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Introduction
/RQJ�EDFN�LQ�������:LOOLDP�0XVJUDYH�IRU�WKH�¿UVW�WLPH�
described a neuropathic joint as an arthralgia caused by 
venereal disease.1 In 1868, Jean-Martin Charcot gave 
WKH�¿UVW�GHWDLOHG�GHVFULSWLRQ�RI�WKH�QHXURSDWKLF�DVSHFW�RI�
this disease as a complication of syphilis and named the 
condition after him.2 In 1936, Jordan linked it to diabetes 
and now is considered to be the most common etiology of 
Charcot arthropathy.3

Charcot foot is usually seen in patients with peripheral 
neuropathy resulting from diabetes mellitus, leprosy, 
syphilis, poliomyelitis, chronic alcoholism or syringomyelia. 
Repetitive microtrauma exceeding the rate of healing may 
cause fractures and dislocations. Changes in circulation 
may result in resorption of bone, weakening of the bone 
and increasing susceptibility to fracture and dislocation. 

Sohn et al. in a retrospective study found that Charcot 
arthropathy by itself does not pose a serious amputation 
risk, but amputation risk is multiplied in the presence of 
ulcer complications. In this study, Charcot patients and 
ulcer patients had 4.1 and 4.7 amputations per 100 person-
years, respectively.4

'H¿QLWLRQ�
Charcot arthropathy, also called as Charcot joint or 
neuropathic joint, is a progressive condition of the 
musculoskeletal system, characterised by joint dislocations, 
pathologic fractures, and debilitating deformities. This 
disorder results in progressive destruction of bone and 
soft tissues at weight-bearing joints. In its most severe 
form, it may cause significant disruption of the bony 
architecture. Charcot arthropathy can occur at any joint. 

But, it occurs most commonly in the lower extremity, at 
the foot and ankle.

Epidemiology
The prevalence rate of Charcot arthropathy is 0.1% to as 
high as 13% in specialised foot clinics. In patients with 
diabetes, the incidence of acute Charcot arthropathy ranges 
from 0.15% to 2.5%. Bilateral disease is less noted and 
is seen in below 10% of patients. Recurrence of disease 
occurs in less than 5% of patients. Usually men and women 
are equally affected, while others report a 3:1 predilection 
for males.5

A prospective study conducted in Singapore with 
202 diabetic patients revealed that 42.1% of the patients 
had sensory neuropathy and 2% of them had Charcot 
arthropathy.6 The incidences of Charcot foot in type 1 
and type 2 diabetes do not differ, although osteopenia, 
as a predisposing factor, appears to be more prevalent in 
type 1.7,8 However, Petrova et al. reported a difference in 
the presentation of Charcot arthropathy at type 1 and type 
2 diabetic patients. In a recent study, the same authors 
emphasised a relative preponderance of type 1 diabetes 
compared with type 2.7,9 Though the unilaterality of the 
condition is claimed in many clinical studies, acute Charcot 
arthropathy is reported as bilateral in 9% of the patients.10

Moreover, after prospective computerised tomography 
examinations, bilateral neuroarthropathic changes are 
demonstrated in 75% of Charcot patients.11 Chisholm et 
al. suggest that obesity is also a predisposing factor for 
Charcot arthropathy since at least two-thirds of Charcot 
patients are obese.12–14

The root cause of Charcot joint is sensory or autonomic 
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neuropathy and can occur as a complication of diabetes, 
syphilis, chronic alcoholism, leprosy, meningomyelocele, 
spinal cord injury, syringomyelia, renal dialysis and 
congenital insensitivity to pain. Diabetes mellitus happens 
to be the most common cause of Charcot arthropathy.5

Pathophysiology
The exact nature of pathogenesis of Charcot arthropathy 
is not yet properly understood. The following major 
explanation appears to be acceptable:
�� 1HXURWUDXPDWLF�WKHRU\

A trivial or moderate unperceived trauma or injury to 
an insensitive foot due to sensory neuropathy renders 
the patient unaware of the osseous destruction that 
occurs with ambulation. This micro trauma occurring 
daily leads to progressive destruction and damage to 
bone and joints.

The associated autonomic neuropathy may predispose 
the extremity to a brunt of an increased blood flow 
which, in turn, results in a mismatch in bone destruction 
and synthesis, leading to osteopenia.
Most probably, Charcot arthropathy results from a 

combination of the processes as described earlier. This 
development of abnormal bone that cannot protect 
the joint, results in gradual bone fracture and in the 
subluxation of the joint.

When the diagnosis is suspected as Charcot arthropathy, 
in addition to meticulous treatment of the affected joint, the 
cure of the primary cause, if possible, should be targeted. 
They are traumatic injuries (spinal cord injuries, peripheral 
nerve injuries), infections (syphilis, leprosy, yaws), 
disorders of neurological structures (myelomeningocele, 
syringomyelia, spina bifida), neurodegenerative diseases 
(amyloid neuropathy, neuropathies secondary to 
alcoholism and vitamin deficiency) or other neurological 
disorders such as congenital insensitivity to pain syndrome, 
steroid intake (post-renal transplant arthropathy, intra-
articular steroid injections) and heavy-metal poisoning 
that belong to the same cluster of diseases leading to the 
destruction of afferent proprioceptive fibres. 

This is the basic cause for subsequent repetitive traumas 
to remain unrecognised. After numerous minor or major 
traumatic injuries, progressive wear results in micro 
fractures, escalating into macro-fractures that eventually 
end up in massive joint destruction with characteristic 
clinical presentation.15

Trauma is considered as the most common etiological 
factor for Charcot arthropathy and was reported to be 

present in 22–53% of the cases.7 Capillary leakage and 
subsequent formation of edema occurs as a physiological 
response to blunt trauma.16 A higher energy trauma 
causes a disruption of marrow trabeculae leading to 
interstitial fluid and haemorrhage accumulation to marrow 
spaces. When this condition occurs in the foot of a non-
diabetic patient, it is painful and quickly detected. But in 
a neuropathic patient, absence of pain leads to delayed 
detection and lack of required immobilisation flares up 
the inflammatory cycle.17

Local surgery of the foot is suggested as one of the 
triggering factors of Charcot arthropathy.18 Armstrong et 
al. from 55 acute Charcot arthropathy patients reported 
that 4% of the patients had recent foot surgery as the only 
etiological factor.10 Charcot arthropathy may also follow 
injudicious immobilisation after surgery, a long period of 
bed rest or casting.7 Disobedience to a forbidden weight 
bearing after foot surgery is also underlined in a case report 
as a possible cause of Charcot arthropathy.18

Charcot arthropathy is also reported following a 
simultaneous pancreas-kidney transplantperation In a 
more recent study where data from 130 patients without 
any previous history of Charcot arthropathy were analysed 
retrospectively, six patients (4.6%) were diagnosed de 
novo Charcot arthropathy. Use of high glucocorticoid 
intake during the first year of transplantation was the 
main factor leading to bone resorption and myofibril 
proteolysis.19

,QÀDPPDWLRQ
Local inflammation is the important factor for a 
predisposing environment. The physiological balance 
EHWZHHQ�WKH�SUR�DQG�DQWL�LQÀDPPDWRU\�F\WRNLQHV��WKDW�
restrains the inflammatory response to a necessary 
extent, is altered in these patients. In a Charcot patient, 
the modulation of immune system is disturbed in 
FRXQWHQDQFH�RI�SUR�LQÀDPPDWRU\�F\WRNLQHV�20 The bone 
and soft tissues respond with an acute-phase release of 
SUR�LQIODPPDWRU\�F\WRNLQHV��WXPRXU�QHFURVLV�IDFWRU�Į�
�71)Į��DQG�LQWHUOHXNLQ��ȕ��,/��ȕ���

There is an increase in the amount of TNFα, IL-1β 
and IL-6, whereas there is a decrease in the levels of IL-4 
and IL-10 known as anti-inflammatory cytokines.21 An 
abnormally intense and prolonged inflammatory response 
is inevitable under these circumstances.

Increased amounts of pro-inflammatory cytokines, 
especially TNFα appears to trigger another cytokine 
pathway that is centered on the polypeptide, the receptor 
activator of nuclear factor-κB (NF-κB) ligand (RANKL). 
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As a member of the TNF super family, RANKL as a ligand 
activates the receptor of NF-κB (RANK). The activation of 
RANK stimulates the intracellular pathways that end up  
by formation of nuclear transcription factor NF-κB. This 
NF-κB induces osteoclast precursor cells to differentiate into 
mature osteoclasts,8 leading to the excessive osteoclastic 
activity in diabetic Charcot arthropathy.22,23

RANKL activity is antagonised by osteoprotegerin 
(OPG), whose expression is induced by NF-κB, as a self-
limiting agent of its pro-inflammatory function. This 
elevated RANKL/OPG ratios fuel the progression of the 
inflammation.23,24

Osteoclasts work as executer cells, responsible for 
imbalanced bone turnover and eventually osteolysis. The 
first cell line to dysfunction seems to be the monocytes, 
the precursor cells of osteoclasts. In presence of high levels 
of pro-inflammatory cytokines, monocytes stimulate T 
lymphocytes in an exaggerated way. Moreover, monocytes 
in Charcot patients present reduced secretion of anti 
inflammatory cytokines, and increased resistance to 
apoptosis.24,25 This resistance is mainly by IL-1β and TNFα 
causing the persistence of the abnormally intense and 
prolonged inflammatory response.4 Ndip et al. reported 
that IL-8 and granulocyte-colony stimulating factor 
(GCSF) were inducing monocytes into an osteoclastic 
differentiation along with the RANKL/RANK pathway.23

Pitocco et al. reported a significant decrease in the 
circulating levels of IGF-1 in Charcot patients.26 IGF-1 is a 
mediator of vasodilatation, and bisphosphonate’s reducing 
effect over IGF-1 could have a beneficial contribution to 
restrain proceeding inflammation.

One report has shown that in the acute stage of Charcot 
osteoarthropathy, there is dissociation between the 
presence of local signs of inflammation, as demonstrated 
by increased skin temperature in the Charcot foot, and the 
lack of systemic response, as shown by a normal to slight 
increase in C-reactive protein (CRP) levels, normal white 
blood cell (WBC)count and mild increase in erythrocyte-
sedimentation rate (ESR). CRP is one of the well established 
sensitive markers of inflammation widely used in clinical 
practice as a direct serological measure of acute phase 
response to injury and infection. Thus, there is dissociation 
between the local and systemic inflammatory response in 
acute Charcot osteoarthropathy.27

As such, when patients present with a hot red foot, with 
no obvious skin breakdown and a CRP level that is normal 
or only slightly raised, acute Charcot osteoarthropathy 
should be firmly suspected.

Neuropeptides
The central nervous system probably intervenes with the 
regulation and/or the modulation of the bone metabolism,28

mediated through neuropeptides that are synthesised in 
unmyelinated sensory neurons and secreted from their 
SHULSKHUDO�WHUPLQDOV�LQ�WKH�ERQH�WLVVXH��2IÀH\�HW�DO�29 

reported that capsaicin-induced depletion of neuropeptides 
such as substance P (SP) and calcitonin gene-related 
SHSWLGH��&*53��LQ�XQP\HOLQDWHG�VHQVRU\�QHXURQV�RI�DGXOW�
rats resulted in an increased bone loss and fragility and this 
HIIHFW�FRXOG�EH�UHYHUVHG�E\�GDLO\�LQMHFWLRQV�RI�&*53�29

CGRP binds to its own receptor and increases 
intracellular cyclic adenosine mono-phosphate (AMP)and 
calcium in osteoblastic cells,stimulates cell proliferation, 
synthesis of cytokines, synthesis of growth factors 
and synthesis of collagen.22 CGRP also inhibits pro-
inflammatory cytokine production and increases the 
release of IL-10 by monocytes. Denervated Charcot foot 
is deficient in CGRP release and an important source of 
anti-inflammatory impulse is compromised.30

Nitric oxide (NO) has a reciprocal effect on the 
modulation of bone metabolism.31 NO’s is able to induce 
apoptosis of pre-osteoclasts and decrease the resorption 
of the mature osteoclasts in mice .32 There is diminished 
expression of eNOS in Charcot patients, which leads to a 
suppression of the osteoclast activity and contributes to 
a marked increase in the fragility of osteoporotic bone.31

Insufficient amounts of NO production might induce 
osteocytes to apoptosis, indirectly enhancing the osteoclast 
function. Low concentrations of NO potentiate bone 
resorption while higher concentrations are inhibitory.33

Noradrenergic innervation of the bone tissue regulates 
the blood flow and act on the modulation of osteoblastic 
and osteoclastic cell metabolism. Osteoblasts express β-2 
adrenergic receptors. Moreover, noradrenalin increases 
alkaline phosphatase activity and proliferation through 
α-1 receptors expressed on the osteoblasts.34

Microvascular structure and bone turnover
Baker et al. evaluated the rate of maximum micro-vascular 
hyperaemia (MMH) in patients with diabetic neuropathy 
and diabetic Charcot arthropathy. They observed that 
in Charcot patients, MMH is relatively preserved and 
VLJQL¿FDQWO\�KLJKHU�WKDQ�SDWLHQWV�ZLWK�QHXURSDWK\�DORQH�35 

Shapiro et al. found increased skin blood flow and 
vasomotion in both healthy control and Charcot subjects, 
compared to diabetic neuropathy patients.36�7KRVH�¿QGLQJV�
suggest that Charcot patients preserve the ability to 
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vasodilate as opposed to patients with diabetic neuropathy 
alone, and it may be an explanation why all patients with 
diabetic neuropathy do not develop Charcot. However, 
peripheral arterial disease seems to have a protective 
effect on the development of Charcot arthropathy.37 This
is probably due to limited vasodilation capacity of the 
affected arteries.

If there is sympathetic vascular denervation, there will 
be an increase in local arterio-venous shunt flow, which 
functions in body thermoregulation in physiological 
conditions. The loss of regulation of the shunts increases 
venous pressure and fluid filtration through capillary 
leakage.37 As a result, there is deep tissue edema which 
increases intra-compartmental pressure, compromises 
micro-circulation and causes a deep tissue ischaemia.38

Moreover, extensive connective tissue edema impairs 
tensile strength and stability of tendons and ligaments, 
and the joints suffer from subluxations and dislocations.

In Charcot arthropathy patients, there is exaggerated 
osteoclast activity, as evidenced by an increase in alkaline 
phosphatase and collagen residues leading to an imbalance 
of constant remodelling processes.39,40 La Fontaine et al. 
conducted histological examination of bone specimens 
obtained from diabetic patients and observed a distorted 
micro-structure with fewer trabeculae and fewer cells. 
They claim that the degenerative changes in the bone 
microarchitecture may not be a consequence, but a cause 
of Charcot arthropathy.41

Christensen et al. found significantly lower bone 
mineral density (BMD) values from the affected foot of 
chronic Charcot patients whereas no difference was in 
the calcaneal BMD between acute Charcot patients and 
the control group.42 They also studied the biochemical 
indicators of bone turnover and statistically significant 
differences in osteocalcin concentrations reflecting 
increased bone turnover were demonstrated in acute 
Charcot foot.40

A recent study demonstrated the development of 
Charcot arthropathy after administration of high doses 
of glucocorticoids.19 Glucocorticoids affect the bone 
turnover in countenance of resorption, and decreased bone 
formation may trigger or worsen Charcot arthropathy.

Vitamin D deficiency may also be a predisposition to 
the development of Charcot arthropathy.19 Hypocalcaemia 
resulting from vitamin D deficiency stimulates parathyroid 
hormone (PTH) which in turn depletes calcium from the 
bone causing osteopenia. The level of 1,25 (OH)2D3 is 
significantly lower in diabetic patients and results in a 
less mineralised bone formation, a smaller growth plate 

and an inadequate turnover, all being reversed by insulin 
treatment.32

Hyperglycaemia
Hyperglycaemia stimulates free radical formation, 
hyperlipidaemia and advanced glycation end-products 
�$*(V���WULJJHULQJ�WKH�5$1.�5$1./�F\WRNLQH�V\VWHP�20 

There are reports of an in vitro inhibitory effect of 
SK\VLRORJLFDO�FRQFHQWUDWLRQV�RI�LQVXOLQ�RQ�WKH�1)�ț%�DQG�
monocyte chemo-attractant protein 1 (MCP-1).42 This 
non-RANKL inhibitory mechanism is impaired in diabetic 
patients who are deprived of insulin. But, those pathways 
may not be majorly effective since the Charcot arthropathy 
is rare even in diabetic neuropathy patients.43

Hyperglycaemia denaturates tendons and ligaments 
through a non-enzymatic collagen glycation and can cause 
tendon shortenings and thus, redistribution of the plantar 
pressures abnormally.11Because collagen is a structural 
component of the bone, AGE-related modifications of 
collagen, they also may impair the mechanical properties of 
bone itself, predisposing it to fractures and dislocations.32,44

Genetics
A correlation between diabetic Charcot arthropathy and 
23*�JHQH�SRO\PRUSKLVPV�ZDV�VXJJHVWHG�E\�3LWRFFR�HW�
al.45 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.46

Presentation
The clinical presentation of Charcot arthropathy is 
variable from mild swelling and no deformity to moderate 
GHIRUPLW\�ZLWK�VLJQL¿FDQW�VZHOOLQJ�GHSHQGLQJ�RQ�WKH�VWDJH�
of the disease. The common presentations are:
1. profound unilateral swelling, 
2. an increase in local skin temperature (generally, an 

increase of 3–7º above the non-affected foot’s skin 
temperature),

3. erythema,
4. joint effusion,
5. bone resorption in an insensitive foot,
6. presence of intact skin and a loss of protective sensation,
7. pain is absent or significantly less, than would be 

expected based on the severity of the clinical and/or 
radiographic findings,

8. instability and loss of joint function,
9. passive movement of the joint may reveal a “loose bag 

of bones,”
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10. concomitant ulceration complicates the diagnosis and 
points towards the presence of osteomyelitis.

Stages of Charcot Foot
The syndrome progresses through three general stages:
�� Stage 1 (acute, development-fragmentation): 

marked redness, swelling, warmth; early radiographs 
show soft tissue swelling, and bony fragmentation and
joint dislocation may be noted several weeks after onset

�� Stage 2 (subacute, coalescence): 
decreased redness, swelling and warmth; radiographs 
show early bony healing

�� Stage 3 (chronic, reconstruction-consolidation):
redness, swelling, warmth resolved; bony healing 
or non-union and residual deformity are frequently 
present.

&ODVVL¿FDWLRQ�RI�&KDUFRW�)RRW�
Based on the location of the arthropathy, Charcot 
DUWKURSDWK\�LV�FODVVL¿HG�LQWR�¿YH�GLIIHUHQW�SDWWHUQV��DV�
follows:8

�� 3DWWHUQ�1 involves the forefoot, which includes
the interphalangeal joints, the phalanges and the 
metatarsophalangeal joint.

�� Pattern 2 involves the tarsometatarsal joint.
Pattern 3 involves the cuneonavicular, talonavicular 
and calcaneocuboid articulations.
Pattern 4 involves the talocrural, or ankle, joint, which 
is the articulation of the tibia, the fibula and the talus.
Pattern 5 involves the posterior calcaneus.
Usually patterns 2 and 3 are the most common, with 

approximately 45% of cases involving pattern 2 and 35% 
involving pattern 3.

Another commonly used classification system is the 
Brodsky and Rouse system. This system describes three 
anatomic Charcot joints (types 1, 2, and 3a and 3b):
�� 7\SH�� involves the mid foot.
�� 7\SH�� involves the hind foot.
�� 7\SH��D involves the ankle
�� 7\SH��E is a pathologic fracture of the OScalcis 

tubercle.
The multilevel Schön classification system is also used 

which comprises four types and characterises Charcot 
joints on the basis of sites and degree of involvement.9 All 
four types have three subsets (e.g. type IA, IB, IC), which 
are based on the severity of involvement. The four types 
are as follows:
�� 7\SH�, - The Lisfranc pattern
�� 7\SH�,, - The cuneonavicular pattern

�� 7\SH�,,, - The perinavicular pattern
�� 7\SH�,9 - The transverse tarsal pattern

The Schön classification system allows the prediction 
of outcomes and the estimation of treatment duration.
The diagnosis is often delayed because the initial 
signs of Charcot foot are non-specific and are more 
typically seen in other more common conditions such 
as infections and rheumatologic conditions. Many 
patients do not complain of the pain or have pain from 
neuropathy that was pre-existing.

Physicians who are not well expert in orthopaedic 
foot and ankle problems may see a Charcot foot very 
few times in their entire career, less frequently than other 
conditions such as septic arthritis, gout, rheumatoid 
arthritis and other inflammatory arthropathies.
The American Orthopaedic Foot & Ankle Society 
(AOFAS) offers information on this site as an educational 
service.

Differential Diagnosis
The common differential diagnosis are as follows:
1. infection (osteomyelitis, cellulitis,abscess, deep tissue 

infection),
2. deep vein thrombosis, 
3. acute gout,
4. neuropathic/traumatic fractures,
5. sprain,
6. inflammatory,
7. arthritis

Investigations

Laboratory Studies
1. The WBC count and ESR is done to distinguish between 

Charcot arthropathy and osteomyelitis. The WBC count 
is elevated when infection is present, and often with a 
OHIW�VKLIW���%RWK�:%&�FRXQW�DQG�(65�DUH�D�QRQ�VSHFL¿F�
PDUNHU�IRU�LQÀDPPDWLRQ��DQG�WKH�UHVXOWV�PD\�EH�PLOGO\�
elevated in patients with Charcot arthropathy.

2. Glycosylated haemoglobin (HbA1c) and blood sugar 
measurements to assess the level of glycaemic control.

3. Levels of alkaline phosphatase, calcium, phosphorus, 
Vitamin D3 and parathyroid hormone (PTH) to identify 
bone diseases, such as Paget disease. 

4. Hypercalcaemia may be indicative of cancer or 
metastases.

5. Vitamn B12/folate deficiency could suggest peripheral 
neuropathy and chronic alcoholism.

6. Rapid plasma reagin (RPR)/fluorescent treponemal 
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antibody – absorption (FTA-ABS) tests aid in the 
diagnosis of syphilis.

Imaging Studies
1. Plain radiographs for staging the disease,to determine if 

active disease is present or if the joint is stable (monitor 
serial radiographs),to identify osteopenia, periarticular 
fragmentation of bone, subluxations, dislocations, 
fractures and generalised destruction.

2. Bone scanning can differentiate between Charcot 
arthropathy and osteomyelitis. An indium-111 WBC 
scan often is better than the technetium-99m scan.

3. Magnetic resonance imaging(MRI) distinguishes 
between osteomyelitis and Charcot arthropathy.

Diagnostic Procedures
1. Lumbar puncture is used if the RPR test is positive 

followed by an FTA-ABS test is ordered if tertiary 
syphilis/tabes dorsalis is suggested.

2. Bone probing is done with a blunt, sterile surgical 
probedown to the bone to rule out osteomyelitis.

3. Portable infrared dermal thermometry is used 
for skin temperature assessment. It can be used to 
monitor active inflammation. A 3–5° difference is 
generally seen in the acute stage.

4. Joint aspiration is used to help rule out a septic joint.
5. Synovial biopsy can be helpful. Small fragments of bone 

and cartilage debris are embedded in the synovium 
because of joint destruction. Some state that this is 
pathognomonic, whereas others state that it is highly 
suggestive of Charcot arthropathy.

6. Doppler ultrasonography is used to rule out deep vein 
thrombosis. 

Treatment
Treatment consists of medical, surgical and rehabilitative 
methods.

Medical Therapy
Treatment of Charcot arthropathy is primarily non-surgical. 
Treatment depends upon the phase of the diseases This 
has two phases: an acute phase and a post-acute phase. 
Management of the acute phase includes immobilisation 
and reduction of stress.11

Immobilisation usually is done by casting as 
total contact casts, which allow patients to ambulate 
while preventing the progression of deformity. Casts 
must be checked weekly to evaluate for proper fitting, 

and they should be by every 1–2 weeks. But in cases 
with concomitant ulceration, their casts need to be 
changed weekly for ulcer evaluation and debridement. 
Serial plain radiographs taken approximately every 
month during the acute phase guide us to evaluate 
progress.

Casting usually is to be kept for 3–6 months and 
to be removed based on clinical, radiographic and 
dermal thermometric signs of quiescence. There are 
also other methods of immobilisation like metal braces 
and ankle-foot orthoses (AFOs), but they may prolong 
healing times.

Reduction of stress is necessary and can be done 
by decreasing the amount of weight bearing on the 
affected extremity. While total non-weight bearing 
(NWB) is ideal for treatment, patients are often not 
willing to accept this treatment. Studies have shown 
that partial weight bearing (PWB) with assistive devices 
(e.g. crutches, walkers) also is acceptable without 
compromising healing time. However, full weight 
bearing (FWB) in the acute phase tends to lengthen 
total time in the cast.

Healing time depends upon the location of the 
disease. Pattern 1, or forefoot pathology, heals in two-
thirds the time of pattern 3 or pattern 4. One study 
revealed that the mean time in a cast is 18.5 weeks, 
while another study showed that the acute phase lasts 
12.5 weeks.

After the stage of the removal of the cast, the patients’ 
needs lifelong protection of the involved extremity by 
patient education and professional foot care on a regular 
basis for lifelong foot protection. After cast removal, 
patients should be advised to use a brace to protect the 
foot. Many types of braces can be used, like a patellar 
tendon-bearing brace, accommodative footwear with 
a modified AFO, a Charcot restraint orthotic walker 
(CROW) and a double metal upright AFO.49

Patients also should be advised to use custom 
footwear, which includes extra-depth shoes with rigid 
soles and a plastic or metal shank. If ulcers are present, 
a rocker-bottom sole can be used and for insensate feet 
use Plastazote inserts. Based on clinical, radiographic 
and dermal thermo graphic findings this regimen may 
be eliminated after 6–24 months. But continued use 
of custom footwear in the post-acute phase for foot 
protection and support is essential.
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Antiresorptive therapy
Treatment by drugs which are antiresorptive in nature 
drugs has been thought of, because bone turnover 
in patients with active Charcot neuropathy (CN) is 
excessive. But, there is little evidence to support their 
use. Both oral and intravenous bisphosphonates50 have 
been studied in the treatment of CN in small randomised, 
double-blind, controlled trials51,52 or in retrospective 
controlled studies.53 Those patients who cannot tolerate 
RUDO�ELVSKRVSKRQDWHV�EXW�PD\�EHQH¿W�IURP�LQWUDYHQRXV�
therapy using pamidronate or zoledronic acid..54

Intranasal calcitonin as another antiresorptive 
agent has been studied. Calcitonin was associated 
with a significantly greater reduction in cross-linked 
carboxy-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.55 But, a single dose of 
intravenous bisphosphonate generally does not require 
renal adjustment. There is no conclusive evidence for 
using bisphosphonates in active Charcot foot, and we 
should wait for evolving more trials.

The total healing process typically may be upto 1–2 
years. The patient should be advised to prevent further 
injury, note temperature changes, check feet every day, 
report trauma and receive professional foot care.

Glycaemic Control
*O\FDHPLF�FRQWURO�LV�DQ�LQWHJUDO�SDUW�RI�WUHDWPHQW��DQG�
should be quickly targeted,preferably with insulin therapy.

Surgical Therapy
�� 7KH�FKRLFH�RI�VXUJLFDO�SURFHGXUHV�DQG�WHFKQLTXHV�

depend upon the location of the disease and on 
surgeon preference and experience with Charcot 
arthropathy. Patients treated with surgery have 
longer healing times.11

Surgical procedures include 
�� H[RVWRVHFWRP\�RI�ERQ\�SURPLQHQFH��
�� RVWHRWRP\��DUWKURGHVLV�
�� VFUHZ�DQG�SODWH�¿[DWLRQ��
�� RSHQ�UHGXFWLRQ�DQG�LQWHUQDO�¿[DWLRQ��25,)���
�� UHFRQVWUXFWLYH�VXUJHU\��
�� IXVLRQ�ZLWK�$FKLOOHV�WHQGRQ�OHQJWKHQLQJ��
�� DXWRORJRXV�ERQH�JUDIWLQJ
�� DQG�DPSXWDWLRQ��

Surgical methods can be based on Schön’s classification 
system. The following recommendations may be made:47-48

�� 25,)�VKRXOG�EH�XVHG�IRU�DQ�DQNOH�ZLWK�GLVSODFHG�
fractures

�� Ankle arthrodesis is necessary in patients with tibiotalar 
destruction

of the talus, a talectomy with tibiocalcaneal fusion is 
necessary

involvement

rocker-bottom deformity and osteotomies for bony 
prominences are used

contracture, then a posterior release/Achilles tendon 
lengthening procedure is required

recurrent ulcerations may need a resection arthroplasty 
or cheilectomy
Sohn et al. in a retrospective study compared the 

risks of lower-extremity amputation in patients with 
Charcot arthropathy alone and those with diabetic 
foot ulcers.4 They observed that Charcot arthropathy 
by itself is not responsible for a serious amputation 
risk, but amputation risk is increased in the presence of 
ulcer complications. In patients younger than 65 years, 
amputation risk was 7 times higher for patients with 
ulcer alone than for those with Charcot arthropathy 
alone, and 12 times higher for those with Charcot and 
ulcer.

Della Paola et al. assessed in a cohort of 45 patients, as 
an alternative to amputation with Charcot arthropathy, 
surgical treatment of osteomyelitis of the mid-foot or the 
ankle and stabilisation with external fixation.4 Thirty-
nine patients healed when treated with emergency 
surgery to drain an acute infection with maintenance 
of fixation (average, 25.7 weeks); two were treated with 
intramedullary nails in follow-up surgery; and in four, 
infection could not be controlled and amputation was 

still necessary.56

Bone growth stimulation
There are limited trials for the use of external bone 
stimulation in Charcot arthropathy like ultrasonic bone 
stimulation for the ankle for the healing of fresh fractures.57

Direct current electrical bone growth stimulators have been 
XVHG�VSHFL¿FDOO\�LQ�SDWLHQWV�WR�SURPRWH�KHDOLQJ�RI�IUDFWXUHV�



JOURNAL OF CLINICAL DIABETOLOGY
$Q�2I¿FLDO�3XEOLFDWLRQ�RI�WKH�$VVRFLDWLRQ�RI�&OLQLFDO�'LDEHWRORJ\

2 0  |  J C D  |  V O L  3  |  N O .  1  |  A P R - J U N E  2 0 1 6

in the acute phase in small case series.58�7KHVH�¿QGLQJV�
are promising, but there have been no subsequent studies 
WR�FRQ¿UP�WKLV�PHWKRG��DQG�LWV�XVH�KDV�EHHQ�SUDFWLFHG�
only as an adjunct therapy during the postsurgical period.

Complications
Charcot fractures if are not timely diagnosed or not treated 
properly, may progress to marked joint deformity and to 
skin ulceration over a bony prominence. Several infections 
can occur in the ulceration, requiring amputation of the 
extremity. Other complications of Charcot arthropathy 
are foot collapse leading to the formation of a clubfoot or 
a deformity termed as the rocker-bottom foot, in which 
collapse and inversion of the plantar arch occurs. Further 
FRPSOLFDWLRQV�VHHQ�LQ�WKLV�FRQGLWLRQ�DUH�WKH�RVVL¿FDWLRQ�
of ligamentous structures, the formation of intra-articular 
and extra-articular exostoses, the collapse of the plantar 
arch and the development of osteomyelitis.

Prognosis
Outcomes for Charcot arthropathy depends upon the 
occurrence of immediate diagnosis, location of the lesion 
and treatment. If joints are treated within 2 weeks of 
injury and when there is strict adherence to weight-bearing 
precautions more favourable outcome is elicited. Forefoot 
arthropathy heals earlier than midfoot, hind foot or ankle 
arthropathies, as the following list illustrates:
�� $QNOH���0HDQ�KHDOLQJ�WLPH����������GD\V
�� +LQGIRRW���0HDQ�KHDOLQJ�WLPH����������GD\V
�� 0LGIRRW���0HDQ�KHDOLQJ�WLPH����������GD\V
�� )RUHIRRW���0HDQ�KHDOLQJ�WLPH����������GD\V

Surgical treatment prolongs healing time. The extent 
of the injury also affects healing time. The more severe 
the injury, the longer it takes to heal and the greater the 
likelihood of permanent deformity. It generally takes 1–2 
years to completely heal a Charcot joint, from the active 
phase to quiescence.

Some Charcot joints, such as involving the ankle, may 
heal with fibrous tissue (non-union) to result in gross 
instability (“floppy foot”). This may predispose to ulcers 

and may be difficult to support with braces.

Conclusion
The Charcot foot syndrome is the result of a complex 
complication of diabetes and neuropathy. The destruction 
of the foot and ankle arises from a cycle of uncontrolled 
LQÀDPPDWLRQ��:KHQ�QHJOHFWHG�WKH�FODVVLF�URFNHU�ERWWRP�
foot deformity develops, but it can be avoided by early 
recognition and management. Initial treatment is off 

loading and surgery can be helpful in early stages involving 
acute fractures of the foot or ankle or in later stages when 
off loading is ineffective.

References
1. Kelly M. William Musgrave’s De Arthritide Symptomatica (1703): 

His description of neuropathic arthritis. Bull Hist Med. 1963; 
37:372–376.

2. Charcot JM. Sur quelaques arthropathies qui paraissentdependerd’une
lesion du cerveauou de la moeleepiniere. Arch Des Physiol Norm et 
Path 1868; 1:161–171.

3. Sanders LJ. The Charcot foot: historical perspective 1827-2003. 
Diabetes Metab Res Rev 2004 May-Jun; (20 Suppl) 1:S4–S8.

4. Sohn MW, Stuck RM, Pinzur M, et al. Lower-extremity amputation 
risk after charcot arthropathy and diabetic foot ulcer. Diabetes Care
2010; 33(1):98–100.

5. van der Ven A, Chapman CB, Bowker JH. Charcot neuroarthropathy 
of the foot and ankle. J Am Acad Orthop Surg 2009; 17(9):562–571.

6. Nather A, Bee CS, Huak CY, et al. Epidemiology of diabetic 
foot problems and predictive factors for limb loss. J Diabet 
Complications 2008;22:77–82.

7. Petrova NL, Edmonds ME. Charcot neuro-osteoarthropathy –
current standards. Diabetes Metab Res Rev 2008; 24:58–61.

8. Jeffcoate W. Charcot neuro-osteoarthropathy. Diabetes Metab Res 
Rev 2008; 24:S62–S65.

9. Petrova NL, Foster AV, Edmonds ME. Difference in presentation 
of Charcot osteoarthropathy in type 1 compared with type 2 
diabetes. Diabetes Care 2004; 27:1235–1236.

���� $UPVWURQJ�'*��7RGG�:)��/DYHU\�/$��HW�DO��7KH�QDWXUDO�KLVWRU\�RI�
acute Charcot’s arthropathy in a diabetic foot specialty clinic. J Am
Pediatr Med Assoc 1997; 87:272–278.

���� *RXYHUL�(��3DSDQDV�1��&KDUFRW�RVWHRDUWKURSDWK\�LQ�GLDEHWHV��D�EULHI�
review with an emphasis on clinical practice. World J Diabet 2011;
2:59–65.

���� &KLVKROP�.$��*LOFKULVW�-0��7KH�&KDUFRW�MRLQW��D�PRGHUQ�QHXURORJLF�
perspective. J Clin Neuromusc Dis 2011; 13:1–13.

13. Pinzur MS. Benchmark analysis of diabetic patients with neuropathic
(Charcot) foot deformity. )RRW�$QNOH�,QW 1999; 20:564–7.

���� *LXUDWR�/��8FFLROL�/��7KH�GLDEHWLF� IRRW��&KDUFRW� MRLQW� DQG�
osteomyelitis. Nucl Med Commun2006; 27:745–9.

���� .D\QDN�*��%LUVHO�2��*�YHQ�0�)��HW�DO��$Q�RYHUYLHZ�RI�WKH�&KDUFRW�
foot pathophysiology. Diabet Foot Ankle 2013; 4:10.3402/dfa.
v4i0.21117.Published online 2013 Aug 2. doi: 10.3402/dfa.
v4i0.21117.

���� &KDQWHODX�(��5LFKWHU�$��6FKPLGW�*ULJRULDGLV�3�� HW� DO��7KH�
diabetic Charcot foot: MRI discloses bone stress injury as trigger 
mechanism of neuroarthropathy. Exp Clin Endocrinol Diabetes
2006; 114:118–123.

17. Jeffcoate WJ. Abnormalities of vasomotor regulation in the 
pathogenesis of the acute Charcot foot of diabetes mellitus.
Int J Low Extrem Wounds 2005;4:133–137.

���� $UDJyQ�6iQFKH]�-��/i]DUR�0DUWtQH]�-/��+HUQiQGH]�+HUUHUR�0-��
Triggering mechanisms of neuroarthropathy following conservative 
surgery for osteomyelitis. Diabet Med 2010;27:844–847.

���� 5DQJHO�e%��6i�-5��*RPHV�6$��HW�DO��&KDUFRW�QHXURDUWKURSDWK\�DIWHU�
simultaneous pancreas–kidney transplant. Transplantation 2012; 
94:642–645.

���� -HIIFRDWH�:-��*DPH�)��&DYDQDJK�35��7KH�UROH�RI�SUR�LQÀDPPDWRU\�
cytokines in the cause of neuropathic osteoarthropathy (acute 
Charcot foot) in diabetes. Lancet 2005;366:2058–2061.

21. Baumhauer JF, O’Keefe RJ, Schon LC, et al. Cytokine induced 



Acute Charcot Foot

J C D  |  V O L  3  |  N O .  1  |  A P R - J U N E  2 0 1 6  |  2 1

osteoclastic bone resorption in Charcot arthropathy: an immunohisto 
chemical study. )RRW�$QNOH�,QW 2006;27:797–800.

22. Wang L, Shi X, Zhao R, et al. Calcitonin-gene-related peptide 
stimulates stromal cell osteogenic differentiation and inhibits 
RANKL induced NF-kappaB activation, osteoclastogenesis and 
bone resorption. Bone 2010; 46:1369–1379.

���� 1GLS�$��:LOOLDPV�$��-XGH�(%��HW�DO��7KH�5$1./�5$1.�23*�
VLJQDOLQJ�SDWKZD\�PHGLDWHV�PHGLDO�DUWHULDO�FDOFL¿FDWLRQ�LQ�GLDEHWLF�
charcotneuroarthropathy. Diabetes 2011; 60:2187–2196.

���� 0DQJDQ�')��:HOFK�*5��:DKO�60��/LSRSRO\VDFFKDULGH��WXPRU�
necrosis factor-alpha, and IL-1 beta prevent programmed cell death 
(apoptosis) in human peripheral blood monocytes. J Immunol 1991; 
146:1541–1546.

25. Larson SA, Burns PR. The pathogenesis of Charcot neuroarthropathy: 
current concepts. 'LDEHW�)RRW�$QNOH 2012; 3:12236.

26. Pitocco D, Ruotolo V, Caputo S, et al. Six-month treatment with 
alendronate in acute Charcot neuroarthropathy: a randomized 
controlled trial. Diabetes Care 2005; 28:1214–1215.

27. Petrova NL, Moniz C, Elias DA, et al. Is there asystemic 
LQÀDPPDWRU\�UHVSRQVH�LQ�WKH�DFXWH�&KDUFRW�IRRW"�Diabetes Care
2007; 30(4): 997–998.

28. Irie K, Hara-Irie F, Ozawa H, et al. Calcitonin gene-related peptide 
�&*53��FRQWDLQLQJ�QHUYH�¿EHUV�LQ�ERQH�WLVVXH�DQG�WKHLU�LQYROYHPHQW�
in bone remodeling. Microsc Res Tech 2002; 58:85–90.

���� 2IÀH\�6&��*XR�7=��:HL�7��HW�DO��&DSVDLFLQ�VHQVLWLYH�VHQVRU\�QHXURQV�
contribute to the maintenance of trabecular bone integrity. J Bone 
Miner 2005; 20:257–67.

���� $NRSLDQ�$��'HPXOGHU�$��2XULDJKOL�)��HW�DO��(IIHFWV�RI�&*53�RQ�
human osteoclast-like cell formation: a possible connection with 
the bone loss in neurological disorders? Peptides 2000; 21:559–564.

31. La Fontaine J, Harkless LB, Sylvia VL, et al. Levels of endothelial 
nitric oxide synthase and calcitonin gene-related peptide in the 
Charcot foot: a pilot study. -�)RRW�$QNOH�6XUJ 2008; 47:424–429.

32. Blakytny R, Spraul M, Jude EB. Review: the diabetic bone: a cellular 
and molecular perspective. Int J Low Extrem Wounds 2011;10:16–
32.

���� 1LOIRURXVKDQ�'��*UDPRXQ�$��*ORJDXHU�0��HW�DO��1LWULF�R[LGH�
enhances osteoclastogenesis possibly by mediating cell fusion. Nitric 
Oxide 2009;21:27–36.

34. Korzon–Burakowska A, Jakóbkiewicz-Banecka J, Fiedosiuk A, 
et al. Osteoprotegerin gene polymorphism in diabetic Charcot 
neuroarthropathy. Diabet Med 2012; 29:771–775.

���� %DNHU�1��*UHHQ�$��.ULVKQDQ�6��HW�DO��0LFURYDVFXODU�DQG�&�¿EHU�
function in diabetic Charcot neuroarthropathy and diabetic 
peripheral neuropathy. Diabetes Care 2007; 30:3077–3079.

���� 6KDSLUR�6$��6WDQVEHUU\�.%��+LOO�0$��HW�DO��1RUPDO�EORRG�ÀRZ�
response and vasomotion in the diabetic Charcot foot. J Diabetes 
Complications 1998; 12:147–153.

37. Rajbhandari SM, Jenkins RC, Davies C. Charcot neuroarthropathy 
in diabetes mellitus. Diabetologia 2002; 45:1085–1096.

38. Schaper NC, Huijberts M, Pickwell K. Neurovascular control and 
QHXURJHQLF�LQÀDPPDWLRQ�LQ�GLDEHWHV��Diabetes Metab Res Rev 2008; 
24 (Suppl 1) :S40–S44.

���� &KLOGV�0��$UPVWURQJ�'*��(GHOVRQ�*:��,V�&KDUFRW�DUWKURSDWK\�D�
late sequela of osteoporosis in patients with diabetes mellitus? J

)RRW�$QNOH�6XUJ 1998; 37:437–439.
���� &KULVWHQVHQ�70��%�ORZ�-��6LPRQVHQ�/��HW�DO��%RQH�PLQHUDO�GHQVLW\�

in diabetes mellitus patients with and without a Charcot foot. Clin
3K\VLRO�)XQFW�,PDJLQJ 2010; 30:130–134.

41. La Fontaine J, Shibuya N, Sampson HW, et al. Trabecular quality 
and cellular characteristics of normal, diabetic, and Charcot bone. J
)RRW�$QNOH�6XUJ 2011; 50:648–653.

���� $OMDGD�$��*KDQLP�+��6DDGHK�5��HW�DO��,QVXOLQ�LQKLELWV�1)�ț%�
and MCP-1 expression in human aortic endothelial cells. J Clin 
Endocrinol Metab 2001; 86:450–453.

���� 5RJHUV�/&��)U\NEHUJ�5*��$UPVWURQJ�'*��HW�DO��7KH�&KDUFRW�IRRW�
in diabetes. Diabetes Care 2011; 34:2123–2129.

���� 9LJXHW�&DUULQ�6��*DUQHUR�3��'HOPDV�3'��7KH�UROH�RI�FROODJHQ�LQ�
bone strength. Osteoporos Int 2006; 17:319–336.

���� 3LWRFFR�'��=HODQR�*��*LRIIUq�*��HW�DO��$VVRFLDWLRQ�EHWZHHQ�
RVWHRSURWHJHULQ�*����&�DQG�7���*�SRO\PRUSKLVPV�DQG�GLDEHWLF�
Charcot neuroarthropathy: a case-control study. Diabetes Care 2009; 
32:1694–1697.

46. Korzon–Burakowska A, Jakóbkiewicz-Banecka J, Fiedosiuk A, 
et al. Osteoprotegerin gene polymorphism in diabetic Charcot 
neuroarthropathy. Diabet Med 2012; 29:771–775.

47. PanagariyaA, Sharma AK. Bilateral Charcot arthropathy of shoulder 
secondary to syringomyelia: an unusual case report. Ann Indian 
Acad Neurol 2012; 15:202–204.

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

49. Verity S, Sochocki M, Embil JM, et al. Treatment of Charcot foot 
and ankle with a prefabricated removable walker brace and custom 
insole. )RRW�$QNOH�6XUJ 2008; 14(1):26–31.

50. Selby PL, Young MJ, Boulton AJ. Bisphosphonates: a new treatment 
for diabetic Charcot neuroarthropathy? Diabet Med 1994; 11:28–31.

51. Jude EB, Selby PL, Burgess J, et al. Bisphosphonates in the treatment 
of Charcot neuroarthropathy: a double-blind randomised controlled 
trial. Diabetologia 2001; 44:2032–2037.

52. Pitocco D, Ruotolo V, Caputo S, et al. Sixmonth treatment with 
alendronate in acute Charcot neuroarthropathy: a randomized 
controlled trial. Diabetes Care 2005; 28:1214–1215.

53. Anderson JJ, Woelffer KE, Holtzman JJ,et al. Bisphosphonates for 
the treatment of Charcot neuroarthropathy. -�)RRW�$QNOH�6XUJ 2004; 
43:285–289.

54. Hofbauer LC, Hamann C, Ebeling PR. Approach to the patient with 
secondary osteoporosis. Eur J Endocrinol 2010;162:1009–1020.

55. Bem R, Jirkovská A, Fejfarová V, et al. Intranasal calcitonin in the 
treatment of acute Charcot neuroosteoarthropathy: a randomized 
controlled trial. Diabetes Care 2006; 29:1392–1394.

56. Dalla Paola L, Brocco E, Ceccacci T, et al. Limb salvage in Charcot 
foot and ankle osteomyelitis: combined use single stage/double 
VWDJH�RI�DUWKURGHVLV�DQG�H[WHUQDO�¿[DWLRQ��)RRW�$QNOH�,QW 2009; 
30(11):1065–1070. 

���� 6WUDXVV�(��*RQ\D�*��$GMXQFW�ORZ�LQWHQVLW\�XOWUDVRXQG�LQ�&KDUFRW�
neuroarthropathy. Clin Orthop Relat Res 1998; (349):132–138.

���� +RFNHQEXU\�57��*UXWWDGDXULD�0��0F.LQQH\�,��8VH�RI�LPSODQWDEOH�
bone growth stimulation in Charcot ankle arthrodesis. )RRW�$QNOH�
Int 2007; 28:971–976.

“You educate a man; you educate a man. 
You educate a woman; you educate a generation.”

ʊ�%ULJKDP�<RXQJ


