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•  50	  year	  old	  Qatari	  
male	  with	  Type	  1	  
DM	  32	  years.	  

•  HbA1c	  6.8%	  
•  BP:	  118/64	  
•  ACR:	  1.2,	  eGFR-‐86	  
•  Lipids	  normal	  
(StaLn)	  

•  R	  normal	  

Referral	  



What	  Next?	  



OCT	  



Corneal	  Confocal	  Microscopy	  



Corneal	  nerve	  fibre	  density	  (CNFD):	  26.0	  ±	  10.0	  no./mm2	  	  (control:	  36.5	  /mm2)	  
Corneal	  nerve	  branch	  density	  (CNBD):	  83.3	  ±	  40.3	  no./mm2	  (control:	  76.0	  /mm2)	  
Corneal	  nerve	  fibre	  length	  (CNFL):	  21.9	  ±	  6.6	  mm/mm2	  (control:	  25.8	  mm/mm2)	  

Corneal	  Confocal	  Microscopy	  



Nerve	   Amplitude	  (mV)	   NCV	  (m/s)	  

Median	   5.8	  	   20	  (45-‐70)	  

Ulnar	   0.5	   19	  (48-‐74)	  

Radial	   0.6	   10	  (48-‐70)	  

Peroneal	   1.6	   14	  (44+)	  

Sural	   2.5	   13	  (46-‐64)	  

Electrophysiology	  



Gene&cs	  

NORMAL	  

But	  
No	  Family	  Hx.	  

Age	  50	  



MLPA*	  (	  MulLplex	  LigaLon-‐dependent	  Probe	  AmplificaLon)	  (deleLon	  or	  duplicaLon)	  of	  PMP22	  gene	  

CMT:	  Incidence	  1:2500	  (AD)	  
(1) PMP22	  duplicaLons	  (CMT1A)	  (60%)	  encodes	  a	  22	  KD	  protein	  in	  Schwann	  Cells	  
(2) PMP22	  deleLons	  (HNPP)	  
(3) PMP22	  point	  mutaLons	  (both	  phenotypes.)	  

Gene&cs	  

S.O.S.D. Genetica delle Malattie Neurodegenerative e Metaboliche

Tel 02 2394 4580 - Fax 02 2394 4713

ftaroni@istituto-besta.it

Nota: Nonostante l'accuratezza delle tecniche utilizzate, gli studi sul DNA non sono esenti da possibilità di errore diagnostico.Tali errori possono essere 

dovuti a scambio di campioni o errori nella definizione del genotipo in questione. Questi ultimi possono derivare da tracce di contaminazione nelle

reazioni PCR, da contaminazione materna di campioni fetali e da rare varianti genetiche che possono interferire con l'analisi.

Fondazione I.R.C.C.S. - Via Celoria 11, 20133 Milano - Tel 02 2934 1 - CF 01668320151 - PI04376340156 - www.istituto-besta.it

COGNOME: Mohd Abdulrahman DATA CAMPIONE: 28/01/2016 
00:00NOME: Heji Mohd DATA REFERTO: 11/03/2016 
00:00DATA DI NASCITA: 05/08/1965 SIGLA DNA: HMSN 6140

PROVENIENZA:
MEDICO RICHIEDENTE:

MLPA-based genetic testing for Charcot-Marie Tooth disease Type 1 (CMT1A)   
and Hereditary Neuropathy with liability to Pressure Palsies (HNPP)   

(chr17p11.2-12)

Patient: Mohd Abdulrahman   Heji, dob: 5 August 1965, INCB sample ID: HMSN6140

Sample material: Genomic DNA extracted elsewhere

Methods:   Quantitative Analysis of PMP22 gene using MLPA*   (Multiplex Ligation-dependent Probe
Amplification) for copy number detection (deletion or duplication) of PMP22 gene (SALSA MLPA P033 CMT1
probemix, MRC Holland). The P033 kit contains 16 probes for the PMP22, COX10, and TEKT3 genes located
in the CMT/HNPP region at 17p12. Probes for each of the five PMP22 exons are present in this probemix. In
addition, this probemix contains several probes just outside the CMT/HNPP region for reference.    
*Refs: Slater et al. Hum. Mutat. 2004, 24,164-171; Stuppia et al. Int. J. Mol.Sci. 2012, 13, 3245-3276

Results:   
Although 12 out of 16 probes show an increased ratio indicating a probable duplication, the remaining 4 probes
(indicated by arrows in the attached histograph) show an uncertain result. This may be due to low purity of the
DNA sample. Unfortunately, the small amount of DNA sample does not allow to purify DNA in order to
eliminate the presence of inhibitors of MLPA reaction.   

Conclusion:
MLPA analysis shows a probable duplication of PMP22 gene. However, in order to confirm the presence of the
PMP22 duplication, it is necessary to acquire a new and more abundant sample of DNA.    

                           

           Franco Taroni, MD
                Lab Director
           

Nota: Nonostante l'accuratezza delle tecniche utilizzate, gli studi sul DNA non sono esenti da possibilità di errore diagnostico.Tali errori possono essere 

dovuti a scambio di campioni o errori nella definizione del genotipo in questione. Questi ultimi possono derivare da tracce di contaminazione nelle

reazioni PCR, da contaminazione materna di campioni fetali e da rare varianti genetiche che possono interferire con l'analisi.

Fondazione I.R.C.C.S. - Via Celoria 11, 20133 Milano - Tel 02 2934 1 - CF 01668320151 - PI04376340156 - www.istituto-besta.it
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ADA	  2016:	  Clinical	  Pearls	  
•  Most	  common	  forms	  of	  DN	  are	  DSPN	  and	  AN.	  
•  DSPN	  is	  a	  length-‐dependent	  symmetrical	  disorder	  
and	  most	  commonly	  predominantly	  sensory.	  

•  Neuropathy	  may	  be	  present	  in	  paLents	  with	  
metabolic	  syndrome,	  and/or	  impaired	  glucose	  
tolerance.	  

•  Non-‐diabeLc	  neuropathies	  may	  occur	  in	  diabetes,	  
may	  be	  more	  prevalent	  than	  in	  non-‐	  diabeLc	  
populaLons	  (e.g.,	  higher	  incidence	  of	  B12	  
deficiency	  with	  long-‐term	  megormin	  treatment;	  
CIDP),	  and	  should	  be	  acLvely	  excluded.	  	  	  



Atypical	  Neuropathy	  

• Rapid	  progression	  ý	  
• Asymmetry	  ý	  
• Motor	  >	  Sensory	  þ	  
• Other	  ComplicaLons	  ý	  
• Family	  History	  þ	  
• Drugs	  ý	  



A	  swollen	  foot	  

•  52 yr old male 
•  T1D for 25yrs 
•  Retinopathy: PRP 
•  HTN 5yrs, eGFR 56 
•  Long term Urinary Catheter 
•  Swelling foot 2 months 



Presenta&on	  



1.  Celluli&s	  
2.  DVT	  
3.  Gout	  
4.  Charcot	  
5.  Osteomyeli&s	  

A&E:	  Diagnosis?	  



Inves&ga&ons	  

• ESR	  80	  	  
• CRP	  142	  
• Pro-‐calcitonin	  4.6	  ng/mL	  	  



Procalcitonin	  

•  Procalcitonin is a 116 amino-acid peptide - 
precursor of the hormone calcitonin 



Procalcitonin	  in	  sepsis	  
•  Bacterial toxins (gram+/gram-) and cytokines stimulate 

production of Procalcitonin in all parenchymal tissues. 

•  Non endocrine tissues e.g. liver, lung, brain etc. do not have 
endocrine granules where calcitonin can be stored 

•  Therefore PCT is immediately released into the bloodstream 



Simon	  L.	  et	  al.	  Clin	  Infect	  Dis.	  2004;	  39:206-‐17	  	  	  

PCT:	  Sepsis	  diagnosis	  

•  PCT	  levels	  accurately	  differenLate	  sepsis	  from	  noninfecLous	  inflammaLon*	  
•  PCT	  has	  been	  demonstrated	  to	  be	  the	  best	  marker	  for	  differenLaLng	  paLents	  with	  

sepsis	  from	  those	  with	  systemic	  inflammatory	  reacLon	  not	  related	  to	  infecLous	  
cause	  

Sensi&vity:	  89%	  
Specificity:	  94%	  
NPV:	  90%	  PPV:

94%	  



DFU	  vs	  Osteomyeli&s	  
DFU	  vs	  osteomyeliLs	  
•  ESR	  >67	  mm/hr	  (sensiLvity	  84%;	  specificity	  75%)	  
•  CRP	  >14	  mg/L	  (sensiLvity	  85%;	  specificity	  83%)	  
•  Pro-‐calcitonin	  >0.3	  ng/mL	  (sensiLvity	  81%;	  specificity	  71%)	  

	  
	  
•  Osteo	  (n=24)	  v	  DFU	  (n=11).	  
•  ESR,	  CRP,	  IL-‐6,	  IL-‐8,	  TNFα,	  MCP-‐1,	  MIP1α	  
•  Pro-‐calcitonin	  (PCT)	  (P<0.049).	  
	  

Khodaee	  et	  al.	  J	  Fam	  Pract.	  2015;	  64:	  309-‐310	  
Van	  Asten	  et	  al.	  Int	  Wound	  J	  2015;	  	  
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The value of inflammatory markers to diagnose and monitor
diabetic foot osteomyelitis
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Abstract

In this study, we assessed the effectiveness of inflammatory markers to diagnose and
monitor the treatment of osteomyelitis in the diabetic foot. We evaluated 35 consecu-
tive patients admitted to our hospital with infected foot ulcers. Patients were divided in
two groups based on the results of bone culture and histopathology: osteomyelitis and
no osteomyelitis. The erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
procalcitonin (PCT), interleukin-6 (IL-6), interleukin-8 (IL-8), tumor necrosis factor
alpha (TNFα), monocyte chemotactic protein-1 (MCP-1) and macrophage inflamma-
tory protein-1 alpha (MIP1α) were measured at baseline after 3 and 6 weeks of standard
therapy. PCT levels in the osteomyelitis group were significantly higher at baseline than
in the group with no osteomyelitis (P = 0⋅049). There were no significant differences
between the two groups in the levels of the other markers. CRP, ESR, PCT and IL-6
levels significantly declined in the group with osteomyelitis after starting therapy, while
MCP-1 increased (P = 0⋅002). TNFα and MIP1α levels were below range in 80 out of
97 samples and therefore not reported. Our results suggest that PCT might be useful to
distinguish osteomyelitis in infected foot ulcers. CRP, ESR, PCT and IL-6 are valuable
when monitoring the effect of therapy.

Introduction

As part of the worldwide epidemic of diabetes mellitus, the
prevalence of lower extremity complications is rising. Patients
with diabetes now have a 25% lifetime risk of developing a
foot ulcer (1). Foot infections are one of the most common
reasons for hospitalisation and lower extremity amputations in
patients with diabetes (2,3). Up to 68% of the persons admitted
to the hospital with a diabetic foot infection have diabetic foot
osteomyelitis (DFO) (4,5).

Osteomyelitis is difficult to accurately diagnose and to deter-
mine when treatment is successful so antibiotics can be discon-
tinued (6,7). The ramifications of inaccurate diagnosis of DFO
can be dire. An incorrect diagnosis of DFO when only soft tis-
sue infection is present (i.e. without infected bone) leads to pro-
longed antibiotic therapy, unnecessary surgery and amputation
(8). Prolonged antibiotic therapy can contribute to bacterial
resistance, acute kidney injury, catheter-related infections and

gastrointestinal complications, such as Clostridium difficile
infection (9,10). On the other hand, failure to recognise the

Key Messages
• inflammatory serum markers might have a role in distin-

guishing diabetic foot osteomyelitis
• a cohort of 35 patients with severe foot infections were

followed-up for 6 weeks; patients were divided in two
groups based on bone biopsy results; inflammatory serum
markers were measured at three different time points
during standard of care

• procalcitonin (PCT) was the most informative marker to
distinguish osteomyelitis at baseline (P = 0⋅049)

• the C-reactive protein, erythrocyte sedimentation rate,
PCT and interleukin-6 levels significantly declined in the
group with osteomyelitis after starting therapy

© 2015 Medicalhelplines.com Inc and John Wiley & Sons Ltd doi: 10.1111/iwj.12545 1



Imaging?	  

X-‐Ray	  
Probe	  to	  Bone	  

Bone	  Scan	   MRI	  
CT	  



Khodaee	  et	  al.	  J	  Fam	  Pract.	  2015;	  64:	  309-‐310	  

Which	  test?	  



1.  Celluli&s	  
2.  DVT	  
3.  Gout	  
4.  Charcot	  
5.  Osteomyeli&s	  

Diagnosis?	  



Case	  2	  

•  45yrs	  old	  male.	  
•  Type	  1	  diabetes	  30	  yrs.	  
•  eGFR	  38.	  
•  Swelling	  right	  foot	  >1	  month.	  

•  CRP	  2	  
•  ESR	  5	  
•  Pro-‐calciLnon	  0.1ng/ml	  



Is There a Systemic Inflammatory Response
in the Acute Charcot Foot?
NINA L. PETROVA, MD
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A lthough patients with acute Charcot
osteoarthropathy exhibit a marked
local inflammatory response to

trauma by the classical presentation of a
red, hot swollen foot, the systemic acute
phase response has not been fully inves-
tigated. The aim of this study was to mea-
sure the systemic serologic markers of
inflammation in acute Charcot osteoar-
thropathy.

RESEARCH DESIGN AND
METHODS — We studied 36 consec-
utive patients who presented to the Dia-
betic Foot Clinic over the last 5 years with
a red, hot swollen foot and a skin temper-
ature !2°C compared with the same site
on the contralateral foot and who had no
previous treatment. There was no evi-
dence of any skin breakdown or ulcer-
ation. Foot skin temperatures were
measured by Dermatemp 1001 (Exergen,
Watertown, MA). The diagnosis of Char-
cot osteoarthropathy was confirmed in 25
cases by evidence of subluxation, disloca-
tion, or fragmentation of bone on stan-
dard foot radiographs and in 11 cases by
the presence of an increased focal uptake
on the bony (third) phase of the triphasic
Technetium-Diphosphonate bone scan
(Tyco Healthcare) even though the radio-
graphs at presentation were normal. In
the patients with radiological abnormali-
ties, the patterns of involvement were de-
scribed using Sanders and Frykberg’s
classification (1). Four patients presented
with pattern I (metatarsal-phalangeal
joints), seven with pattern II (tarso-
metatarsal joints), four with pattern III

(tarsal joints), one with pattern IV (ankle
joint), and two with pattern V (calca-
neum). Seven patients presented with
multiple sites of involvement: six had a
combination of patterns II and III, and
one had patterns I and II. In the remaining
11 patients who presented with normal
radiographs, there was increased focal
uptake on the bony (third) phase of the
triphasic Technetium Diphosphonate
bone scan: 10 in the midfoot and 1 in the
forefoot. These patients were similar to
the Charcot foot stage 0 with normal ra-
diograph and abnormal bone scan as de-
scribed in Sella and Barrette’s staging of
Charcot osteoarthropathy (2).

Serum C-reactive protein (CRP),
white cell count (WCC), erythrocyte sed-
imentation rate (ESR), Hb, and GHb were
measured at presentation. Data on liver
synthesis function including liver en-
zymes (aspartate transminase, alkaline
phosphatase, and "-glutamyl tranferase)
and serum proteins (albumin and globu-
lin) were also recorded. Renal function
was assessed by serum creatinine levels.

Statistical analyses
Data are presented as median (25th–75th
percentile). The limit for detection of the
CRP assay was 5 mg/l, and therefore levels
!5 mg/l were taken as 5 mg/l for the pur-
pose of the analysis.

RESULTS — There were 21 type 1 (11
male and 10 female) and 15 type 2 (7 male
and 8 female) diabetic patients. Median
age was 51 years (41–62), and median
duration of diabetes was 20 years (13–

26.5). Skin foot temperature was 3.1°C
(2.4 – 4.2) greater in the Charcot foot
compared with the contralateral foot. Me-
dian CRP level was 5.8 mg/l (5–11) and
!5 mg/l in 47.2% of patients presenting
with acute Charcot osteoarthropathy. Me-
dian ESR was 21 mm/h (13–36); WCC
was 7.0 10\S\9/1 (5.8 – 8.1), reference
range 4–11; GHb was 8.5% (7.3–10.3),
reference range #6; and Hb was 13.1 g/dl
(11.7–14.7). Patients had preserved syn-
thesis liver function as indicated by nor-
mal liver enzymes (median aspartate
transminase 25 units/l [19–29], reference
range 10–50; alkaline phosphatase 105
units/l [76 –136], reference range 30 –
130; "-glutamyl tranferase 26 units/l
[18–43], reference range 1–55) and nor-
mal protein synthesis (median serum al-
bumin 44 g/l [40–46], reference range
35–50, and serum globulin 29 g/l [27–
31], reference range 25–35). The median
creatinine level was 88 $mol/l (79–109),
reference range 45–120, and only one pa-
tient had renal failure and was on he-
modyalisis treatment.

CONCLUSIONS — This report has
shown that in the acute stage of Charcot
osteoarthropathy, there is dissociation
between the presence of local signs of in-
flammation, as demonstrated by in-
creased skin temperature in the Charcot
foot, and the lack of systemic response, as
shown by a normal to slight increase in
CRP levels, normal WCC, and mild
increase in ESR. CRP is one of the well-
established sensitive markers of inflam-
mation widely used in clinical practice as
a direct serological measure of acute
phase response to injury and infection.
The local inflammatory response seen in
our patients may be related to increased
expression of proinflammatory cytokines
(3), but this did not lead to a classical
systemic acute phase response. Lack of
rise of CRP levels in our patients with
acute Charcot osteoarthropathy cannot
be related to abnormal hepatic synthesis,
as both liver enzymes and albumin levels
were within the reference range. Al-
though there is evidence that CRP levels
are markedly raised in patients with dia-
betic foot infection and osteomyelitis,
some reports have suggested that it might
be normal in patients with Charcot osteo-
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•  36	  consecuLve	  paLents	  who	  presented	  to	  the	  
DiabeLc	  Foot	  Clinic	  with	  a	  red,	  hot	  swollen	  foot	  

•  Skin	  foot	  temperature	  3.1°C	  (2.4	  –	  4.2)	  >	  in	  the	  
Charcot	  compared	  with	  the	  contralateral	  foot	  

HOWEVER	  
•  Median	  CRP:	  5.8	  mg/l	  (5–11)	  and	  <5	  mg/l	  in	  
47.2%	  of	  paLents	  

•  Median	  ESR:	  21	  mm/h	  (13–36)	  
•  WCC:	  	  7.0	  (4	  –11).	  	  

Petrova	  et	  al.	  Diabetes	  Care	  2007;	  30:997-‐998	  
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Offloading treatment is linked to activation
of proinflammatory cytokines and start of
bone repair and remodeling in Charcot
arthropathy patients
Agnetha Folestad1, Martin Ålund2, Susanne Asteberg2, Jesper Fowelin3, Ylva Aurell4, Jan Göthlin4 and Jean Cassuto5*

Abstract

Background: Proinflammatory cytokines are an integral part of the osteolytic activity of Charcot arthropathy but
are also central to normal bone healing. As there are no previous longitudinal studies investigating their role during
the recovery phase of Charcot, we set out to monitor systemic levels of proinflammatory cytokines from Charcot
presentation until a clinically and radiographically documented chronic state has been reached.

Methods: Twenty-eight consecutive Charcot patients were monitored during 2 years by repeated foot radiographs,
MRI and plasma levels of interleukin [IL]-6, IL-8, IL-1β, Tumor Necrosis Factor [TNF]-α, and IL-1 receptor antibody
(IL-1RA). Charcot patients were treated with total contact cast (TCC) on the first day of inclusion. Neuropathic
diabetic controls (n = 20) and Healthy subjects (n = 20) served as reference.

Results: Plasma IL-6, IL-8, IL-1β and TNF-α in the acute and chronic phase of Charcot were below or at the level of
diabetic controls and healthy, whereas IL-1RA/IL-1β ratio was continuously higher in Charcot patients. IL-6, TNF-α
and IL-1RA began to increase one week after offloading to reach a peak after 4 months before gradually receding.

Conclusions: A sustained increase of IL-6 and TNF-α starting shortly after offloading and paralleled by accelerated
bone healing on radiographs, suggest that offloading, by activating the inflammatory stage, has a key role to play
in the onset of coupled bone remodeling. High IL-1RA/IL-1β ratio in Charcot patients at presentation supports a
counter-balancing anti-inflammatory role for IL-1RA in the acute phase whereas a high ratio after two years,
possibly due to renewed weight-bearing on a deformed foot, signal need for continued anti-inflammatory activity
and contradicts a “cold” biological state in the chronic phase.

Keywords: Charcot arthropathy, Charcot foot, Bone healing, Fracture, Offloading, Diabetes, Neuropathy, Proinflammatory
cytokines, IL-6, IL-8, IL-1beta, TNF-alpha, IL-1 receptor antibody

Background
The Charcot foot is often characterized by local inflam-
mation, diastases, joint dislocations, and fractures. A
great number of experimental and clinical studies have
shown that most fractures heal by overlapping phases
characterized by inflammation, bone regeneration and
remodeling and that these phases normally follow a
preset schedule with a rather controlled set of events

when fracture healing is allowed to proceed undisturbed
(Fig. 1) [1, 2]. In the primary phase of fracture healing, pro-
inflammatory cytokines, such as IL-6, IL-8, IL-1β, IL-17
and TNF-α, are expressed and released within the first
hours or days after tissue injury. This initial cytokine boost
from the damaged bone and soft tissue is transitory in
nature and only lasts a few days but yet is responsible for a
number of key events such as removal of necrotic tissues
and recruitment of neutrophils and mesenchymal stem
cells [1, 3]. Stem cells are stimulated to undergo differenti-
ation into chondrocytes leading to formation of cartilagin-
ous callus that stabilizes the fracture and, when absent or
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IL-6 in Charcot patients was significantly elevated at 4
months versus inclusion (p < 0.001) but did not differ
significantly between inclusion and 2 years postinclusion
(p = 0.19) (Fig. 2).

IL-8
Plasma IL-8 (pg/ml) was not significantly different
between Charcot patients, Diabetes control patients and
Healthy subjects at inclusion into the study (p = 0.83) or
at 2 years postinclusion (p = 0.45). Plasma IL-8 in
Charcot patients had not changed significantly at 4
months (p = 0.91) or at 2 years (p = 0.35) versus inclu-
sion value (Fig. 3).

TNF-α
Plasma TNF-α (pg/ml) in diabetic controls was signifi-
cantly higher at inclusion versus healthy (p = 0.005) and
versus Charcot (p = 0.005) but did not show significance
between Charcot and healthy (p = 0.64) (Fig. 4). At 2

years postinclusion, plasma TNF-α was significantly higher
in diabetic controls versus Charcot (p = 0.001) and versus
healthy (p = 0.015) whereas difference between Charcot
and healthy was not significant (p = 0.53). TNF-α in
Charcot patients was significantly higher at 4 months
versus inclusion (p = 0.02) but not at 2 years versus
inclusion (p = 0.44).

IL-1β
Plasma IL-1β at inclusion was significantly higher for dia-
betic controls vs. Charcot (p = 0.029) but not vs. healthy
(p = 0.16) or between Charcot and healthy (p = 0.29)
(Fig. 5). At 2 years postinclusion, IL-1β was significantly
higher in diabetic controls versus Charcot (p = 0.027) but
not versus healthy (p = 0.16) or between Charcot and
healthy (p = 0.27). IL-1β in Charcot patients was not
significantly elevated at 4 months versus inclusion value
(p = 0.06) or at 2 years versus inclusion (p = 0.26).

Fig. 2 Plasma IL-6 (pg/ml) in Charcot patients (n = 28), diabetes control patients (n = 20) and healthy donors (n = 20). IL-6 was not significantly
different between the 3 groups at inclusion (p = 0.64) or at 2 years (p = 0.22). ***P < 0.001 for Charcot at 4 months versus Charcot at inclusion.
Charcot at 2 years was not different from Charcot at inclusion (p = 0.19). Mean ± SEM
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IL-1RA
Plasma IL-1RA at inclusion was significantly lower for
healthy versus diabetic controls (p = 0.034) and versus
Charcot (p = 0.004) but did not differ significantly be-
tween Charcot and diabetic controls (p = 0.45) (Fig. 6).
At 2 years postinclusion, IL-1RA was significantly lower

for healthy versus diabetic controls (p = 0.017) and versus
Charcot (p < 0.001) but did not differ significantly
between Charcot and diabetic controls (p = 0.20). IL-1RA
in Charcot patients was significantly higher at 4 months
versus inclusion (p < 0.001) but not at 2 years vs. inclusion
(p = 0.85).

Fig. 3 Plasma IL-8 (pg/ml) in Charcot patients (n = 28), diabetes control patients (n = 20) and healthy donors (n = 20). IL-8 was not significantly
different between the 3 groups at inclusion (p = 0.83) or at 2 years (p = 0.45). IL-8 in Charcot patients at inclusion did not differ from Charcot
at 4 months (p = 0.91) or at 2 years (p = 0.35). Mean ± SEM

Fig. 4 Plasma TNF-α (pg/ml) in Charcot patients (n = 28), diabetes control patients (n = 20) and healthy donors (n = 20). §P = 0.005 for diabetic
controls versus healthy, §§P = 0.005 for diabetic controls versus Charcot. Difference between Charcot at inclusion and diabetic controls was not
significant (p = 0.64). *P = 0.02 for Charcot at 4 months versus Charcot at inclusion. +P = 0.001 for diabetic controls versus healthy, ++P = 0.015
for diabetic controls versus Charcot. Difference between Charcot and healthy at 2 years was not significant (p = 0.53). Charcot at 2 years was not
different from Charcot at inclusion (p = 0.44). Mean ± SEM
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Imaging	  



1.  Celluli&s	  
2.  DVT	  
3.  Gout	  
4.  Charcot	  
5.  Osteomyeli&s	  

Diagnosis 



Neurovascular	  
Charcot	  1868	  

NeurotraumaLc	  
Volkman	  1870	  

Pro-‐inflammatory	  cytokines	  (IL-‐1ß,	  TNF-‐α)	  	  
Ac&va&on	  (RANKL-‐	  NFκB)	  
OSTEOCLASTS	  (CGRP/VIP)	  

Wnt/β-‐catenin	  pathway,	  scleros&n	  and	  dickkopf-‐1.	  
OSTEOBLASTS	  (SP/CGRP)	  

Charcot:	  Pathogenesis	  



Charcot:	  Imaging	  

	  
MRI:	  Sen-‐76.9%,	  

Spec-‐	  75%	  
T1	  increased	  
T2	  decreased	  	  

	  
	  

	  
F18	  FDG	  PET:	  	  

Sen-‐100%,	  	  Spec-‐93%	  
	  	  
	  



Management?	  

Bisphosphonates	  Off-‐loading	  

Denosumab	  
RANK-‐L	  inhibitor	  (Osteoclasts)	  

TeriparaLde	  
Recombinant	  PTH	  (Osteoblasts)	  
	  

Calcitonin	  
5	  yr	  malignancy:	  4.1	  v	  2.9%	  

Surgery	  
Exostectomy,	  Arthrodesis	  



Thank you 


