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Abstract
Charcot neuroarthropathy is a limb-threatening, destructive process that occurs in patients who suffer from neuropathy 
associated with medical diseases such as diabetes mellitus. Clinicians’ treating diabetic patients should be vigilant in 
recognizing the early signs of acute Charcot, such as pain, warmth, edema, or pathologic fracture in a neuropathic foot. 
Early detection and prompt treatment can prevent joint and bone destruction, which if untreated can lead to morbidity and 
high level amputation. High degree of suspicion is necessary. Once early signs are detected, prompt immobilization and 
offl oading are important. Treatment should be determined on an individual basis in which it must be determined whether 
or not a patient can be treated conservatively or will require surgical intervention when entering the chronic phase. If 
diagnosed early, medical and conservative measures will only be required. Surgery is indicated for patients with severe 
or unstable deformities, which if untreated will end up in major amputations. A team approach including the foot and ankle 
surgeon, the diabetologist, physiotherapist, medical social councilor, and most important, the patient and the immediate 
family members, is vital for successful management of this serious condition.

Keywords: Rocker-bottom; Charcot arthropathy; Peripheral neuropathies; Redness; Swelling; Pain or Soreness; 
Warmth within the foot; Strong pedal pulse; Instability in the joints; Loss of sensation in the foot; Fragmentation; Bone 
resorption; Dislocations; Fractures; Coalescence; Sclerosis; Fracture healing; Debris resorption
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Abbreviation
TNF : Tumor Necrosis Factor

OPG: Osteoprotegrin

CGRP: Calcitonin Gene Related Peptide

MRI: Magnetic Resonance Imaging 

Introduction
Since its first description by Sir William Musgrave in 1703, 
the pathogenesis of Charcot neuroarthropathy (CN) has 
bewildered even the most astute physicians and scientists. 
In 1883, Jean-Martin Charcot described the ‘tabetic 
foot,’ as tabes dorsalis was the most common cause of 
neuroarthropathy at the time [1]. Diabetes mellitus has 
long surpassed syphilis as the leading cause of CN and 
the prevalence of diagnosed CN in patients with diabetes 
is reported to be 0.08% to 7.5% [2]. Armstrong et al has 
reported the prevalence of Charcot foot to be approximately 
0.16% in general population and about 13% in the high risk 
diabetic patients presenting to a foot clinic [3]. Although not 
very common, CN a chronic and progressive disease of bone 
and joints, is one of the most destructive complications of 
diabetes, leading to subluxation, dislocation, deformity, and 
ulceration of the foot and ankle joints. It is characterized by 
painful or painless bone and joint destruction in limbs that 
have lost sensory innervations.

The prevalence of diabetes is increasing rapidly and is likely 
to reach epidemic proportion in the next decade. There are 
over 371 million diabetic patients in the world today. It is 
estimated that India had about 31.7 million adult diabetic 
patients (age group of 20 to 79 years) in the year 2000, and 
the number is expected to increase to 73 million by 2025 
[4]. As of now, India with 61.3 million diabetic patients has 
the second largest number of diabetic patients in the world, 
after China [5].

The Charcot foot, is a condition affecting the bones, joints, 
and soft tissues of the foot and ankle, characterized by 
inflammation in the earliest phase. The Charcot foot has 
been documented to occur as a consequence of various 
peripheral neuropathies; however, diabetic neuropathy 
has become the most common etiology. The interaction 
of several component factors (diabetes, sensory-motor 
neuropathy, autonomic neuropathy, trauma, and metabolic 
abnormalities of bone) results in an acute localized 
inflammatory condition that may lead to varying degrees 
and patterns of bone destruction, subluxation, dislocation, 
and deformity (Figure 1). The hallmark deformity associated 
with this condition is midfoot collapse, described as a 
“rocker-bottom” foot, although the condition appears in 
other joints and with other presentations. Pain or discomfort 
may be a feature of this disorder at the active (acute) stage, 
but the level of pain may be significantly diminished when 
compared with individuals with normal sensation and 
equivalent degrees of injury [6].

‘Amrita Institute of Medical Sciences and research centre’ 

is a large tertiary, 1400 bed, super-speciality hospital at 
Kochi, Kerala, India. The division of diabetic lower-limb 
and Podiatric surgery mainly deals with diabetic lower 
limb surgical problems. The division is amalgamated to 
the department of Endocrinology. This integrated team 
approach, so important in the proper management of the 
diabetic foot and lower limb problems, is available in only 
few centres worldwide. This is the best of its kind in the 
country, and probably in Asia. We have an inpatient load of 
about 50 diabetic foot patients at any time. Our outpatient 
load is about 60 patients, each out-patient day, which is 
thrice a week. We see about three new Acute Charcot 
cases each week, and operate on about one to two severely 
destroyed foot and ankle Charcot cases each week, in high 
risk diabetic patients. Remarkably, a large percentage of 
these patients have destroyed hind foot Charcot. This is 
other than large number of forefoot corrective surgeries 
done every month. 

Figure 1: Destroyed Mid and Hind Foot Charcot.

Pathophysiology
The exact nature of Charcot arthropathy remains unknown, 
but the following major theories existed regarding the 
pathophysiology of this condition [7].

Neurotraumatic theory
This theory states that Charcot arthropathy is caused by 
an unperceived trauma or injury to an insensate foot. The 
sensory neuropathy renders the patient unaware of the 
osseous destruction that occurs with ambulation. This 
microtrauma leads to progressive destruction and damage 
to bone and joints. 

Neurovascular theory
 This theory suggests that the underlying condition leads 
to the development of autonomic neuropathy, mainly 
sympathetic denervation, causing the arterio-venous 
shunts to open into the volkmann and haversian channels 
(Figure 2). This causes about 30% to 60% increased blood 
flow into the bone. This causes the minerals to be washed 
off and also stimulates the osteoclasts, which in their turn 
causes increased bone destruction, leading to osteopenia.
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Figure 2: Arterio-Venious Shunts.

Combination theory 
Charcot arthropathy most likely results from a combination 
of the processes described in the above theories. The 
autonomic neuropathy leads to abnormal bone formation, 
and the sensory neuropathy leads to an insensate joint that 
is susceptible to trauma. The development of abnormal 
bone with no ability to protect the joint results in gradual 
bone fracture and in the subluxation of the joint. 

Charcot recognized the role of acute inflammation: ‘the 
joints were inflamed, red and rather painful, similar to 
exacerbations of subacute rheumatoid arthritis’ (translation) 
[8]. Indeed, it is the uncontrolled inflammation that results 
in the final common pathway for decreased bone density 
in CN with osteoclast & osteoblast imbalance. Gough et 
al. [9] proved that excessive osteoclastic activity occurs in 
patients with acute CN [9]. 

The role of inflammation in upsetting osteoclast-osteoblast 
homeostasis was investigated by Baumhauer et al. [10]. 
The investigators stained 20 surgical bone specimens 
of Charcot patients with hematoxylin and eosin (H&E), 
interleukin-1 (IL-1) antibody, tumor necrosis factor (TNF) 
alpha antibody, and interleukin-6 (IL-6) antibody. These 
inflammatory cytokines lead to bone resorption by promoting 
osteoclast recruitment, proliferation, and differentiation. 
Osteoclasts demonstrated a moderate pattern of staining 
for TNF-alpha and IL-1, and a diffuse pattern of staining 
for IL-6. These results suggest that osteoclasts express 
inflammatory cytokines during the acute and reparative 
phases of CN. H&E staining also showed the presence 
of excessive numbers of multinucleated osteoclasts in 
lacunae surrounded by lamellar bone. Uccioli et al. [11] 
further elucidated the role of inflammation in the Charcot 
process as they characterized the cytokine phenotype of 
monocytes in patients with acute CN [11]. 

The Role of Receptor Activator of Nuclear 
Factor kappa B Ligand (RANKL)
The presence of proinflammatory cytokines alone does not 

account for the entire influx of osteoclasts in CN. Receptor 
activator of nuclear factor-kappa B ligand (RANKL) has 
been studied extensively for its role in activating osteoclasts 
in diabetic CN. RANKL is an important mediator of 
osteoclastogenesis and is essential in osteoclast formation 
and modulation (Figure 3). The antagonist of the RANKL 
pathway is osteoprotegrin (OPG). Jeffcoate suggested 
that disruption of the RANKL/OPG pathway is responsible 
for both vascular smooth muscle calcification and the 
osteopenia seen in CN [12]. 

Figure 3: The antagonist of the RANKL pathway is osteoprotegrin 
(OPG).

Three years later, Mabilleau et al. [13] demonstrated the 
role of RANKL in CN and also suggested that there may be 
a RANKL-independent pathway [13]. The addition of OPG 
caused a greater decrease in resorption in the diabetic and 
healthy control groups than in the Charcot group, implicating 
that there is a RANKL-independent pathway of bony 
destruction in CN. This study demonstrated unequivocally 
that osteoclast precursor cells in acute Charcot patients are 
‘primed’ to become osteoclasts with aggressive behavior. 
The authors of this study suggest that the increased levels 
of circulating proinflammatory cytokines, TNF-alpha, IL-
6, and IL-8 induce osteoclast formation independent of 
RANKL. Indeed, inflammation is the final common pathway 
in the pathogenesis of CN. 

To attempt to address the osteoclast-osteoblast 
imbalance, there has been research to evaluate the use 
of bisphosphonates in CN. Pitocco et al. [14] performed a 
Level 1 study of 20 patients in which the treatment group 
received 70 mg of alendronate once weekly, and the 
control group received placebo [14]. Both groups were 
prescribed standard off-loading methods. While these 
researchers found significant reductions in hydroxyproline 
and serum C-terminal telopeptide of type 1 collagen (ICTP), 
markers of bone turnover, they did not report differences 
in the resolution of clinical symptoms. They did, however, 
demonstrate a reduction in the serum levels of insulin-
like growth factor 1 (IGF-1) in the treatment group. IGF-
1 causes vasodilatation, adding to the hyperemia that 
already exists in CN. This finding prompted the same group 
of researchers to study the relationship between IGF-1, 
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neuropathy, inflammation, and the RANKL system [15]. 
Bisphosphonates may decrease IGF-1 and help regulate 
RANKL, but their clinical efficacy remains to be proven.

The Influence of Calcitonin Gene-Related 
Peptide (CGRP) and Nitric Oxide
Peripheral and autonomic neuropathy can minimize 
the release of the neuropeptide calcitonin gene related 
peptide (CGRP), which antagonizes the expression of 
RANKL. CGRP inhibits osteoclast motility, recruitment, and 
differentiation [16]. Associated with blood vessels, CGRP is 
produced in the hypothalamus and found in the periosteum 
and bone marrow. Experiments utilizing fractures in rat 
femora demonstrated that CGRP increases at the site of 
the fracture gap, suggesting that neuropeptides play an 
active role in bone remodeling [17]. With a lack of CGRP, 
osteoclasts are recruited by RANKL in an unchecked 
fashion. La Fontaine et al. [18] substantiated the CGRP 
hypothesis with their study in 2008 [18]. 

They performed immunohistological studies in bone samples 
of three groups: diabetic patients without neuropathy, 
diabetic patients with neuropathy, and diabetic patients 
with stage 2 or 3 CN. Samples of bone were collected 
during reconstructive operations, and patients with history 
of ulceration, osteomyelitis, or end stage renal disease 
were excluded. They found a trend toward significance 
in comparing CGRP expression, with the Charcot group 
having the least amount of CGRP. Additionally, these 
researchers looked at the relative amounts of endothelial 
nitric oxide synthase (eNOS), an isoenzyme that regulates 
nitric oxide production. Nitric oxide is a free radical that 
suppresses osteoclasts. Immunohistochemical studies 
found a statistically significant decrease in eNOS in the 
Charcot bone compared with the other two groups.

Advanced Glycation End Product (AGE) 
Accumulation
Another mechanism by which RANKL, and thus osteoclast 
function, is increased is by accumulation of advanced 
glycation end products (AGEs). The formation of AGEs is 
driven by hyperglycemia and primarily affects collagen in 
tissues with the slowest turnover, such as cortical bone [19]. 
AGEs have been found to increase RANKL activation as 
well as induce osteoblast apoptosis [20]. In patients with 
diabetes, there is increased formation of AGEs but a lack 
of a receptor for AGEs (RAGE). Witzke et al. [19] designed 
a cross-sectional study in which they enrolled 80 male 
subjects: 30 healthy controls, 30 diabetic patients without 
Charcot, and 20 diabetic patients with stage-2 CN [19]. 

They found a significant reduction in calcaneal stiffness in 
the patients with CN. In all subjects, there was a positive 
correlation between calcaneal bone stiffness and RAGE 
concentration, indicating that RAGE is protective against 
osteoclastic resorption. CN patients had RAGE values that 
were 86% lower than control subjects and 50% lower than 
diabetics without CN. In addition, these researchers found 

an elevated level of osteocalcin, a marker of bone turnover, 
in CN patients. In summary, there was a linear relationship 
between impaired AGE defense (lack of RAGE), increased 
bone turnover, and reduced bone stiffness. This study 
suggests evidence that drugs that increase RAGE levels, 
such as ACE-inhibitors, statins, and glitazones, may be 
useful in preventing or suppressing CN.

Natural History
Large percentages of the patients who develop Charcot 
neuroarthropathy have a known duration of diabetes of over 
10 years. The long duration of diabetes prior to the initiation 
of the Charcot process reflects the degree of neuropathy 
that is invariably present in these patients. The blood supply 
to the Charcot foot is always good. The initiating event of 
Charcot neuroarthropathy is often a seemingly trivial injury, 
which may result in a minor periarticular fracture or in a 
major fracture despite the inability of the patient to recall the 
injury in many cases. The patient may notice a change in 
the shape of the foot and others describe the sensation, or 
the sound, of the bones crunching as they walk. Following 
this there is a rapid onset of swelling, an increase in 
temperature in the foot and often an ache or discomfort. 

It is these processes which, if left untreated, lead to the 
characteristic patterns of deformity in the Charcot foot, 
including the collapse of the longitudinal and transverse 
arches resulting in the rocker bottom foot seen in cuneiform 
metatarsal Charcot neuroarthropathy or collapsed and 
distorted ankle joints in rear foot Charcot (Figure 4). 
The natural history of Charcot neuroarthropathy passes 
from this acute phase of development through a stage of 
coalescence, in which the bone fragments are reabsorbed, 
the oedema lessens and the foot cools, into the stage of 
reconstruction, in which the final repair and regenerative 
modelling of bone takes place to leave a stable, chronic 
Charcot foot. The time course of these events is variable but 
intervention must be made in the earliest phase to prevent 
subsequent deformity, disability, ulceration and amputation 
[21]. 

Figure 4: Natural History.
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Classifications
Numerous classification systems exist for the categorization 
of the Charcot foot according to the severity/location 
and complexity of the condition. The earlier classification 
systems were based on the radiographic findings or 
anatomic location [22].

Eichenholz classification: Disease progress
The Eichenholz classification describes the evolution of the 
condition through time [23]. A “stage 0” has come into use 
to describe the swollen, hot, usually somewhat painful foot 
in which plain X-rays are normal. MR, however, shows bone 
oedema and stress fractures.

i. Stage 0: Hot foot, normal X-rays. MR shows bone 
oedema and fractures

ii. Stage 1: Fragmentation, bone resorption, dislocations, 
fractures

iii. Stage 2: Coalescence, sclerosis, fracture healing, 
debris resorption

iv. Stage 3: Remodelling 

Brodsky classification: Disease distribution
Charcot arthropathy usually begins in the tarsometatarsal 
region, but sometimes it is seen in the midtarsal or ankle 
joints, or as pathological calcaneal fractures. The distribution 
is expressed by the Brodsky classification [24]. 

a. Type 1: Involves tarsometatarsal and naviculocuneiform 
joints, most common location (60% of cases), and 
collapse leads to fixed rocker-bottom foot with valgus 
angulation.

b. Type 2: Involves subtalar, talonavicular or 
calcaneocuboid joints, (10% of cases), unstable, 
requires long periods of immobilization (up to 2 years).

c. Type 3A: Involves tibiotalar joint, (20% of cases), late 
varus or valgus deformity produces ulceration and 
osteomyelitis of malleoli.

d. Type 3B: Follows fracture of calcaneal tuberosity, late 
deformity results in distal foot changes or proximal 
migration of the tuberosity.

e. Type 4: Involves a combination of areas.

f. Type 5: Occurs solely within forefoot.

Sanders and frykberg classification (Figure 5)
Sanders & Frykberg [25] classified Charcot arthropathy 
anatomically into patterns of joint involvement [25]. The 
authors divided the foot and ankle into five patterns of 
destruction. 

a. Pattern I: Involves the forefoot joints and common 
radiographic changes include osteopenia, osteolysis, 
juxta-articular cortical bone defects, subluxation and 
destruction.

b. Pattern II: Involves the tarsometatarsal joints including 
the metatarsal bases, cuneiforms and cuboid. 
Involvement at this location may present as subluxation 
or fracture/ dislocation, and it frequently results in the 
classic rocker bottom foot deformity. 

c. Pattern III: Involves Chopart’s joint or the 
naviculocuneiform joints. Radiographic changes 
typically show osteolysis of naviculocuneiform joints 
with fragmentation and osseous debris dorsally and 
plantarly.

d. Pattern IV: Involves the ankle with or without subtalar 
joint involvement. Radiographs reveal erosion of bone 
and cartilage with extensive destructive of the joint, 
which may result in complete collapse of the joint and 
dislocation. Typically, this pattern of involvement results 
in a severe unstable deformity.

e. Pattern V: Is isolated to the calcaneus and usually 
results from an avulsion of the Achilles tendon off the 
posterior tubercle. The authors reported the midfoot 
(patterns II and III) to be the most common area of 
involvement and these patterns are often associated 
with plantar ulceration at the apex of the deformity.

Figure 5: Sanders and Frykberg classification.

The Roger’s classification of charcot foot (Figure 
6)
Rogers & Bevilacqua [26] proposed a new classification 
scheme, which accounts for the degree of complications 
in the Charcot joint [26]. This new system considers 
deformity, ulceration and osteomyelitis, and may be helpful 
in predicting amputation. 

This is a two-axis system (XY) and combines the features 
of the clinical exam, radiography and anatomy. The X-axis 
marks the anatomic location of involvement and the foot 
and ankle are divided into three regions: forefoot, mid foot 
and rear foot/ankle. The Y-axis describes the degree of 
complication in the Charcot joint. A is acute Charcot with no 
deformity, B is Charcot foot with deformity, C is Charcot foot 
with deformity and ulceration, and D includes osteomyelitis. 
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Therefore, one moves across the X-axis (anatomic 
involvement) and/or down the Y-axis (complicating factors) 
as the Charcot foot becomes “more complicated” and is 
accordingly at greater risk for amputation [22,26]. 

Figure 6: The Roger’s classification.

Diagnosis
Diagnostic clinical findings include components of 
neurological, vascular, musculoskeletal, and radiographic 
abnormalities. There have been no reported cases of CN 
developing in the absence of neuropathy. Accordingly, 
peripheral sensory neuropathy associated with reduced 
sensation of pain is the essential predisposing condition 
that permits the development of the arthropathy [27]. 
Because of the very presence of insensitivity, a personal 
history concerning antecedent trauma is often unreliable 
[28]. Typical clinical findings include a markedly swollen, 
warm, and often erythematous foot with only mild to modest 
pain or discomfort [27]. 

Acute local inflammation is often the earliest sign of 
underlying bone and joint injury [29]. This initial clinical 
picture resembles cellulites, deep vein thrombosis, or acute 
gout and can be misdiagnosed as such. There is most 
often a temperature differential between the two feet of 
several degrees. The affected population typically has well 
preserved or even exaggerated arterial blood flow in the 
foot. Pedal pulses are characteristically bounding unless 
obscured by concurrent edema. Patients with chronic 
deformities, however, can develop subsequent limb-
threatening ischemia. Musculoskeletal deformity can be 
very slight or grossly evident most often due to the chronicity 
of the problem and the anatomical site of involvement [30]. 
The classic rocker-bottom foot, with or without plantar 
ulceration, represents a severe chronic deformity typical for 
this condition. Radiographic and other imaging modalities 
can detect subtle changes consistent with active CN [31].

Clinical Features
High degree of suspicion is necessary. CN must be 

suspected in any diabetic patient coming with swelling, 
redness and sometimes pain of the foot and ankle, of 
short duration, of within four to six weeks. Usually there 
is no history of any known trauma. Clinical picture would 
resemble cellulites. However systemic features of infection 
may be absent. The peripheral pulses, the dorsalis pedis 
and the posterior tibial usually would be well palpable in 
CN. The erythrocyte sedimentation rate and C-reactive 
protein values would be normal in CN. 

Symptoms of Charcot Foot May Include the Following

a) Redness.

b) Swelling.

c) Pain or soreness.

d) Warmth within the foot.

e) Strong pedal pulse.

f) Instability in the joints.

g) Loss of sensation in the foot.

h) Subluxation (misalignment of the bones that form a 
joint).

i) Deformity of the foot (which can be severe).

Approximately 50 percent of patients with Charcot foot 
remember a precipitating, minor traumatic event, and about 
25 percent of patients ultimately develop similar changes 
on the contralateral foot. In patients with diabetes and 
neuropathy, Charcot joint can develop very rapidly after 
a minor trauma. Because trauma is not a prerequisite 
for Charcot foot, a patient with diabetes and neuropathy, 
erythema, edema, increased temperature of the foot and 
normal radiographs most likely has an acute Charcot 
process [25]. These patients are afebrile, have stable insulin 
requirements and normal white blood cell counts, and often 
have no break in skin integrity. These are all conditions that 
make infection unlikely. The existence of little or no pain can 
often mislead the patient and the physician [26].

Brodsky described a test to distinguish a Charcot process 
from infection in patients with associated plantar ulcers. 
With the patient supine, the involved lower extremity 
is elevated for five to 10 minutes. If swelling and rubor 
dissipate, the diagnosis of a Charcot process is supported. 
If the swelling and rubor persist, an infectious process is 
likely [24].The acute Charcot foot can mimic cellulites. It is 
strongly recommend that the diagnosis of acute Charcot 
foot be considered in any patient with diabetes and 
unilateral swelling of the lower extremity and/or foot [30]. 
Our experience to corroborate with these findings.

Imaging of the charcot foot
Radiographs are the primary initial imaging method for 
evaluation of the foot in diabetic patients. Easily available 
and inexpensive, especially in a country like India, where 
cost of medical management is an important factor, they 
provide information on bone structure, alignment, and 
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mineralization. X-rays may be normal or show subtle 
fractures and dislocations or later show more overt fractures 
and subluxations. In later stages, the calcaneal inclination 
angle is reduced and the talo-first metatarsal angle is 
broken (Figure 7). 

Figure 7: X-ray of destroyed fore, mid and hind foot Charcot.

However, radiographic changes of CN are typically 
delayed and have low sensitivity. Radiologic features 
of CN are the same irrespective of the etiology and 
distribution. Early stage radiographic findings include 
persistent or progressive joint effusion, narrowing of the 
joint space, soft-tissue calcification, minimal subluxation, 
osteopenia, and fragmentation of eburnated subchondral 
bone. In the late stage, there is radiographic evidence of 
destruction of articular surfaces, subchondral sclerosis, 
osteophytosis, intra-articular loose bodies (bag of bones), 
subluxation, Lisfranc fracture/dislocation of midtarsal 
bones, and rapid bone resorption demonstrating pencil-in-
a-cup deformity. Radiographic features found in the severe 
form of neuropathic arthropathy are pathognomonic. Bone 
eburnation, fracture, subluxation, and joint disorganization 
can be more profound in this disorder. However, early 
changes may resemble osteoarthritis, and the bone 
collapse seen in the late stage may resemble osteonecrosis 
and posttraumatic osteoarthritis [32]. 

Magnetic resonance imaging (MRI) allows detection of subtle 
changes in the early stages of active CN when X-rays could 
still be normal. MRI primarily images protons in fat and water 
and can depict anatomy and pathology in both soft tissue 
and bone in great detail. Because of its unique capability 
of differentiating tissues with high detail, 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. MRI is very useful in making the diagnosis 
at its earliest onset before changes become evident on 
plain films. MRI would show, joints involved appear diffusely 
swollen and demonstrate low signal intensity. The fat plane 
adjacent to the skin ulceration appears hypointense. Signs 

on MRI consistent with Charcot neuroarthropathy include 
ligamentous disruption, concomitant joint deformity, and the 
center of signal enhancement within joints and subchondral 
bone. MRI will show subchondral bone marrow edema. 

The subcutaneous soft tissues are not much involved. 
MRI can also differentiate Charcot neuroarthropathy from 
transient regional osteoporosis. The latter has a different 
anatomic location and does not cause fractures and 
dislocations, and patients do not have a clinical history 
of pain. Signal intensities on MRI may not discriminate 
between active Charcot Joint and osteomyelitis. MRI had a 
sensitivity of 76.9% and an accuracy of 75 % [6,33]. 

Due to the cost factor, we prescribe an MRI only in 
essential cases, for example in a patient with a Filarial leg 
(Kerala being endemic for Filariasis), and acute Charcot. 
Much like radiographs, Computed Tomography (CT) uses 
X-rays to generate an image. CT, while more sensitive 
than radiographs for detecting osteomyelitis, may still 
fail to detect osteomyelitis in the early stage of disease. 
Additionally, CT may not be able to distinguish neuropathic 
osteoarthropathy from the sequelae of chronic infection. 
Contrast-enhanced CT can detect soft-tissue and osseous 
abscess formation. The discovery of an abscess may alter 
clinical management, as treatment for abscess is typically 
surgical debridement. CT lacks sensitivity for differentiating 
changes associated with infection, edema, fibrosis, and 
granulation tissue. 

The risk of use of iodinated contrast in diabetic patients 
may not be a trivial one as chronic renal insufficiency is 
commonly a comorbidity in patients with diabetes [34]. 
Nuclear medicine includes a number of exams based on 
the use of radioisotopic tracers. Three-phase bone scans, 
based on technetium-99m (99mTc), are highly sensitive for 
active bone pathology. However, diminished circulation 
can result in false-negative exams and, perhaps more 
importantly, uptake is not specific for osteoarthropathy. 
However, due to cost factor, we routinely resort to a 99mTc 
nuclear scan as the main diagnostic modality. Role of 
radioisotopic studies is also to detect osteomyelitis in a 
neuropathic joint. Three-phase phosphate scintigraphy has 
a high sensitivity (85%) but a low specificity (55%) because 
of bone remodeling of other causes. Studies using uptake 
of the gallium-67 (Ga) citrate have a high false-positive 
rate. Scanning using indium-111 labeled leukocytes has the 
highest sensitivity (87%) and specificity (81%) for detecting 
osteomyelitis in a neuropathic foot. Labeled white blood cell 
scanning (using 111In or 99mTc) provides improved specificity 
for infection in the setting of neuropathic bone changes 
[6,35], but it can be difficult to differentiate soft tissue from 
bone. Therefore, this exam can be combined with a three-
phase bone scan or sulfur colloid marrow exam when 
superimposed osteomyelitis is suspected [6,36]. More 
recently, positron emission tomography scanning has been 
recognized as having potential for diagnosis of infection 
and differentiating the Charcot foot from osteomyelitis 
[6,37,38]. However, this remains investigational at this time. 

http://emedicine.medscape.com/article/1236228-overview
javascript:showrefcontent('refrenceslayer');
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The role of positron emission tomography (PET) scanning 
with fluorodeoxyglucose (FDG) is promising. In diabetic 
patients in the setting of concomitant foot ulcer, FDG-PET 
scanning accurately rules out osteomyelitis with a 100% 
sensitivity and 93.8% accuracy in the diagnosis of Charcot 
foot [39]. Evaluation of bone density may be useful in those 
with diabetes to assess onset of CN as well as fracture risk. 

BMD can be assessed using dual-energy X-ray 
absorptiometry or calcaneal ultrasound. BMD has been 
related to the pathological pattern of CN, whereby 
joint dislocation is more prevalent in those with normal 
mineralization versus fracture in those with diminished 
BMD [6,40]. A negative result obviously should not offer 
any confidence regarding lack of disease. In a patient with 
low clinical suspicion of osteomyelitis and no sign of CN on 
radiographs, either three-phase bone scan or noncontrast 
MRI is very effective at excluding osseous disease. If 
the patient has ulceration with a high likelihood of deep 
infection, MRI is the best diagnostic modality. Nonetheless, 
one test may not be adequate for full evaluation. In this 
setting where MRI diagnosis is indeterminate, a subsequent 
labeled white blood cell scan can provide more specificity 
and should be correlated with clinical findings. The decision 
of nuclear imaging versus MRI is largely based on personal 
preference, availability, and local experience. In general, if 
metal is present in the foot, nuclear medicine exams are 
preferred, whereas diffuse or regional ischemia makes MRI 
the preferred examination [6].

Diagnostic recommendations for active CN [6]
a) The diagnosis of active Charcot foot is primarily based 

on history and clinical findings but should be confirmed 
by imaging.

b) Inflammation plays a key role in the pathophysiology of 
the Charcot foot and is the earliest clinical finding.

c) The occurrence of acute foot/ankle fractures or 
dislocations in neuropathic individuals is considered 
active CN because of the inflammatory process of bone 
healing, even in the absence of deformity.

d) X-rays should be the initial imaging performed, and 
one should look for subtle fractures or subluxations if 
no obvious pathology is visible.

e) MRI or nuclear imaging can confirm clinical suspicions 
in the presence of normal-appearing radiographs.

Medical Management
The most important aspect in the medical treatment of CN 
is to offloading the foot and prevent further foot and ankle 
fractures and deformities [41]. Increasing bone redeposition 
and reducing further resorption of bone are also looked into.

Offloading
Offloading at the acute active stage of the Charcot foot is 
the most important management strategy and could arrest 

the progression to deformity. Total offloading with graduated 
compression with an elastocrepe bandage is applied for the 
initial 5 to 7 days, till the edema, redness and pain have 
subsided. Then, in a hind foot CN, involving the ankle and/
or the calcaneum, a non-walking or an irremovable total 
contact cast (TCC) is applied. Patient is ambulated in a 
‘walker’ if possible. If not, a wheelchair is advised. Care 
of the TCC is informed to the patient and bystanders. The 
patient is reviewed as an out-patient once in 3 to 4 weeks, 
when clinical examination carried out to see for the progress 
of the condition, or for any maceration or ulceration of the 
skin. Dorso-plantar, lateral and oblique X-ray of the foot 
and ankle are taken to see for signs of progression of 
the condition and bony union. In case of a midfoot and/or 
forefoot CN, a walking fiberglass TCC is given [42,43]. 

The advantage is that the patient can carry out limited 
ambulation and this can be removed at night before going to 
bed. The foot can then be inspected for any abnormalities, 
and proper foot care carried out. However good compliance 
from the patient is required. The walking TCC offloads 
the forefoot and the midfoot by 80%. The pressures are 
transferred to the hind foot. Hence the walking TCC must 
not be used in a hindfoot Charcot. Here again, the patient 
is reviewed every once in four weeks in the out-patient 
clinic, and clinical and radiological findings are noted to see 
for progression of the condition. The casting is continued 
until the swelling has resolved and the temperature of the 
affected foot is within 2°C of the contralateral foot and X-ray 
shows good bony reunion [44]. 

It is important to take into consideration that TCC may 
actually have unfavorable consequences on the non-
Charcot limb and induce unnatural stress patterns causing 
ulcerations and even fractures. Furthermore, patients 
with CN have increased instability and risk for falling and 
fracture as a result of multiple comorbidities including loss 
of proprioception and postural hypotension. Nonetheless, it 
should be noted that total immobility has disadvantages in 
itself with a loss of muscle tone, reduction in bone density, 
and reduced muscle tone and strength. Duration and 
aggressiveness of offloading (nonweight bearing vs. weight 
bearing, non removable vs. removable device) are guided 
by clinical assessment of healing of CN based on edema, 
erythema, and skin temperature changes [41,42]. Evidence 
of healing on X-rays or if required an MRI or a nuclear 
scan, strengthens the clinical decision to transition the 
patient into footwear. To prevent recurrence or ulceration 
on subsequent deformities after an acute or active episode 
has resolved, patient is prescribed diabetic footwear with 
custom molded plastazote insole, or a Charcot restraint 
orthotic walker (CROW). Frequent monitoring, once in 12 
weeks or so, is required.

Bisphosphonates
Bisphosphonates are sometimes advised due to high bone 
turnover in patients with active CN. However, there is little 
evidence to support their use, but both oral and intravenous 
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bisphosphonates [45] have been studied in the treatment 
of CN in small randomized, double-blind, controlled trials 
[46,47] or in retrospective controlled studies [48]. Some 
patients cannot tolerate oral bisphosphonates but may 
benefit from intravenous therapy using pamidronate or 
zoledronic acid [49]. Bisphosphonates help by reducing 
osteoclastic resorbtion and increasing the osteoblastic 
redeposition of bone. Intranasal calcitonin is another 
antiresorptive agent that has been studied in CN. 

This treatment was associated with a significantly greater 
reduction in cross-linked car boxy-terminal telopeptide of 
type I collagen and bone-specific alkaline phosphatase 
than standard treatment in the control group that received 
only calcium supplementation and offloading. Calcitonin 
has a safer profile in renal failure when compared with 
bisphosphonate therapy [50-53]. However, a single dose 
of intravenous bisphosphonate generally does not require 
renal adjustment. As yet, there is no conclusive evidence 
for using bisphosphonates in active Charcot foot. More 
trials are currently underway. In our center, we do prescribe 
bisphosphonates, either oral Alandronate or intravenous 
Zolandronate, with dosages adjusted as per the required 
blood investigations including serum calcium, renal 
functions and liver function tests. A repeat of the medication 
may be given after six months, if indicated. Our experience 
is that bisphosphonates do help in bony consolidation and 
early healing of the acute Charcot. 

Bone growth stimulation
There is limited evidence for the use of external bone 
stimulation in CN. Ultrasonic bone stimulation was reported 
for the treatment of CN of the ankle and for the healing 
of fresh fractures. Direct current electrical bone growth 
stimulators have been used specifically in CN patients 
undergoing arthrodesis and clinically tested to promote 
healing of fractures in the acute phase of CN in small case 
series. Although these findings are promising, there have 
been no subsequent studies to validate this method, and 
its use has been supported only as an adjunct therapy 
during the postsurgical period [52-56]. In brief, offloading 
the foot and immobilization with a graduated compression 
elastocrepe bandage, are the mainstay conservative 
therapy in CN, which helps in bony consolidation and 
prevents further destruction. As of now, there is little 
evidence to guide the use of available pharmacological 
therapies to promote the healing of CN. After the active 
episode has resolved, ambulation is done with prescription 
footwear, especially a plastazote molded custom made 
insole. Lifetime surveillance is advised to monitor for signs 
of recurrent or new CN episodes as well as other diabetic 
foot complications.

Surgical Reconstruction
Surgical treatment of Charcot arthropathy has generally 
been advised for resecting infected bone (osteomyelitis), 
removing bony prominences that could not be accommodated 
with therapeutic footwear or custom orthoses, or correcting 

deformities that could not be successfully accommodated 
with therapeutic footwear, custom ankle-foot orthoses, or 
a Charcot Restraint Orthotic Walker [57]. It is also advised 
for arthrodesis of destroyed joints of the foot and ankle, and 
thus provides a functional foot and ankle [58].

Several investigators have suggested that Achilles tendon 
lengthening combined with total contact casting has the 
potential to decrease the deforming forces at the midfoot 
and decrease the morbidity associated with CN [59-64]. 
Exostectomy offers the potential to reduce pressure caused 
by bony prominences. This treatment is often combined 
with accommodative bracing and appears to obtain more 
favorable results in patients without associated ulcers [65-
67].

Surgery has generally been avoided during the active 
inflammatory stage because of the perceived risk of wound 
infection or mechanical failure of fixation. Two recent case 
series would suggest potentially favorable outcomes with 
early correction of deformity combined with arthrodesis 
[68,69]. Salvage fusions of the foot and ankle present a 
unique set of problems to the surgeon. In these cases, the 
surgeon must frequently deal with extensive scar tissue, 
bone and soft tissue loss, osteopenic bone, or anatomic 
changes that have occurred since the primary injury or 
surgery. Although there have been numerous advances in 
surgical techniques during the past few years, many of the 
adaptations involve the use of internal or external fixation 
devices to stabilize the bony construct while awaiting 
consolidation [70].

 
These devices can include screws, blade 

plates, intramedullary nails, and external fixators [70,71].

Most case series have focused on reconstruction of the 
deformity by reduction and arthrodesis using standard 
methods of internal fixation. Because of the poor bone 
quality, an extended period of nonweight bearing of 
about four months is required after surgery to account 
for the poor bone healing and inherent weakness of 
the underlying osseous structures. Early surgical series 
showed improvement in restoring a plantigrade foot and 
preventing recurrence of ulceration, although nonunion, 
failure, and loss of initial correction were common [72-76]. 
The use of internal fixation and some forms of external 
fixation, however, may not be possible or optimal when 
there is extensive bone loss, local metabolic dissolution, 
non-union, osteopenia and osteoporosis. The concept of 
an internal fixation ‘super construct’ that extends internal 
fixation beyond the zone of fusion has evolved to address 
these issues [77]. Studies have shown an overall 56% 
complication rate and 55% non-union rate with the use of 
an external fixator. The combination of poor bone quality 
and a tenuous soft tissue envelope in a relatively immune-
impaired population has led many surgeons to use a 
modification of the external fixation method of Ilizarov to 
correct deformity with a limited risk for surgical-associated 
morbidity [77-83].

Charcot arthropathy of the ankle
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Charcot arthropathy of the ankle is particularly challenging, 
because there is often resorption of the taller body, or 
significant angular deformity with or without instability.
Several small studies have recommended augmented 
internal fixation followed by prolonged periods of 
immobilization and nonweight bearing in neuropathic 
patients who sustain acute ankle fractures [84-86]. In 
addition, there is a prolonged time for complete stable 
fusion, which may cause a loosening of fixation as the 
process evolves. This is especially true once the patient is 
ambulatory. A resulting deformity may further complicate the 
clinical scenario. To provide salvage operations to this group 
of patients, alternative methods of fixation are necessary to 
provide stability for a prolonged period of time [87-94].

 
Ring 

fixators may be helpful for such salvage fusions. These ring 
fixators use tensioned, small-diameter wires to achieve the 
necessary stability [95].

 
Acute ankle fractures in patients 

with complicated diabetes are associated with significantly 
higher rates of noninfectious complications and need for 
surgical revision when compared with diabetic patients 
without other organ system comorbidities [96]. Numerous 
techniques have been reported without comparative 
effectiveness [97-100]. All of the surgical studies are 
retrospective in nature without a control group and are 
based on a limited number of patients. Complications of 
external fixation are very common, and pin tract infections 
are the most frequent (Figure 8). 

Figure 8: External Fixator.

Literature reports the rate of pin tract infections to be 
between 5%–100%, with most studies reporting in the range 
of 10–20% [88,91,95]. Moreover, cost is an important factor 
in a country like India, where less than 50% of patients are 
covered by medical insurance. Most of the cases taken up 
for foot and ankle reconstruction are severely osteopenic. 
In these cases, the compression screws or even threaded 
Kirschner wires do not hold well, with the chances of re-
collapse being very high. To overcome this complication 
and the problems associated with external fixation, we 
have developed an alternative technique of foot and ankle 
stabilization after internal fixation, called the ‘Amrita Sling 
Technique’[101]. In this method, after internal fixation with 
intramedullary nails or compression screws, one or more 
loops of number ‘2’ fiberwire suture is passed deep to the 
soft tissues, close to the mid and hind foot bones, and fixed 

to the lower end of the tibia, through a hole drilled with a 
k-wire. The Fiberwire (Arthrex) is one of the strongest non-
absorbable suture materials available. Fiberwire suture is 
constructed of a multi-stranded long chain polyethylene 
core with a polyester braided jacket that gives it superior 
strength, soft feel and abrasion resistance [102].

In a newer technique, we have replaced foot bones destroyed 
due to CN or osteomyelitis, with poly methyl methacrylate 
(PMMA) as a prosthetic bone (Figure 9 & 10). Especially in 
osteomyelitis, a bone culture and sensitivity is taken pre-
operatively, and the culture specific antibiotic added to the 
PMMA. These antibiotic laden PMMA prostheses may be 
able to achieve higher local concentration of antibiotics 
well below the toxic level of systemic administration. This 
has helped us avoid amputation and provide patients 
with a cosmetically acceptable and functional foot [103]. 
Patient selection is very important before surgery. Only 
patients who will comply with the postoperative instructions 
should be given this option of prosthetic replacement. It is 
necessary that the patient have sufficient vascularity in the 
lower limbs based on ankle brachial index (0.9-1.2) and 
trans cutaneous partial oxygen pressures (over 50 mm Hg 
pressure) values to permit adequate healing of the surgical 
wounds [103].

Figure 9: PMMA replacement of proximal phalanx, great toe.

Figure 10: PMMA replacement of destroyed hind-foot bones.
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Conclusion
Charcot neuroarthropathy (CN) is a limb-threatening 
destructive process that occurs in patients who suffer from 
sensory, motor, and autonomic neuropathy associated 
with medical diseases such as diabetes mellitus [3]. All 
physicians treating diabetic patients should be vigilant in 
recognizing the early signs of an acute process such as 
unexplained pain, warmth, edema, or pathologic fracture in 
a neuropathic foot. Early detection and prompt treatment 
can prevent joint and osseous destruction, which may result 
in morbidity and high level amputation [27,29]. 

Prompt immobilization and offl oading are indispensible. 
Patients in the quiescent stage with significant deformity 
are at high risk for amputation and should be referred to 
an appropriate center for management. Diagnosis begins 
at the physician level with monitoring protective sensation 
of diabetic patients along with strong suspicion of an acute 
Charcot process when the patient presents with classical 
signs [30]. 

Treatment must then be determined on an individual 
patient basis in which it must be determined whether or 
not a patient can be treated conservatively or will require 
surgical intervention when entering the chronic phase. A 
firm understanding of the aetio-pathogenesis, diagnostic 
modalities, and treatment protocols must be achieved by 
both the clinician and patient in order to obtain success. If 
diagnosed early, medical and conservative measures will 
usually suffice in this regard. Surgery is most often reserved 
for those patients with severe or unstable deformities, which 
if untreated will end up in major amputations, which should 
be prevented whenever possible [57,58]. 

When walking even with the best of prosthesis, mortality 
at 5 years after unilateral Below Knee amputation is 50%, 
and there is 50% mortality after Above Knee amputation in 
3 years, in a diabetic amputee using lower-limb prosthesis 
[104]. In diabetes mellitus the target organ involved are the 
blood vessels. It thus affects all organs. By the time the blood 
supply to the foot has been compromised due to peripheral 
obstructive vascular disease, cardiac compromise would 
have occurred. Even with the best of prosthesis the cardiac 
strain is increased to over 15%, leading to cardiac failure 
over a period of time, which is the reason of the high 
mortality rates of diabetic patients on prosthesis after major 
amputations. About half of amputees suffer a serious lesion 
on the contralateral limb within two years [105]. A team 
approach is recommended to prevent patients with these 
high risk foot deformities from succumbing to limb loss.

References 
1. Charcot JM, Fe´re´ C (1883) Affections osseuses et 

articulaires du pied chez les tabe´tiques (pied tabe´tique). 
Archives de Neurologie 6(18): 305-319.

2. Bowker JH, Pfeifer MA (2008) Levin and O’Neal’s the diabetic 
foot. (7th edn), Mosby, Philadelphia, USA.

3. Armstrong D, Peters E (2001) Charcot arthropathy of the foot. 
International Diabetes Monitor 13(5): 15.

4. International Diabetic Federation (2006) Diabetes Atlas. 
World Diabetic Conference, Belgium.

5. International Diabetic Federation (2012) Diabetes Atlas. (5th 
edn), Belgium.

6. Lee C Rogers, Robert G Frykberg, David G Armstrong, 
Andrew JM Boulton, Michael Edmonds, et al. (2011) The 
Charcot Foot in Diabetes. Diabetes Care 34(9): 2123-2129.

7. William J Jeffcoate (2005) Theories concerning the 
pathogenesis of the acute Charcot foot suggest future 
therapy. Current Curr Diab Rep 5(6): 430-435.

8. Charcot JM (1868) Sur quelques arthropathies qui paraissent 
de´pendre d’une le´sion du cerveau ou de la moe¨lle 
e´pinie`re. Arch Physiol Norm Pathol 1: 161-178.

9. Gough A, Abraha H, Li F, Purewal TS, Foster AVM, et al. 
(1997) Measurement of markers of osteoclast and osteoblast 
activity in patients with acute and chronic diabetic Charcot 
neuroarthropathy. Diabetic Med 14(7): 527-531.

10. Baumhauer JF, O’Keefe RJ, Schon LC, Pinzur MS (2006) 
Cytokineinduced osteoclastic bone resorption in Charcot 
arthropathy: an immunohistochemical study. Foot Ankle Int 
27(10): 797-800.

11. Uccioli L, Sinistro A, Almerighi C, Ciaprini C, Cavazza A, et 
al. (2010) Proinflammatory modulation of the surface and 
cytokine phenotype of monocytes in patients with acute 
Charcot foot. Diabetes Care 33(2): 350-355.

12. Jeffcoate W (2004) Vascular calcification and osteolysis in 
diabetic neuropathy is RANKL the missing link? Diabetologia 
47(9): 1488-1492.

13. Mabilleau G, Petrova NL, Edmonds ME, Sabokbar A 
(2008) Increased osteoclastic activity in acute Charcot’s 
osteoarthropathy: the role of receptor activator of nuclear 
factorkappaB ligand. Diabetologia 51(6): 1035-10340.

14. Pitocco D, Ruotolo V, Caputo S, Mancini L, Collina C, et al. 
(2005) Sixmonth treatment with alendronate in acute Charcot 
neuroarthropathy. Diabetes Care 28(5): 1214-1215.

15. Pitocco D, Collina MC, Musella T, Ruotolo V, Caputo S, 
et al. (2008) Interaction between IGF1, inflammation, 
and neuropathy in the pathogenesis of acute Charcot 
neuroarthropathy: lessons from alendronate therapy and 
future perspectives of medical therapy. Horm Metab Res 
40(3): 163-164.

16. Akopian A, Demulder A, Ouriaghli F, Corazza F, Fondu 
P, et al. (2000) Effects of CGRP on human osteoclast like 
cell formation: a possible connection with the bone loss in 
neurological disorders? Peptides 21(4): 559-564.

17. Irie K, HaraIrie F, Ozawa H, Yajima T (2002) Calcitonin 
generelated peptide (CGRP)containing nerve fibers in bone 
tissue and their involvement in bone remodeling. Microsc Res 
Tech 58(2): 85-90.

18. La Fontaine J, Harkless LB, Sylvia VL, Carnes D, HeimHall 
J, et al. (2008) Levels of endothelial nitric oxide synthase 
and calcitonin generelated peptide in the Charcot foot: a pilot 
study. J Foot Ankle Surg 47(5): 424-429.

19.  Witzke KA, Vinik AI, Grant LM, Grant WP, Parson HK, et al. 
(2011) Loss of RAGE defense: a cause of sneuroarthropathy? 
Diabetes Care 34(7): 1617-1621.

https://www.researchgate.net/figure/5684708_fig3_Fig-3-Arthropathy-of-the-right-foot-Observation-I-the-first-case-of-pied-tabe-tique
https://www.researchgate.net/figure/5684708_fig3_Fig-3-Arthropathy-of-the-right-foot-Observation-I-the-first-case-of-pied-tabe-tique
https://www.researchgate.net/figure/5684708_fig3_Fig-3-Arthropathy-of-the-right-foot-Observation-I-the-first-case-of-pied-tabe-tique
https://www.elsevier.com/books/levin-and-oneals-the-diabetic-foot-with-cd-rom/bowker/978-0-323-04145-4
https://www.elsevier.com/books/levin-and-oneals-the-diabetic-foot-with-cd-rom/bowker/978-0-323-04145-4
http://www.idf.org/
http://www.idf.org/
http://www.idf.org/diabetesatlas/news/fifth-edition-release
http://www.idf.org/diabetesatlas/news/fifth-edition-release
https://www.ncbi.nlm.nih.gov/pubmed/21868781/
https://www.ncbi.nlm.nih.gov/pubmed/21868781/
https://www.ncbi.nlm.nih.gov/pubmed/21868781/
https://www.ncbi.nlm.nih.gov/pubmed/16316593
https://www.ncbi.nlm.nih.gov/pubmed/16316593
https://www.ncbi.nlm.nih.gov/pubmed/16316593
https://www.ncbi.nlm.nih.gov/pubmed/9223389
https://www.ncbi.nlm.nih.gov/pubmed/9223389
https://www.ncbi.nlm.nih.gov/pubmed/9223389
https://www.ncbi.nlm.nih.gov/pubmed/9223389
https://www.ncbi.nlm.nih.gov/pubmed/17054880
https://www.ncbi.nlm.nih.gov/pubmed/17054880
https://www.ncbi.nlm.nih.gov/pubmed/17054880
https://www.ncbi.nlm.nih.gov/pubmed/17054880
https://www.ncbi.nlm.nih.gov/pubmed/19880584
https://www.ncbi.nlm.nih.gov/pubmed/19880584
https://www.ncbi.nlm.nih.gov/pubmed/19880584
https://www.ncbi.nlm.nih.gov/pubmed/19880584
https://www.ncbi.nlm.nih.gov/pubmed/15322748
https://www.ncbi.nlm.nih.gov/pubmed/15322748
https://www.ncbi.nlm.nih.gov/pubmed/15322748
https://www.ncbi.nlm.nih.gov/pubmed/18389210
https://www.ncbi.nlm.nih.gov/pubmed/18389210
https://www.ncbi.nlm.nih.gov/pubmed/18389210
https://www.ncbi.nlm.nih.gov/pubmed/18389210
https://www.ncbi.nlm.nih.gov/pubmed/15855594
https://www.ncbi.nlm.nih.gov/pubmed/15855594
https://www.ncbi.nlm.nih.gov/pubmed/15855594
https://www.ncbi.nlm.nih.gov/pubmed/18256973
https://www.ncbi.nlm.nih.gov/pubmed/18256973
https://www.ncbi.nlm.nih.gov/pubmed/18256973
https://www.ncbi.nlm.nih.gov/pubmed/18256973
https://www.ncbi.nlm.nih.gov/pubmed/18256973
https://www.ncbi.nlm.nih.gov/pubmed/18256973
https://www.ncbi.nlm.nih.gov/pubmed/10822112
https://www.ncbi.nlm.nih.gov/pubmed/10822112
https://www.ncbi.nlm.nih.gov/pubmed/10822112
https://www.ncbi.nlm.nih.gov/pubmed/10822112
https://www.ncbi.nlm.nih.gov/pubmed/12203707
https://www.ncbi.nlm.nih.gov/pubmed/12203707
https://www.ncbi.nlm.nih.gov/pubmed/12203707
https://www.ncbi.nlm.nih.gov/pubmed/12203707
https://www.ncbi.nlm.nih.gov/pubmed/18725122
https://www.ncbi.nlm.nih.gov/pubmed/18725122
https://www.ncbi.nlm.nih.gov/pubmed/18725122
https://www.ncbi.nlm.nih.gov/pubmed/18725122
https://www.ncbi.nlm.nih.gov/pubmed/21593297
https://www.ncbi.nlm.nih.gov/pubmed/21593297
https://www.ncbi.nlm.nih.gov/pubmed/21593297


The Charcot Foot-An Indian Experience

12

20. Alikhani M, Alikhani Z, Boyd C, MacLellan CM, Raptis M, et al. 
(2007) Advanced glycation end products stimulate osteoblast 
apoptosis via the MAP kinase and cytosolic apoptotic 
pathways. Bone 40(2): 345-353.

21. Frykberg RG, Belczyk R (2008) Epidemiology of the Charcot 
foot. Clin Podiatr Med Surg 25(1): 17-28.

22. Vijay Viswanathan, Rajesh Kesavan, Kavitha KV, Satyavani 
Kumpatla (2012) Evaluation of Roger’s Charcot Foot 
Classification System in South Indian Diabetic Subjects with 
Charcot Foot. The Journal of Diabetic Foot Complications 
4(2): 67-70.

23. Shibata T, Tada K, Hashizume C (1990) The results of 
arthrodesis of the ankle for leprotic neuroarthropathy. J Bone 
Joint Surg Am 72(5): 749-756.

24. Brodsky JW, Mann RA, Coughlin MJ (1993) The diabetic foot. 
Surgery of the foot and ankle (6th edn), Mosby, St. Louis, USA.

25.  Sanders LJ, Frykberg RG, Frykberg RG (1991) The Charcot 
Foot. The High Risk Foot in Diabetes Mellitus. Churchill 
Livingstone New York, USA, pp. 325-335.

26. Rogers LC, Bevilacqua NJ (2008) The diagnosis of Charcot 
foot. Clin Podiatr Med Surg 25: 43-51.

27. Eichenholtz SN, Charles C Thomas, Springfield IL (1966) 
Charcot Joints.

28. Armstrong DG, Todd WF, Lavery LA, Harkless LB, Bushman 
TR (1997) The natural history of acute Charcot’s arthropathy 
in a diabetic foot specialty clinic. Diabet Med 14(5): 357-363. 

29. Jeffcoate W (2008) The causes of the Charcot syndrome. Clin 
Podiatr Med Surg 25(1): 29-42.

30. Sinha S, Munichoodappa CS, Kozak GP (1972) 
Neuroarthropathy (Charcot joints) in diabetes mellitus (clinical 
study of 101 cases). Medicine (Baltimore) 51(3): 191-210.

31. Morrison WB, Shortt CP, Ting AYI, Frykberg RG, Brooklandville 
MD (2010) Imaging of the Charcot foot. In The Diabetic 
Charcot Foot: Principles and Management. Data Trace 
Publishing Company, Maryland, USA, p. 81-82.

32. Morrison WB, Ledermann HP (2002) Workup of the diabetic 
foot. Radiol Clin North Am 40(5): 1171-1192.

33. Morrison WB, Ledermann HP, Schweitzer ME (2001) MR 
imaging of the diabetic foot. Magn Reson Imaging Clin N Am 
9: 603-613.

34. Tomas MB, Patel M, Marwin SE, Palestro CJ (2000) The 
diabetic foot. Br J Radiol 73: 443-450.

35. Larcos G, Brown ML, Sutton RT (1991) Diagnosis of 
osteomyelitis of the foot in diabetic patients: value of 
111Inleukocyte scintigraphy. AJR Am J Roentgenol 157(3): 
527-531. 

36. Palestro CJ, Mehta HH, Patel M, Freeman SJ, Harrington 
WN, et al. (1998) Marrow versus infection in the Charcot 
joint: indium111 leukocyte and technetium99m sulfur colloid 
scintigraphy. J Nucl Med 39(2): 346-350. 

37. Keidar Z, Militianu D, Melamed E, BarShalom R, Israel O 
(2005) The diabetic foot: initial experience with 18FFDG PET/
CT. J Nucl Med 46(3): 444-449.

38. Hopfner S, Krolak C, Kessler S, Tiling R (2005) Preoperative 

imaging of Charcot neuroarthropathy. Does the additional 
application of 18FFDGPET make sense? Nuklearmedizin 
45(1): 15-20.

39. Basu S, Chryssikos T, Houseni M, Scot Malay D, Shah J, et 
al. (2007) Potential role of FDG PET in the setting of diabetic 
neuroosteoarthropathy: can it differentiate uncomplicated 
Charcot’s neuroarthropathy from osteomyelitis and softtissue 
infection?. Nucl Med Commun 28(6): 465-472.

40. Herbst SA, Jones KB, Saltzman CL (2004) Pattern of diabetic 
neuropathic arthropathy associated with the peripheral bone 
mineral density. J Bone Joint Surg Br 86(3): 378-383.

41. Frykberg RG, Eneroth M, Brooklandville MD (2010) The 
Diabetic Charcot Foot: Principles and Management. Data 
Trace Publishing Company, Maryland, USA, p. 81-82.

42. Armstrong DG, Lavery LA, Wu S, Boulton AJ (2005) 
Evaluation of removable and irremovable cast walkers in the 
healing of diabetic foot wounds: a randomized controlled trial. 
Diabetes Care 28(3): 551-554.

43. Armstrong DG, Short B, Espensen EH, AbuRumman PL, 
Nixon BP, et al. (2002) Technique for fabrication of an “instant 
totalcontact cast” for treatment of neuropathic diabetic foot 
ulcers. J Am Podiatr Med Assoc 92(7): 405-408. 

44. Armstrong DG, Lavery LA (1997) Monitoring healing of acute 
Charcot’s arthropathy with infrared dermal thermometry. J 
Rehabil Res Dev 34(3): 317-321. 

45. Selby PL, Young MJ, Boulton AJ (1994) Bisphosphonates: a 
new treatment for diabetic Charcot neuroarthropathy? Diabet 
Med 11(1): 28-31. 

46. Jude EB, Selby PL, Burgess J, Lilleystone P, Mawer EB, 
et al. (2001) Bisphosphonates in the treatment of Charcot 
neuroarthropathy: a doubleblind randomised controlled trial. 
Diabetologia 44(11): 2032-2037. 

47. Pitocco D, Ruotolo V, Caputo S, Mancini L, Collina CM et al. 
(2005) Sixmonth treatment with alendronate in acute Charcot 
neuroarthropathy: a randomized controlled trial. Diabetes 
Care 28(5): 1214-1215. 

48. Anderson JJ, Woelffer KE, Holtzman JJ, Jacobs AM 
(2004) Bisphosphonates for the treatment of Charcot 
neuroarthropathy. J Foot Ankle Surg 43(5): 285-289. 

49. Hofbauer LC, Hamann C, Ebeling PR (2010) Approach to the 
patient with secondary osteoporosis. Eur J Endocrinol 162(6): 
1009-1020. 

50. Bem R, Jirkovská A, Fejfarová V, Skibová J, Jude EB (2006) 
Intranasal calcitonin in the treatment of acute Charcot 
neuroosteoarthropathy: a randomized controlled trial. 
Diabetes Care 29(6): 1392-1394.

51. Molines L, Darmon P, Raccah D (2010) Charcot’s foot: newest 
findings on its pathophysiology, diagnosis and treatment. 
Diabetes Metab 36(4): 251-255. 

52. Ulbrecht JS, Wukich DK (2008) The Charcot foot: medical 
and surgical therapy. Curr Diab Rep 8(6): 444-451. 

53. Wukich DK, Sung W (2009) Charcot arthropathy of the foot 
and ankle: modern concepts and management review. J 
Diabetes Complications 23(6): 409-426. 

54. Strauss E, Gonya G (1998) Adjunct low intensity ultrasound 

https://www.ncbi.nlm.nih.gov/pubmed/17064973
https://www.ncbi.nlm.nih.gov/pubmed/17064973
https://www.ncbi.nlm.nih.gov/pubmed/17064973
https://www.ncbi.nlm.nih.gov/pubmed/17064973
https://www.ncbi.nlm.nih.gov/pubmed/18165108
https://www.ncbi.nlm.nih.gov/pubmed/18165108
http://jdfc.org/spotlight/evaluation-of-roger%E2%80%99s-charcot-foot-classification-system-in-south-indian-diabetic-subjects-with-charcot-foot/
http://jdfc.org/spotlight/evaluation-of-roger%E2%80%99s-charcot-foot-classification-system-in-south-indian-diabetic-subjects-with-charcot-foot/
http://jdfc.org/spotlight/evaluation-of-roger%E2%80%99s-charcot-foot-classification-system-in-south-indian-diabetic-subjects-with-charcot-foot/
http://jdfc.org/spotlight/evaluation-of-roger%E2%80%99s-charcot-foot-classification-system-in-south-indian-diabetic-subjects-with-charcot-foot/
http://jdfc.org/spotlight/evaluation-of-roger%E2%80%99s-charcot-foot-classification-system-in-south-indian-diabetic-subjects-with-charcot-foot/
https://www.ncbi.nlm.nih.gov/pubmed/2355038
https://www.ncbi.nlm.nih.gov/pubmed/2355038
https://www.ncbi.nlm.nih.gov/pubmed/2355038
https://www.ncbi.nlm.nih.gov/pubmed/9171250
https://www.ncbi.nlm.nih.gov/pubmed/9171250
https://www.ncbi.nlm.nih.gov/pubmed/9171250
https://www.ncbi.nlm.nih.gov/pubmed/18165109
https://www.ncbi.nlm.nih.gov/pubmed/18165109
https://www.ncbi.nlm.nih.gov/pubmed/5021769
https://www.ncbi.nlm.nih.gov/pubmed/5021769
https://www.ncbi.nlm.nih.gov/pubmed/5021769
http://www.podiatrym.com/pm%5CFrykberg311.pdf
http://www.podiatrym.com/pm%5CFrykberg311.pdf
http://www.podiatrym.com/pm%5CFrykberg311.pdf
http://www.podiatrym.com/pm%5CFrykberg311.pdf
https://www.ncbi.nlm.nih.gov/pubmed/12462475
https://www.ncbi.nlm.nih.gov/pubmed/12462475
https://www.ncbi.nlm.nih.gov/pubmed/1872240
https://www.ncbi.nlm.nih.gov/pubmed/1872240
https://www.ncbi.nlm.nih.gov/pubmed/1872240
https://www.ncbi.nlm.nih.gov/pubmed/1872240
https://www.ncbi.nlm.nih.gov/pubmed/9476948
https://www.ncbi.nlm.nih.gov/pubmed/9476948
https://www.ncbi.nlm.nih.gov/pubmed/9476948
https://www.ncbi.nlm.nih.gov/pubmed/9476948
https://www.ncbi.nlm.nih.gov/pubmed/15750157
https://www.ncbi.nlm.nih.gov/pubmed/15750157
https://www.ncbi.nlm.nih.gov/pubmed/15750157
https://nuk.schattauer.de/en/contents/archivestandard/issue/543/issue/special/manuscript/5770/show.html
https://nuk.schattauer.de/en/contents/archivestandard/issue/543/issue/special/manuscript/5770/show.html
https://nuk.schattauer.de/en/contents/archivestandard/issue/543/issue/special/manuscript/5770/show.html
https://nuk.schattauer.de/en/contents/archivestandard/issue/543/issue/special/manuscript/5770/show.html
https://www.ncbi.nlm.nih.gov/pubmed/17460537
https://www.ncbi.nlm.nih.gov/pubmed/17460537
https://www.ncbi.nlm.nih.gov/pubmed/17460537
https://www.ncbi.nlm.nih.gov/pubmed/17460537
https://www.ncbi.nlm.nih.gov/pubmed/17460537
https://www.ncbi.nlm.nih.gov/pubmed/15125125
https://www.ncbi.nlm.nih.gov/pubmed/15125125
https://www.ncbi.nlm.nih.gov/pubmed/15125125
http://www.podiatrym.com/pm%5CFrykberg311.pdf
http://www.podiatrym.com/pm%5CFrykberg311.pdf
http://www.podiatrym.com/pm%5CFrykberg311.pdf
https://www.ncbi.nlm.nih.gov/pubmed/15735186
https://www.ncbi.nlm.nih.gov/pubmed/15735186
https://www.ncbi.nlm.nih.gov/pubmed/15735186
https://www.ncbi.nlm.nih.gov/pubmed/15735186
https://www.ncbi.nlm.nih.gov/pubmed/12122129
https://www.ncbi.nlm.nih.gov/pubmed/12122129
https://www.ncbi.nlm.nih.gov/pubmed/12122129
https://www.ncbi.nlm.nih.gov/pubmed/12122129
https://www.ncbi.nlm.nih.gov/pubmed/9239625
https://www.ncbi.nlm.nih.gov/pubmed/9239625
https://www.ncbi.nlm.nih.gov/pubmed/9239625
https://www.ncbi.nlm.nih.gov/pubmed/8181248
https://www.ncbi.nlm.nih.gov/pubmed/8181248
https://www.ncbi.nlm.nih.gov/pubmed/8181248
https://www.ncbi.nlm.nih.gov/pubmed/11719835
https://www.ncbi.nlm.nih.gov/pubmed/11719835
https://www.ncbi.nlm.nih.gov/pubmed/11719835
https://www.ncbi.nlm.nih.gov/pubmed/11719835
https://www.ncbi.nlm.nih.gov/pubmed/15855594
https://www.ncbi.nlm.nih.gov/pubmed/15855594
https://www.ncbi.nlm.nih.gov/pubmed/15855594
https://www.ncbi.nlm.nih.gov/pubmed/15855594
https://www.ncbi.nlm.nih.gov/pubmed/15480402
https://www.ncbi.nlm.nih.gov/pubmed/15480402
https://www.ncbi.nlm.nih.gov/pubmed/15480402
https://www.ncbi.nlm.nih.gov/pubmed/20231368
https://www.ncbi.nlm.nih.gov/pubmed/20231368
https://www.ncbi.nlm.nih.gov/pubmed/20231368
https://www.ncbi.nlm.nih.gov/pubmed/16732029
https://www.ncbi.nlm.nih.gov/pubmed/16732029
https://www.ncbi.nlm.nih.gov/pubmed/16732029
https://www.ncbi.nlm.nih.gov/pubmed/16732029
https://www.ncbi.nlm.nih.gov/pubmed/20570543
https://www.ncbi.nlm.nih.gov/pubmed/20570543
https://www.ncbi.nlm.nih.gov/pubmed/20570543
https://www.ncbi.nlm.nih.gov/pubmed/18990300
https://www.ncbi.nlm.nih.gov/pubmed/18990300
https://www.ncbi.nlm.nih.gov/pubmed/18930414
https://www.ncbi.nlm.nih.gov/pubmed/18930414
https://www.ncbi.nlm.nih.gov/pubmed/18930414
https://www.ncbi.nlm.nih.gov/pubmed/9584375


13

The Charcot Foot-An Indian Experience

in Charcot neuroarthropathy. Clin Orthop Relat Res 349: 132-
138. 

55. Hockenbury RT, Gruttadauria M, McKinney I (2007) Use 
of implantable bone growth stimulation in Charcot ankle 
arthrodesis. Foot Ankle Int 28(9): 971-976.

56. Petrisor B, Lau JT (2005) Electrical bone stimulation: an 
overview and its use in high risk and Charcot foot and ankle 
reconstructions. Foot Ankle Clin 10(4): 609-620.

57. Pinzur MS, Frykberg RG, Brooklandville MD (2010) Surgical 
management: history and general principles. In The Diabetic 
Charcot Foot: Principles and Management. Data Trace 
Publishing Company, Maryland, USA, p. 81-82.

58. Dhawan V, Spratt KF, Pinzur MS, Baumhauer J, Rudicel S, 
et al. (2005) Reliability of AOFAS diabetic foot questionnaire 
in Charcot arthropathy: stability, internal consistency, and 
measurable difference. Foot Ankle Int 26(9): 717-731. 

59. Lavery LA, Armstrong DG, Boulton AJ (2002) Diabetex 
Research Group Ankle equinus deformity and its relationship 
to high plantar pressure in a large population with diabetes 
mellitus. J Am Podiatr Med Assoc 92(9): 479-482. 

60. Armstrong DG, Lavery LA (1998) Elevated peak plantar 
pressures in patients who have Charcot arthropathy. J Bone 
Joint Surg Am 80(3): 365-369. 

61. Hastings MK, Mueller MJ, Sinacore DR, Salsich GB, Engsberg 
JR, et al. (2000) Effects of a tendoAchilles lengthening 
procedure on muscle function and gait characteristics in a 
patient with diabetes mellitus. J Orthop Sports Phys Ther 
30(2): 85-90. 

62. Maluf KS, Mueller MJ, Strube MJ, Engsberg JR, Johnson 
JE (2004) Tendon Achilles lengthening for the treatment of 
neuropathic ulcers causes a temporary reduction in forefoot 
pressure associated with changes in plantar flexor power 
rather than ankle motion during gait. J Biomech 37(6): 897-
906. 

63. Holstein P, Lohmann M, Bitsch M, Jørgensen B (2004) 
Achilles tendon lengthening, the panacea for plantar forefoot 
ulceration? Diabetes Metab Res Rev 20(Suppl 1): S37-S40. 

64. Mueller MJ, Sinacore DR, Hastings MK, Lott DJ, Strube 
MJ, et al. (2004) Impact of Achilles tendon lengthening on 
functional limitations and perceived disability in people with 
a neuropathic plantar ulcer. Diabetes Care 27(7): 1559-1564. 

65. Catanzariti AR, Mendicino R, Haverstock B (2000) Ostectomy 
for diabetic neuroarthropathy involving the midfoot. J Foot 
Ankle Surg 39(5): 291-300. 

66. Rosenblum BI, Giurini JM, Miller LB, Chrzan JS, Habershaw 
GM (1997) Neuropathic ulcerations plantar to the lateral 
column in patients with Charcot foot deformity: a flexible 
approach to limb salvage. J Foot Ankle Surg 36(5): 360-363. 

67. Laurinaviciene R, KirketerpMoeller K, Holstein PE (2008) 
Exostectomy for chronic midfoot plantar ulcer in Charcot 
deformity. J Wound Care 17(2): 53-55, 57-58. 

68. Mittlmeier T, Klaue K, Haar P, Beck M (2010) Should 
one consider primary surgical reconstruction in Charcot 
arthropathy of the feet? Clin Orthop Relat Res 468(4): 1002-
1011. 

69. Simon SR, Tejwani SG, Wilson DL, Santner TJ, Denniston 
NL (2000) Arthrodesis as an early alternative to nonoperative 
management of Charcot arthropathy of the diabetic foot. J 
Bone Joint Surg Am 82-A(7): 939-950.

70. Apelqvist J, Larsson J, Agardh C (1993) Longterm prognosis 
for diabetic, patients with foot ulcers. J Intern Med 233(6): 
485-491.

71. Banks AM , McGlamry ED (1979) Charcot foot. J Am Podiatr 
Assoc 5: 213-235.

72. Papa J, Myerson M, Girard P (1993) Salvage, with arthrodesis, 
in intractable diabetic neuropathic arthropathy of the foot and 
ankle. J Bone Joint Surg Am 75(7): 1056-1066.

73. Pakarinen TK, Laine HJ, Honkonen SE, Peltonen J, Oksala H, 
et al. (2002) Charcot arthropathy of the diabetic foot. Current 
concepts and review of 36 cases. Scand J Surg 91(2): 195-
201. 

74. Stone NC, Daniels TR (2000) Midfoot and hindfoot arthrodeses 
in diabetic Charcot arthropathy. Can J Surg 43(6): 449-455. 

75. Pinzur M (2004) Surgical versus accommodative treatment 
for Charcot arthropathy of the midfoot. Foot Ankle Int 25(8): 
545-549. 

76. Garapati R, Weinfeld SB (2004) Complex reconstruction of 
the diabetic foot and ankle. Am J Surg 187(5A):81S-86S.

77. Assal M, Stern R (2009) Realignment and extended fusion 
with use of a medial column screw for midfoot deformities 
secondary to diabetic neuropathy. J Bone Joint Surg Am 
91(4): 812-820.

78. Pinzur MS (2007) Neutral ring fixation for highrisk 
nonplantigrade Charcot midfoot deformity. Foot Ankle Int 
28(9): 961-966. 

79. Farber DC, Juliano PJ, Cavanagh PR, Ulbrecht J, Caputo G 
(2002) Single stage correction with external fixation of the 
ulcerated foot in individuals with Charcot neuroarthropathy. 
Foot Ankle Int 23(2): 130-134. 

80. Fabrin J, Larsen K, Holstein PE (2007) Arthrodesis with 
external fixation in the unstable or misaligned Charcot ankle 
in patients with diabetes mellitus. Int J Low Extrem Wounds 
6(2): 102-107. 

81. Wukich DK, Belczyk RJ, Burns PR, Frykberg RG (2008) 
Complications encountered with circular ring fixation in 
persons with diabetes mellitus. Foot Ankle Int 29(10): 994-
1000.

82. Bevilacqua NJ, Rogers LC (2008) Surgical management of 
Charcot midfoot deformities. Clin Podiatr Med Surg 25(1): 81-
94. 

83. Rogers LC, Bevilacqua NJ, Frykberg RG, Armstrong DG 
(2007) Predictors of postoperative complications of Ilizarov 
external ring fixators in the foot and ankle. J Foot Ankle Surg 
46(5): 372-375.

84. Connolly JF, Csencsitz TA (1998) Limb threatening 
neuropathic complications from ankle fractures in patients 
with diabetes. Clin Orthop Relat Res 348: 212-219. 

85. Jani MM, Ricci WM, Borrelli J, Barrett SE, Johnson JE (2003) 
A protocol for treatment of unstable ankle fractures using 
transarticular fixation in patients with diabetes mellitus and 
loss of protective sensibility. Foot Ankle Int 24(11): 838-844.

https://www.ncbi.nlm.nih.gov/pubmed/9584375
https://www.ncbi.nlm.nih.gov/pubmed/9584375
https://www.ncbi.nlm.nih.gov/pubmed/17880870
https://www.ncbi.nlm.nih.gov/pubmed/17880870
https://www.ncbi.nlm.nih.gov/pubmed/17880870
https://www.ncbi.nlm.nih.gov/pubmed/16297822
https://www.ncbi.nlm.nih.gov/pubmed/16297822
https://www.ncbi.nlm.nih.gov/pubmed/16297822
http://www.podiatrym.com/pm%5CFrykberg311.pdf
http://www.podiatrym.com/pm%5CFrykberg311.pdf
http://www.podiatrym.com/pm%5CFrykberg311.pdf
http://www.podiatrym.com/pm%5CFrykberg311.pdf
https://www.ncbi.nlm.nih.gov/pubmed/16174503
https://www.ncbi.nlm.nih.gov/pubmed/16174503
https://www.ncbi.nlm.nih.gov/pubmed/16174503
https://www.ncbi.nlm.nih.gov/pubmed/16174503
https://www.ncbi.nlm.nih.gov/pubmed/12381796
https://www.ncbi.nlm.nih.gov/pubmed/12381796
https://www.ncbi.nlm.nih.gov/pubmed/12381796
https://www.ncbi.nlm.nih.gov/pubmed/12381796
https://www.ncbi.nlm.nih.gov/pubmed/9531204
https://www.ncbi.nlm.nih.gov/pubmed/9531204
https://www.ncbi.nlm.nih.gov/pubmed/9531204
https://www.ncbi.nlm.nih.gov/pubmed/10693086
https://www.ncbi.nlm.nih.gov/pubmed/10693086
https://www.ncbi.nlm.nih.gov/pubmed/10693086
https://www.ncbi.nlm.nih.gov/pubmed/10693086
https://www.ncbi.nlm.nih.gov/pubmed/10693086
https://www.ncbi.nlm.nih.gov/pubmed/15111077
https://www.ncbi.nlm.nih.gov/pubmed/15111077
https://www.ncbi.nlm.nih.gov/pubmed/15111077
https://www.ncbi.nlm.nih.gov/pubmed/15111077
https://www.ncbi.nlm.nih.gov/pubmed/15111077
https://www.ncbi.nlm.nih.gov/pubmed/15111077
https://www.ncbi.nlm.nih.gov/pubmed/15150812
https://www.ncbi.nlm.nih.gov/pubmed/15150812
https://www.ncbi.nlm.nih.gov/pubmed/15150812
https://www.ncbi.nlm.nih.gov/pubmed/15220228
https://www.ncbi.nlm.nih.gov/pubmed/15220228
https://www.ncbi.nlm.nih.gov/pubmed/15220228
https://www.ncbi.nlm.nih.gov/pubmed/15220228
https://www.ncbi.nlm.nih.gov/pubmed/11055020
https://www.ncbi.nlm.nih.gov/pubmed/11055020
https://www.ncbi.nlm.nih.gov/pubmed/11055020
https://www.ncbi.nlm.nih.gov/pubmed/9356914
https://www.ncbi.nlm.nih.gov/pubmed/9356914
https://www.ncbi.nlm.nih.gov/pubmed/9356914
https://www.ncbi.nlm.nih.gov/pubmed/9356914
https://www.ncbi.nlm.nih.gov/pubmed/18389829
https://www.ncbi.nlm.nih.gov/pubmed/18389829
https://www.ncbi.nlm.nih.gov/pubmed/18389829
https://www.ncbi.nlm.nih.gov/pubmed/19597899
https://www.ncbi.nlm.nih.gov/pubmed/19597899
https://www.ncbi.nlm.nih.gov/pubmed/19597899
https://www.ncbi.nlm.nih.gov/pubmed/19597899
https://www.ncbi.nlm.nih.gov/pubmed/10901308
https://www.ncbi.nlm.nih.gov/pubmed/10901308
https://www.ncbi.nlm.nih.gov/pubmed/10901308
https://www.ncbi.nlm.nih.gov/pubmed/10901308
https://www.ncbi.nlm.nih.gov/pubmed/8501419
https://www.ncbi.nlm.nih.gov/pubmed/8501419
https://www.ncbi.nlm.nih.gov/pubmed/8501419
https://www.ncbi.nlm.nih.gov/pubmed/8335665
https://www.ncbi.nlm.nih.gov/pubmed/8335665
https://www.ncbi.nlm.nih.gov/pubmed/8335665
https://www.ncbi.nlm.nih.gov/pubmed/12164523
https://www.ncbi.nlm.nih.gov/pubmed/12164523
https://www.ncbi.nlm.nih.gov/pubmed/12164523
https://www.ncbi.nlm.nih.gov/pubmed/12164523
https://www.ncbi.nlm.nih.gov/pubmed/11129834
https://www.ncbi.nlm.nih.gov/pubmed/11129834
https://www.ncbi.nlm.nih.gov/pubmed/15363375
https://www.ncbi.nlm.nih.gov/pubmed/15363375
https://www.ncbi.nlm.nih.gov/pubmed/15363375
https://www.ncbi.nlm.nih.gov/pubmed/15147997
https://www.ncbi.nlm.nih.gov/pubmed/15147997
https://www.ncbi.nlm.nih.gov/pubmed/19339565
https://www.ncbi.nlm.nih.gov/pubmed/19339565
https://www.ncbi.nlm.nih.gov/pubmed/19339565
https://www.ncbi.nlm.nih.gov/pubmed/19339565
https://www.ncbi.nlm.nih.gov/pubmed/17880868
https://www.ncbi.nlm.nih.gov/pubmed/17880868
https://www.ncbi.nlm.nih.gov/pubmed/17880868
https://www.ncbi.nlm.nih.gov/pubmed/11858333
https://www.ncbi.nlm.nih.gov/pubmed/11858333
https://www.ncbi.nlm.nih.gov/pubmed/11858333
https://www.ncbi.nlm.nih.gov/pubmed/11858333
https://www.ncbi.nlm.nih.gov/pubmed/17558008
https://www.ncbi.nlm.nih.gov/pubmed/17558008
https://www.ncbi.nlm.nih.gov/pubmed/17558008
https://www.ncbi.nlm.nih.gov/pubmed/17558008
https://www.ncbi.nlm.nih.gov/pubmed/18851815
https://www.ncbi.nlm.nih.gov/pubmed/18851815
https://www.ncbi.nlm.nih.gov/pubmed/18851815
https://www.ncbi.nlm.nih.gov/pubmed/18851815
https://www.ncbi.nlm.nih.gov/pubmed/18165114
https://www.ncbi.nlm.nih.gov/pubmed/18165114
https://www.ncbi.nlm.nih.gov/pubmed/18165114
https://www.ncbi.nlm.nih.gov/pubmed/17761322
https://www.ncbi.nlm.nih.gov/pubmed/17761322
https://www.ncbi.nlm.nih.gov/pubmed/17761322
https://www.ncbi.nlm.nih.gov/pubmed/17761322
https://www.ncbi.nlm.nih.gov/pubmed/9553555
https://www.ncbi.nlm.nih.gov/pubmed/9553555
https://www.ncbi.nlm.nih.gov/pubmed/9553555
https://www.ncbi.nlm.nih.gov/pubmed/14655888
https://www.ncbi.nlm.nih.gov/pubmed/14655888
https://www.ncbi.nlm.nih.gov/pubmed/14655888
https://www.ncbi.nlm.nih.gov/pubmed/14655888


The Charcot Foot-An Indian Experience

14

86. Perry MD, Taranow WS, Manoli A, Carr JB (2005) Salvage 
of failed neuropathic ankle fractures: use of largefragment 
fibular plating and multiple syndesmotic screws. J Surg 
Orthop Adv 14(2): 85-91.

87. Banks AM , McGlamry ED (1979) Charcot foot. J Am Podiatr 
Assoc 5: 213-235.

88. Cooper PS (2002) Application of external fixators for 
management of Charcot deformities of the foot and ankle. 
Foot Ankle Clin 7(1): 207-254.

89. Baumhauer JF, Lu AP, DiGiovanni BF (2002) Arthodesis of 
the infected ankle and subtalar joint . Foot Ankle Clin 7(1): 
175-190. 

90. Hulscher JB, Te Velde EA, Schuurman AH, Hoogendoorn 
JM, Kon M, et al. (2001) Arthrodesis after osteosynthesis and 
infection of the ankle joint. Injury 32(2): 145-152. 

91.  De Bastiani G, Aldegheri R, Renzi Brivio L (1984) The 
treatment of fractures with a dynamic axial fixator. J Bone 
Joint Surg Br 66(4): 538-545. 

92. Myerson MS, Miller SD (2002) Salvage after complications of 
total ankle arthroplasty. Foot Ankle Clin 7(1): 191-206. 

93. Stasikelis PJ, Calhoun JH, Ledbetter BR, Anger DM, Mader 
JT (1993) Treatment of infected pilon nonunions with small 
pin fixators. Foot Ankle 14(7): 373-379. 

94. Bono JV, Roger DJ, Jacobs RL (1993) Surgical arthrodesis of 
the neuropathic foot. A salvage procedure. Clin Orthop Relat 
Res 296: 14-20 . 

95. Fleming B, Paley D, Kristiansen T, Pope M (1989) A 
biomechanical analysis of the Ilizarov external fixator. Clin 
Orthop Relat Res 241: 95-105.

96. Wukich DK, Joseph A, Ryan M, Ramirez C, Irrgang JJ (2011) 
Outcomes of ankle fractures in patients with uncomplicated 
versus complicated diabetes. Foot Ankle Int 32(2): 120-130. 

97. Ayoub MA (2008) Ankle fractures in diabetic neuropathic 
arthropathy: can tibiotalar arthrodesis salvage the limb? J 
Bone Joint Surg Br 90(7): 906-914. 

98. Dalla Paola L, Volpe A, Varotto D, Postorino A, Brocco E, et 
al. (2007) Use of a retrograde nail for ankle arthrodesis in 
Charcot neuroarthropathy: a limb salvage procedure. Foot 
Ankle Int 28(9): 967-970.

99. Caravaggi C, Cimmino M, Caruso S, Dalla Noce S (2006) 
Intramedullary compressive nail fixation for the treatment of 
severe Charcot deformity of the ankle and rear foot. J Foot 
Ankle Surg 45(1): 20-24. 

100. Pinzur MS, Noonan T (2005) Ankle arthrodesis with a 
retrograde femoral nail for Charcot ankle arthropathy. Foot 
Ankle Int 26(7): 545-549.

101. TS Mangalanandan MB, Ajit Kumar Varma MS, Harish Kumar 
DNB (2009) Amrita Sling Technique: A novel method of foot 
and ankle stabilization in the deformed Charcot foot. The 
Journal of Diabetic Foot Complications 1(1): 1-7.

102. Bevilacqua N, Rogers L (2008) Surgical management of 
Charcot midfoot deformities. Clin Podiatr Med Surg 25(1): 
81-94.

103. Visakh Varma, Ajit Kumar Varma, Mangalandan TS, Arun 
Bal, Harish Kumar (2012) Use of Poly Methyl Methacrylate 
as Prosthetic Replacement of Destroyed Foot Bones - Case 
Series. The Journal of Diabetic Foot Complications 4(3): 71-
82.

104. Armstrong DG, Wrobel J, Robbins JM (2007) Guest Editorial: 
are diabetesrelated wounds and amputations worse than 
cancer? Int Wound J 4(4): 286-287.

105. Goldner MG (1960) The fate of the second leg in the diabetic 
amputee. Diabetes 9: 100-103.

https://www.ncbi.nlm.nih.gov/pubmed/16115434
https://www.ncbi.nlm.nih.gov/pubmed/16115434
https://www.ncbi.nlm.nih.gov/pubmed/16115434
https://www.ncbi.nlm.nih.gov/pubmed/16115434
https://www.ncbi.nlm.nih.gov/pubmed/12380390
https://www.ncbi.nlm.nih.gov/pubmed/12380390
https://www.ncbi.nlm.nih.gov/pubmed/12380390
https://www.ncbi.nlm.nih.gov/pubmed/12380388
https://www.ncbi.nlm.nih.gov/pubmed/12380388
https://www.ncbi.nlm.nih.gov/pubmed/12380388
https://www.ncbi.nlm.nih.gov/pubmed/11223046
https://www.ncbi.nlm.nih.gov/pubmed/11223046
https://www.ncbi.nlm.nih.gov/pubmed/11223046
https://www.ncbi.nlm.nih.gov/pubmed/6746689
https://www.ncbi.nlm.nih.gov/pubmed/6746689
https://www.ncbi.nlm.nih.gov/pubmed/6746689
https://www.ncbi.nlm.nih.gov/pubmed/12380389
https://www.ncbi.nlm.nih.gov/pubmed/12380389
https://www.ncbi.nlm.nih.gov/pubmed/8406255
https://www.ncbi.nlm.nih.gov/pubmed/8406255
https://www.ncbi.nlm.nih.gov/pubmed/8406255
https://www.ncbi.nlm.nih.gov/pubmed/8222416
https://www.ncbi.nlm.nih.gov/pubmed/8222416
https://www.ncbi.nlm.nih.gov/pubmed/8222416
https://www.ncbi.nlm.nih.gov/pubmed/2924484
https://www.ncbi.nlm.nih.gov/pubmed/2924484
https://www.ncbi.nlm.nih.gov/pubmed/2924484
https://www.ncbi.nlm.nih.gov/pubmed/21288410
https://www.ncbi.nlm.nih.gov/pubmed/21288410
https://www.ncbi.nlm.nih.gov/pubmed/21288410
https://www.ncbi.nlm.nih.gov/pubmed/18591601
https://www.ncbi.nlm.nih.gov/pubmed/18591601
https://www.ncbi.nlm.nih.gov/pubmed/18591601
https://www.ncbi.nlm.nih.gov/pubmed/17880869
https://www.ncbi.nlm.nih.gov/pubmed/17880869
https://www.ncbi.nlm.nih.gov/pubmed/17880869
https://www.ncbi.nlm.nih.gov/pubmed/17880869
https://www.ncbi.nlm.nih.gov/pubmed/16399554
https://www.ncbi.nlm.nih.gov/pubmed/16399554
https://www.ncbi.nlm.nih.gov/pubmed/16399554
https://www.ncbi.nlm.nih.gov/pubmed/16399554
https://www.ncbi.nlm.nih.gov/pubmed/16045846
https://www.ncbi.nlm.nih.gov/pubmed/16045846
https://www.ncbi.nlm.nih.gov/pubmed/16045846
http://jdfc.org/wp-content/uploads/2010/09/Volume1Issue1-Amrita_sling_technique.pdf
http://jdfc.org/wp-content/uploads/2010/09/Volume1Issue1-Amrita_sling_technique.pdf
http://jdfc.org/wp-content/uploads/2010/09/Volume1Issue1-Amrita_sling_technique.pdf
http://jdfc.org/wp-content/uploads/2010/09/Volume1Issue1-Amrita_sling_technique.pdf
https://www.ncbi.nlm.nih.gov/pubmed/18165114
https://www.ncbi.nlm.nih.gov/pubmed/18165114
https://www.ncbi.nlm.nih.gov/pubmed/18165114
http://jdfc.org/2012/vol-4-iss-3/use-of-poly-methyl-methacrylate-as-prosthetic-replacement-of-destroyed-foot-bones-%E2%80%93-case-series-2/
http://jdfc.org/2012/vol-4-iss-3/use-of-poly-methyl-methacrylate-as-prosthetic-replacement-of-destroyed-foot-bones-%E2%80%93-case-series-2/
http://jdfc.org/2012/vol-4-iss-3/use-of-poly-methyl-methacrylate-as-prosthetic-replacement-of-destroyed-foot-bones-%E2%80%93-case-series-2/
http://jdfc.org/2012/vol-4-iss-3/use-of-poly-methyl-methacrylate-as-prosthetic-replacement-of-destroyed-foot-bones-%E2%80%93-case-series-2/
http://jdfc.org/2012/vol-4-iss-3/use-of-poly-methyl-methacrylate-as-prosthetic-replacement-of-destroyed-foot-bones-%E2%80%93-case-series-2/
https://www.ncbi.nlm.nih.gov/pubmed/18154621
https://www.ncbi.nlm.nih.gov/pubmed/18154621
https://www.ncbi.nlm.nih.gov/pubmed/18154621
https://www.ncbi.nlm.nih.gov/pubmed/13850722
https://www.ncbi.nlm.nih.gov/pubmed/13850722

	Title
	Contents
	Abstract
	Keywords
	Abbreviation
	Introduction
	Pathophysiology
	Neurotraumatic theory 
	Neurovascular theory 
	Combination theory  

	The Role of Receptor Activator of Nuclear Factor kappa B Ligand (RANKL) 
	The Influence of Calcitonin Gene-Related Peptide (CGRP) and Nitric Oxide 
	Advanced Glycation End Product (AGE) Accumulation 
	Natural History 
	Classifications
	Diagnosis
	Clinical Features 
	Medical Management 
	Offloading
	Bisphosphonates
	Bone growth stimulation 

	Surgical Reconstruction 
	Charcot arthropathy of the ankle 

	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10

