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Summary: Charcot foot neuropathic osteoarthropathy is a disorder affecting the soft tissues, joints, and bones of the foot 
and ankle. The disease is triggered in a susceptible individual through a process of uncontrolled inflammation leading to 
osteolysis, progressive fractures and articular malpositioning due to joint subluxations and dislocations. the progression 
of the chronic deformity with a collapsed plantar arch leads to plantar ulcerations because of increased pressure on the 
plantar osseous prominences and decreased plantar sensation. subsequent deep soft tissue infection and osteomyelitis may 
result in amputation. the Charcot foot in diabetes represents an important diagnostic and therapeutic challenge in clinical 
practice. Conservative treatment remains the standard of the care for most patients with neuropathic disorder. Offloading 
the foot and immobilization based on individual merit are essential and are the most important recommendations in the 
active acute stage of the Charcot foot. surgical realignment with stabilization is recommended in severe progressive neu-
ropathic deformities consisting of a collapsed plantar arch with a rocker-bottom foot deformity.
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introduction

neuropathic arthropathy is relatively rare but impor-
tant and devastating disorder described as the progressive 
destruction of bone and joints in a patient with peripher-
al neuropathy. Jean Martin Charcot noted the relationship 
between syphilis and severe arthropathy in 1868 (19). 
Diabetes mellitus is currently the most common cause of 
Charcot arthropathy of the foot, affecting between 0.1 and 
2.5% of patients with diabetes mellitus (28). the Charcot 
foot syndrome is a serious and potentially limb-threaten-
ing lower extremity complication in diabetic patients. the 
disease is triggered in a susceptible individual through a 
process of uncontrolled inflammation leading to osteoly-
sis, progressive fractures and dislocations (29). the classic 
rocker-bottom foot represents a severe chronic deformity 
that is typical for this condition. the progression of the 
longitudinal foot arch collapse may lead to plantar osseous 
prominences with soft-tissue compromise and subsequent 
ulceration, infection, and osteomyelitis resulting in ampu-
tation. thus, in diabetes, the Charcot foot represents an 
important diagnostic and therapeutic challenge in clinical 
practice.

Definition

Charcot foot neuropathic osteoarthropathy is a disor-
der affecting the soft tissues, joints, and bones of the foot 
and ankle. the condition begins as an acute uncontrolled 

localized inflammation that may lead to osseous destruction 
associated with articular malpositioning due to subluxation 
and dislocation. After this active acute stage, the midfoot 
deformity may evolve to include possible midfoot instabil-
ity and, ultimately, open plantar ulceration (15).

Pathogenesis

the Charcot foot arthropathy affects diabetic patients 
with severe peripheral neuropathy in both lower extremities 
and autonomic neuropathy (32). the loss of protective sen-
sation increases the likelihood of microtrauma to the foot, 
while autonomic neuropathy results in increased blood flow 
to the limb and contributes to soft tissue swelling and local 
osteoporosis (15).

As the peripheral neuropathy progresses in long-stand-
ing diabetes and the proprioception is altered, a process of 
uncontrolled inflammation in the foot may be triggered by 
minor trauma, local inflammation, or recent foot surgery. 
During uncontrolled inflammation, increased peripheral 
blood flow and active bone resorption lead to bone and 
joint destruction. the loss of pain sensation allows for 
uninterrupted walking with repetitive trauma. this activ-
ity results in the continual production of proinflammato-
ry cytokines, receptor activator of nuclear factor kappa-B 
ligand (RAnKL), nuclear factor kappa-light-chain-enhanc-
er of activated B cells (NF-κB), and osteoclasts, which in 
turn leads to continual local osteolysis with progressive 
bone and joint destruction (16, 29).
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Diagnosis

the diagnosis of active acute Charcot foot is primarily 
based on the history and clinical findings (4). The disease 
is triggered in a susceptible individual by minor trauma, 
local inflammatory processes, including previous ulceration 
and infection, or recent foot surgery and successful revas-
cularization (29). the initial clinical manifestations of the 
disorder are often mild and develop with repetitive trauma 
due to reduced pain sensation. the typical clinical outcome 
includes a markedly swollen, warm, and frequently erythe-
matous foot, which is usually associated with only mild to 
moderate pain or discomfort. the temperature difference 
between the affected and the contralateral foot can reach 
several degrees (3). Although a neurally mediated vascular 
reflex leads to increased peripheral blood flow, pedal pulses 
are actually obscured by foot oedema. the initial acute local 
inflammatory changes are often the earliest sign of underly-
ing bone and joint destruction in neuropathic patients (17).

During the chronic stage of Charcot neuropathic oste-
oarthropathy, the skeletal deformities may progress to 
a severe rocker-bottom foot deformity with a collapsed 
plantar arch (Fig. 1, 2). the midfoot instability is eval-
uated according to Assal by applying stress to the fore-
foot in the sagittal plane with the ankle joint locked in 
dorsiflexion. An abnormal midfoot motion is assessed 
through the use of this clinical test (5). Increased pressure 
on the osseous plantar prominences and the decreased 
plantar sensation cause plantar ulcerations, which are 
classified using the Wagner classification system (33). 
This classification grades diabetic foot ulcers based on 
the depth of tissue penetration and necrosis (table 1). 
Low grades are generally infected with gram-positive 
microorganisms, and higher grades tend to be caused by 
polymicrobial flora with an increased number of aerobic 
gram-negative bacteria and anaerobes (1). the cultures 
should be obtained from open plantar ulcerations and also 
from the deep tissue layers, particularly from bones, to 
identify particular microbial flora and adapt the antibiotic 
therapy on the basis of the culture results. osteomyeli-
tis frequently accompanies deep neuropathic ulcers and 
presents a difficult diagnostic challenge because both 
deep soft-tissue infection and bone infection have the 
same clinical picture, which consists of fever, uncon-
trolled serum glucose level, purulent drainage, and lym-
phangitis (15). Limb-threatening ischemia can develop 
in diabetic patients with chronic deformities. Doppler 
ultrasonography and digital subtraction angiography 
may be used to evaluate peripheral vessel involvement.

Because patients with diabetic neuropathy have insensate 
feet and do not complain of pain, a yearly screening with the 
5.07/10-g Semmes-Weinstein monofilament has been rec-
ommended for the rapid identification of the disorder (13). 
transcutaneous oximetry is helpful for the evaluation of 
wound healing potential because diabetic patients have a high 
rate of associated vascular disease. A pressure ≥ 30 mm Hg 

Fig. 2: Plantar ulcer 
grade 2 according to 
the Wagner classifica-
tion in the same patient

Fig. 1: typical clinical 
appearance of the 
chronic-stage Charcot 
neuropathic osteo-
arthropathy with the 
rocker-bottom foot 
deformity

Tab. 1: Wagner classification of diabetic foot ulcerations

Grade Definition

Zero no ulcer

one Superficial skin ulcer

two
Deep ulcer extending through dermis. 
tendon, ligaments, joint capsule or bone 
may be exposed 

three Deep ulcer with abscess, osteomyelitis, or 
joint sepsis

Four Localized gangrene of the forefoot or heel

Five Gangrene of the foot
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was noted in the study with successful use of the axial 
intramedullary fixation of the medial foot column (5).

Plain radiographs are the initial imaging method for the 
evaluation of bone structure, foot alignment and skeletal 
mineralization in diabetic patients. Dorsoplantar and later-
al weight-bearing radiographs should be taken. the radio-
graphic changes of the Charcot foot are delayed, and these 
radiographs may have low sensitivity (24). In the acute 
stage, the radiographs may be normal. Gradually, subtle 
subluxations and subchondral fractures can be displayed 
(15). these symptoms can be visualized better and earlier 
by CT. In later stages, the dorsoplantar and lateral talus-first 
metatarsal angle, the lateral calcaneus-fifth metatarsal angle 
and the calcaneal inclination angle should be measured for 
the proper assessment of forefoot, midfoot and hindfoot 

alignment with progressive skeletal deformities (Fig. 3). 
the 3D Ct reconstructions may be helpful in planning the 
surgical realignment and stabilization in severe neuropathic 
deformities (Fig. 4).

Magnetic resonance imaging allows for the early detec-
tion of subtle changes in the acute stage of the Charcot 
neuropathic osteoarthropathy before such changes become 
evident on plain radiographs (Fig. 5). Magnetic resonance 
imaging is often unable to differentiate acute osteoarthrop-
athy from osteomyelitis (1, 5). In addition, a cost-analysis 
of diabetic foot infection treatment revealed that non-inva-
sive testing for osteomyelitis adds significant expense to 
the treatment costs with little impact on the outcomes (1).

three-phase bone scintigraphy with 99mtc is highly 
sensitive for active bone pathologic processes, but it is not Fig. 3  

 
 

 
 

Fig. 3: Preoperative plain radiographs, a) dorsoplantar 
view with apparent dorsoplantar talus-first metatarsal angle 
(solid lines), b) lateral view with marked lateral talus-first 
metatarsal angle (solid lines), calcaneal inclination angle 
(dashed lines), and lateral calcaneus-fifth metatarsal angle 
(dotted lines)

Fig. 3  

 
 

 
 Fig. 4: Preoperative 3D Ct 

imaging of the left foot, 
the osseous destruction and 
plantar prominences visible 

on medial view
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specific for osteoarthropathy, and diminished circulation 
can result in false negative results. Labelled white blood 
cell scanning with 99mtc or 111In provides improved spec-
ificity for infection, but it cannot differentiate between 
soft tissue infection and osteomyelitis. the evaluation of 
bone density in diabetic patients using dual-energy X-ray 
absorptiometry may be useful to assess the fracture risk.

Treatment

treatment guidelines are widely based on professional 
opinion because of the limited surveys in this area, and the 
optimal treatment protocol remains an issue of debate (5). 
Conservative treatment remains the standard of care for 
most patients with neuropathic disorders.

Offloading the foot and immobilization based on indi-
vidual merit are essential and are the most important rec-
ommendations in the active acute stage of the Charcot foot 
(32). An irremovable total contact cast is initially frequent-
ly replaced to avoid pistoning as the oedema subsides in 
the first few weeks of treatment. The use of crutches or a 
wheelchair is required to avoid weight bearing on the affect-
ed side. the casting should continue until the swelling has 
resolved and the temperature of the affected side is with-
in 2 °C of that of the contralateral foot (3). It should be 
emphasized that total immobility leads to the loss of muscle 
tone, reduction of bone density and loss of body fitness. The 
alternative device for offloading in the active acute stage 
of the Charcot foot is the Charcot restraint orthotic walk-
er (23). this device is a customized bivalved total contact 
ankle-foot orthosis made from a positive plaster mould of 
the involved lower extremity and consists of a rigid poly-
mer shell lined with specific foams of different densities. 
The duration and character of offloading are based on the 
clinical subsidence of oedema, erythema, skin temperature 

changes and the evidence of healing on radiographs or MRI. 
the prescriptive shoes, boots, or weight-bearing braces 
with frequent monitoring are recommended after an active 
acute stage to prevent the recurrence of ulceration or the 
occurrence subsequent deformities (29). In diabetic patients 
with active Charcot neuropathic osteoarthropathy, treatment 
with antiresorptive pharmacotherapy has been proposed, but 
there is little evidence to support the use of bisphosphonates 
and calcitonin in the healing process (2, 6, 27).

the open plantar ulcers should be nonoperatively treat-
ed with wound care consisting of local debridement, anti-
biotic therapy, and total contact casting (8). It is clinical-
ly unfeasible to differentiate between the deep soft tissue 
infection and bone infection in the Charcot foot using MRI 
or other diagnostic tests. therefore, it is recommended to 
treat all deep soft tissue infections as osteomyelitis with 
urgent intervention (5). Debridement and irrigation of 
the wound with cultures are performed after the diabetic 
patient is admitted to the hospital, and wide spectrum anti-
biotics are administered until the culture results are availa-
ble. Based on these results, the antibiotic therapy is adjust-
ed, and the wounds should be checked daily. the antibiotic 
therapy is continued until the active infection is resolved, 
as indicated by the return of the laboratory tests to normal 
and the cessation of drainage.

A combination of vacuum assisted closure therapy and 
mesh grafting is useful after initial necrectomy in diabet-
ic patients with peripheral neuropathy (7). The efficiency 
of muscle flaps in the therapy of complex foot and ankle 
deformities seems to be possible in some patients with dia-
betes mellitus, nevertheless further studies are necessary 
(14).

Surgical treatment is beneficial in progressive deform-
ities that are refractory to conservative treatment with the 
development of recalcitrant plantar ulcerations as a result 

Fig. 5: Inflammatory involvement of the hindfoot with subchondral fractures of the dorsolateral part of the talus, a) coronal 
view, b) sagittal view

a b
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of increased plantar pressure on the insensate feet. Length-
ening of the Achilles or gastrocnemius tendon combined 
with total contact casting can reduce the forefoot pressure 
and realign the ankle and hindfoot to the midfoot and fore-
foot (25). Resection of osseous plantar prominences in 
patients with a stable Charcot foot deformity may reduce 
the pressure caused by bone prominences. simple exostec-
tomy can be followed with accommodative bracing (10, 
20). this less technically demanding and less morbid pro-
cedure has generally poor results in unstable Charcot foot 
deformities because the collapse progresses with the recur-
rence of plantar osseous prominences and ulceration (12).

surgical realignment with stabilization is recommend-
ed to restore the plantigrade foot in severe neuropathic 
deformities consisting of a collapsed plantar arch with a 

rocker-bottom foot deformity and associated nonheal-
ing plantar ulceration (5). Another indication for surgical 
reconstruction is a progressive rocker-bottom deformity 
with midfoot instability without plantar ulceration (30). 
Recently, early correction of the deformity combined with 
arthrodesis has been reported (22). the reconstruction 
of the Charcot foot deformity is technically difficult, has 
potential complications, and requires patient compliance 
over a prolonged period of treatment. the correction and 
stabilization of the Charcot foot deformity with a neutrally 
applied three level ring external fixator has been report-
ed as an effective method in relatively immune-impaired 
diabetic patients with a poor bone quality and a tenuous 
soft tissue envelope (16, 26, 35). The type of internal fix-
ation used is extremely important in the reconstruction of 
Charcot foot deformities because of the poor bone healing 
and inherent weakness of the underlying bone structures 
in the insensate feet. the reduction of the deformity and 
arthrodesis using standard methods of single joint fixation 
with smaller screws to restore a plantigrade foot are asso-
ciated with the risk of loss of initial correction, failure, and 

Fig. 6: Clinical ap-
pearence of the foot 

after surgical real-
ingment and internal 

stabilization

Fig. 7: Completely healed 
plantar ulceration

Fig. 8: Postoperative 
plain radiographs, 
a) axial intramed-
ullary fixation of 

the medial column 
extending beyond the 

zone of fusion from 
talus to first metatar-
sal, b) healing of the 
talonavicular, navic-

ular-cuneiform and 
1st metatarsal-cunei-
form joint fusions on 

dorsoplantar view

a

b
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nonunion despite an extended period of non-weightbearing 
after surgery (9, 21). the dissection of soft tissues is neces-
sary for the medial plate fixation and may increase the risk 
of wound complications and reduce the blood supply to the 
bone. The technique of axial intramedullary fixation of the 
medial column was introduced to reduce these risks (30). 
In this concept of an internal fixation superconstruct, long 
intramedullary screws extend beyond the zone of fusion 
from the talus to the first metatarsal in the medial column 
and from the calcaneus to the fifth metatarsal in the lat-
eral column (Figs 6–8). the main advantage of the axial 
intramedullary fixation is the restricted dissection needed 
to insert the screw compared to placing the medial plate 
fixation (5). The reported union rate of an extended fusion 
with a strict non-weightbearing regimen for the first four 
postoperative months ranged from 73 to 83% (5, 31). the 
reconstruction of the Charcot foot deformity can prevent 
the need for amputations that provide an immediate solu-
tion but increase the energy required for walking in diabet-
ic patients with frequently associated cardiac and vascu-
lar compromise (11, 34). the development of the Charcot 
deformity on the contralateral foot may lead to increased 
pressure with subsequent plantar ulceration, infection 
and osteomyelitis, possibly resulting in amputation. In 
patients with diabetes, 28 to 51% undergo a second ampu-
tation within five years after an initial amputation (28).
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