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Abstract: Background/Objectives: Charcot neuroarthropathy (CN) is a sequela of longstanding
poorly controlled diabetes, with increased risk in amputations and mortality. There is no available
classification system for ankle CN. The aim of this article is to propose a new descriptive classification
system for ankle CN: M-CAN. Methods: This was a retrospective review of 71 patients with diabetic
ankle CN, under the care of the Manchester University NHS Foundation Trust (MFT), from a 10-year
pool. The patterns of ankle deformity and bone loss were evaluated based on weight-bearing X-rays,
and the information was used to construct the classification. The classification of ankle CN was
structured based on “A” alignment of the ankle joint; type-1 Varus ankle, type-2 Valgus ankle, type-
3 anterior angulation of ankle, type-4 posterior angulation of ankle, type-5 combined plane deformity
and type-N neutral ankle, “B” bone loss surrounding the ankle joint; subtype a: tibial bone loss,
subtype b: talar bone loss, subtype c: calcaneal bone loss, subtype d: combined form bone loss, “C”
cutaneous condition surrounding the ankle; ulcer and infection, “D” diabetic control with HbAlc
levels, “E” modified Eichenholtz stage of Charcot: Stage 0,1,2,3, and “F” foot perfusion status;
doppler study. This classification mainly describes the pattern of deformity “A”, bone loss “B” and
stage of CN “E” with plain weight-bearing ankle X-ray, with optional supplemental information on
cutaneous condition “C”, glycemic control ”D”, and pedal perfusion status “F”. Results: A total of 75
CN ankle X-rays were identified, and the coronal and sagittal planes of the deformity “A” were
reviewed and he osseous loss “B” was well documented. The Eichenholtz “E” Charcot stages were
also documented. As a result based on “A+B+E”, the majority of patients were classified as Type 1-d
Stage 3; varus ankle with combined tibia/talus/calcaneum bone loss in consolidation stage of
Eichenholtz. The intra- and inter-observer agreement on “A” and “B” yielded a Kappa value of 0.94,
indicating almost perfect agreement among observers. Conclusions: This new classification system
for ankle CN can help in understanding the deformity patterns based on plain X-rays and serve as a
descriptive tool. This enables the condition to be grouped in accordance with the acquired deformities
and osseous loss.

Keywords: ankle; Charcot neuroarthropathy; bone loss; Eichenholtz; foot perfusion; glycemic
control; HbAlc

1. Introduction

Charcot neuroarthropathy (CN) or osteo-neuroarthropathy has been well described. This
condition is known to be a sequela of poor diabetic control. The incidence rates are estimated to be 3-
8 per 1000 diabetic population per year. The treatment options may include conservative measures,
surgical interventions, and even amputation, if necessary. The complexity of this condition and the
known fact of a high risk of infection and treatment failure have placed a financial burden on the
healthcare system worldwide.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The pathology that causes CN has been based upon “neuro-traumatic theory” and “neuro-
inflammatory theory” [1]. Despite these theories, the true incidence and prevalence of CN remain
unclear. In Denmark, based on the Danish National Patient Registry, the prevalence was reported as
0.56% among diabetic patients, with an incidence rate of 7.4 per 10,000 [2]. Several other studies have
reported varying prevalence rates. For instance, a study from Southeast Ireland found a prevalence
of 0.26% among individuals with diabetes, while a study in the East Midlands of England reported a
lower prevalence of 0.04% [3]. There are many more cases that remain undiagnosed or unreported.

Various classifications or description of stages have been previously established to identify and
group the condition. Eichenholtz orchestrated a temporal-based approach with X-rays and clinical
appearance to divide Charcot into different neuropathic stages. Stage 1 or the fragmentation stage is
evidenced by disorganized joints with bony debris, fragmentation, and periarticular fractures in the
foot or ankle that may result in laxity or joint subluxation. In Stage 2, also described as the coalescence
phase, the periarticular fracture fragments are being resorbed, and new bone formation can be seen
in radiographs. Stage 3 is described as a stage of reconstruction or resolution, in which the bone
becomes more evident and stable with or without unresolved deformity. In 1990, Shibata modified
the Eichenholtz classification, with the addition of prodromal or Stage 0, where the clinical features
are warmth, swelling, and redness, with subtle radiographic changes which may only be seen via
MRL

Several other classifications on CN, as described by Brodsky [4], Sanders and Frykberg [5,6] and
Schon [6,7], were all general classification involving the ankle and foot. There is no current
classification dedicated to elaborating the possible deformity patterns or the description of bone loss
involving the ankle CN. This is probably due to the fact that the condition has a low incidence of only
3-8 per 1000 diabetic population per year [8,9]. Furthermore, there may be a lack of knowledge in
identifying these conditions early, as many may have not encountered it or have little experience
diagnosing ankle Charcot.

We believe it is useful to have a standardized framework or classification, as it facilitates the
effective communication of relevant information between medical professionals. This would simplify
the understanding of a patient’s stage, enabling proactive documentation and a strategic plan of care
for patients. The purpose of this new classification is to enhance the categorization of ankle CN that
could contribute to a better understanding and management of the condition as a whole, operatively
or non-operatively.

2. Materials and Methods

A retrospective review of patients who had been diagnosed with CN was performed. This was
a collective pool of patients under the care of the Manchester University NHS Foundation Trust
(MFT) over a period of 10 years. Most patients had a deformity, which was apparent clinically, that
altered the hindfoot alignment, resulting in gait abnormalities. The clinical findings during follow-
ups, serial radiographs, weight-bearing ankle X-rays of the involved ankle, and condition-related
outcomes of these patients were extracted from the clinical case records and our foot and ankle
Charcot database.

The patients with only a complete ankle weight-bearing X-ray and clinical details were included.
The follow-up time frame was not a factor considered in this study; thus, no minimum or maximum
follow-up timeline was required.

Seventy-five ankles were identified; there were 71 patients, of whom 4 had bilateral ankle
deformity. In this cohort, there were 48 male and 23 female patients. All of the identified patients had
followed-up with a senior foot and ankle surgeon at the MFT.

The parameters were reviewed using weight-bearing anteroposterior (AP) and lateral X-rays,
assessing the coronal and sagittal plane deformity of the ankle. The evident bone loss involving the
tibia, talus and calcaneum resulting from the longstanding or present deformity was assessed as part
of the newly proposed classification system. Along with this, the Charcot stages of each ankle were
evaluated by a senior foot and ankle surgeon based at our center. The stages of Charcot were
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documented based on the modified Eichenholtz system; presence of acute bony fragmentation or
destruction (Stage 1), bony resorption or new bone formation (Stage 2), and remodeled bone with
potential deformities (Stage 3).

We name this classification as, M-CAN; Manchester Charcot Ankle Neuroarthropathy. This
proposed new classification demonstrates the ability to classify the ankle Charcot based on X-rays.
Based on the classification, “A”, “B”, and “E” were the three main criteria reviewed, which enabled
us to classify all the involved ankles, without any form of specialized imaging involving CT or MRI.
Although it is possible to additionally sub-classify the degree of bone loss, at the point of classifying
the deformity, there is no need to quantify this, as it would not offer any additional diagnostic
information. However, this can be conducted as a preoperative evaluation for surgical planning.

In the abbreviation, “A” stands for alignment of the ankle joint in the coronal varus (Type 1) or
valgus (Type 2) deformity. Sagittal plane deformity can be classified with the plane of either anterior
(Type 3) or posterior (Type 4) angulation of the involved joint. If the diagnosis of ankle Charcot is
confirmed, in the absence of any alignment deformity, it can be classified as Type N (neutral). A
combined deformity with subluxation and/or dislocation, which refers to a multiplanar deformity, can
be classified as Type 5.

Figure 1. Radiograph with superimposed illustrations of four different types of alignment deformities related to
ankle CN: Type 1—varus, Type 2—valgus, Type 3—anterior angulation, Type 4—posterior angulation of the
ankle joint.

The coronal plane deformity was measured based on the midline tibiotalar angle (MTTA), the
anatomical axis of the tibia, and the superior articular surface of the talus. Angles more than 90
degrees are defined as valgus, and those less than 90 degrees are defined as varus [10]. The sagittal
planes’ measurement was based on the Lateral Talar Station (LTS), which defines the sagittal position
of the talus in relation to the anatomical tibial axis [11]. In a neutral position, the center of the talus
lies within -0.81mm to +3.15mm of the axis of the tibia.
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Table 1. M-CAN: Manchester Charcot Ankle Neuroarthropathy Classification System; main 3 components

“A” Alignment Varus Valgus Anterior Posterior Combined Neutral
Type 1 Type 2 Type 3 Type 4 Type 5 Type N
“B”Bone loss Tibia Talus Calcaneum Combined
Subtype a Subtype b Subtype c Subtype d

Can further quantify the bone loss based on CT scan for preoperative planning by the treating surgeon.

*Leave it unlabeled if there is no bone loss present.

“E”Eichenholtz stage with Stage 0 Stage 1 Stage 2 Stage 3

Shibata modification Prodromal Destruction Coalescence Consolidation

Next, from the proposed classification, “B” represents bone stock, which denotes the presence
of bone loss, with subtypes a4, b, ¢ and d. These subtypes refer to the tibia, talus, calcaneum, and
combined form of bone loss, respectively. All patients in this review were classified based on plain
weight-bearing ankle X-rays. Figure 2 shows the sagittal view of an ankle, with osteodestruction
involving the distal tibia and calcaneum, with a severely fragmented talus.

Figure 2. Radiograph representing anatomical sites of possible bone loss in ankle Charcot: a. distal tibia, b. talus,

and c. calcaneum. The extent of osseous loss can vary depending on the chronicity of the condition.

We have incorporated the modified Eichenholtz classification, “E”, for Eichenholtz, in our
classification system as well. The ankle Charcot can be Stage 0-3, at the point of examination of the
involved ankle. This can be a guide to the timing and choice of treatment. Stages 1-3 can be observed
with plain X-rays, and additional MRI imaging may be required for Stage 0, if necessary.

The remaining components of the classification, “C”, “D”, and “F”, are included as
supplementary elements in this system, which may provide a more comprehensive information. This
additional parameters which evaluates the presence of an ulcer or an infection, glycated hemoglobin
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levels and pedal perfusion status would help determine the modality of treatment best suited for the
patient. Furthermore, this would be an aid to predict the outcomes following the choice of either
conservative or operative form of intervention.

The next component, “C”, for cutaneous, refers to the cutaneous or skin condition at the time
the patient is seen. The simplest way of describing this is as ulcerated or non-ulcerated skin of the
involved ankle. Further details, which can be included in this category, would be the presence or not
of infection, established with microbiological studies.

Table 2. M-CAN: Manchester Charcot Ankle Neuroarthropathy Classification System; supplementary 3
additional components “C”, “D” and “F” which can complete this classification more comprehensively.

“C” Cutanous
Ulcerated Non-ulcerated
condition
Infected
Non-Infected
*mark (/) on the relevant findings
“D” Diabetic HbAlc <53 mmmol/L (<7.0%) HbATc>53mmmol/L (>7.0%)
control
NICE guidelines UK 2015
Monophasic Diaphasic Triphasic
“F” Foot perfusion (PM) (PD) PT)
(Pulse/Doppler)
*Toe pressure can be used alternatively.

The next level is labelled as “D”, for diabetic control. Often, when a diabetic patient is treated
for Charcot, the underlying disease control is not addressed. However, the success of a treatment
depends on the disease control itself. The easiest monitoring tool is that of the levels of glycated
hemoglobin: hemoglobin Alc (HbAlc). This categorization would be based on the HbAlclevel being
either less or greater than 53mmmol/L (7.0%). If the patient falls under the accepted value, it is
classified as green, and more than the accepted value is labelled as red. This is an important parameter,
which needs to be optimized if a patient will have surgery. This may require multidisciplinary team
involvement to help address and achieve the acceptable value.

The component “F”, for foot perfusion, refers to perfusion of the foot at the point of the
examination of the foot. This can be performed at an outpatient set-up, with hand-held Doppler scans.
In this classification system, PM refers to pulse-monophasic, PD refers to pulse-diphasic, and PT refers
to pulse-triphasic.

Collectively, the proposed new classification system for ankle CN can be easily remembered as
simple pneumonic, ABCDEF. The first three elements “A”, “B” and “E” are the key parameters to be
evaluated on plain X-rays, by identifying the ankle alignment deformity along with associated bone
loss and the Charcot stage based on modified Eichenholtz classification. The way to describe this
classsifcation with the main three components would be “A” + “B” + “E”=“ABE”. This is one way to
describe the classification solely based on the available information on “A”, “B” and “E”.

The remaining supplemental elements “C”, “D” and “F” could be an aiding instrument in
treatment related outcomes. With the additional available information on “C”, “D” and “F”, we can
incorporate it with the preexisting elements and describe it as “ABE” + “C-D-F” collectively.
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For an example; Type 1-d Stage 3, Ulcerated/Infected-Green-PM, which relates to a finding of a
varus ankle with combined bone loss, presence of an ulcer, having a good glycated hemoglobin levels
which is less then 53 mmol/L and pedal pulses were monophasic on doppler studies.

We also conducted an intra-observer reliability amongst five independent raters; three foot and
ankle surgeons and two fellow trainees in foot and ankle surgery. This was done over a period of
three months at two weekly interval, therefore a total of six time- point of X-ray review. Inter-observer
reliability was evaluated amongst 20 independent raters; three foot and ankle surgeons and 17
general orthopedic and trauma surgeons. This was done in a single setting during a regular monthly
journal review meet. This reliability was to evaluate the ability of the raters to identify the plane of
the ankle deformity along with any possible bone loss, based on plain weight-bearing X-rays. The
raters were briefed in detailed on the newly proposed classification system along with X-ray
examples to describe each type of ankle alignment deformities “A” and each subtypes of associated
bone loss “B”. The raters were then subjected to different sets of X-rays to identify the alignment
deformities and the associated bone loss only, not the Eichenholtz stages of CN.

3. Results

Following a detailed review of the ankle X-rays in the anteroposterior (AP), lateral, and oblique
views, we classified all 71 patients, with 75 feet in total. There were 44 left-sided ankle deformities
and 31 right-sided deformities.

A total of 15 patients from the entire cohort were classified under Type 1-d Stage 3. This included
ankle varus deformity, with a combined form of bone loss, which may be distal tibia—talus or talus—
calcaneum. Stage 3, as mentioned earlier refers, to the consolidation stage of the Charcot based upon
the modified Eichenholtz classification.

Upon further analysis, Type 2-d, Stage 3 represented the second largest group in the distribution,
comprising nine ankles. This is valgus ankle deformity, with a combined form of bone loss, in the
consolidative phase of Charcot. The remaining patients were distributed across several other groups,
as shown in Chart 1.

In this review, we were able to identify the portions of bone loss involving the ankle and its
adjacent joint. Both the distal tibia and talus had almost similar numbers in terms of the identified
osteodestruction. The osteodestruction may be isolated to the distal tibia or talus or may involve the
calcaneus. The are also combined forms of osteodestruction, which involve distal tibia—talus
articulation, talo-calcaneal articulation, and the entire hindfoot. The aforementioned were the most
obvious forms observed. Other forms included the talo-navicular, anterior calcaneal process,
posterior calcaneal tuberosity, and midfoot osteodestruction.

In our pool of patients, all of those who had presented to or were referred to our center were in
Stages 1 to 3 of Eichenholtz. The majority were in Stage 3, followed by Stage 1 and Stage 2 accordingly.
This allowed us to stratify and classify them based on the weight-bearing ankle X-rays. There was no
need for MR], as it is mostly used to identify Stage 0 of Eichenholtz.
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Type 1-d Stage 3
Type 2-d Stage 3
Type 5-d Stage 3
Type 1-b Stage 3
Type N-d Stage 3
Type 1-a Stage 3
Type 2-d Stage 1
Type 5-a Stage 3

Type 5 Stage 3
Type N-b Stage 3
Type 5-d Stage 1
Type 1-a Stage 1

Type 2 Stage 3

Type 1 Stage 3
Type 4-a Stage 3

Type 5 Stage 2
Type N-d Stage 1
Type 5-a Stage 1
Type 2-b Stage 3
Type 1-C Stage 3
Type N-c Stage 3
Type 2-a Stage 3
Type N-d Stage 2
Type N-a Stage 3
Type 5-b Stage 3
Type N-b Stage 1

Classification

Chart 1. Total number of patients according to the types of deformity and stages of ankle CN.

The main defining parameters, “A” and “B” was subsequently evaluated with 20 independent
raters for inter-observer reliability: three foot and ankle surgeons and 17 general orthopedic and trauma
surgeons. Intra-observer reliability was conducted amongst five independent raters: three foot and
ankle surgeons and two fellow trainees in foot and ankle surgery. The Fleiss Kappa (k) test was
performed to analyze the reliability for both groups using IBM SPSS Version 39. The inter-observer
reliability yielded a Kappa value of 0.948, indicating almost perfect agreement among observers.
Similarly, the Kappa value for intra-observer agreement was 0.947. The agreement levels remained
consistent across all the evaluated X-rays, evaluating the ankle alighment deformity and associated
bone loss. The modified Eichenholtz staging was not tested as it has some inconsistency on how
different observers may apply the classification which results with a significant variability [12].

4. Discussion

Chronic diabetic patients are vulnerable to progress and develop CN in their fifth or sixth decade
of life. Most are diabetic for at least 10 years before the onset of CN [13]. Both the TIDM and T2DM
groups of patients are at risk of fractures. The bending resistance and trabecular stability and stiffness
are significantly reduced. Microarchitectural analysis reveals increased cortical porosity with
reduced cross-sectional bone area and a low trabecular bone score (TBS) [14]. The reduced bone
density in diabetic patients with CN increases their susceptibility to developing the described
deformities, depending on the nature of the force or trauma affecting the involved ankle.

The review of “A”, alignment, was performed to provide a better understanding of how and
why the described deformities had occurred. The lateral ankle ligament complex is known to be the
weakest link in terms of providing stability. In the most trivial injuries, the anterior talo-fibular
ligament (ATFL) fails, which eventually leads to ankle instability [15]. In the case of CN, due to the
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ongoing pathology of repeated inflammation surrounding the ankle, the integrity of the lateral
ligament complex is often questionable. This can eventually fail to be stable and lead to varus
angulation and further associated osteodestruction. This fact supports our findings, which revealed
varus ankle angular deformity as the most common in ankle CN. It is an advantage to understand
the plane of deformity, as this helps to decide on the best surgical plane of approach in the presence
of a rigid form of deformity with contracted soft tissues.

Bone loss “B” or osteodestruction involving the Charcot ankle, can be best explained via a 3D-
CT bone morphometrical analysis, where the medial distal tibia has a more porous nature than the
lateral distal tibia [16]. The reduced density in the medial distal tibia increases the likelihood of a

break in the medial wall of the ankle fork, which progresses to ankle varus deformity. This varus
deformity may develop as a result of significant bone loss or resorption of the talus due to prolonged
unprotected axial loading.

Physiological hindfoot alignment is a known parameter of 0 to 5 degrees valgus [17]. This is in
the normal anatomy, where the ankle works with axial loading. In the case of a CN, this normal
hindfoot valgus could be detrimental in the long term. With the reduced bone mineral density in
diabetic patients with CN, they are predisposed to fragility fractures [14,18]. Assuming the lateral
ankle ligaments are intact, the weakened bone over the medial ankle with the constant normal valgus
loading of the hindfoot would eventually lead to insufficiency or a fragility fracture of the medial
distal tibia or the medial malleolus. With the fracture and continual axial loading, the ankle would
follow the anatomical hindfoot valgus alignment, which would progress into a valgus deformation
of the joint. This would possibly explain our observation of the valgus ankle deformity in CN, as the
second most common pattern.

Variable investigative methods have been described to diagnose CN. Plain X-rays are
appropriately adequate to visualize the plane of deformity and describe bone loss. The readily
available access to X-rays allows for early identification of the described deformities and bone loss
by general healthcare practitioners. MRI scans are pivotal in differentiating acute CN from
osteomyelitis, which may dictate the choice of temporary or definitive stabilization [13,19]. CT scans
can be helpful in the later consolidated stages of the disease and even to quantify the extent of bone
loss for pre-operative planning and treatment staging [19]. We propose the primary treating surgeon
to utilize the modalities of CT or MRI as per necessasity.

The cutaneous condition “C” is the clinical appearance that may be present in the form of an
ulceration, which may or may not be infected. Understanding the cutaneous status is advantageous,
as it helps in the decision making for the best modality of treatment for a patient. If it is ulcerated but
uninfected, the patient may be treated with an offloading cast, which would allow the ulcer to heal,
where subsequent bony corrections can be offered. In a case of infected Charcot, the treatment options
may vary from intravenous antibiotics, possible serial debridement, and staged reconstruction or
even amputation. Nilsen et al. reported an incidence of 64.9% of diabetic foot ulcerations in his study
involving Charcot patients. In his study, a large number of Charcot patients with infected ulcers
underwent lower extremity amputations, at 16.9% [20].

Incorporating “D”, diabetic control, via the glycated hemoglobin levels (HbAlc) in our
classification serves as a reminder to assess the current diabetic control in the patient and to
reevaluate it after implementing appropriate measures to improve it. Achieving good glycemic
control is critically important to prevent the progression of diabetic neuropathy and, consequently,
CN. The NICE guideline recommends an HbAlc target of 48 mmol/mol (6.5%) [21]. Those patients
with poorer control are predisposed for ulcerations with or without infection. Furthermore, poor
glycemic control may hinder or worsen a surgical wound, if a surgical method of stabilization was
the choice. A study on wound-healing potential in relation to HbAlc control suggested that a range
between 7.0% and 8.0% would potentiate good wound healing with reduced risks of mortality in
diabetic foot ulcers [22].

In our review, we included the modified Eichenholtz “E” stages to aid in decision making for
the best treatment modality. Patients in stage 0 of Eichenholtz would rarely have any form of
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deformity at initial presentation. This group of patients would benefit from total contact casting until
remission is achieved. Stage 1 patients would have a much longer period of remission and would be
exposed to a higher chance of developing new deformities that require surgery [23]. When they are
further delayed in diagnosing the condition, or they present in the later stages of Charcot, the
treatment modalities would differ and may be more costly and time consuming.

The circulatory status of a foot, “F”, or foot perfusion, is an important factor that should be
examined. Muller et al. elaborated that the existence of peripheral arterial disease is a direct
contributor to delayed or disturbed wound healing in foot and ankle surgery. Their study
recommends that patients undergoing any form of foot and ankle surgery should be evaluated
thoroughly pre-operatively, including obtaining the ankle-brachial pressure index beforehand [24].
About 40% of patients with CN are likely to have peripheral arterial disease; however, the rate was
significantly lower in patients with diabetic foot ulcers. The chance of developing ischemia in patients
with CN is lower than that in patients with diabetic foot problems or ulcers [25]. However, it is
beneficial to know the arterial status of these patients, as most severe deformities require surgical
stabilization; thus, the risks of wound complications can be well explained and anticipated.

One of the main advantages of this classification is to enable an ankle Charcot to be classified in
various presenting forms by means of plain weight-bearing X-rays. The X-ray modality is readily
available for most healthcare practitioners, and it is the most widely used imaging in the diagnosis
and further follow-up of such cases. This would be helpful for the early recognition of the condition,
and the patient can be referred to a foot and ankle surgeon or trained personnel to provide the
appropriate care. Furthermore, the receiving surgeon or trained personnel can perceive the pattern
of deformity based on the described classification. This provides insight into the mechanics of the
presenting deformity. Additionally, parameters such as the cutaneous condition, glycated
hemoglobin levels, and foot perfusion status offer a comprehensive overview that can aid in
determining the appropriate treatment modality.

Recent studies reveal that the lifetime prevalence of CN is increasing, from 0.1%-10% to a
staggering 29% to 35% [26]. The rate of misdiagnosing CN can be as high as 79% to 95%, with delays
in treatment averaging about 29 weeks [27,28]. We hope that this classification system can be utilized
as an aid when a practitioner observes a pattern of deformity based on our classification; it provides
them with an indication to consider or diagnose it as ankle CN. This would improve the early
detection rates that would be helpful in the prevention and management of the deformity’s
progression.

We accept that there are some limitations in our review. We have not discussed in detail the
methods of management for each type of deformity described. There is a need for a more detailed
elaboration pertaining to the management of each type of deformity, which we plan to address in our
next study or review. We describe a classification that could help in communicating the extent of the
disease. This could help the receiving or treating surgeon to understand the pattern of deformity.

In conclusion, developing a new ankle CN classification would provide a guide in managing
ankle CN. Understanding the patterns of deformity would be helpful to draft a treatment plan,
whether conservatively or surgically. Such patterns highlight the deforming forces that need to be
addressed, which could help prevent further worsening of the deformity and skin breakdown.
Identifying the osseous loss would help plan the approach to surgery and the type of fixation
required to provide a stable construct.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this paper, as it was an
audit and review of radiographs and provided a retrospective, observational, and descriptive classification.
Approval from the local departmental governance lead was obtained to review and perform this audit on the

clinical data, based on pre-existing records.

Informed Consent Statement: Patient consent was waived in view of no contact with patients in any form

during the study, with ensured data protection following approval from the local departmental governance lead.


https://doi.org/10.20944/preprints202412.1481.v3

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 February 2025 d0i:10.20944/preprints202412.1481.v3

10 of 11

Data Availability Statement: Upon request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. K. A. Cole and D. C. Jupiter, “Charcot neuroarthropathy in diabetic patients in Texas,” Prim Care Diabetes,
Oct. 2024, doi: 10.1016/j.pcd.2024.06.012.

2. O. L. Svendsen, O. C. Rabe, M. Winther-Jensen, and K. H. Allin, “How common is the rare charcot foot in
patients with diabetes?,” 2021, American Diabetes Association Inc. doi: 10.2337/dc20-2590.

3. D. K. Wukich, R. G. Frykberg, and V. Kavarthapu, “Charcot neuroarthropathy in persons with diabetes:
It’s time for a paradigm shift in our thinking,” Mar. 01, 2024, John Wiley and Sons Ltd. doi: 10.1002/dmrr.3754.

4. V. B. Bregovskiy, S. A. Osnach, V. N. Obolenskiy, A. G. Demina, A. L. Rybinskaya, and V. G. Protsko,
“CLASSIFICATION OF THE CHARCOT NEUROOSTEOARTHROPATHY: EVOLUTION OF VIEWS
AND UNSOLVED PROBLEMS,” Jul. 01, 2024, Russian Association of Endocrinologists. doi:
10.14341/DM13118.

5. A. B. Rosskopf, C. Loupatatzis, C. W. A. Pfirrmann, T. Béni, and M. C. Berli, “The Charcot foot: a pictorial
review,” Dec. 01, 2019, Springer Verlag. doi: 10.1186/s13244-019-0768-9.

6. L. C. Schon, S. B. Weinfeld, G. A. Horton, and S. Resch, “Radiographic and Clinical Classification of
Acquired Midtarsus Deformities,” 1998.

7. L. C. Schon et al., “The Acquired Midtarsus Deformity Classification System-Interobserver Reliability and
Intraobserver Reproducibility,” 2002.

8. E. Gouveri, “Charcot osteoarthropathy in diabetes: A brief review with an emphasis on clinical practice,”
World | Diabetes, vol. 2, no. 5, p. 59, 2011, doi: 10.4239/wjd.v2.i5.59.

9. A. E. Galhoum et al., “Management of ankle charcot neuroarthropathy: A systematic review,” Dec. 01,
2021, MDPI. doi: 10.3390/jcm10245923.

10.  A. A. Najefi et al., “Should the Tibiotalar Angle Be Measured Using an AP or Mortise Radiograph? Does
It Matter?,” Journal of Foot and Ankle Surgery, vol. 58, no. 5, pp. 930-932, Sep. 2019, doi:
10.1053/j.jfas.2019.01.013.

11.  A. Veljkovic et al., “Lateral talar station: A clinically reproducible measure of sagittal talar position,” Foot
Ankle Int, vol. 34, no. 12, pp. 1669-1676, Dec. 2013, doi: 10.1177/1071100713500489.

12.  A. J. Rosenbaum and J. A. DiPreta, “Classifications in Brief: Eichenholtz Classification of Charcot
Arthropathy,” Clin Orthop Relat Res, vol. 473, no. 3, pp. 1168-1171, Mar. 2015, doi: 10.1007/511999-014-4059-
y.

13.  F.B. Ergen, S. E. Sanverdi, and A. Oznur, “Charcot foot in diabetes and an update on imaging,” Nov. 20,
2013. doi: 10.3402/dfa.v4i0.21884.

14. K. Kupai, H. L. Kang, A. Pésa, A. Csonka, T. Vérkonyi, and Z. Valkusz, “Bone Loss in Diabetes Mellitus:
Diaporosis,” Jul. 01, 2024, Multidisciplinary Digital Publishing Institute (MDPI). doi: 10.3390/ijms25137269.

15. D. E. Attarian, H. J. McCrackin, D. P. DeVito, J. H. McElhaney, and W. E. Garrett, “Biomechanical
Characteristics of Human Ankle Ligaments,” 1985.

16.  Z.]. Tsegai et al., “Trabecular and cortical bone structure of the talus and distal tibia in Pan and Homo,”
Am ] Phys Anthropol, vol. 163, no. 4, pp. 784-805, Aug. 2017, doi: 10.1002/ajpa.23249.

17.  E. Pires, C. Lobo, C. De Cesar Netto, and A. Godoy-Santos, “Hindfoot alignment using weight-bearing
computed tomography,” Journal of the Foot & Ankle, vol. 14, no. 3, pp. 239-242, Dec. 2020, doi:
10.30795/jfootankle.2020.v14.1214.


https://doi.org/10.20944/preprints202412.1481.v3

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 February 2025 d0i:10.20944/preprints202412.1481.v3

11 of 11

18.  C.J. Verdin, G. G. Botek, J. D. Miller, J. D. Kingsley, and D. Plyler, “Association of Anatomical Location of
Neuroarthropathic (Charcot’s) Destruction with Age-and Sex-Matched Bone Mineral Density Reduction,”
] Am Podiatr Med Assoc, vol. 114, no. 1, Jan. 2024, doi: 10.7547/21-163.

19.  Andrea B.Rosskopf, Christos Loupatatzis, Christian W. A. Pfirrmann, Thomas Boni, and martin C. Berli,
“The Charcot foot: a pictorial review | Enhanced Reader,” Insights Imaging, no. 77, Aug. 2019, doi:
https://doi.org/10.1186/s13244-019-0768-9.

20. F. A. Nilsen, M. Molund, and K. H. Hvaal, “High Incidence of Recurrent Ulceration and Major
Amputations Associated With Charcot Foot,” Journal of Foot and Ankle Surgery, vol. 57, no. 2, pp. 301-304,
Mar. 2018, doi: 10.1053/j.jfas.2017.10.008.

21.  J.P.O’'Hare et al., “The new NICE guidelines for type 2 diabetes - a critical analysis,” 2015, ABCD (Diabetes
Care) Ltd. doi: 10.15277/bjdvd.2015.006.

22.  J. X. Shumin, W. Yang, H. Lei, X. Shanshan, and Z. Z. Tang, “Reasonable Glycemic Control Would Help
Wound Healing During the Treatment of Diabetic Foot Ulcers,” Diabetes Therapy, vol. 10, doi:
10.6084/m9.figshare.7314986.

23.  C.Bittante et al., “Early Treatment of Acute Stage 0/1 Diabetic Charcot Foot Can Avoid Major Amputations
at One Year,” | Clin Med, vol. 13, no. 6, Mar. 2024, doi: 10.3390/jcm13061633.

24.  A.M. Miiller et al., “Significant prevalence of peripheral artery disease in patients with disturbed wound
healing following elective foot and ankle surgery: Results from the ABI-PRIORY (ABI as a PRedictor of
Impaired wound healing after ORthopedic surgerY) trial,” Vascular Medicine (United Kingdom), vol. 25, no.
2, pp. 118-123, Apr. 2020, doi: 10.1177/1358863X19883945.

25.  D. K. Wukich, K. M. Raspovic, and N. C. Suder, “Prevalence of Peripheral Arterial Disease in Patients
With Diabetic Charcot Neuroarthropathy,” Journal of Foot and Ankle Surgery, vol. 55, no. 4, pp. 727-731, Jul.
2016, doi: 10.1053/j.jfas.2016.01.051.

26. Marmolejo S. Valerie, Arnold F. Jonathan, Ponticello Mario, and Andersen A. Charles, “Charcot Foot:
Clinical Clues, Diagnostic Strategies, and Treatment Principlesp,” Am Fam Physician, no. 97(9), pp. 594-599,
May 2018.

27. M. L. Vopat, M. ]. Nentwig, A. C. Chong, J. L. Agan, N. N. Shields, and S.-Y. Yang, “KANSAS JOURNAL
of M E DICIN E Initial Diagnosis and Management for Acute Charcot Neuroarthropathy.”

28.  C. Holmes, B. Schmidt, M. Munson, and J. S. Wrobel, “Charcot stage 0: A review and consideratons for
making the correct diagnosis early,” Clin Diabetes Endocrinol, vol. 1, no. 1, Dec. 2015, doi: 10.1186/s40842-
015-0018-0.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.


https://doi.org/10.20944/preprints202412.1481.v3

