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Abstract
Objective: To critically evaluate the current literature on the etiopathogenesis of Charcot neuroarthropathy, its diagnostic methods and 
therapeutic management. 

Methods: We searched for studies that related Charcot arthropathy with a location in the foot and ankle in the PUBMED and MEDLINE 
databases. 

Results: A total of 52 studies were used for this analysis. 

Conclusion: Charcot neuroarthropathy is a serious disease with significant potential to impact patient quality of life. Although its 
pathogenesis still raises much controversy, neuropathy seems to have a central role, leading to a trauma, injury, and inflammation cycle. 

Level of Evidence V; Therapeutic Studies; Expert Opinion.
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Introduction
Charcot neuroarthropathy (CN) is a rare but serious compli-

cation of peripheral neuropathy and is also known as Char-
cot osteo-neuroarthropathy(1). It is a disabling osteoarticular 
pathology that causes weakening of the musculoskeletal 
system, progressing to fracture and destruction of the joint 
under stress. The foot and ankle are the most often affected 
segments(2). However, there are reports of the involvement of 
several body segments, such as the knees, spine, shoulders, 
hips, and wrists(3).

Several neurological conditions, many of which are affec-
ted by sensitive neuropathy, are associated with CN, such 
as tertiary syphilis, meningomyelocele, syringomyelia, po-
liomyelitis, Charcot-Marie-Tooth disease, alcoholic peripheral 
neuro pathy, and Hansen’s disease. Currently, diabetes melli-
tus (DM) has become the most common etiology of CN(1,3–5).

In 1968, Jean-Martin Charcot described osteoarticular chan-
ges in patients with tabes dorsalis. Despite the pathology ha-
ving his name, he recognized he was not the first to describe 
such changes(5). JK Mitchel, in 1831, and William Musgrave, 
although with controversy, had already described cases of 
osteoarticular destruction associated with neurological dys-

function(1,5). However, only in 1936 did Jordan(6) publish the 
first work associating CN with DM(7,8). 

Despite the high worldwide prevalence of DM, CN is under-
diagnosed; this is due, in part, to the difficulty and delay in 
diagnosis, resulting from the lack of clinical and radiological 
criteria, especially considering an initial approach by non-spe-
cialists(1,7,9,10). The annual incidence is estimated to vary from 
0.1% to 29% and the prevalence, between 0.08% to 13%(2,9). 
CN usually appears asymmetrically in the fifth or sixth de-
cades of life, usually 10 years after DM onset(11). The propor-
tion of men and women with CN is similar, with some studies 
showing greater involvement in male patients(9.11).

CN is considered a risk factor for lower limb amputation in 
diabetic patients, reaching rates of up to 67%(2). When asso-
ciated with ulcers, this prevalence increases considerably, as 
does mortality, with almost half of these patients undergoing 
at least one foot surgery(7,12). 

As well as other chronic changes that are part of the DM, 
CN is also a complication of its progression, being one of the 
concerns of the diabetic foot syndrome. Therefore, these co-
morbidities should always be carefully screened by a multi-
disciplinary team, as their early detection and management 
are essential(11,13).
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Methods 
Through a research of the PUBMED and MEDLINE platforms, 

studies published between 1936 and 2021 were retrieved. 
Descriptors used in the research were “Charcot neuroarthro-
pathy” and “ankle and foot”, as described in table 1. Case-con-
trol, cohort, and experimental studies, as well as case reports, 
systematic reviews, and meta-analyses were included. 

All studies relating Charcot arthropathy to a location in 
the foot and ankle were included. Studies unrelated to the 
involvement of the pathology in this region were excluded. 
The analyzed results included epidemiology data, pathophysio-
logy, classification, diagnostic tests, conservative and surgical 
treat ments, and complications; these were retrieved from 52 
studies, classified as shown in table 2.

Pathophysiology
The exact mechanism of CN is not yet established(14). Never-

theless, this understanding is evolving rapidly. Several theo-
ries have been postulated and it is currently accepted that 
the pathophysiology is multifactorial and theories that were 
previously antagonistic now complement each other(3). 

Neurovascular theory 
This French theory, supported by Charcot and Mitchel(3,5,15), 

considers that a vascular reflex secondary to an autonomous 
neurological dysregulation (sympathectomy) would increase 

bone blood flow (arteriovenous shunts) and arterial perfu-
sion, causing greater bone resorption (osteopenia) due to 
osteoclastic activity and resulting in destructive changes and 
pathological fractures and dislocations(2,15). 

Neurotraumatic theory
The German theory, proposed by Volkman and Virchow, su-

ggests that repetitive mechanical microtrauma or even acute 
trauma of insensitive joints causes progressive bone destruc-
tion, with joint deformity and incongruity(2,3,15).

Inflammatory theory
Current evidence directly linking osteopenia to diabetic 

neuropathy vary(15). However, it has been shown that bone 
mineral density is diminished in the acute phase of foot invol-
vement by CN, and this fragility can predispose to fracture–
dislocations(15–17).

The receptor activator of nuclear factor-kB (RANK) is loca-
ted on the surface of osteoclast progenitor cells and regulates 
their differentiation. The RANK ligand (RANK-L) is a molecule 
produced by osteoblasts and bone marrow stromal cells that 
binds to its specific RANK receptor. This ligation promotes 
osteoclast differentiation, activation, and survival (osteoclas-
togenesis), as well as bone resorption. On the other hand, 
osteoprotegerin (OPG) is a cytokine produced by activated 
osteoblasts that antagonizes the binding of RANK-L to RANK 
in the osteoclast membrane, limiting excess osteoclastogene-
sis and osteolysis. Therefore, regulation of the RANKL/OPG 
ratio is one of the mechanisms of bone metabolism control, 
with an impact on bone density(14,18,19) (Figure 1).

Jeffcoate et al.(20) suggested that the RANK/RANKL/OPG 
signaling pathway, responsible for balancing bone metab-
olism, has implications in the development of an acute CN 
event. They considered, along with other authors(21,22), that in 
this phase of CN there is an accentuated inflammatory re-
sponse to trauma, increasing the expression of pro-inflamma-
tory cytokines such as TNF-α, IL-6, and IL-1β and the number 
and local function of osteoclasts, activated by RANK-L and 
with insufficient OPG to neutralize them; this potentializes 
local inflammation, resorption, bone fragility, and bone de-
struction(3,8,15,18–20). Jansen et al.(23) showed this increase in the 
acute phase of NC, but not in the chronic phase; it may even 
be a potential marker of Charcot activity(15).

These theories can be interpreted in a complementary 
fashion, and some authors consider 2 factors to be essen-
tial in the pathophysiology of NC: neuropathy and inflamma-
tion(2,20). In summary, it is as if the exacerbated post-traumatic 
inflammatory response in a patient with CN increased RANK-L 
expression by increasing pro-inflammatory cytokines, resul-
ting in clinical signs of inflammation and stimulating osteo-
clastogenesis and osteolysis. In individuals without a neuro-
pathy, this process is limited by immobilization in response 
to the pain caused by local inflammation. However, when the 
sensation of pain is reduced due to a sensory neuropathy, 
there is no protective suppression, allowing the continuation 
of the mechanical injury and inflammatory process, which in 
turn leads to bone fragility and fractures. The result is the es-
tablishment of a vicious cycle of inflammation and structural 
damage to the foot(15,20) (Figure 2).

Table 1. Keywords used for researching the PUBMED and MEDLINE 

databases. 

Main keywords used in our literature search on the PUBMED and 
MEDLINE databases
Neuropathy Charcot Ankle Foot

Subtitles used for research in Literature search on PUBMED and MEDLINE
Imaging exams Pathophysiology Diagnosis Diabetic Foot

Diabetic 
neuropathy/
complications

Diabetic 
neuropathy/

treatment

Quality of 
life

Bone 
metabolism

Surgeries Treatment Diabetes Therapies 
under study

Table 2. Types of studies and numbers of cases retrieved from 

the databases.

Review/Meta-analysis 24
Case series 5 (Total cases: 131)

Cohort 9 (Total cases: 10 491)

Case control 5 (Total cases: 345)

Case reports 2 (Total cases: 4)

Guidelines 1

Technique/Biomechanics 4

Randomized clinical trial 2 (Total cases: 60)

Total selected studies 52
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Figure 1. Schematic representation of the RANK/RANK-L/OPG signaling pathway in CN. Adapted from Molines et al.(27) and 

Ndip et al.(19). RANK: receptor activator of nuclear factor-kB; L: ligand.

Figure 2. Schematic representation of the inflammatory theory in 

the development of the acute Charcot foot.

Adapted from Molines et al.(27) and Jeffcoates et al.(20).

The hyperglycemic state in diabetic patients has been 

shown to increase the levels of advanced glycation end pro-

ducts that when associated with inflammation, denature and 

weaken tendons and ligaments, further increasing instability 

and corroborating the vicious cycle(2). 

Classification 
One of the most well-known and used classifications is that 

of Eichenholtz, described in 1966 and modified in 1990(1,24,25). 
CN staging, according to this classification, considers clini-
cal and radiographic criteria, and describes the natural his-
tory of the disease in four stages. It has been used as an 
aid, although controversial, for deciding the best surgical 
moment(15) (Table 3).

The inflammatory process is evident in the initial stages  
(0 and 1), and some authors consider it as acute CN(2,15,26). In 
these phases, the inflammatory process is exacerbated due 
to the loss of protective innervation and perpetuation of mi-
crotrauma, progressing to a vicious cycle of trauma – injury 
– inflammation. There is an increase in inflammatory cytokines 
and, consequently, in the osteoclastic activity that weakens the 
bone. Chronic CN is recognized when a reduction of inflamma-
tory activity is observed and the patient presents changes in 
radiographic images due to the collapse or destruction of the 
joint (classically represented as a “rocker bottom deformi-
ty”(15,26)); it is described by Eichenholtz as stages 2 and 3. 

 In association with the abnormal mechanics of the foot, the 
formation of these bone deformities causes changes in areas of 
plantar pressure during gait, resulting in tissue damage and 
ulceration. The midfoot is a common area of collapse as it is 
subjected to substantial forces during the transfer of weight 
from the hindfoot to the forefoot(2,11). This way, some authors 
classify CN in the foot and ankle according to the anatomical 
location of involvement. Brodsky and Rouse, in 1993(1), descri-
bed one of these classifications and the prevalence of each 



Montechi et al. Charcot arthropathy of the foot and ankle: an update

86 J Foot Ankle. 2021;15(1):83-91

type. The most affected site, the midfoot (with 60% prevalence), 
is classified as type 1. In type 2 it occurs in the hindfoot, the 
second most affected site. Type 3 is subdivided into 3A when it 
affects the tibiotalar joint and 3B when it affects the calcaneus 
tuberosity, which is the least frequently affected site.

Diagnosis 
Identifying CN can be as challenging as its etiopathogene-

sis, resulting in high rates of late and even incorrect diagno-
ses that can lead to gross deformities, ulceration, and am-
putation of the foot(3,7). CN should always be considered in a 
patient with diabetes who presents with edema, hyperemia, 
heat, and sometimes pain in the foot or ankle, depending on 
the degree of neuropathy(2,26). 

Investigating the presence of inflammatory diseases, such 
as gout, and infection, such as cellulite and osteomyelitis, 
helps in the differential diagnosis(2,3). These pathologies can 
even coexist, being extremely important a search for ulcers, 
secretion, and direct contact of the bone with the external 
environment(2,27). 

Infrared dermal thermometry, when compared to the con-
tralateral side, can present a difference of more than 2oC and 
be used with confidence(28,29). The presence of neuropathy is 

one of the pillars for diagnosis, and the Semmes-Weinstein 
10g monofilament and the 128 Hz tuning fork should be used; 
in general, proprioception and reflexes are reduced or ab-
sent(30). If sensory neuropathy is absent, some authors ques-
tion the diagnosis of NC(2).

Vascular conditions must be assessed; pulses are generally 
present and even increased, and some authors consider their 
absence to be a protective factor for CN(20). Determining the 
time of onset of signs and symptoms is important, as the in-
flammatory phase can last for up to 18 weeks(31).

The similarity with the onset of several pathologies that 
have different treatments makes laboratory investigations a 
routine. However, we must consider that even though they 
assist with many diagnoses, these tests can be negative 
in patients with DM, even in the presence of infection. An  
association between CN and infection exists and should be 
considered(27).

So far, there is no imaging technique that is specific and 
sensitive enough to detect CN, especially in the acute phase 
(stage 0). Radiography, a cheap and widely available exami-
nation, cannot distinguish it from other differential diagnoses, 
being not enough sensitive and specific. Even so, it should be 
the first examination to be requested with front, lateral, and 

Table 3. Eichenholtz classification modified by Shibata et al.(24), Yu et al.(25), Botek et al.(15), and Dodd et al.(2).

Stage Image Physical examination
0 – Inflammatory X-ray: 

- Normal findings

MRI: 

- Signal change in bone marrow and subchondral bone (edema)

Nuclear:

- Positive scintigraphy

PET-CT: 

- Positive

- Hyperemia and edema.

- >2°C difference between members

- Neuropathy

1 – Development X-ray: 

- Osteopenia

- Subchondral bone fragmentation

- Fractures

- Joint incongruity

- Loose bodies

- Edema

- Hyperemia

- Local heat

- Neuropathy

2 - Coalescence X-Ray:

- Bone formation at fracture sites

- Resorption of bone fragments

- Beginning of the fusion process of the affected joints

MRI: 

- Reduction of bone edema Nuclear: 

- Reduced uptake

- Decreased signs of inflammation from previous phases

3 – Remodeling X-ray:

- Bone consolidation

- Sclerosis

- Arthritis

- Bone deformities

- Great decrease or absence of phlogistic signs

- Varied degrees of deformity and stability
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oblique views of the feet and front, lateral, and mortise of the 
ankle, preferably in a weight-bearing modality. Radiographic 
images provide important information on anatomy and bone 
alignment, and one should always look for signs of fractures, 
dislocations, consolidations, and eventual radiological signs 
of osteomyelitis. However, our findings usually follows what 
was described by Eichenholtz(11,32).

Magnetic resonance imaging (MRI) is particularly useful in 
the early stages of NC, detecting subtle changes in face of 
a normal radiograph, and is considered the imaging exam of 
choice at this stage as it has good diagnostic accuracy(15,25,27).

When there is a suspicion of infection associated with CN, 
we can resort to nuclear imaging studies, seeking early diag-
nosis and treatment guidance. Scintigraphy with marked 
leukocytes (Indium-111) has excellent diagnostic capabilities 
for musculoskeletal infection; however, these scintigraphic 
methods have poor spatial resolution and lack anatomical 
details(27,33). 

Positron emission tomography (PET-CT) with fluorodeoxy-
glucose, which measures the increase in the intracellular glu-
cose metabolism, has shown promise in diagnosing NC, parti-
cularly with regard to its negative predictive value(2). It offers 
excellent sensitivity and specificity for the diagnosis of osteo-
myelitis in the diabetic foot and is able to distinguish CN from 
osteomyelitis better than MRI with the advantage of having 
less image artifacts in the presence of synthesis material(2,15).

Despite the good specificity and sensitivity of PET-CT, its use 
is still limited when compared to MRI and leukocyte scintigra-
phy. MRI has a slightly lower sensitivity and specificity than 
PET-CT and an excellent spatial resolution, identifying the ex-
tent of the involved area and assisting in surgical planning(27,34).

Regardless of the diagnostic method, the most important 
aspect is the recognition of the pathology, mainly by the 
non-specialist, by performing a good anamnesis and physical 
examination. Therefore, in the presence of a patient with a 
hot and swollen limb associated with sensory neuropathy, the 
diagnosis of CN should be considered.

Treatment
The treatment is eminently multidisciplinary, with medi-

cal, nursing, and physiotherapy professionals working to 
control comorbidities and promote dressing changes and 
rehabilitation(31,32,35).

Orthopedic goal of CN treatment is to obtain and maintain a 
stable, plantigrade foot with satisfactory alignment, allowing 
weight-bearing, use of shoes or orthoses, performing of daily 
activities, and avoiding ulcerations and amputations(15,32,36,37).

In general, treatment is based on the evolutionary stage of 
the disease, and early diagnosis and interventions are essen-
tial to prevent progression to deformities that require more 
complex and costly treatments.

Conservative treatment
Treatment in the early or inflammatory stages (0, 1, and 2) 

consists of immobilization, protection, and offloading, leading 

to a reduction in the inflammatory stimulus and better pain 
control while preventing the progression of deformities(38,39).

The main measures in this phase consist of removing or re-
ducing the load with full contact plaster casts or removable 
orthoses(2,15,40,41). This type of treatment with load protection 
can be extended from months to more than a year, which 
decreases patient compliance, especially considering those 
who are not allowed to weight-bearing(39,41). Some authors 
have demonstrated that full load release with these devices 
is safe and also effective in preventing progression of the de-
formity and reducing acute symptoms(40,41).

Treatment is continued until there are signs of bone consoli-
dation (which can take much longer than in patients without 
diabetes) and reduced inflammation. Objective parameters 
include a temperature difference of less than 2oC between 
limbs and a reduction of hyperemia(2,29,31,39), but there is scar-
ce evidence in the literature to support their use(3). PET/CT 
seems to offer a more objective assessment to quantify the 
inflammatory process, showing its persistence for a much 
longer time even after its clinical resolution, which could lead 
to early withdrawal of immobilization and recurrence(2,15).

Drug therapies are focused on anti-osteoporotic drugs, 
mainly bisphosphonates, and appear to have benefits even 
though studies present little evidence(3,32). Calcitonin has also 
been tested in association with calcium supplementation for 
its regulatory effect on bone turnover(15). Other studies have 
demonstrated benefits of anti-RANK-L and teriparatide anti-
bodies(15). Despite satisfactory results, there is a lack of better 
evidence in the literature regarding their benefits in faster the 
healing process and to provide satisfactory clinical results(3,15).

There is a considerable recurrence rate after treatment, which 
ranges from  7.1% to 33% in an average time of 27 months; 
obesity (body mass index [BMI] >30) and non-adherence 
are the main risk factors(39). Saltzman also demonstrated that 
non-surgical treatment is associated with a prolonged im-
mobilization time, with a 23% risk of immobilization for more 
than 18 months, an amputation rate of 2.7%, and a 49% risk of 
recurrent ulcerations(42).

Surgical treatment
Surgical treatment is classically reserved for later stages of 

the disease (stage 3), although some authors have proposed 
approa ches in earlier stages(43). Surgical indications include gross 
deformities that do not allow the use of orthoses, joint instabi-
lities, recurrent ulcerations, infection, chronic pain, and some ca-
ses of acute fractures. The goal is to obtain a stable, plantigrade 
and functional foot that allows weight bearing(2,15,31,35,39).

Despite being well described in the literature, the considerab-
le recurrence rate (7.1% to 33%(39)) associated with a prolonged 
restriction time imposed by the conservative treatment, while 
not always providing the desired results(37), has led to a trend 
towards an earlier surgical approach to stabilize these feet(15).

There are several types of surgical treatments, from soft tis-
sue surgical procedures and simple exostectomy to complex 
internal fixations (plates, screws, intramedullary nails) and ex-
ternal fixators(37,39).
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The treatment method is guided by the location of the di-
sease, the degree of bone deformity, soft tissue conditions, 
presence of associated osteomyelitis, and surgeon’s exper-
tise. Challenges encountered by the surgeon include large 
bone defects, osteopenic bone, chronic deformities, fibrosis 
close to the neuro-vascular bundles, and less potential for 
healing(15,39).

Lowery et al.(43), in a review of more than 1000 cases of 
Charcot, observed that the most surgically approached lo-
cation is midfoot, followed by the ankle. Exostectomy and 
arthrodesis have a Grade C recommendation; lengthening of 
the posterior chain has a grade B recommendation; and there 
is no conclusive evidence on the superiority of fixation tech-
niques. Schneekloth et al.(12) found that the hindfoot was the 
most surgically approached site.

It is important to remember that patients with Charcot have 
diabetes in advanced stages associated with other comorbi-
dities that may hinder their post-surgical rehabilitation, also 
influencing in the extension of the proposed surgery(2).

Rettedal et al.(44) proposed one of the currently available 
preoperative prognostic scores for predicting the outcome 
of Charcot reconstruction. It evaluates age, BMI, the presen-
ce of wounds or osteomyelitis, anatomical location, disease 
activity, and glycated hemoglobin levels, totalizing 10 points. 
Patients who scores more than 4 points would have higher 
chances of having a poor outcome, with reasonable sensitivity 
and statistical specificity.

Lengthening of the posterior chain
Shortening of the posterior chain, evidenced by an inability 

to dorsiflex the ankle beyond neutral or objectively less than 
10° being clinically assessed with the Silfverskiold test, has a 
direct correlation with the increase in plantar pressure(35,43,45). 
DM itself seems to act in the pathophysiology of this issue, 
with structural changes to the Achilles tendon that predis-
pose to its shortening(45).

This increase in plantar pressure raises the risk of ulcers in 
patients with neuropathy(45). Surgical lengthening of the pos-
terior chain leads to a reduction of stress in the joints of the 
midfoot and forefoot, enhancing the healing of ulcers. This 
procedure is indicated in cases of recurrent ulcerations in the 
forefoot associated with equinus(15,37,39).

Lengthening is generally used as an adjunct treatment, asso-
ciated with other procedures, and is performed by stretching 
one of the portions of the sural triceps. Several techniques 
have been described for this procedure, such as the release 
of fascia of the medial head of the gastrocnemius, total teno-
tomy of the calcaneus tendon, and percutaneous releases(45) 

(Figure 3).

Exostectomy
Exostectomy is a procedure for removing bone prominen-

ces that may be symptomatic, leading to recurrent ulcera-
tions or problems with shoe adaptation; it is only performed 
on stable feet.(2,15,31).

It can be done indirectly, through accessory pathways and 
minimizing the risk of spreading the infection, or directly 
through the ulcer, with primary or delayed closure. Exostec-
tomy can be associated with other procedures, such as Achil-
les tendon lengthening(15,35).

One of the possible complications of this procedure is the 
instability of the midfoot in aggressive resections(31). It is con-
traindicated in case of peripheral arterial insufficiency, acute 
infection, unstable midfoot, and in the inflammatory stages of 
arthropathy(15) (Figure 4).

Arthrodesis
The main objective of arthrodesis is to restore, through sur-

gery, the alignment and stabilization of the foot(31,35).

Dodd et al.(2), in a literature review, found mean fusion indi-
ces of 84% (50–100%). The mean non-union rate was 13.6% 
(0–38%). Amputations below the knee were observed in up 
to 5.8% of the cases. Wound complications and postoperative 
infections were commonly found. Shazadeh Safavi et al.(46) 
found consolidation rates of 91% and amputation rates of 6%.

This procedure involves the removal of non-viable or infec-
ted bone, correction of the deformity, and stabilization. Cor-
rection can be performed in 1 or more instances, depending 
on soft tissue injury, infection, and the degree of deformity(31).

Sammarco et al.(36), in an attempt to increase local stability 
and decrease the chance of failure regularly found in com-
mon fixations due to poor bone quality and poor local bio-
logy, defined the concept of superconstructs. These invol-
ve extending fusions beyond the injury area and including  

Figure 3. Patient with a plantar ulcer under the head of the first 

metatarsal and signs of chronic osteomyelitis in the sesamoid. 

Surgical debridement of the ulcer was performed with resection 

of the sesamoid and lengthening of the posterior chain to reduce 

plantar pressure in the forefoot.
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Figure 4. Patient with midfoot Charcot, rocker bottom deformity, 

and pre-ulcerative lesions on medial and plantar exostoses. The 

foot was stable upon clinical examination. Exostectomies of me-

dial and plantar prominences were performed, leading to reduced 

pressure on soft tissues.

non-diseased joints to increase fixation; bone resection 
allowing the reduction of the deformity without tension in the 
soft parts; and using the strongest fixation that can be tolera-
ted by the soft parts in a position that optimizes local mechani-
cs. Examples of constructs that fit this concept include plantar 
plating, locked plating, and axial screw fixation(36) (Figure 5).

Plantar plates and axial screws
Plantar plates offer mechanical superiority because they are 

positioned on the tension side of the fusion and can be exten-
ded up to the metatarsals and into the cortical bone, allowing 
better fixation(36,43). The use of locked plates can add even 
more rigidity and stability to this type of fixation(36,47).

Garchar et al.(48) described a series of cases in which 96% 
consolidation was achieved, and a return to walking was rea-
ched in around 12 weeks.

Axial screws involve fixation of the fusion with longer and 
larger caliber screws, in which the distal portion is intrame-
dullary in the metatarsals; it can be performed in a minimally 
invasive, anterograde, or retrograde manner(15,36).

As advantages of this technique, the position of passage of 
the screws helps reduce the deformity, while pre-fixation with 
a cannulated guide wire allows the surgeon to check the po-
sition before final synthesis. Compression is achieved only by 
tightening the screw, and the intraosseous position reduces 
the risk of exposure(36).

Pope et al.(47), in a biomechanical comparison between plan-
tar plates and axial screws, found no differences between ri-
gidity and load until failure, with the plantar plate forming 
a more rigid construct in the first tarso-metatarsal joint.  

Simonik et al.(49) also found no statistical difference between 
the stiffness of the 2 constructs, although the axial screws 
supported more load until failure. 

A major disadvantage of plantar plates is the extensive mo-
bilization/dissection of soft tissues for fixation.

External fixation
External fixation provides a less invasive form of stabiliza-

tion than internal syntheses, avoiding a direct approach to 
sites of intense contamination, with soft tissue injury or poor 
bone stock; it also allows gradual correction and can tolerate 
weight bearing(2,15,31,50). It manages to correct the deformity, 
simultaneously providing stability and compression. External 
fixators can be used as primary stabilizers or even to increase 
the stability of another construct(50). Their use is proposed 
even in cases of severe infection as an alternative to ampu-
tation(51).

External fixation can even be used in a 2-time procedure, 
where the first stage comprises the correction of the defor-
mity performed with a computer-aided hexapod external 
fixator, allowing a more anatomical correction and without 
much pressure on soft parts; later, in the second procedure, 
stabilization is achieved with internal synthesis(37).

Amputation
With the improved perioperative management of patients 

with Charcot, along with better surgical techniques, wound 
management, and understanding of the disease pathophy-
siology, amputation numbers have decreased; it is currently 

Figure 5. Patient with Charcot neuroarthropathy affecting the 

hindfoot. The treatment option was surgical correction of the de-

formity and stabilization with a panarthrodesis; fixation was done 

with an intramedullary nail and screws.
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reserved as a salvage procedure when reconstruction is not 
possible or active infections pose a risk to the patient’s life(31).

Indications for amputation would be refractory infections with 
multi-resistant bacteria and non-functional limbs that have 
already undergone several surgical approaches(32,35). Studies 
show rates that can range from 5.8% to 8.9% of all cases(2,12).

Amputations are associated with higher energy expenditu-
re, increased chances of contralateral amputation, and a wor-
sening quality of life. More proximal amputations tend to have 
worse clinical results and poorer outcomes for the patient(52).

Conclusion
CN, commonly associated with DM, is a serious disease that 

can have great morbidity, impacting the patient’s quality of 

life and ability to move. Despite research efforts, its complex 
pathophysiology is not yet fully understood, being related 
to neuropathy and resulting in a cycle of trauma – injury – 
inflammation. Its evolution seems to occur in phases, based 
on which treatment strategies are designed. In the early in-
flammatory stages, the focus is on the use of orthoses and 
devices that reduce stress on the region. The role of trans-
mitters and inflammatory markers in pathogenesis and the 
potential use of medications or immunobiologicals that mo-
dulate this response are currently in vogue, leading to bet-
ter results without surgical approaches. Surgical treatment 
is reserved for cases of complications and refractoriness to 
conservative treatment. Regardless of the method of choice, 
the objective is to obtain a stable plantigrade foot, without 
ulcerations or infections, that allows the patient to perform 
his or her daily activities.
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