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Abstract

Background: Charcot Neuropathy is a severe complication of patients with neuropathy mostly seen in the foot, but it can also appear
in the knee or hand. Not only diabetic patients are involved. CN can lead to a complete collapse of the foot with subsequent ulceration and
infection. The mechanism of this episode-like breakdown has not been understood so far. CN still remains mainly a clinical diagnosis depended
on clinical experience because there is still no reliable and specific test even though imaging has improved. X-rays represent the traditional
way to diagnose CN according to the classification of Eichenholtz of 1967. But at the time these alterations become visible, the bone is already
damaged. Therefore Shiabata introduced the MRI as Stage 0 into this existing classification. New approaches using CT or PET/CT have been
published.

But these procedures are expensive, not everywhere available, do not show the situation of foot while weight-bearing and still often lead to
wrong or unclear diagnoses. Usually it takes days to weeks until MRT or PET/CT can be performed. Especially to distinguish between infection
and CN can remain difficult. There is no marker in blood sampling for diagnosis. New research indicates a possible role of changes in mRNA
expression of collagens in the pathomechanism, which might be used in the future for histopathological tests. It would be important to create
reliable and reproducible testing standards and signs unique for CN.

Conclusion: It is important to diagnose patients with Charcot Neuroarthropathy in early stages to prevent destruction and ulceration by
simple procedures such as supply with insoles and shoes. Understanding the pathological mechanism of CN and finding new criteria for new
test are necessary.
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Introduction
Background and specific t.est. CN of the foot represent a.sever.e complication
of neuropathic feet that can lead to ulceration with subsequent

Charcot described the episode-like destruction of bones and  jfection, Infected can cause serious damage to the foot or cause or

joints more than 150 years ago but still the pathological mechanism  |..4 even to a life-threatening sepsis.

and its histological correlates have not been found. After the

neurotrophological or “French” theory and the microtraumatic Most patients with CN suffer from diabetes and the rate seems

or “German” theory opposed each other for 100 years, Jeffcoate
postulated a new theory stating that the activation of the RANKL/
OPG systems causes CN in 2005 [1]. In blood samples pro-
inflammatory cytocines could be shown but histological correlates
for this theory have not been found so far and there is still no reliable

to berising[2,3]. [tisimportant to mention that CN can be due to any
kind of neuropathy e.g. rheumatic diseases, alcohol abuse, toxicity
[3,4]. CN is not only seen in feet but in knees and hands as well [5,6].
Itis necessary to understand the exact pathological mechanism and
correlates of CN to be able to find a test and further on a treatment.
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Especially early stages of CN must be detected before bone and
joints are destroyed with all the complications following and to
prevent surgery often including (partial-) amputation.

Clinical Signs

The clinical signs of CN depend on the stage. As long as no
major damage has happened, the foot can clinically appear normal,
especially in Eichenholtz stages 2 and 3. In acute stages usually the
foot is red, swollen and can be unstable, typical is the absence of
pain [3]. in most cases acute stages occure unilateral in contrast
to the mostly bilateral neuropathy. Minor (repetitive?) trauma
seems to trigger this destructive process [3]. In many cases there
is a difference in temperature, so thermography can be used for
diagnosis as well, even though this is not standardized or specific.
Blood flow is many cases increased so that the pulse is well
palpable, but PVD can be present in the same patient with multiple
co-morbidities in most of the cases. There are no specific clinical
signs so that finding the diagnosis can be difficult and is related to
the experience of the physician. Wrong diagnoses e.g. thrombosis
or infection still are common. Often it still takes months to years for
many patients until the diagnosis of CN is found.

feet.

Figure 2: Loss of superficial sensation can be detected with

a Semmes-Weinstein-Monofilament. J

[t is important to state that CN itself is a non-infectious disease.
Even though secondary infections often are seen due to ulcerations
or skin lesions. Autonomous neuropathy causing dry skin leads
to unrecognized skin lesion and lets bacteria enter the foot. Most
important is diagnosing polyneuropathy as soon as possible. Loss
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of sensation can be easily and cost effective examined using simple
tools such as a tuning fork and a Semmes-Weinstein-Monofilament
(Figures 1 & 2). Pain at night, especially paraesthesia with “burning
feet” or hypaesthesia, is often reported by patients. Unfortunately,
still CN is sometimes recognized only after the first ulcerations
appear. Sanders classified Charcot feet anatomically in 5 types:
Type I affecting the metatarsophalangeal joints, type II the Lisfranc
joint line, type III the Charcot joint line, type IV the ankle joint and
type V the Calcaneus, in nearly all cases more than one type is
affected in one patient.

Imaging

On the basis of X-ray findings Eichenholtz described three
stages of CN: stage 1 (bone dissolution with destruction and
disintegration of bone), stage 2 (coalescence or consolidation), and
stage 3 (condensation or remodeling) [7]. The problem is that once
radiologic signs can be seen, fractures and irreparable damage has
already happened to foot. Classen and colleagues recognized that
clinical symptoms regularly precede the X-ray signs of Eichenholtz
stage 1 by several weeks, while scintigraphy bone abnormalities
are detected [8]. This led to introduce Charcot foot stage 0 to
the conventional classification by MR imaging [9,10]. Recently,
Chantelau etal. proposed a complete new classification based an MRI
[11]. Two severity grades are proposed according to the presence of
cortical fracture and two stages (active/inactive) for inflammation
signs. Senk et al. showed microfractures in early stages of CN of the
foot in micro-CT [12]. Scintigraphy and ultrasound have also been
used for imaging but there is no classification or typical signs for CN
defined [12]. Using a PET-CT scan to find early inflammation in CN
of the foot has been proposed by Ruttolo et al. [13].

Laboratory Testing

There are no specific markers in blood samples for CN. White
blood cell count, sedation rate and CRP usually are not elevated
unless there is a secondary infection. So, blood samples are most
important to detect infection but not for diagnosing CN [14].

Histopathology

So far there have not been specific markers or a score existing
to detect CN in bone or tissue samples in pathology. Therefore,
diagnosing CN by taking intra operative samples still can lead to
wrong results. At the moment the histopathological diagnosis
is based on a semi quantitative analysis. A defined scoring
system for instance as it had been developed for osteomyelitis,
HOES, Histopathological Osteomyelitis Evaluation Score would
be desirable for CN including all the inflammatory and non
inflammatory alterations of this complex joint lesion [15]. In most
recent research changes in the mRNA expression of collagens could
be shown in intra-operative samples of Charcot feet. For the first
time a morpholical correlate could be shown for the clinical and
radiological well known typical changes in bone and capsula in CN
of the foot [16].

Five collagen subtypes were specifically noted to be significantly
over-expressed, notably Types II, IV, IX, XI, and XVII. In pooled
bone RNA samples collagen XVII A1 was up-regulated by 52.5x,
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collagen VI A6 by 6.3%, and collagen VI A5 by 5.9x from patients
with CN compared to controls. In joint capsule, collagen II A1 was
up-regulated in CN by 122.4x, collagen XI A2 by 9.5x, collagen XIX
A1 by 6.7x, and collagen XXIIA1 by 5.4x. A distinct pattern of over-
expression of collagen mRNA subtypes was observed in CN. These
observations provide insight into the molecular pathogenesis of
CN and may serve as a molecular and cellular biomarker signature
with potential use for early diagnosis of CN [16].

Discussion

Though important advances have been made especially in
imaging, in clinical practice there is no reliable, specific and
useful test for CN. The pathological mechanism of CN has still
not been understood and therefore there is no treatment for this
specific inflammatory disease. X-rays are recommended for the
first examination, the authors suggest x-ray with weight-bearing
dorso-plantar, lateral and ankle anterior-posterior and immediate
testing for polyneuropathy using simple tools as a tuning fork
and Semmes-Weinstein-Monofilament [3]. If the x-Ray is negative
MRI or nuclear imaging can be performed especially if infection
is suspicioned [3]. Probing bone has been shown to have a high
sensitivity for osteomyelitis [17]. One advance seems to be to
improve and standardize MRI imaging. But even though, it seems to
be possible to detect early stages of CN, there is no reliable data yet

about specificity and sensitivity of these procedures.
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Figure 3: New hypothesis for the pathogenesis of CN:
Double character of bone resorption and osteogenesis and
the role of collagens in the vicious circle of inflammation.

Note:a. Red: Therole of collagens and collagen breakdown;

b. Blue: Original scheme by Jeffcoate of 2005.
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Another problem is that MRI is not available everywhere, it
is expensive and it can take weeks to months to be performed. If
a patient is presented for the first time, it would be necessary to
detect CN as soon as possible to start for example off-loading e.g.
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using a total contact cast which has been proved to prevent CN from
causing further damage. PET-CT probably will stay more a research
approach for these reasons and seems not to be practical for the
most of the patients. It remains difficult to definitely diagnose
CN especially in early stages before major bone alterations even
though simple and cost-effective clinical testing and examination
of the patient can lead fast to the diagnosis of CN. Recent studies
showed alterations of the mRNA expression of collagens in intra
operative taken samples of Charcot feet (Figure 3) [16].

Proposed “vicious” inflammatory double cycle of CN and the
critical role of collagens. Due to neuropathy which is seen in all
patients with CN an abnormal gait and elevated peak pressure
meet loose of the fat padding especially in the fore and middle foot.
Unrecognized repetitive (micro-) trauma cause cortical fractures
and triggers a pathological inflammation cascade through damaged,
denatured or otherwise modified collagen 1I, VI and XVII fibers.
This could lead to excessive, irregular and imbalanced recruitment
of both osteoclasts and osteoblasts. The massive expression of
collagen IL:IX:XI heteropolymers missing the essential cross-linking
of collagen IX results in breakdown of unstable heteropolymers,
further driving the inflammatory cycle [16]. The role of mRNA
expression changes in Charcot feet could suggest that CN may
be further characterized, and possibly staged, by determining
expression of collagen subtypes.

This may serve as a valuable diagnostic and research tool.
As the observed changes in collagen mRNA species appear to be
characteristic for CN, these may serve as a CN gene expression
signature. Ex vivo analysis of this CN signature may have important
clinical implications with regard to diagnosis, staging, and future
therapies of this disease. This finding was the first study, to the
knowledge of the authors, with in vivo samples to show the role of
collagens in CN and the first study with in vivo samples supporting
the inflammation theory of Jeffcoate of 2005. These results could
be a new approach and possible use for clinical tests, while valid
tests for CN are still missing. But more research with more samples
is necessary, and the hypothesis for the inflammation vicious cycle
should be controlled in new studies [16,17].

Therefore it is essential to do more basic research and find the
correlates of CN and its proposed inflammation mechanism. We need
to find out, how this inflammation is triggered, which cytokines are
involved and play key roles in this inflammation cascade. Further,
it is important to find the histopathological correlate for the well-
known alterations in bone and soft tissue. Then there would be a
possibility for reliable test to diagnose with a high specificity and
sensitivity CN and to target specific cytokines and or surfaces to
stop the destruction as in other diseases e.g. rheumatoid arthritis
new drugs have changed the treatment profoundly.

Conclusion

It is essential to diagnose Charcot Neuropathy as most severe
complication of diabetic feet in its early stages as soon as possible.
Unfortunately there is still no reliable test, even though MRl imaging
has improved to detect early stages of CN. Recent studies showed
for the first time changes in the mRNA expression of collagens and
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this might be a morphological correlate for the inflammatory theory
of Jeffcoate. These new findings might be valuable to create new
histopathological test to detect CN in early stages. More research in
this field is necessary.
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