 Sep;34(9):2123-9.
() niverity o .. .. me Balgrist
Zurich Koller A, Filhner J, Wetz HH: Orthopéde. September 2004, Volume 33, Issue 9, pp 972-982 d 8’ ris




Charcot Foot

Pathogenesis:

Sensoric-

motoric (. Autonomic
Neuropathy | Neuropathy

Other factors:
Trauma Inflammation etc.

aTE University of

) Zurich™ Kaynak G et al.:Diabetic Foot & Ankle 2013, 4: 21117 The Bg [grist




Charcot Foot

Natural Course of Disease

“Hl™ University of

gy Lurich Osterhoff G, Boni T, Berli M: Foot & Ankle International 2013 vol.34 no.3,359-364 The Balg“St



Charcot Foot

Typical course of foot alignement changes
VS

Baseline 15 month | G\(\e@ﬂ, onth

FU™ University of

2 Zurich™ Hastings M et al..J Bone Joint Surg Am. 2013;95:1206-13 The BQ lgrist




Charcot Foot

Irreversible Deformation :

«Rocker Bottom Foot»

A

AU University of

2 Zurich™ Koller A, Fiihner J, Wetz H: Orthopade 2004: 33:972-982 The Ba lgrist




Charcot Foot

Anatomical Distribution (Sanders and Frykbe

\)'3:

AL University of

Zurich™ Ergen F et al.:Diabetic Foot & Ankle 2013, 4: 21884 The Ba lgrist




University of

Role of MRI

Diabetic Patient
Neuropathy

- ——

Advanced Charcot ]

I
\

MRI B

[ Advanced Charcot ]

MRI

Compli
Infeetlen/

TeBalgrist



MR Imaging protocol

| Tra Tl incl. TMT joints Cor T2 incl. TMT joints
i Zurich™ e Balgrist

AU University of




Benefit of MRI

1. Early detection of Charcot

Immobilisation
CAST

U™ University of

w / Zurich The B d lgl’ | st



Benefit of MRI

1. Early detection of Charcot

AW University of

b Zurich™ e Balgrist




Benefit of MRI

Early MR — findings:

- Bone marrow edema

- Soft tissue edema

- Lisfranc joint\disease
--Subchondral bone marrow edema ﬁ;f )(f:"
- Joint effusion

- Microfractures

AP university of Ledermann HP, Morrison WB: Semin Musculoskelet Radiol. 2005 Sep;9(3):272-83
g Zurich Koller A, Filhner J, Wetz H: Orthopade 2004: 33:972-982

TeBalgrist



Charcot Foot

Late MR - Findings:

- Joint destructions

Bone frqgr?&lﬂms)ﬁgn

- S%@Qﬁﬁ\&al CYStS_\ ! -
3 O

%one proliferat%%)/Debris

Ergen F et al.:Diabetic Foot & Ankle 2013, 4. 21884
Ledermann HP, Morrison WB: Semin Musculoskelet Radiol. 2005 Sep;9(3):272-83

AW University of
ey Lurich™
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Longstanding Charcot




Case

58-year-old, male , IDDM Type | (26 years), polyneuropathy,
left leg suddenly shorter

|
e
»
X

TeBalgrist




Case

58-year-old, male , IDDM Type I, polyneuropa@y

?\)

supine standing

i | University of The BQ lgrist

@@y Zurich™




Case

58-year-old, male , IDDM Type |, polyneurop%thy

TN — The Bal gr Ist

urich”




Benefit of MRI

2. MOnltOrlnq ACtIVG versus inactive dISGaSG
‘w‘\‘m \x;f

& &)year old,
8/2014 /7 TINE: female

'“ Zurich™ The Bg l.g“St




Benefit of MRI

3. Complication: Infection/Osteomyelitis

e Infection by direct continuity

* Rocker bottom deformity:

* Typical location:* Cuboid bone

: \NJ r
o — -
.-"-’- L -.I'u -
i

(lowest part of foot)

“HI University of I
b Zurich™ Koller A, Fithner J, Wetz H: Orthopéde 2004: 33:972-982 meBalgrist



Charcot with Osteomyelitis

Loss of cysts
 Large fluid collections

 Progression of bone erosions

o «Ghost sign»

Donovan A. and Schweitzer M.: Radiographics 2010;30:723-736
L2 lzj::ﬁ,rﬂty of Toledano T. et al. Semin Musculoskeletal Radiol 2011; 15:257-268 ™eBa l-g rist



Case

66-year-old, male — Charcot foot, IDDM Type Il, new ulcus Dig Il & V

[

A unherstyof e Balgrist

s Zurich™




Case

66-year-old, male — Charcot foot, new ulcus Dig Il & V

TeBalgrist




Summary

Pedal Osteomyelitis

« Plain radiographs and MRI forgevaluation
 MRI: Confirm/exclude\Diagnosis: Key sequence native T1

e MRI: Exact extent of infectiondn bone and soft tissue

Charcot Foot & Osteomyelitis:

 Plain radiographs & MRI for diagnosis & complications

 MRI: «ghost sign»

FMl%) University of .
i) zurich™ e Balgrist
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MRI of Diabetic Foot 



		Pedal Osteomyelitis





		Charcot Foot & Osteomyelitis
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Pedal Osteomyelitis 

		Foot infections: Contiguous spread of a skin ulcer





		Lifetime risk of foot ulcers in diabetic patients:  25 %



Donovan A, Schweitzer M: RadioGraphics 2010;30:723-736





Due to neuropathy, vascular disease and redistribution of fat awy from the sole of the foot

Almost all diabetes-related foot infections: result from contigous spread of a skin ulcer

*











Pedal Osteomyelitis 

Typical locations of ulceration

		Toes

		Metatarsal Heads

		Calcaneus

		Malleoli



Donovan A, Schweitzer M: RadioGraphics 2010;30:723-736

http://www.webmd.com/diabetes











Due to neuropathy, vascular disease and redistribution of fat awy from the sole of the foot

Claw toes

Hammer toes

*











Pedal Osteomyelitis 

    X-ray:









    - Cheap, high availability, good anatomical overview

    - Low sensitivity (43-75 %), low specificity (75-80%),

      only late changes (10-14 d) , exact extent not visible

Donovan A, Schweitzer M: RadioGraphics 2010;30:723-736



Due to neuropathy, vascular disease and redistribution of fat awy from the sole of the foot

Claw toes

Hammer toes

*











Pedal Osteomyelitis 

MRI:

		Detects early signs of osteomyelitis (3-5 d)

		Sensitivity: 90 %; Specificity: 80 %

		Good anatomical resolution 

		Bones and soft tissue evaluation 

		No radiation

		Almost 100 % NPV for exclusion of osteomyelitis

		Expensive, not always available, contraindications





Palestro CJ et al.: Best Pract Res Clin Rhe197-218. Review

IDSA Guidelines 2012 (Infectious Diseases Society of North America)

 

:



(ca. 1-2 days after infection)

*











Pedal Osteomyelitis 

CT:

		Acute: Sensitivity: 67 %; Specificity: 50 %

		Evaluation of chronic osteomyelitis: detection of 



    sequestrum or involucrum

		Expensive, radiation dose, soft tissue evaluation



Termat FM et al. : J Bone Joint Surg Am. 2005;87 (11): 2464-71. 

 

:



(ca. 1-2 days after infection)

*











MR Imaging

How ?

		Crucial: To know the ulcer location !!

		Small field of view: Forefoot or hindfoot





Important:

		Native T1-weighted sequence in two planes: Osteomyelitis

		Stir-sequence: Bone marrow edema, soft tissue infection 



     





Donovan A, Schweitzer M: RadioGraphics 2010;30:723-736



Transversal (aligned perpendicular to the toes)

only area of concern

*











MR Imaging

Image protocol ?







Cor Stir

Tra T1

Tra T2

Sag T1



Transversal (aligned perpendicular to the toes)

*









MRI findings in Osteomyelitis

1. Locate ulcer & adjacent soft tissue changes 

		Skin ulcer, skin callus, sinus tract, 

		Subcutaneous edema & imbitition  





   













 

Donovan A. and Schweitzer M.: RadioGraphics 2010;30:723-736

T1

T1

T2



durch Verlust von Fettgewebe an der plantar und/oder schlecht passendes schuhwerk (1.und5. MT, Grosser Zeh, Carcot unter cuboid, Ferse)

MRI: Fokal T1 und T2 hypointens



*









MRI findings in Osteomyelitis

2. Look for bone marrow signal changes

T1

stir

T1fs KM



Palestro CJ et al.: Best Pract Res Clin Rhe197-218. Review

IDSA Guidelines 2012 (Infectious Diseases Society of North America)

 

:



wasserhaltiges Exsudat

*























Crucial : pattern and location of signal drop

              in T1w-sequence



MRI findings in Osteomyelitis

Collins MS et al.: AJR 2005;185:386-393 

 

:



80 Patientenfüsse ( retrospektiv Vergleich MR und Histo)

MR-Korrelat von histologisch positiven und negativen Knochen

80 Patientenfüsse mit MR und Histo

MR-positive, histoloisch positive Osteomyelitis

MR-positive, histologisch negative Osteomyelitis

T1w-Hypointensität in geographisch medullärer Verteilung mit konfluierendem Muster und korrespondierender T2w-Hyperintensität undEanhancement nach KM-Applikation 

*









MRI findings in Osteomyelitis

T1

T1

Geographic, confluent 

Subcortical distribution and/or hazy reticular, less sharp 







Collins MS et al.: AJR 2005;185:386-393 

 

:







MRI findings in Osteomyelitis

Reactive bone marrow edema: 

		non-infectious edema, no replacement of adipocytes 



   



Collins MS et al.: AJR 2005;185:386-393 

 

:



80 Patientenfüsse mit MR und Histo

MR-positive, histoloisch positive Osteomyelitis

MR-positive, histologisch negative Osteomyelitis

T1w-Hypointensität in geographisch medullärer Verteilung mit konfluierendem Muster und korrespondierender T2w-Hyperintensität undEanhancement nach KM-Applikation 

exakte Pathogesene unklar, whs eine Art vasogene Hyperämie (Signal intensität kann ähnlich sein wie bei Osteomyelitis und auch enhancen)



vasogene

   Hyperämie, Adipozyten werden nicht ersetzt

*









MRI findings in Osteomyelitis

   



Collins MS et al.: AJR 2005;185:386-393 

 

:





T1

T1



80 Patientenfüsse mit MR und Histo

MR-positive, histoloisch positive Osteomyelitis

MR-positive, histologisch negative Osteomyelitis

T1w-Hypointensität in geographisch medullärer Verteilung mit konfluierendem Muster und korrespondierender T2w-Hyperintensität undEanhancement nach KM-Applikation 

exakte Pathogesene unklar, whs eine Art vasogene Hyperämie (Signal intensität kann ähnlich sein wie bei Osteomyelitis und auch enhancen)



vasogene

   Hyperämie, Adipozyten werden nicht ersetzt

*









MRI findings in Osteomyelitis

   



Collins MS et al.: AJR 2005;185:386-393 

 

:





3 month later with antibiotics

T1

T1

3. toe



80 Patientenfüsse mit MR und Histo

MR-positive, histoloisch positive Osteomyelitis

MR-positive, histologisch negative Osteomyelitis

T1w-Hypointensität in geographisch medullärer Verteilung mit konfluierendem Muster und korrespondierender T2w-Hyperintensität undEanhancement nach KM-Applikation 

exakte Pathogesene unklar, whs eine Art vasogene Hyperämie (Signal intensität kann ähnlich sein wie bei Osteomyelitis und auch enhancen)



vasogene

   Hyperämie, Adipozyten werden nicht ersetzt

*









Do we need contrast ?



		In uncomplicated cases NOT necessary: 



    Signal changes in T1w- and fluid-sensitive sequence 



		High risk patients: renal insufficiency



 

		Recommended for evaluation of soft tissue and suspected complications



MRI findings in Osteomyelitis

Palestro CJ et al.: Best Pract Res Clin Rheumatol. 2006 Dec;20(6):1197-218. Review



80 Patientenfüsse mit MR und Histo

MR-positive, histoloisch positive Osteomyelitis

MR-positive, histologisch negative Osteomyelitis

T1w-Hypointensität in geographisch medullärer Verteilung mit konfluierendem Muster und korrespondierender T2w-Hyperintensität undEanhancement nach KM-Applikation 

exakte Pathogesene unklar, whs eine Art vasogene Hyperämie (Signal intensität kann ähnlich sein wie bei Osteomyelitis und auch enhancen)



vasogene

   Hyperämie, Adipozyten werden nicht ersetzt

*









MRI with CM

		Cellulitis or abscess ?







		Gangrene or vital tissue ? 









Palestro CJ et al.: Best Pract Res Clin Rhe197-218. Review

IDSA Guidelines 2012 (Infectious Diseases Society of North America)

 

:





*









MRI with CM

		 Septic Arthritis:



      Synovial thickening with enhancement &

      joint effusion









Palestro CJ et al.: Best Pract Res Clin Rheumatol. 2006 Dec;20(6):1197-218. Review



meist Gelenke nahe einem ulcus: IP-Gelenke,  MTP-1 und 5 (Vorfuss) Typisch: komplexer gelenkerguss und synoviale Verdickung – Kommunikation füssigkeit 

*









Case 

59-year-old male, IDDM II (25 years), long-term ulcer plantar MTP I 

   











80 Patientenfüsse mit MR und Histo

MR-positive, histoloisch positive Osteomyelitis

MR-positive, histologisch negative Osteomyelitis

T1w-Hypointensität in geographisch medullärer Verteilung mit konfluierendem Muster und korrespondierender T2w-Hyperintensität undEanhancement nach KM-Applikation 

exakte Pathogesene unklar, whs eine Art vasogene Hyperämie (Signal intensität kann ähnlich sein wie bei Osteomyelitis und auch enhancen)



vasogene

   Hyperämie, Adipozyten werden nicht ersetzt

*









Case  

59-year-old male, IDDM II (25 years)   



		T1





Stir

T1fs

T1

T1



80 Patientenfüsse mit MR und Histo

MR-positive, histoloisch positive Osteomyelitis

MR-positive, histologisch negative Osteomyelitis

T1w-Hypointensität in geographisch medullärer Verteilung mit konfluierendem Muster und korrespondierender T2w-Hyperintensität undEanhancement nach KM-Applikation 

exakte Pathogesene unklar, whs eine Art vasogene Hyperämie (Signal intensität kann ähnlich sein wie bei Osteomyelitis und auch enhancen)



vasogene

   Hyperämie, Adipozyten werden nicht ersetzt

*









Case 

		1 week later: acute necrosis Dig. I: Exartikulation

		6 weeks later:  



   







80 Patientenfüsse mit MR und Histo

MR-positive, histoloisch positive Osteomyelitis

MR-positive, histologisch negative Osteomyelitis

T1w-Hypointensität in geographisch medullärer Verteilung mit konfluierendem Muster und korrespondierender T2w-Hyperintensität undEanhancement nach KM-Applikation 

exakte Pathogesene unklar, whs eine Art vasogene Hyperämie (Signal intensität kann ähnlich sein wie bei Osteomyelitis und auch enhancen)



vasogene

   Hyperämie, Adipozyten werden nicht ersetzt

*









Case 

   





Stir

T1

T1fs

T1



80 Patientenfüsse mit MR und Histo

MR-positive, histoloisch positive Osteomyelitis

MR-positive, histologisch negative Osteomyelitis

T1w-Hypointensität in geographisch medullärer Verteilung mit konfluierendem Muster und korrespondierender T2w-Hyperintensität undEanhancement nach KM-Applikation 

exakte Pathogesene unklar, whs eine Art vasogene Hyperämie (Signal intensität kann ähnlich sein wie bei Osteomyelitis und auch enhancen)



vasogene

   Hyperämie, Adipozyten werden nicht ersetzt

*











MRI of Diabetic Foot 



		Pedal Osteomyelitis





		Charcot Foot & 



    Osteomyelitis









*









Charcot Foot 



		Neuropathic osteoarthropathy

		Jean-Martin Charcot in 1883

		Prevalence: 0.1-0.4%

		Patients 5th and 6th decade

		Risk: Diabetes more than 10 years

		9-35% bilateral disease





Ledermann HP, Morrison WB: Semin Musculoskelet Radiol. 2005 Sep;9(3):272-83

Rogers LC et al.:Diabetes Care. 2011 Sep;34(9):2123-9.

Koller A, Fühner J, Wetz HH: Orthopäde. September 2004, Volume 33, Issue 9, pp 972-982



Charcot: French Pathologist and Neurologist

,- relatively rare comdition, often not correctly diagnosed initially

(Type I (mean 30 years) and II diabetes (15 years) after   diagnosis)



-Prevalence in diabetic patients

*









Charcot Foot 



Pathogenesis: 

Kaynak G et al.:Diabetic Foot & Ankle 2013, 4: 21117















Charcot: French Pathologist and Neurologist

,- relatively rare comdition, often not correctly diagnosed initially

*









Charcot Foot 



Osterhoff G, Böni T, Berli M: Foot & Ankle International 2013 vol.34 no.3,359-364

23 %



Clinical: hot Swollen foot, pain or not, > 2 degree to contralateral foot 

*









Charcot Foot 



Typical course of foot alignement changes

Hastings M et al.:J Bone Joint Surg Am. 2013;95:1206-13



5 weeks



   Baseline

    15 month

    24 month



Meary angle (a), cuboid height (b), calcaneal pitch (c), and transverse plane measurements

Note the progressive decline in the Meary angle, cuboid height, and

calcaneal pitch and the increase in forefoot abduction relative to the hindfoot over two years.

De Gregorio, Sandra : bekannter charcot fuss links seit 2 Jahren, neu Schwellung, èberwärmung Fuss rechts - 

*









Charcot Foot 



 Irreversible Deformation  :

«Rocker Bottom Foot»              

 

Koller A, Fühner J, Wetz H: Orthopäde 2004: 33:972-982





- absence of warmth and oedema

- permanent enlargement with fixed deformity

- activity related swelling

- normal skin temperature

 

X-ray

- smoothing of edges

- sclerosis, osseous or fibrous ankylosis

- complete bone healing 

- resolution of osteopenia

*









Charcot Foot 



Anatomical Distribution (Sanders and Frykberg): 

 

Ergen F et al.:Diabetic Foot & Ankle 2013, 4: 21884

45 %

35 %



Type I: involves the metatarsophalangeal and interphalangeal joints

Type II: involves the tarsometatarsal joints

Type III: involves the tarsal joints

Type IV: involves the subtalar joints

Type V: involves the posterior calcaneus.

*









Role of MRI







*









MR Imaging protocol 





Sag stir whole foot

Sag T1  whole foot

Tra T1 incl. TMT joints

Cor T2  incl. TMT joints





*









Benefit of MRI 



		Early detection of Charcot









Immobilisation

CAST





*









Benefit of MRI 



		Early detection of Charcot





Earliest signs soft tissue edema and bone marrow edema

*









Benefit of MRI 



Early MR – findings: 

- Bone marrow edema 

- Soft tissue edema

- Lisfranc joint disease

- Subchondral bone marrow edema

- Joint effusion

- Microfractures

Ledermann HP, Morrison WB: Semin Musculoskelet Radiol. 2005 Sep;9(3):272-83

Koller A, Fühner J, Wetz H: Orthopäde 2004: 33:972-982
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Charcot Foot 



Late MR - Findings:

		Joint destructions

		Bone fragmentation

		Subchondral cysts

		Bone proliferation/Debris 



     

T1

Stir

Stir

Ergen F et al.:Diabetic Foot & Ankle 2013, 4: 21884

Ledermann HP, Morrison WB: Semin Musculoskelet Radiol. 2005 Sep;9(3):272-83



with debris or 

     intraarticular bodies

*









Longstanding Charcot 

T2

Stir

T1fs

T1







Case 

58-year-old, male , IDDM Type I (26 years), polyneuropathy, 

left leg suddenly shorter



Brügger, rudolf

*









Case 

58-year-old, male , IDDM Type I, polyneuropathy

CT

supine

standing



		Knochen versch windet in T1, und taucht nach KM    



    wieder auf  

*









Case 

stir

T1

T1

58-year-old, male , IDDM Type I, polyneuropathy



		Knochen versch windet in T1, und taucht nach KM    



    wieder auf  

*









Benefit of MRI



2. Monitoring: Active versus inactive disease

8/2014

3/2015

60-year old, 

female



Marty, Barbara, 60 y female

*









Benefit of MRI



3. Complication: Infection/Osteomyelitis



		 Infection by direct continuity

		 Rocker bottom deformity

		 Typical location:  Cuboid bone



    (lowest part of foot)





Koller A, Fühner J, Wetz H: Orthopäde 2004: 33:972-982





*









Charcot with Osteomyelitis

		Loss of  cysts

		Large fluid collections

		Progression of bone erosions 

		«Ghost sign»



 

T1

KM

stir

Donovan A. and Schweitzer M.: Radiographics 2010;30:723-736

Toledano T. et al. Semin Musculoskeletal Radiol 2011; 15:257-268



		Knochen versch windet in T1, und taucht nach KM    



    wieder auf  

*









Case 

66-year-old, male – Charcot foot, IDDM Type II,  new ulcus Dig II & V  









		Knochen versch windet in T1, und taucht nach KM    



    wieder auf  

*









Case 



Charcot Foot & Pedal Osteomyelitis

Stir

T1fs

T1 Dig II

T1 Dig V

66-year-old, male – Charcot foot, new ulcus Dig II & V  



Subchondral fractures mt head, Charcot Lisfranc and MT, Osteomyelitis Dig II and V

*









Summary

 





Pedal Osteomyelitis

		Plain radiographs and MRI for evaluation

		  MRI: Confirm/exclude Diagnosis: Key sequence native T1

		  MRI: Exact extent of infection in bone and soft tissue





Charcot Foot & Osteomyelitis:

		 Plain radiographs & MRI for diagnosis & complications

		 MRI: «ghost sign»









*











Thank you



		Knochen versch windet in T1, und taucht nach KM    



    wieder auf  

*
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TI1-Weighted MRI Characteristics
of Pedal Osteomyelitis

Mark S. Collins' OBJECTIVE. The objective of our study was to better define the T1-weighted MRI char-
Matthew M. Schaar aceristics of surgically proven pedal osteomyelitc.

Doris E. Wenger 'CONCLUSION. Decreased T1 marrow signal in a geographic medullary distribution
Jawayant N. Mandrekar with a confluent pattern and concordance with fat-suppressed T2- and T1-weighted postcon-

trast signal abnormality was present in 100% of the surgically proven cases of pedal osteomy-
elitis. None of the patients with decreased T1 mamrow signal in a subcortical distribution or in
‘ahazy, reticulated pattern had surgically proven osteomyelitis regardless of the fat-suppressed
‘T2-weighted or posteontrast T1-weighted findings.




Osteomyelitis




Reactive Edema












Osteomyelitis




Rewective Eccue
















Osteomyelitis
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Keimidentifikation
Staphylococcus lugdunensis
Prevotella bivia
















































Keimidentifikation
Staphylococeus aureus.




Dr. Jean-Martin Charcot
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Inflammation etc.
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Natural Course of Disease

Inflammation (normal y)

Fragmentation
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oalescence

Consolidation
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