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1. Introduction 
Charcot Arthropathy is a relatively painless, 

progressive,and degenerative arthropathy of single or 

multiple joints, caused by underlying neurological 

deficits, with peripheral joints most commonly affected 

[1]. 

Charcot Arthropathy of the foot and ankle is a 

syndrome consisting of fractures and dislocations in 

patients with peripheral neuropathy [2] 

In Chronic Charcot Arthropathy the temperature 

elevation and redness gradually subside, while 

permanent deformities may develop, typically, the latter 

include arch collapse with rocker bottom deformity and 

medial convexity. 

As a result, pressures during standing and walking 

are redistributed so that areas of deformity develop high 

pressure and become prone to ulceration. Finally, 

ulcerated areas may become infected and infection may 

spread to the bone, leading to osteomyelitis [3] 

Investigations of Charcot Arthropathy  including 

laboratory studies, that can be used  for diagnosis of the 

etiology ,  differential diagnosis ,and  radiological studies 

includes plain  radiograpgic imaging which helps to 

identify fragmentation, fracture ,distruction  and joint 

dislocation [5].  

Treatment of Charcot Arthropathy is mainly 

nonoperative. Treatment consists of 2 phases, an acute 

phase and a postacute phase. 

 Management of the acute phase includes 

immobilization and reduction of stress, and post-acute 

phase treated surgically [4]. 

 

2. Eiotolgy and pathogenisis 

 [1]The eitiology 

Charcot Arthropathy is an extremely destructive 

joint disorder affecting a single or multiple joints that 

is almost uniformly initiated by even minor trauma to 

an insensate limb or region, the individuals acutely 

affected usually presenting by typical signs of 

inflammation, [edema, redness, hotness, etc] but 

generally without the protective sensation of pain. 

Fractures, dislocations, and instability of multiple 

joints within the foot or ankle are commonly seen [5] . 

The process can potentially results in collapsing 

with severe deformity of the foot , that frequently 

results in gait abnormalities and ulcers formation [6]. 

Now the diabetes is known as the first and the 

most presented cause of Neuropthic Arthropathy [7]. 

In the case of the diabetic foot, the main 

predisposing factors are the presence of diabetes itself, 

combined with neuropathy and with preservation of 

the peripheral circulation [7]. 

 

 

 

[2] Pathogenesis 

The mechanisms for the development of 

CharcotArthropathy are not completely understood 

however, two theories that address the causes of 

Charcot Arthropathy have been described a 

neurovascular theory[French theory] and a 

neurotraumatic theory[German theory],both 

mechanisms likely contribute to development of 

Charcot Arthropathy [8]. 

The neurovascular theory is based on the increasing 

in blood flow to the limb  which result from dilatation of 

the blood vessels because of sympathetic denervation, he 

loss of vasomotor control allows blood vessels to dilate, 

that leads to increasing the peripheral blood flow ,the 

increased blood flow increases the arterio-venous 

shunting, which causes hyperemia, demineralization and 

bone resorption, excessiveOsteoclastic activity without 

a concomitant increase in Osteoblastic function has 

also been documented in Charcot foot [9]. 

The neurotraumatic theory is based on the patients 

experiencing an overuse injury because of an absence 

of protective sensation ,either acute trauma or 

repetitive minor traumas can initiate Charcot 

Arthropathy, absence of protective sensation limits the 

body's protective mechanisms such as shifting body 

weight, limiting activity, and muscle guarding [10]. 

 It is generally accepted that trauma superimposed 

on a well perfused but severely neuropathic extremity 

can precipitate the development of an acute Charcot 

foot [11]. 

The precise role of trauma in the pathogenesis of 

Charcot Arthropathy is not clear,Charcot Arthropathy 

is recognized to progress very rapidly in humans after 

trauma [12] 

 

A. Bone pathology 

There is an association between diabetes mellitus 

and osteoporosis that could contribute to the 

development of Charcot Arthropathy [13].  

Patients with Charcot Arthropthy were shown to 

have reduced bone density in the lower limbs in 

comparison to neuropathic control subjects [14]. 

Studies using bone markers to assess bone 

formation and resorption have indicated that there is 

an increase in osteoclastic activity in comparison with 

osteoblastic activity in acute and chronic Charcot 

Arthropathy, This is thought to lead to osteopenia, 

which can then predispose to fracture even with minimal 

trauma In addition, the loss of peripheral pain sensation 

means that protective mechanisms are lost and joint 

immobilisation, which is essential for proper healing of 

the bone injury, might not occur. This can result in non-

union of fractures and pseudo-arthrosis, often with the 

formation of osteophytes The end result is a gross 
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disorganisation of bone architecture in established 

Charcot Arthropathy [15]. 

 

B. Atypical neuropathy 

It is not entirely clear why only a small proportion of 

patients with neuropathy develop CN. Trauma is likely 

to play an important part but some authorities have 

suggested that people with CN have a different variant of 

neuropathy from the usual distal chronic sensorimotor 

neuropathy. In one study, patients with CN were found 

to have preserved perception of warmth, but had 

complete loss of peripheral cold perception  This 

contrasted with patients with foot ulceration, who had 

severe impairment of both warm and cold sensory 

thresholds  Light touch perception was also preserved in 

CN but vibration perception at the big toe and 

cardiovascular autonomic function tests were abnormal 

in both group 

In [1995], there was no difference in sensory 

impairment between the two groups but CN patients 

showed evidence of reduced bone density in their 

lower limbs with a relatively preserved bone density 

in the spine [14]. 

 

 C. Increased plantar pressure 

Plantar pressures were found to be higher in 

patients who developed acute CN compared with 

patients with distal sensorimotor neuropathy or 

neuropathic ulceration [16]. 

 

3. Pathology 

The well-respected neurotraumatic and neurovascular 

theories have been depended  on for a long time in order 

to clarify the pathogenesis of Charcot Arthropathy .  

The contribution of each of the theories to 

pathogenesis of Charcot foot is broadly detailed and 

discussed as follow: [17]. 

 

A. Inflammation 

The physiological balance between the pro and anti 

inflammatory cytokines that restrains the inflammatory 

response to a necessary extent is compromised in 

Charcot patients. Baumhauer's  findings support this 

phenomenon based on the fact that in a Charcot patient 

the modulation of immune system is disturbed in 

countenance of proinflammatory cytokines [18]. 

Thus, NF-κB pathway is implicated in the excessive 

osteoclastic activity in diabetic Charcot Arthropathy 

[19]. 

IGF-1 is a mediator of vasodilatation, and 

biphosphonate's reducing effect over IGF-1 could have a 

beneficial contribution to restrain proceeding 

inflammation [20]. 

 

B. Neuropeptides 

The essential role of neuropeptides in the bone 

metabolism is thoroughly studied by Offley et al. [21]. 

They reported that capcaisin-induced depletion of 

neuropeptides such as Substance P [SP] and Calcitonin 

Gene-Related Peptide [CGRP] in unmyelinated sensory 

neurons of adult rats resulted in an increased bone loss 

and fragility. The authors suggested that this effect could 

be reversed by daily injections of CGRP [21]. 

Nitric oxide [NO] is a free radical gas that functions 

as a secondary messenger molecule in many biological 

pathways. Several studies suggest that NO has a 

reciprocal effect on the modulation of bone metabolism 

[22].  

 Nitric oxides inhibitory effect over the osteoclasts is 

demonstrated in animal studies, observing NO being able 

to induce apoptosis of preosteoclastsand decrease the 

resorbtive action of the mature osteoclasts in mice [23]. 

Sympathetic innervation of the bone and bone 

marrow is demonstrated by monitorization of thyrosine 

hydroxylase activity, the rate-limiting enzyme 

ofcatecholamine synthesis [21]. 

 

C. Microvascular structure and bone turnover 

When Charcot first described the neuropathic 

arthropaty, he implicated the increase in bone perfusion 

secondary to the sympathetic denervation as responsible 

for bone resorption [17].  

 Jeffcoate improves this hypothesis further by 

suggesting that Charcot Arthropathy requires the 

coexistence of a dense neuropathy with a relatively 

intactperipheral circulation [24]. 

 

D. Hyperglycemia 

The expression of RANKL is proven to be closely 

associated with metabolic consequences of the diabetes. 

Increased blood sugar potentiates free radical formation, 

hyperlipidemia and advanced glycation end-products 

[AGEs], triggering the RANK/RANKL cytokine system 

[18].  

Moreover, since collagen is a structural component of 

the bone, Age-related modifications of collagen, may 

impair the mechanical properties of bone itself, 

predisposing it to fractures and dislocations [23] . 

 

(E) Genetics 

A strong association with Charcot Arthropathy and 

the polymorphisms of those alleles were also 

demonstrated. Recently, Korzon-Burakowska et al. 

supported this association in their study conducted in the 

Polish population [25]. 

 

4. Investigations 

The diagnosis of active Charcot foot is primarily 

depended on history and clinical findings , but  it should 

be confirmed by investigation which helps to distinguish 

the condition from others that cause pain and swelling of 

the foot and ankle. 

 

A. Laboratory investigations  

Laboratory studies, it is can be helpful in diagnosis 

of the etiology and for differential diagnosis. 

(1) Glycosylated hemoglobin [HbA1C] indicates the 

level of hyperglycemic control in diabetes. 
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(2) Elevation of  HbA1C indicates poor hyperglycemic 

control. 

(3) Hyperglycemia can cause nonenzymatic collagen 

glycosylation, which can lead to laxity in ligaments 

and unstable joints. 

(4) Levels of alkaline phosphates, calcium, phosphorus, 

and parathyroid hormone [PTH], can help the 

physician to identify bone diseases, such as Paget 

disease, hypercalcemia may be indication for cancer 

or metastases. 

(5) Vit B-12/folate deficiency could suggest the 

etiology of peripheral neuropathy; this deficiency 

also could suggest chronic alcoholism.  

(6) Findings of liver function tests/coagulation studies 

may suggest chronic alcoholism. [32] 

Rapid plasma reagin [RPR]/fluorescent treponemal 

antibody –absorption [FTA-ABS] tests aid in the 

diagnosis of syphilis, Elevated levels of creatine and of 

blood urea, nitrogen [BUN] could suggest renal disease, 

whereas an elevation in glucose level could suggest 

diabetes. 

 

B. Radiological  Investigations plain radiography 

Experts agree with that radiographs are important as 

the first examination in virtually all settings, however a 

negative result obviously should not offer any 

confidence regarding lack of disease. 

Here a radiograph of a patient with diabetic 

neuropathy and a red hot foot. In the acute stage, the 

radiographs are normal and may not exclude the 

diagnosis of acute Charcot neuro-osteoarthropathy. 

Within 4 months there is progressive decrease of 

calcaneal inclination with equinus deformity at the ankle. 

There is destruction of the tarsometatarsal joint with the 

typical rocker-bottom deformity. Bony debris is seen on 

the dorsal aspect of the foot. 

 

  

 
 

Ultarsonograghy 

Ultrasonography may be helpful investigation  in 

identification of local collection of pus when infection 

occurs and may guide aspiration for analysis; however, it  

provides no further information regarding the integrity of 

underlying bone, and fluid collections may occur with the 

production of  sequestra in Charcot Arthropathy [32]. 

 

Computed topograghy[CT] 

[CT] scanning can detect the presence of sequestra, 

cortical destruction, periosteal reaction and intraosseous 

gas which might not be detected on MR imaging [33]. 

 

Positron emission tomography [PET] 

Can be used in the evaluation of Charcot Arthropthy 

patients with metal implants that would compromise the 

accuracy of MRI. Moreover, PET was also shown to 

distinguish between osteomyelitis and CN [32]. 

 

Bone scan 

It is a very sensitive but nondiscriminatory  test. A 

four phased bone scan [with a delayed image at 24 

hours] is more specific to detect woven bone but does 

not distinguish Charcot Arthropathy from severe 

degenerative changes, fractures and tumors [33]. 

 

111 In-labelled leucocytes scan 

This can be differentiated by complementary marrow 

scanning using Tc-nanocolloid alongside a 111In-

labelled leucocytes scan [32]. 

 

Lumbar puncture procedure 
Can be used if the RPR test is positive. An FTA-ABS 

test is ordered if tertiary syphilis/tabs dorsalis is 

suggested. [34]. 

 

Bone probe 
A blunt, sterile surgical probe is used. It is necessary 

to probe down to the bone to rule out osteomyelitis [32]. 

 

Joint aspiration 
Inflammatory joint fluid containing CPPD crystals 

has been observed in some patient. Such fluid without 

the presence CPPD crystals should raise the possibility 

of sepsis as the synovial fluid is clear, straw colored, and 

viscous in charcot with normal WBC count and normal 

ESR. [32]. 
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Synovial biopsy 

Small fragments of bone and cartilage debris are 

embedded in the synovium because of joint destruion. 

Some state that this is pathognomonic, while others state 

that it is highly suggestive of Charcot Arthropathy [32]. 

 

MRI 

MRI has a high sensitivity and specificity for 

osteomyelitis and has become the test of choice for 

evaluation of the complicated  foot in diabetic patients 

[35]. 

Labeled white blood cell scanning [using 111In or 

99mTc] provides improved specificity for infection in 

the setting of neuropathic bone changes but it can be 

difficult to differentiate soft tissue from bone [36] .  

 

Classification 

Numerous classification systems based on 

clinical, radiographic, and anatomic pathology 

describe Charcot Arthropathy. 

 

A. Saunders and mrdjencovich 
The most commonly used and have the added 

benefit of prediction of the outcome and prognosis, 

it based on the location of the arthropathy, this 

system classifies Charcot arthropathy into four 

patterns: 

Pattern 1, involves the forefoot, 

Pattern 2, involves the tarsometatarsal joint,  

Pattern 3, involves the cuneonavicular, 

talonavicular, and calcaneocuboid articulations,  

Pattern 4, involves the talocrural, or ankle, joint,  

Pattern 5 involves the posterior calcaneus [26]. 

 

B. Eichenholtz classification  

Neuroarthropathic changes of the foot and ankle 

were first classified by Eichenholtz in 1966 [27]. 

 

C. Sanders and frykberg classification 

 Several authors have developed anatomically 

based classification systems by observing the 

patterns of involvement in the foot and ankle. 

Sanders and Frykberg classified Charcot 

Arthropathy anatomically into patterns of joint 

involvement. The authors divided the foot and 

ankle into five patterns of destruction [28]. 

 

D. The brodsky and rouse classification 

 Similarly, Brodsky and Rouse described four 

distinct anatomical areas of the foot and ankle that 

are most commonly affected by Charcot 

arthropathy [29]. 

 

Schon Classifies Midfoot Deformities 

 Schon et al [30] developed a system for 

categorizing acquired midtarsus deformities. 

 

A Five-Stage classification 

Sella and Barrette developed a five-stage 

classification scheme for medial column 

neuropathic joint disease based radiographs, clinical 

findings and bone scans.This system divides the 

medial column of the Charcot foot into five clinical 

stages [31]. 

 

Rogers and bevilacqua classification 

 Rogers and Bevilacqua at 2008 , proposed a 

new classification scheme that considers the 

complications associated with the Charcot joint, 

which may be a prognostic tool for amputation. 

This is a two-axis system with the X-axis marking 

the anatomy affected including  

1. Forefoot. 

2. Midfoot.  

3. Rearfoot/Ankle.  

 

The Y-axis describes how complicated the 

Charcot joint is. 

 A is acute Charcot with no deformity. 

 B is Charcot foot with deformity. 

 C is Charcot foot with deformity and ulceration. 

 D includes osteomyelitis.  

It makes clinical sense that as one moves across 

the X-axis or down the Y-axis the Charcot foot 

becomes ‘‘more complicated’’ and, thus, is at 

greater risk for amputation.  

 

5. Treatment 

Treatment of Charcot Arthropathy depends on many 

factors including clinical stage, location of involvement, 

degree of deformity and patient comorbidities. The 

mainstay of treatment is off-loading, while surgery is 

usually reserved for chronic cases with joint instability or 

severe deformity [37]. 

 

Modalities of treatment  

A. Non-Operative Treatment including  

I. Total Contact Cast [TCC]   

II. Prefabricated Pneumatic Walking Brace [PPWB]  

III. Charcot Restraint Orthotic Walker [CROW]  

IV. Antiresorptive Drugs  

V. Electrical Bone Stimulators  

 

B. Operative Treatment including  

I. Debridement of Ulcer.  

II. Ostectomy.  

III. Arthrodesis with Internal Fixation.  

IV. Arthrodesis with External Fixation.  

V. Amputation: with uncontrolled infection  

 

A. Non operative therapies and medical management 

The goals for every patients undergoing treatment for 

an acute or quiescent Charcot process should be to 

maintain or achieve structural stability of the foot and 

ankle, to prevent ulceration, and to preserve a plantigrade 

foot [38].  
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Total contact cast 
Most cases of acute Charcot ankle especially stage 0 

or stage 1 Eichenholtz Charcot athropathy can be treated 

non-surgically with pressure-relieving methods such as 

total contact casting [TCC], which is believed to be the 

gold standard of treatment [39]. 

 

Prefabricated pneumatic walking brace  
An alternative to TCC is a prefabricated pneumatic 

walking brace [PPWB]. Use of the PPWB is limited in 

patients who have severe foot deformity or who are 

noncomplian, benefits include easier wound surveillance, 

ease of application and the ability to use several types of 

dressings. 

 

Charcot restraint orthotic walker 

Antiresorptive drugs 
Bisphosphonates are popular as antiresorptive drugs 

against osteoporosis, Paget’s disease, and other diseases 

with increased bone turnover , and there have been 

reports on the possibility of pharmacologic therapy for 

Acute Charcot Arthorpathy , but still dosent get FDA 

approved [40]. 

 

Electrical bone stimulators 
Other adjunct therapies have also been offered to 

help manage ACA. Electric bone growth [EBG] 

stimulators   have been experimentally applied and 

clinically tested to promote healing of fractures in the 

acute phase [41]. 

 

B. Surgical management 

Operative Treatment including 

[1] Debridment of ulcer 
Typically skeletal shortening through midfoot wedge 

excision creates sufficient redundant enough tissue to 

permit and can be used in either primary or delayed 

wound closure [42]. 

 

[2] Osteotomy 

Exostectomy followed by protective bracing and 

antibiotic therapy can lead to agood result. In two 

studies, limb-salvage rates reached 90% with this 

procedure, although revision surgery was required in 

25% of  cases [43]. 

 

General rules and indications 

However, [37] showed promising results with 

fusion during the fragmentation stage, without anyn 

major complications and a return to regular shoe wear in 

a mean of 27 weeks of treatment and follow up 

 

A. Arthrodesis with internal fixation 

Arthodesis with external fixation 

External fixation recently has gained popularity as a 

less invasive treatment of Charcot deformities. Good 

results have been reported with external fixation 

techniques in patients who were not suited for internal 

fixation and who otherwise may have required 

amputation, Limb salvage rates were >90%, and new or 

recurrent ulceration was rare  [5]. 

 

Taylor spatial frame 

A recent development in external fixation [the Taylor 

spatial frame] uses a system of six struts to connect rings 

[44]. 

 

B. Hind foot and ankle 
 In many cases the acute Charcot event, if treated 

appropriately, can maintain reasonable alignment, and 

surgery or ulceration from pressure areas in the midfoot 

can be avoided.  This experience has not been described 

in hindfoot and ankle literature [45]. 

Stability will aid the repair of soft tissues, much as in 

open trauma situations and the external fixators allow 

access for local care. The fixator also may allow the 

correction and maintenance of deformity during the 

initial stages [45]. 
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Amputation 

arthrodesis or recurrent ulceration or infection. In a 

retrospective review of multimodal management of 

patients with known Charcot deformities, Saltzman et al, 
 

noted a 2.7% annual rate of amputation [46].
  

 

5. Summary 

Peripheral neuropathy can leads to multiple 

symptoms like numbness s, pain , itching, burninig 

sensation, and muscles weakness, it is usually affecting 

upper and lower limbs spescially hands ,feet, forearms 

and legs. 

Peripheral  nerves acting as an important alarm for 

tissues to can face the dangerouses which  is facing by 

them ,it acting as A defence army for any harmful agents 

Diabetes Mellitus is the most common cause of 

peripheral neuropathy. Jean martin was the first one who 

descriped this disease, by year 1868. Until the 

development of antibiotics ,the syphilis was the most 

common cause  of peripheral neuropathy. The 

pathophysiology of charcot Arthropathy can be 

explained by one of the two following theory, 

Neurotaraumatic theory ,which explains the 

occurance of charcot arthropathy due to multiple and fine 

fractures which can caused by fine and multiple dual 

trauma ,due to absence of body defencing alarming 

system. 

Neuro vascular theory ,which explains occurance of 

Charcot Arthropathy due to vasodilatation of blood 

vessels which leads to calcium absorption and weakness 

of the bones which become  so soft and available to 

fractures. 

Recently the overlapping between two theories is the 

most accepeted  cause to occurrence of Charcot 

Arthropathy. Usually the diagnosis of Charcot 

Arthropathy depends on clinical picture ,as prescence of 

peripheral neuropathy ,past history of fine multiple 

traumas, poly morbidity of patient, and clinical 

examination of the patient. 

Examination of patient can including general 

examination like vital signs,  local examination  can 

shows acut inflammation signs as hotness ,redness 

,edema, and limitation of movement Diagnosis of charcot 

arthropathy can be done by multiple investigations which 

include radiological and laboratory investigations. 

Radiological investigations are the most reliable 

methods to diagnosis of Charcot Arthropathy. Plain 

radiograph the most used imaging ,which can be used in 

diagnosis and staging of Charcot Arthropathy. CT scan, 

bone scan, magnetic resonance imaging can be useful in 

diagnosis ,staging and differential diagnosis of Charcot 

Arthropathy from other suspected diseases. 

The most used classification is Eschinholtz 

classification. Charcot Arthropathy can be treated by 

conseravative or surgical treatment, Conservative 

treatment is used in  early stages of disease [stage 0 and 

stage 1 and early stage 2]. Surgical treatment used in late 

stages of Charcot Arthropathy [stage 3 and 4] 

Surgical treatment options may be one of the 

following: 

1. forefoot deformity reconstruction and correction of 

calcaneal deviation angle 

2. Saving of  hind foot leg realignment 

3. Reconstruction and arthrodesis of deformed joint 

Reconstruction of the deformed joint can be done by 

arthrodesis with internal fixation, arthrodesis with 

external fixator or a combination by external and internal 

fixations.  
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