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Introduction
The acute Charcot foot (diabetic neuropathic osteoarthropa-
thy) is a complication of denervation, in which there is pro-
gressive fracture and dislocation of bones and joints of the
foot without significant preceding trauma. The condition has
been well reviewed in recent years [1,2]. The acute Charcot
foot is rare, and although there are no precise estimates of
cumulative incidence, it probably affects less than 1% of all
people with diabetes [3]. Partly as a result of its rarity, it is a
condition of which many health care professionals are igno-
rant and this may result in considerable delay in diagnosis.
The delay allows the condition to worsen while the foot is
unprotected, and can lead to catastrophic consequences—
with secondary ulceration affecting up to 50% [4,5], an
appreciable risk of major amputation and poor overall sur-
vival [6,7]. But even though prompt diagnosis—with early
institution of effective offloading—is essential for the mini-
mization of the eventual damage, the acute Charcot foot can
be very difficult to manage. The main reason for this diffi-
culty is that the pathogenesis of the condition is not under-
stood and that apart from offloading there is currently no
treatment of proven efficacy.

History of the Condition
The earliest cases of neuropathic osteoarthropathy were
reported in 1831 by the American physician, Mitchell [8],
in patients with “caries of the spine.” The priority of this
work was acknowledged by Charcot when he reported the
results of detailed clinicopathologic studies of his own
patients, most of whom had tabes dorsalis. His original
description was of neuropathic arthropathy affecting more
major joints [9], but he described involvement of the
bones and joints of the foot in later work [10]. It was the
presentation of these later studies at the International Med-
ical Congress in London in 1881 that prompted the emi-
nent English surgeon, Paget, to suggest that the condition
be called “Charcot’s disease” [11]. It was later recognized
that neuropathic osteoarthropathy could complicate any
cause of dense peripheral denervation, including trauma,
leprosy, and syringomyelia. It was first described in diabe-
tes in 1936 [12] and, worldwide, this is almost certainly
the most common cause today.

Clinical Features
The typical clinical features are well recognized. The
patient with neuropathy presents with inflammation of
the foot or ankle, which has been present for a variable
number of days or weeks, and which may have been trig-
gered by an injury. Such injury is often trivial and in
many cases no precipitating event is recalled at all. The
foot itself may be simply inflamed at first, and without
obvious structural damage, but in some cases there is
clinical and radiologic evidence of dislocation or fracture
even at the time of presentation. If there is no obvious
structural damage, the lesion is most likely to be diag-
nosed as a sprain or soft tissue infection by a nonspecial-
ist, although the specialist diabetologist will have a low
threshold for making the correct diagnosis in any patient
with established neuropathy. The part of the foot that is
affected may be the forefoot, but the condition is most
commonly recognized in the midfoot and ankle. A good
case can be made for suggesting that isolated fractures of
the metatarsals (“stress fractures”) represent a limited
manifestation of the same condition. It is not clear why
some patients present with minimal and relatively non-
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progressive disease, whereas in others the damage is con-
tinued and extensive.

The inflammation persists for a period of time, which
may extend for weeks, months, or even years; the condition
remained active for 18 months or more in 23% of one
large series [5]. Although the inflammation persists, there
is a persistent risk of damage to the joints and bones of the
foot, and every effort should be made to rest the foot and
to minimize weightbearing during this period. The disease
eventually enters a phase of resolution, or “coalescence,”
with restoration of bone strength and decreasing inflam-
mation. Although the condition may affect the contralat-
eral foot, most believe that it recurs only rarely on the same
side, if at all.

Early Theories Concerning the 
Pathogenesis of the Acute Charcot Foot
Although it has been traditional to suggest that theories con-
cerning pathogenesis divide into two camps (the French [or
“nutritive”]—after Charcot, and German [or “neurotrau-
matic”]—attributed to Volkmann [13] schools), this distinc-
tion may relate as much to nonmedical chauvinism in the
20th century than to true differences of scientific opinion.
Charcot [9] himself was well aware of the importance of the
loss of protective sensation, and his speculation concerning
abnormal vasomotor regulation leading to abnormal bone
“nutrition” merely reflected the breadth of his vision and the
realization that multiple factors were likely to be involved.
The neurotraumatic theory cannot on its own explain the
pathogenesis of the disorder; if it did, the condition would
be a more common complication of dense neuropathy. The
etiology is much more multifaceted.

One factor that suggests a multiplicity of pathologic
processes is the similarity of the clinical presentation in a
wide range of different diseases—diseases linked only by
the presence of a fairly marked degree of peripheral dener-
vation. The type of denervation is not uniform—whether
affecting distal nerves (diabetes, leprosy, or alcohol
induced), trauma to major nerves or nerve roots, or disease
of the spinal cord. Tabes dorsalis is primarily a disorder of
the dorsal columns with loss of deep pain, unconscious
proprioception, and vibration sense, but intact perception
of fine touch and superficial pain (or pinprick). Syringo-
myelia is most likely to affect the spinothalamic tracts with
impairment of fine touch and superficial pain, whereas
function of the dorsal columns may be intact. Deep pain
sensation is also often preserved in distal symmetrical
neuropathy, which explains why the acute Charcot foot is
not always painless in diabetes. Attempts to link the occur-
rence of the acute Charcot foot with degrees or spectra of
denervation in diabetes have produced no consistent
results [14,15]. Thus, there is no identified single aspect of
the nerve damage itself that may indicate why the condi-
tion affects only a small minority of those with distal sym-
metrical neuropathy.

Factors Associated with Neuropathy that 
May Predispose to the Acute Charcot Foot
Hyperemia
It has long been recognized that denervation is associated
with distal hyperemia. Charcot [9] wrote that the increase
in distal limb blood flow he observed was most likely to be
the result of involvement of vasomotor nerves, and his
observations were extended by von Leyden and Brissaud, as
quoted by Henderson [16], as well as by workers (both
French and German) who concluded that the hyperemia
was the result of loss of sympathetic innervation [17,18].
Writing in the middle of the 20th century, Foster and
Bassett [19] and Martin [20] demonstrated that loss of
sympathetic innervation was a feature of the Charcot foot,
and was also a relatively early manifestation of diabetic
neuropathy [21]. Archer et al. [22] later demonstrated that
diabetic neuropathy was associated with impairment of
peripheral vasoconstriction.

Therefore, it is established that peripheral denervation
(from tabes, distal symmetrical neuropathy of diabetes, or
other disease) may be associated with loss of sympathetic
innervation and increased peripheral limb blood flow. But
such changes will inevitably be symmetrical, and affect
both legs equally. It follows that this process cannot be
responsible for the asymmetrical increase in blood flow
that characterizes the acute Charcot foot—with a clinically
obvious difference between the affected and nonaffected
feet. Moreover, the hyperemia of the acute Charcot foot is
self-limiting, and this would not be expected if it was solely
the consequence of underlying neuropathy, which is essen-
tially irreversible. It follows that other mechanisms must
be involved, although the underlying hyperemia that
results from sympathetic denervation may be a predis-
posing factor.

Osteopenia
Because the acute Charcot foot is associated with bone
fracture, it is possible that the condition is particularly
likely in those with a premorbid reduction in bone mineral
density. There is evidence that patients with diabetes have
an increased prevalence of osteopenia, and this tendency is
most marked in those with type 1 disease [23–25]. It is
possible that the factors leading to osteopenia in type 2
disease are opposed by the effect of increased body mass
index in this population, although a variety of other mech-
anisms may be involved [26••]. In type 1 disease, however,
the association is generally accepted and has been shown
to correlate with the presence of peripheral neuropathy
[27,28]. The mechanism whereby peripheral denervation
may be associated with osteopenia was not previously
clear, although it has been thought that it may relate in
some way to the increase in blood flow that results from
sympathetic denervation. However, major advances in
understanding of the factors that regulate the activity of
osteoclasts in other circumstances have suggested the key
involvement of the RANKL/OPG signaling system.
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Two recent observations suggest that premorbid
osteopenia is important in the pathogenesis of the acute
Charcot foot. The first is that Petrova et al. [29] have shown
that bone mineral density may be reduced at presentation
in the contralateral (nonaffected) foot at the time of pre-
sentation, although this observation was most strongly
associated with type 1 diabetes. In addition, Herbst et al.
[30] have suggested that patients with reduced bone den-
sity at presentation are more likely to have fractures of the
foot, as opposed to joint dislocation without fracture.
Although these observations indicate the possible impor-
tance of premorbid osteopenia, it should be noted that
they are not completely compatible because together they
suggest that those with type 1 diabetes should present with
fractures whereas those with type 2 disease present with
dislocations, but this is not the case.

Abnormal loading and foot biomechanics
Distal symmetrical neuropathy is associated with well-
recognized changes in the shape of the foot and the distri-
bution of forces during normal standing and walking.
These abnormalities may be exaggerated by shortening of
the Achilles tendon, and contraction of the plantar fascia
as a result of glycation of connective tissue. Exaggerated
clawing of the foot may lead to spontaneous dislocation in
the non-Charcot neuropathic foot, principally of the meta-
tarsophalangeal and interphalangeal joints. Each of these
changes can result in increased forces being applied to the
bones of the foot and may, therefore, play a part in initiat-
ing or exaggerating the cascade of damage that occurs once
the Charcot process starts.

The RANKL/OPG Cytokine Pathway and the 
Manifestations of Diabetic Neuropathy
Osteopenia
It is now established that bone lysis is generally dependent
on activation of osteoclasts by the nuclear transcription
factor, nuclear factor-κB (NF-κB), and that expression of
NF-κB is itself induced by the locally acting polypeptide
cytokine, RANKL [31–34,35••]. The involvement of this
pathway has been demonstrated in a wide variety of condi-
tions associated with osteopenia, including idiopathic,
hypogonadal, and glucocorticoid-induced osteoporosis,
Paget’s disease, inflammatory arthritides, and malignancy.
The expression of RANKL is accompanied by increased
production of a glycoprotein, osteoprotegerin (OPG), and
this serves as a decoy receptor for RANKL and may act to
neutralize its effects. Although there is no direct evidence,
it is very possible that increased expression of RANKL
mediates any osteopenia that is associated with diabetic
neuropathy [26••]. Increased activation of the RANKL sys-
tem (as reflected in increased circulating concentrations of
OPG) has been shown in diabetes [36], and early evidence
suggests that this may be especially marked in those with
microvascular complications [37]. Suzuki et al. [38] have

recently reported increased circulating concentrations of
OPG in male patients with type 2 diabetes, and that there
was an associated inverse correlation between OPG and
bone mineral density.

Vascular calcification
Calcification of the smooth muscle cells of small- to
medium-sized arteries (Mönckeberg’s sclerosis) is com-
mon in diabetic neuropathy. This calcification had been
noted to be associated with clinical evidence of sympa-
thetic denervation [39] and is induced by therapeutic sym-
pathectomy [40]. Vascular calcification is especially
common in those patients affected by neuropathic osteoar-
thropathy [41,42], even though these patients tend to be
otherwise without evidence of peripheral arterial disease
and pedal pulses are typically easy to feel [43]. Despite this,
the nature of the mechanistic link between denervation
and calcification remained obscure until very recently.
However, it now appears that calcification of smooth
muscle cells of the arterial wall is triggered by the expres-
sion of the same cytokine system that stimulates matura-
tion of osteoclasts—the RANKL/OPG system [44–48].
Thus, increased expression of RANKL leads to both osteol-
ysis and vascular calcification.

It has been suggested that any increased activation of
RANKL expression may be the indirect result of loss of
nerve-derived peptides, such as calcitonin gene-related
peptide, which are known to influence the RANKL/OPG
system [26••]. It is also possible that conflicting influences
of peptides, such as leptin and islet amyloid polypeptide
(amylin), may explain some of the difference observed
between type 1 and type 2 diabetes [26••]. Despite the
attractiveness of the circumstantial evidence in support of
this hypothesis, one group has recently confirmed a strong
correlation in patients (both with and without diabetes)
between vascular disease and reduced bone mineral
density, while reporting no relationship with circulating
concentrations of either RANKL or OPG [49]. There have
been no other relevant studies of circulating concentra-
tions of either RANKL/OPG, or of RANKL gene expression,
and no studies to examine whether differences exist
between type 1 and type 2 diabetes in terms of the preva-
lence of vascular calcification in neuropathy.

The Onset of the Acute Charcot Foot
Although the above mechanisms relate to manifestations
of neuropathy, they do not explain why a small subset of
affected patients goes on to develop an acute Charcot foot.
Whatever puts this group at risk, the process itself requires
some form of trigger. As mentioned earlier, this is usually
some form of injury—often surprisingly minor. In those
cases in which no precipitating trauma is noted, it may be
because loss of protective sensation left the patient
unaware of what had happened. In other cases the precipi-
tating factor appears to have been local surgery, including
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revascularization [50,51]. It is also possible, but very diffi-
cult to prove, that the Charcot foot may be triggered by pre-
existing ulceration, or infection, of the affected foot. In our
unit we have observed cases in which Charcot arthropathy
was apparently triggered by pre-existing osteomyelitis, as
well as by crystal synovitis.

Dislocation and microfracture
It is generally accepted that the trigger, or episode of
trauma, causes microfracture of one or more pedal bones
and that this (or any accompanying dislocation) increases
the forces applied to adjacent bones and joints, leading to
further damage. Although the foot may feel uncomfortable
at this stage, the pain perceived is minor in comparison
with the structural damage, and if the patient continues to
take weight on the affected foot, its condition will worsen
and the distortion can quickly become gross. This process,
in effect, summarizes the basis of the “neurotraumatic”
theory and is important in the development of the condi-
tion, even though it ignores the likely part played by the
accompanying inflammation.

The Role of Inflammation
The role of inflammation is critical. Charcot [9] likened the
onset of the process to an acute exacerbation of rheuma-
toid arthritis. It is accepted in clinical practice that the signs
of inflammation (redness, warmth, and swelling) are the
best guide available to the activity of the disease. When
there is no difference in temperature between the affected
and nonaffected limbs, it is accepted that the process has
gone into remission and weightbearing can be allowed.

Inflammation is a normal response to fracture or
dislocation, and is mediated through the release of proin-
flammatory cytokines—principally of tumor necrosis fac-
tor-α (TNF-α) and interleukin-1β (IL-1β). This leads to
local vasodilatation, which constitutes part of the healing
process. TNF-α and IL-1β are also necessary for chon-
drogenic differentiation in the first phases of new bone
formation [52]. It is also highly relevant that these proin-
flammatory cytokines have a close functional relationship
with RANKL and NF-κB, leading to their increased expres-
sion [53–55]. The increase in NF-κB will in turn cause acti-
vation of osteoclasts, which will enable lysis of unwanted
bone fragments. In an acute uncomplicated fracture, the
expression of proinflammatory cytokines reaches a peak in
the first 48 hours, before gradually declining [56]. It is pos-
sible that the factor leading to this early resolution of the
acute inflammatory reaction is pain, and the resultant
splinting of the fractured bone. However, in the acute
Charcot foot, pain perception is limited and the process of
inflammation, with associated osteolysis, continues. This
predisposes to further fracture, which will in turn maintain
the activation of the inflammatory cycle [57••].

The central role of inflammation and of exaggerated
hyperemia highlights the importance of one more factor in

the etiology of this disorder. Thus, the acute Charcot foot
will not occur if any inflammatory response is inhibited by
the limited capacity of the vessels of the foot to vasodilate.
This factor helps explain why the condition is relatively
rare in a disease like diabetes, which is associated with an
increased risk of macrovascular disease. It is relevant that
Shapiro et al. [58] have shown that those who have previ-
ously had a Charcot foot have a particular pattern of vaso-
motor neuropathy, and retain the capacity to increase foot
blood flow in response to warming, whereas neuropathic
control subjects did not. The capacity to increase limb
blood flow is presumably relevant to the reported case of
acute Charcot foot complicating revascularization [50].

Recent work has shown that the inhibitory effect of etha-
nol on fracture healing in experimental animals is attenuated
by the administration of IL-1 and TNF antagonists. This indi-
cates the possible central role of these proinflammatory
cytokines in the pathogenesis of ethanol-related bone dis-
ease, and suggests that distal symmetrical neuropathy may
not be the only factor involved in the occasional cases of
acute Charcot foot that complicate alcohol abuse [59].

The Evolution of the Charcot Process
Thus, it is possible to envision how the process is triggered
in a foot that is put at risk of microfracture or dislocation
by multiple overlapping effects of denervation. Metabolic
factors that lead to the consequences of increased premor-
bid expression of NF-κB (ie, reduced bone mineral den-
sity) may also apply in diabetes. The occurrence of
microfracture or dislocation has two main effects. The first
is that it increases the forces applied to other bones and
joints of the foot, and the second is that it initiates an
inflammatory cascade. The inflammation is accompanied
by increased expression of NF-κB and the resultant bone
lysis increases the likelihood of further fracture. Such
fracture will exacerbate the inflammatory process and a
complex vicious cycle is established. This does not happen
after acute uncomplicated traumatic fracture because pain
leads to splinting and this in turn leads to reduction in
local blood flow, but it will occur when denervation results
in the absence of significant pain. When the process is
established, however, it is not clear what factor leads to
remission, and why this occurs relatively early in some,
whereas it is late in others.

Multiple Causative Factors 
and the Final Common Pathway
Acceptance of the central role of inflammation, and of the
RANKL/NF-κB system, in the evolution of this condition
serves to explain how the presentation is essentially similar
(although varying in severity), irrespective of the nature of
the underlying disease (eg, diabetes, alcohol abuse, syphi-
lis, leprosy, syringomyelia) and the type of underlying
nerve damage. Even within a population with diabetes and
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distal symmetrical neuropathy, there will be differences in
the extent to which there is increased premorbid expres-
sion of RANKL and osteolysis, but these will be obscured
by the overriding effects that follow the initiation of the
inflammatory cascade. The only difference that is relevant
to the underlying pathology is the site: the foot is most
likely to be affected in distal neuropathies with a metabolic
cause (diabetes, ethanol) because of the relative sparing of
more proximal nerves. This is not the case when the
primary defect is in the spinal cord.

This hypothesis also explains why osteopenia increases
in the affected foot during the course of the condition
(although disuse from splinting and non-weightbearing
may also play a part), as well as possibly the very high
reported prevalence of vascular calcification in the Charcot
foot. It would be of interest to study whether the degree of
vascular calcification increases during the time course of
the disease.

Therapeutic Implications
The potential therapeutic implications of this hypothesis
are obvious. If the requirement is to interrupt the vicious
cycle of augmentation between structural skeletal damage
and inflammation, then this should be the target of thera-
peutic interventions. Bisphosphonates may play a role by
virtue of their capacity to strengthen bone by chelation as
well as, conceivably, their reported effect in reducing
microvascular flow. However, they do not have a direct
effect on the RANKL/OPG system. Agents that do reduce
the expression of RANKL and that may be of particular
therapeutic benefit are calcitonin and inhibitors of TNF-α,
such as glucocorticoids and nonsteroidal anti-inflamma-
tory agents. Other potential options may include synthetic
OPG and RANKL antagonists, as well as inhibitors of NF-
κB (ie, the experimental agent, curcumin) or of TNF-α
(including commercially available preparations [ie, inflix-
imab and etanercept]).

Conclusions
It is suggested that a variety of factors may predispose to the
development of the acute Charcot foot in patients with
distal symmetrical neuropathy, as well as other causes of
denervation. However, the condition is triggered by any epi-
sode that leads to local inflammation and will not occur in
those with a limited capacity to increase foot blood flow.
Once the process is initiated, a vicious cycle is established
whereby proinflammatory cytokines lead to increased
expression of NF-κB and thus of increased osteolysis. The
increased osteolysis predisposes to further fracture, leading
to further release of proinflammatory cytokines. The pro-
cess is facilitated by reduced pain sensation and continued
weightbearing on the weakened foot. Understanding of the
central part played by proinflammatory cytokines suggests
the possibility of effective new therapies.
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