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Back to Basics: understanding  
Charcot neuroarthropathy

The condition known today as Charcot foot or 
CN bears the name of the French pathologist, 
former Salpêtrière Hospital Medical 

Director and ‘Father of Neurology,’ Jean-Martin 
Charcot (1825–1893). Charcot first described this 
neuropathic arthropathy in 1868 among individuals 
with Tabes Dorsalis (myelopathy due to tertiary 
syphilis) (Caputo et al, 1998; Rosskopf et al, 2019). 
Charcot subsequently established CN as a distinct 
pathological condition in his 1881 ‘Demonstration of 
arthropathic affectations of locomotor ataxy’ lecture 
at the 7th International Medical Congress (Kucera et 
al, 2016).

During his esteemed career, Charcot further 
described a butterfly-shaped ulcer occurring over 
the sacrum. Patients’ that developed these ulcers 
usually died shortly thereafter and consequently 
he labelled them ‘Decubitus Ominosus’. Today 
these wounds would be described as pressure 
ulcers occurring at the end of life (Sibbald, 2009; 
Young, 2017). Ulcerated CN may too be considered 
ominous, having been associated with significantly 
increased morbidity and mortality (Figure 1).

While CN has been associated with a 15% major 
amputation rate, this may sharply increase to 
between one- and two-thirds of individuals initially 
presenting with ulceration (Pinzur, 1999; Pakarinen 
et al, 2009; Sohn et al, 2010; Game et al, 2012). A 
mortality rate exceeding 25% within five years of 
diagnosis also increases in the presence of foot 

ulceration (Dissanayake et al, 2012; Nobrega et al, 
2015; Kucera et al, 2016).

CAUSE
In the Western world, CN is most commonly 
associated with diabetes mellitus (DM). No 
predilection has been demonstrated for either type 
one or two DM; however, DM duration exceeding 
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‘Active’ Charcot neuroarthropathy (CN) is characterised by non-infectious 
inflammation in the presence of peripheral neuropathy (van Netten et al, 2019).  
The area of the foot most commonly affected is the mid-foot and this is associated 
with classic ‘rocker-bottom foot’ deformity (Botek et al, 2010; Mumoli et al, 2012; 
Dissanayake et al, 2012). While this condition is frequently associated with deformity, 
this may be prevented if caught early. Without timely recognition and offloading of the 
affected limb, progressive bone and joint destruction may, however, lead to significant 
deformity, ulceration, amputation and a vastly reduced quality of life (Caputo et al, 
1998; Cates et al, 2019).

Figure 1: Charcot neuroarthropathy with ‘rocker-
bottom’ foot deformity and ulceration.
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a decade is typical (Leung et al, 2009; Pakarinen et 
al, 2009; Christensen et al, 2010; Pakarinen et al, 
2011; Moura-Neto et al, 2012; Sämann et al, 2012; 
Ergen et al, 2013). People developing CN tend 
to be in their fifth or sixth decades of life, with 
diabetic peripheral neuropathy but intact peripheral 
circulation (Rosskopf et al, 2019). 

This condition is not exclusively seen in 
people with DM and may occur with a variety of 
peripheral and central neuropathies, such as leprosy, 
poliomyelitis, alcoholic neuropathy, syringomyelia, 
rheumatoid arthritis, multiple sclerosis, congenital 
neuropathy and spinal injury (Papanas et al, 2013; 
Sono et al, 2019; Botek et al, 2010; Alavi et al, 2014; 
Yousaf et al, 2018).

While traumatic injury or repetitive damage 
have been implicated in the development of 
CN, a history of trauma may be absent or rather, 
unrecognised, due to sensory loss (Alavi et al, 
2014; Chapman et al, 2014). The types of traumatic 
injury that may precipitate CN range from 
relatively minor, such as a slip, trip or fall, or local 
surgery. An intervention to improve the vascular 
supply to the foot may also trigger CN (Caputo 
et al, 1998; Kaynak et al, 2013; Kucera et al, 2016; 
Goldsmith et al, 2019; Botek et al, 2010; Schaper et 
al, 2019). The precise aetiology and true prevalence 
remain unknown (Dissanayake et al, 2012; Holmes 
et al, 2019).

PATHOPHYSIOLOGY
Charcot initially theorised CN developed centrally, 
due to irritation of the vasomotor nerve centres, 
leading to altered bone and joint nutrition (Kaynak 
et al, 2013). This hypothesis would later develop 
into the ‘Neurovascular Theory,’ associating 
osteopenia with autonomic effects such as 
arteriovenous shunting and resultant increased 
peripheral vascularity (Soin et al, 2016). Sensory 
neuropathy was later implicated and may be 
considered the ‘sine qua non’ for development of 
CN (Jude et al, 2001; Jostel and Jude, 2008). The 
later ‘Neurotraumatic Theory’ of Volkman and 
Virchow associated characteristic osteopaenia 
with repeated and unrecognised microtrauma, 
precipitating traumatic bone resorption (Papanas 
et al, 2013, Sono et al, 2019).

Motor neuropathy has also been proposed to 
play a role in CN development, due to muscular 

imbalance and overloading (Pinzur, 2018). An 
unregulated inflammatory response has further 
been described, associating osteopenia and 
osteolysis with pro-inflammatory cytokine activity 
(Dissanayake et al, 2012; Alavi et al, 2014; Soin et al, 
2016; Pinzur, 2016; Holmes et al, 2019).

Not all individuals with DM will develop CN due 
to the fact that it only affects limbs that are able to 
mount an inflammatory response and this can vary 
due to the type and degree of neuropathy present 
(Kaynak et al, 2013). While the precise pathogenesis 
of CN remains ‘a bone of contention’ (Durgia et 
al, 2018, p. 116), it is, perhaps easier to consider a 
typical CN presentation here.

In the absence of pain and prescribed rest, an 
individual with osteopaenic bones (regardless of 
causation) and insensitivity to pain may not reduce 
their weight-bearing activity. Unbridled walking, 
for example, may continue to stress the bones and 
joints of the vulnerable foot, resulting in fractures, 
subluxation or complete dislocation and ultimately, 
permanent foot deformity (Dissanayake et al, 2012; 
Alavi et al, 2014).

CLINICAL PRESENTATION
Due to the progressive, destructive nature of CN, 
early diagnosis is essential and once made it is 
recognised as a medical emergency that requires 
immediate immobilisation (Yousaf et al, 2018). 
Clinical signs of ‘Active’ CN include unilateral 
erythema, swelling and increased foot temperature. 
A two degrees Celsius warmer foot (measured 
with an infrared thermometer) compared with the 
contralateral limb is considered indicative of ‘active’ 
disease (Caputo et al, 1998; Botek et al, 2010; Alavi 
et al, 2014; Cates et al, 2019).

Bilateral CN has been reported in the literature, 
which makes the comparison of foot temperature 
difficult to achieve (Fauzi and Yang, 2013; 
Loupa et al, 2019). The high incidence of major 
amputation may further prevent comparison 
with a contralateral limb. Symptomatology 
may range from entirely painless to extremely 
painful, depending on the type and severity of 
neuropathy present (Paez et al, 2013; Chapman et 
al, 2014). An absence of pain has been implicated 
in contributing to delayed presentation to health 
professionals in the early (inflammatory) stages of 
this disease (Botek et al, 2010).
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CLASSIFICATION
Radiological classification of CN may be achieved 
using the modified Eichenholtz classification 
(Rosskopf et al, 2019). This classification scheme 
describes disease progression from the initial 
inflammatory ‘prodromal’ and ‘development’ phases 
through ‘coalescence,’ where bone fragments are 
reabsorbed and ultimately ‘reconstruction’ and 
‘reconstitution,’ characterised by final bone repair 
and remodelling (Yousaf et al, 2018). For the purpose 
of this article, however, pragmatic classification is 
adopted and advised for routine clinical practice, 
describing CN as either ‘Active’ or ‘in Remission’ 
(Bullen et al, 2019; 2020).

DIAGNOSIS
Unfortunately, there are no laboratory criteria or 
specific haematological markers to aid diagnosis 
of CN. Nevertheless, they can help to eliminate the 
differential diagnoses (Dissanayake et al, 2012). As 
stated earlier, CN is frequently under-diagnosed. 
This is because in the ‘active’ phase it can mimic 
cellulitis, deep vein thrombosis, gout, ankle sprains 
and osteomyelitis (Caputo et al, 1998; Hartemann-
Heurtier et al, 2002; Botek et al, 2010; Dissanayake et 
al, 2012). In ulcerated CN, coexisting osteomyelitis 
may further complicate and confuse the diagnostic 
process (Goldsmith et al, 2019).

Misdiagnosis may occur in up to 95% of 
cases (Chantelau, 2005; Wukich et al, 2011; 
Hingsammer et al, 2016), possibly be due to a lack 
of knowledge. An American survey identified 
that 67% of primary care doctors and internal 
medicine specialists had little or no knowledge 
of CN (Schmidt et al, 2017). The delay in 
diagnosis is not helped by the lack of radiological 
confirmation of the changes in the foot in the 
‘prodromal’ phase (first two to three weeks) 
when X-rays may be unremarkable. Therefore, 
if initial radiographic findings show no damage, 
weekly serial X-rays may be of assistance until 
radiographic changes are apparent (Caputo et al, 
1998; Chapman et al, 2014; Goldsmith et al, 2019).

Magnetic Resonance Imaging (MRI) has 
the highest diagnostic accuracy, sensitivity 
and specificity in early CN (Botek et al, 2010; 
Dissanayake et al, 2012). This imaging modality 
demonstrates the nature of the bony damage 
along with evidence of inflammation in the 

bone, specifically bone marrow oedema, as well 
as fluid in the adjacent soft tissues (Paez et al, 
2013; Schaper et al, 2019). However, it must be 
recognised that MRI assessment is not available to 
all health professionals and a high proportion rely 
on successive plain X-ray images (Rastogi et al, 
2019).

CONSERVATIVE TREATMENT
The goal of treatment is to maintain or achieve 
structural stability, preserve the shape of the 
foot and lower limb and prevent ulceration. To 
achieve this, immobilisation involves application 
of a non-removable below-knee offloading device, 
the gold standard being total contact cast (TCC). 
This is normally required for several months 
at least and during this time progress can be 
monitored through temperature assessment and 
serial imaging.

The TCC will require changing in the first few 
days if fluctuant oedema has reduced and then 
subsequently every two weeks or more often if an 
ulcer is present. Once consolidation is achieved, 
a change to a removable offloading device may 
be considered (Rosskopf et al, 2019). Following 
CN remission, modular or bespoke footwear 
may be required if the foot can no longer be 
accommodated in high street footwear (Glaser et 
al, 2017; Yousaf et al 2018).

SURGICAL TREATMENT
Reconstructive surgery may be performed to 
create a plantigrade foot, regain foot stability 
and improve function, thus decreasing the future 
risk of ulceration and amputation (Cates et al, 
2019). Surgical intervention may be particularly 
indicated for unstable rear-foot and ankle 
deformities (Dissanayake et al, 2012; Kim et al, 
2019). The typical ‘rocker-bottom’ foot deformity 
may benefit from a plantar-based mid-foot wedge 
osteotomy and resection to achieve a plantigrade 
foot (Persky et al, 2019).

Less invasive surgery may be also used to remove 
or reduce the impact of any abnormal bony 
prominence on the foot. Negative pressure wound 
therapy has also been used alongside surgical 
intervention, e.g. post ulcer debridement, post 
reconstruction and amputation and to stabilise 
closed surgical incisions (Ramanujam et al, 2013).
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PATIENT EDUCATION
Our advice for health professionals is to remain 
vigilant for the early ‘danger signs’ of CN, namely 
an unexplained erythematous, hot and swollen foot 
in a person with neuropathy. Throughout ‘Active’ 
management, advice to avoid weight-bearing 
through the vulnerable limb should be reinforced. 
Podiatry and/or physician-lead diabetes or ‘high-
risk’ foot services should be the first port of call in 
the event of clinical suspicion. On developing CN, 
there is an increased risk of subsequent recurrence. 
Life-long surveillance is therefore advised, including 
patient education and shared responsibility between 
the health professional and the individual. Self-
management supported by informal carers is 
one way of achieving self-care in this vulnerable 
population (Messenger et al, 2019). There is 
support for individuals available via social media; 
Charcot foot research and support group https://
www.facebook.com/groups/49688106005/ .

CONCLUSION 
CN is a difficult and complex disease to diagnose 
and manage. Early recognition is key, given 
preventive care may not be possible (Dissanayake 
et al, 2012). The precise cause of the condition 
has not been unequivocally established, although 
characterised by a non-infectious and unregulated 
inflammatory response coexisting in individuals 
with peripheral neuropathy. Frequent misdiagnosis 
of CN occurs due to low clinician awareness of 
the condition combined with the presence of 
alternative diagnoses such as cellulitis or gout.

Without early intervention to limit mobility, 
destruction of the architecture of the foot will 
occur, resulting in foot deformity with the potential 
for amputation. Once diagnosed, care should be 
directed by podiatry and/or physician-lead diabetic 
‘high-risk’ foot services. Such services monitor 
individuals during the ‘Active’ and ‘in Remission’ 
stages of the condition, with recurrence being a 
potential future event. Wuk  
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