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A literature-based guide to the conservative and surgical
management of the acute Charcot foot and ankle
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Acute Charcot neuroarthropathy of the foot and ankle presents with the insidious onset of a unilateral acutely
edematous, erythematous, and warm lower extremity. The acute stages are typically defined as Eichenholtz
Stage 1, or Stage 0, which was first described by Shibata et al. in 1990. The ultimate goal of treatment is main-
tenance of a stable, plantigrade foot which can be easily shod, minimizing the risk of callus, ulceration,
infection, and amputation. The gold standard of treatment is non-weight-bearing immobilization in a total
contact cast. Surgical intervention remains controversial. A review of the literature was performed to provide
an evidenced-based approach to the conservative and surgical management of acute Charcot neuroarthro-
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classification system for Charcot neuroarthropa-

thy affecting the foot in 1966 (1-6). Stage I, the
‘destruction’ phase, is defined by capsular distention,
osseous fragmentation, peri-articular debris formation,
subluxations/dislocation, and fracture. Stage II, the ‘coa-
lescence’ phase, is defined by osseous resorption and
evidence of consolidation. Stage III, the ‘reconstruction’
phase, involves maturation of bone consolidation (1-6).
Stage 0 was first coined by Shibata et al. in 1990 (7). Since
that time, several authors have reported on the complex-
ities of diagnosing and treating Stage 0 Charcot (6, 8—17).
This phase is characterized more by physical examina-
tion findings consisting of a unilateral red, hot, swollen
foot and leg (1, 7-13, 18-21) (Fig. 1). Radiographs are
typically normal except for increased soft tissue volume
(7,9-13, 17, 18, 22, 23). Subtle subluxations and/or small
avulsion fractures may be seen but are often overlooked
or felt to be an incidental finding (12) (Figs. 2-5). The
reported incidence of acute Charcot ranges from 9 to
13% of Charcot cases, although the true incidence may be
higher due to the number of cases that are initially
misdiagnosed (4-6, 8, 10, 11, 14-16, 18, 19, 22-30). The
average delay in the diagnosis of acute Charcot has been
reported to be around 29 weeks (12, 15, 27, 31). Com-
mon misdiagnoses include cellulitis, erysipelas, deep vein

Eichenholtz proposed a three stage radiographic

thrombosis (DVT), venous insufficiency, gout, pseudog-
out, acute inflammatory arthritis, fracture, sprain, tumor,
septic arthritis, osteomyelitis, Sudeck’s atrophy, and rheu-
matoid arthritis (8, 9, 13, 15, 16, 18, 23, 32-34).

Delay in prompt diagnosis and initiation of treatment
results in progression of the pathology resulting in rigid
osseous deformity of the foot increasing the risk of callus
formation, ulceration, infection, and lower extremity am-
putation by 15- to 40-fold (816, 18, 19, 22, 23, 34, 35).
Chantelau reported on two groups of patients with Stage
0 Charcot (13). Group 1 consisted of 11 patients who were
diagnosed within 1 month from onset of symptoms. Group
2 consisted of 13 patients who were diagnosed approxi-
mately 3 months after symptom onset. Both groups were
treated conservatively with a weight-bearing (WB) total
contact cast (TCC). Group 1 was immobilized for an
average of 3 months compared to 5 months for Group 2.
Only one patient in Group 1 progressed to fracture of
the foot and development of a pes planovalgus foot type
which was attributed to patient non-compliance. All
13 patients in Group 2 progressed to fracture of the foot
with a resultant deformity: rocker bottom foot deformity
(18), pes planovalgus abductus (7), and pes planovalgus
(7, 13). Chantelau also reported on 12 patients with Stage 0
Charcot deformity (33). Eleven (91.7%) patients had
initiation of treatment with a WB-TCC within 1-12 weeks

Diabetic Foot & Ankle 2015. © 2015 Valerie L. Schade and Charles A. Andersen. This is an Open Access article distributed under the terms of the Creative Commons 1
Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/), permitting all non-commercial use, distribution, and reproduction in

any medium, provided the original work is properly cited.

Citation: Diabetic Foot & Ankle 2015, 6: 26627 - http://dx.doi.org/10.3402/dfa.v6.26627

(page number not for citation purpose)


http://creativecommons.org/licenses/by-nc/4.0/
http://www.diabeticfootandankle.net/index.php/dfa/article/view/26627
http://dx.doi.org/10.3402/dfa.v6.26627

Valerie L. Schade and Charles A. Andersen

Fig. 1. Increased edema of the left lower extremity secondary to
Stage 1 acute Charcot.

from the onset of symptoms. One patient was not
diagnosed and thus treatment was not initiated until 22
weeks following symptom onset. The average duration
of casting for all patients was 17.8 weeks (range: 8-52).
All 11 patients who were diagnosed and immobilized early
did not progress to fracture formation during the follow-
up time (range: 12-26 months). The one patient who was
diagnosed late progressed to Charcot fracture of the foot

Fig. 2. Bilateral foot radiographs reveal increased soft tissue
volume and irregularities about the tarsometatarsal joint of the
left foot secondary to Stage 0 acute Charcot.

Fig. 3. Oblique radiographs of a Stage 0 acute Charcot foot
initially read as ‘normal’, yellow arrows identify ligamentous
avulsion fractures with subsequent medial dislocation of the
navicular.

during their 3-month follow-up time (33). Wukich et al.
performed a similar study on 20 patients (22 feet) (34).
Group 1 consisted of seven patients who were diagnosed an
average of 4.1 weeks from onset of symptoms. Group 2
consisted of 15 patients who were diagnosed an average
of 6.8 weeks from onset of symptoms. All patients were
treated with a non-weight-bearing (NWB) TCC. None
of the patients in Group 1 progressed to the further stages
of Charcot during the follow-up time of 49.9 weeks.
One patient who already had deformity of the foot upon
presentation did develop a midfoot ulceration which was
treated surgically with resolution. All 15 patients pro-
gressed to the further stages of Charcot at an average of
10.9 weeks. Ten of these patients required surgical inter-
vention, averaging 2.9 surgeries per limb. The following
postoperative complications were reported: ulceration
(11), cellulitis (9), postsurgical wound dehiscence (8),
septic non-union/osteomyelitis (7), hardware complication
(7), and a tibial shaft fracture (7). Group 2 required a
longer follow-up time of 114.4 weeks presumably due to
these complications which were noted to be statistically
more significant than those for Group 1 (34).

With the propensity for misdiagnosis and high poten-
tial for progression to a rigid foot deformity, early
recognition and prompt initiation of treatment is para-
mount (9-15, 23, 27-29, 33, 35). Certain components
of a patient’s history, physical examination, laboratory
and imaging studies can facilitate the provider in making
the diagnosis of an acute Charcot foot. The majority of
patients presenting with this diagnosis are >50 years of
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Fig. 4. Stage 1 acute Charcot of the first metatarsal-cuneiform
joint.

age and have been diagnosed with type 1 or type 2
diabetes for >10 years (5, 8, 10, 11, 13-18, 20, 22-25, 27,
29-31, 34-37). The patient often has no recollection
of an inciting event or reports only a minor injury such
as a sprain or twisting injury (17.7-55.6% of patients)
(9-12, 1416, 18, 22, 23, 31-33, 35, 37). Up to 75% of
patients will complain of pain described as a constant
discomfort which does not hinder ambulation (8—10, 12,
14, 22, 33). Vital signs are typically stable (9-11).
The primary complaint is often unilateral edema which
hinders the ability to wear shoe gear (8-13, 19, 22,
23, 31). The patient may have already been treated for
‘recurrent cellulitis’, with or without hospital admission,
and may have had a venous duplex ultrasound performed
which is often negative for DVT. Physical examina-
tion will reveal a unilateral edematous limb (8-13, 19,
22, 23, 31). Concurrent bilateral acute Charcot is less
common with reports ranging from 9 to 31%. The
edematous limb is often without any open wounds and
has increased warmth and erythema which resolves
with elevation (8, 10-13, 23, 29, 31, 33). Radiographs
are often normal apart from an increase in soft tissue
volume. Bilateral weight-bearing radiographs are recom-
mended to allow for assessment of joint instability in the
form of small avulsion fractures or subtle subluxations
(9-13, 15, 18, 19, 23). Laboratory markers of infection,
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Fig. 5. Stage 1 acute Charcot of the ankle joint.

that is, white blood cell count (WBC), C-reactive protein,
and erythrocyte sedimentation rate, are typically within
normal limits (9, 11).

Several authors have recently advocated the early use
of magnetic resonance imaging (MRI) to aid in diagnosis
of acute Charcot (5, 6, 12, 13, 15, 17, 19, 20, 33, 38, 39)
(Fig. 6). Chantelau and Poll performed an MRI on seven
patients with Stage 0 Charcot within 2 weeks of obtaining
radiographs which were read as negative for any osseous
abnormalities (17). MRI revealed advanced stress bone
injuries, microtrabecular fractures of the talus or calca-
neus, edema of the adjacent soft tissues, and joint effusion
with an average of four (range: 1-8) bones and five (range:
0-8) joints affected. These findings resolved after cast
immobilization for 6 months (17). Schlossbauer confirmed
these findings and correlated them with the amount
of edema and pain found on physical examination (5).
As these physical examination findings decreased with
cast immobilization, the MRI findings decreased as well.
Given these findings, the use of MRI was recommended
to aid in determination of the appropriate duration of
immobilization for conservative management of acute
Charcot (5). Zampa performed a prospective study of
40 patients with acute Charcot foot that further expounded
on this finding (20). Each patient had an MRI performed
every 3 months until deemed healed or at a maximum of
12 months from initiation of immobilization. The average
follow-up time was 8.2 months. The mean time to clinical
healing was 6.8 months as determined by resolution of
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Fig. 6. Increased bone marrow edema consistent with Stage 0
acute Charcot of the midfoot.

edema, erythema, and warmth. The mean time to resolu-
tion of MRI findings was 8.3 months. The recommenda-
tion was made to obtain an MRI at baseline and every
3 months until the patient is deemed clinically stable to
correlate clinical healing with objective healing on MRI
(20). Chantelau and Richter performed a retrospective,
observational, exploratory cohort study of 59 patients
(71 acute Charcot feet) whose management was based on
MRI findings (21). The patients were followed over a
12-year time period. Early MRI was found to be instru-
mental in prompt diagnosis and initiation of treatment
minimizing the risk for development of rigid foot defor-
mities. When Stage 0 Charcot was diagnosed and immo-
bilization initiated within 1 month of symptom onset,
approximately 70% of patients healed without foot defor-
mity with an average immobilization time of 4 months.
This is in contrast to patients diagnosed in Stage 1
approximately 2 months after symptom onset who needed
an average immobilization time of 5 months with approxi-
mately 30% healing without deformity of the foot. Results
of this study lead to the conclusion that: 1) radiographs
were insufficient in diagnosing midfoot fractures, 2)
any bone marrow edema in the foot on MRI in a patient
with peripheral neuropathy of any etiology was likely to
progress to cortical fracture with continued unprotected
ambulation, 3) the presence of cortical fractures was
a significant marker for impending deformity develop-
ment, 4) both Stage 0 and Stage 1 Charcot involving the
tarsometatarsal and midtarsal joints required longer

immobilization times, and 5) patients with type 1 diabetes
were slightly younger, less obese, had a longer duration of
diagnosis, and were more prone to recurrence of Charcot
events than patients with type 2 diabetes (21). Given the
ability of MRI to detect acute Charcot before any radio-
graphic findings are visualized, the authors felt that the
radiograph-based Eichenholtz classification does not en-
compass the full spectrum of the disease process and
proposed a new classification for patients with peripheral
neuropathy and an acutely swollen foot consisting of
two stages and two grades. This classification system
correlates clinical, computed tomography and MRI, and
histopathology findings of Charcot and can be used
to determine time for initiation and duration of treatment
(6) (Table 1).

Once the diagnosis of acute Charcot is made the focus is
on treatment for resolution. The goal of both conservative
and surgical treatment is a stable and plantigrade foot
which can be protected in an extra depth or custom
shoe with a rocker bottom sole and custom orthotic
with or without specialized bracing. In the literature,
both Stage 0 and Stage I are commonly defined as acute
Charcot with the majority focused on conservative or
surgical treatment of Stage 1 (1, 3-6, 11, 13-15, 17, 20-22,
25, 30, 33, 34, 40—45). This is most likely due to the routine
delay in the diagnosis of Stage 0 Charcot as mentioned
above.

Conservative management of the acute
Charcot foot and ankle

The mainstay treatment of acute Charcot has been
conservative in the form of immobilization. Immobili-
zation can consist of the use of a removable or non-
removable device with instruction to be NWB, WB, or
partial WB. A TCC was designed to allow a patient to be
ambulatory, either fully or partially, while still immobi-
lized (2, 40, 41, 46). This device works by increasing the
total surface area of contact to the entire lower extremity
evenly distributing vertical forces of ambulation thereby
minimizing pressure distribution to the foot. The duration
of immobilization is commonly dependent upon resolu-
tion of edema and warmth of the extremity and evidence
of osseous consolidation on serial radiographs typically
averaging 14 weeks (range: 852 weeks) (9-15, 23, 27-29,
33, 35).

Myerson et al. studied 18 patients with Eichenholtz
Stage 1 midfoot Charcot (42). The average patient age
was 54 years. The average duration and type of diabetes
was not stated. Nine (50%) patients were treated with
TCC immobilization. The WB restriction was not stated.
Of these nine patients, eight (88.9%) remained with a
stable, plantigrade foot at 32 months following treatment.
One (11.1%) patient developed Charcot deformity in a
new area 40 months following successful treatment of
the initial Charcot event. This ultimately required a triple
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Table 1. Chantelau and Richter Charcot classification system (21)
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Grade
Stage 0 (low severity) 1 (high severity)
Active Mild edema, erythema, and warmth Severe edema, erythema, and warmth Clinical
(acute)  Possible pain Possible pain
No deformity Gross deformity
No osseous abnormality Macrofractures Radiographs
MRI - bone marrow edema, microfractures, no MRI — bone marrow edema, macrofractures, MRI
cortical disruption cortical disruption
Lamellar bone with active surface Increased marrow space vascularity Histopathology
Trabeculae remodeling associated with microfracture Active remodeling of woven bone
Marrow space replaced by loose spindle cells Osteonecrosis
Invasion of inflammatory cells
Thickened synovium
Fragmented cartilage and subchondral bone
Inactive No inflammation No inflammation Clinical
(chronic) No deformity Gross deformity
No osseous abnormality Osseous abnormality Radiographs
MRI — no significant bone marrow edema MRI — no significant bone marrow edema MRI
Sclerosis of bone, broad lamellar trabeculae with Woven bone, immature and structurally Histopathology

collagenous replacement; low vascularity of the
marrow space

disorganized, fibrosis

arthrodesis for stabilization. This study included midfoot
Charcot of various stages. The authors found that TCC
immobilization provided effective resolution with main-
tenance of a stable, plantigrade foot in 75% of cases,
concluding that TCC immobilization remains the main-
stay of treatment for midfoot Charcot (42).

Armstrong et al. performed a retrospective review of
55 patients who presented with acute Charcot over a
36-month time frame (14). Although it is mentioned
that these patients had acute Charcot, the differentiation
between Stage 0 and Stage 1 was never clearly defined.
As 22 (40%) patients presented with ulceration, an
assumption can be made that these patients were in Stage
1 as opposed to Stage 0 as collapse of the foot had already
occurred. Ulceration was present at the cuboid-metatarsal
articulation (40), the talonavicular joint (11), the medial
malleolus (11), and the hallux interphalangeal joint (7).
Mean patient age was 58.6+8.5 years. All patients had
a diagnosis of type 1 or type 2 diabetes for a mean of
15.9+5.7 years. Five (11.0%) patients presented with
bilateral acute Charcot. All patients were treated with
TCC immobilization. The weight-bearing restriction was
not stated. The mean duration of immobilization was
18.5 weeks. The mean time of return to shoe gear was 28.3
weeks. Male patients required a longer period of immobi-
lization and took longer to return to shoe gear compared
to women, 21.8 versus 15.2 weeks and 30.2 versus 26.4
weeks, respectively. Patients with bilateral acute Charcot
also had a significantly increased time of immobiliza-

tion and return to shoe gear at 28 weeks and 48 weeks,
respectively. Eight (14.5%) patients developed a transient
increase in temperature of the affected foot when transi-
tioned to normal shoe gear with seven experiencing this
within the first month. The remaining patient developed
this at 35 months following transition to normal shoe
gear. None of these patients developed radiographic
signs of destruction and had complete resolution with an
average of 3 weeks of immobilization in a TCC. Four
(7.3%) patients developed a new ulceration at a mean of
10 months following return to normal shoe gear. All four
of these patients had a midfoot ulceration on initial
presentation with new ulceration occurring at the forefoot.
The reason for development of these new ulcerations
was not stated, that is, unprotected ambulation, rigid
plantarflexed forefoot secondary to midfoot collapse re-
sulting in callus formation, lack of routine foot care, and
so on. No patient developed a Charcot event on the
contralateral extremity during the study time. No in-
stances of recurrent Charcot to the ipsilateral foot were
reported (14).

Sella et al. reported on 40 patients (51 feet) of which
10 presented with Stage 0 Charcot and 6 with Stage
1 Charcot (22). The average age at onset was 58 years.
The average age when diabetes, type not stated, was
diagnosed was 38 years and the average duration was
20 years. Follow-up time ranged from 2 to 6 years. Initial
radiographs of patients with Stage 0 Charcot revealed only
increased soft tissue volume. Three phase bone scan was
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positive for increased uptake in the area of the affected
joints. Indium/Gallium WBC tagged scans were negative.
Initial radiographs for patients with Stage 1 Charcot were
positive for osseous cysts, erosion, and diastasis. Results
of three phase and Indium/Gallium WBC tagged scan
were the same as for Stage 0. The majority of patients
with Stage 0 Charcot presented with new onset of pain.
All patients were treated with partial weight-bearing (PWB)
in a TCC for 6 weeks. Of the 10 Stage 0 Charcot feet, 3
stabilized at Stage 1, 2 stabilized at Stage 2, and 3 stabilized
at Stage 3. Two of the patients were lost to follow-up.
Of the six Stage 1 Charcot feet, one stabilized at Stage 1,
three stabilized at Stage 2, and two stabilized at Stage 3.
No complications were reported. The authors found
that early recognition and treatment via TCC immobiliza-
tion resulted in stabilization without deformity in 50%
of patients presenting with Stage 0 or Stage 1 Charcot.
Given these findings, conservative treatment was recom-
mended for treatment of Stage 0 and Stage 1 Charcot.
Although the expert consensus remains NWB immo-
bilization in a TCC, literature exists that suggests that
continued WB while immobilized does not hinder the
resolution of acute Charcot with a stable, plantigrade
foot (24, 10, 12, 16, 21, 22, 27, 40, 43). Pinzur et al.
reported on nine patients who were allowed to be full
WB in a TCC for treatment of Stage 1 Charcot (3). Cast
change occurred every 2 weeks. Once the patient was
deemed clinically stable and the objective measure of
water displacement revealed a decrease of <10% in edema
compared to the most recent visit, subjects were transi-
tioned to full WB in a removable walking boot. Once
the size and shape of the foot was deemed clinically stable,
the subject was then transitioned to commercial depth-
inlay shoes and custom accommodative orthotics. The
type of diabetes was not stated. The average patient was
58.2 years (range: 39-72). The average duration of the
diagnosis was 16.4 years (range: 7-30). All patients
progressed to healing and remained independent commu-
nity ambulators. The average time spent in a TCC was 5.8
weeks (range: 4-10) with progression to shoe gear at
an average of 12.0 weeks (range: 6-16). Only one patient
developed a superficial ulceration once transitioned to
orthotic and shoe gear use which resolved with orthotic
modification. Conclusion of the study found that full
WB did not appear to negatively affect the resolution
of Stage 1 Charcot with a stable, plantigrade foot (3).
de Souza et al. reported on 27 patients (34 feet) treated
with cast immobilization for acute Charcot (4). Patients
were initially instructed to be NWB. However, the authors
found that patients often did not comply with this
instruction. This was initially thought to be due to non-
compliance but upon further investigation was found to
be due to: 1) a lack of proprioception and inability to
determine how much weight was being placed on the foot
due to peripheral neuropathy, 2) poor eyesight secondary

to diabetic retinopathy, and 3) poor strength and coordi-
nation which made the use of ambulation assistive devices
difficult. The authors found that despite the patients
being WB more often than not, only one progressed to
deformity of the foot during the treatment period. Thus,
they allowed all subsequent patients to be WB as tolerated
(WBAT) while immobilized (4). Sinacore found the same
issue in a retrospective review of 30 subjects (35 feet) with
acute Charcot (27). All subjects were instructed to be
PWB. Only 28% of the study subjects complied with this
instruction. Despite >70% of the study subjects being
full WB in their TCC, all progressed to healing without
development of foot deformity at an average of 86445
days. Subjects who were full WB did require an average
of 5 more weeks of immobilization prior to resolution of
symptoms compared to those who complied with the PWB
instruction (27).

The use of removable high profile orthotic devices, that
is, Charcot Restraint Orthotic Walker, patellar tendon
bearing brace, removable walking boots or modifications
thereof, have been reported to be advantageous in that the
patients are more compliant with NWB instruction with
the use of these devices and the potential avoidance of
iatrogenic complications related to TCC use are avoided.
Improved patient compliance has been postulated to be
due to the less bulky nature of the appliance and the ability
to remove it during periods of inactivity (10, 44). However,
immobilization times with these devices are longer com-
pared to those of non-removable devices as patients may
remove the device and ambulate without them (10, 27, 45).
Guyton performed a retrospective review over a 28-month
period of 70 patients with peripheral neuropathy who
underwent TCC immobilization for treatment of a diabetic
foot ulcer or a Charcot event of the foot with or without
ulceration present (47). Patients with osteomyelitis or
vascular compromise were excluded. In total, 398 con-
secutive cast applications were included in the study.
Twenty-seven (38.6%) patients underwent surgery for de-
formity correction. All casts were changed at an average
of 7.69 days (range: 3—14). Each patient received an
average of 5.69 casts. The total complication rate was
5.52% (22 patients). All complications consisted of devel-
opment of a new ulceration: pretibial (11), midfoot (11),
hindfoot (1), forefoot/toes (10), and malleolar (7). None
of the pre-existing ulcerations worsened. All new ulcera-
tions healed with discontinuation of casting and local
wound care. Only one permanent complication consisting
of amputation of a second digit secondary to a wound
sustained to the dorsum of the proximal interphalangeal
joint occurred for a rate of permanent complications
related to TCC use of 0.25% per cast or 1.4% per patient.
The odds ratio for risk of complications in descending
order were: 1) presence of Charcot deformity — 1.46,
2) peripheral neuropathy secondary to type 1 or type
2 diabetes — 1.34, 3) neuropathic ulceration — 0.69,
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4) casting following deformity corrective surgery — 0.44,
and 5) adherence to NWB instructions — 0.27. Given these
findings, use of a TCC for the treatment of diabetic foot
ulcerations when applied by an experienced provider was
found to have a high rate of reversible minor complica-
tion in the form of iatrogenic wounds in a new area that
responded to discontinuation of casting and local wound
care. The primary wound prompting TCC use did not
worsen (47).

Surgical management of the acute Charcot
foot and ankle

Surgery during the acute phase of Charcot has historically
been a relative contraindication. Concerns lie with the
potential for wound healing complications and infection
that can occur when operating on an edematous limb
(1, 10, 15, 18, 39, 40, 46, 48, 49). The primary concern,
however, is with the quality of the bone as it is undergoing
a pathogenic process of osteoclastic resorption and
fragmentation, and its quality is feared to be less than
optimal for adequate fixation purchase. This could lead to
complications such as hardware failure, pseudoarthrosis,
delayed unions, or non-unions (1, 10, 46, 48). Stage II
has been reported to be the optimal stage for surgical
intervention in the form of open reduction and internal
fixation or arthrodesis as the deformity is still reducible
(22). Once the process has reached Stage III, arthrodesis
may be more difficult as bone must be resected to allow
for deformity correction. Exostectomy or ostectomy has
been recommended during this stage to remove osseous
prominences that could result in ulceration (14, 22).

Shibata et al. reported on four patients who underwent
ankle arthrodesis due to acute ankle Charcot secondary
to leprosy (7). The average patient age was 47.5 years.
The average follow-up time was 61.25 months. Complete
arthrodesis was achieved in all patients at an average of
6 months. Of the four patients, two developed a tran-
sient ulcer during the duration of follow-up. The authors
felt that if plantigrade WB was possible in the early
stages of Charcot, the use of a brace or rest was all that
was necessary for treatment. The single indication for
surgery in the early stages of Charcot was reported to be
repeated infection and deep ulcerations of the ankle or
forefoot (7).

In the same retrospective review performed by Myerson
et al. in 1994, nine patients with Stage 1 Charcot foot
underwent surgical intervention (42). The mean dura-
tion of postoperative immobilization utilizing a TCC was
5 months (range: 4-9) with the initial 8—10 weeks of this
being NWB followed by WBAT. Eight (88.9%) patients
remained with a stable, plantigrade foot at 28 months
postoperative. One patient death, cause not reported,
occurred during the study time and was not included
in the final analysis. No complications were reported.
Surgery was only performed if a severe, unstable, reducible

Management of the acute Charcot foot and ankle

deformity was present. Surgery was felt to be contra-
indicated if bone resorption or fragmentation was seen on
radiographs due to the concern for adequate bone stock
present for secure internal fixation. Bone stock was felt
to be adequate in early Charcot if these radiographic
findings were not present (42).

In the same retrospective review of conservative care
performed by Armstrong et al. in 1997, 14 patients un-
derwent surgical intervention (14). Surgery was only per-
formed if deformity that could result in ulceration existed.
All surgery was performed in the post-acute phase after
radiographic coalescence was observed. In total, 14
surgeries were performed; nine exostectomies and five
fusions. The average time of casting and return to shoe
gear for those who underwent exostectomy was 15.4 and
27.6 weeks, respectively. The average time of casting and
return to shoe gear for those who had a fusion performed
was 29.0 and 48.1 weeks, respectively. Of the five fusions
performed, one pseudarthrosis of the ankle developed
which was subsequently managed conservatively with
an ankle foot orthosis. Patients who underwent a fusion
had a significantly increased time of immobilization and
return to shoe gear compared to patients treated con-
servatively or with an exostectomy (14).

Simon et al. has the article most cited when advocat-
ing for early surgical intervention of acute Charcot.
The results of 14 patients with diabetes, type not stated,
and Stage 1 Charcot who underwent surgical interven-
tion were reported (1). These patients elected to have
surgery for the following reasons: 1) concern for potential
complications if a foot deformity developed (two patients),
2) the need for a kidney transplant and the effect of this
on casting (seven patients), and 3) the functional and
occupational difficulties associated with prolonged im-
mobilization with conservative treatment (five patients).
The majority of patients cited more than one of these
reasons. All patients underwent arthrodesis of the
affected joint. Patients were instructed to be NWB until
radiographic evidence of consolidation was noted. Pa-
tients were then transitioned to a WB short leg cast (SLC)
for a mean time of 10+3.3 weeks of assisted WB fol-
lowed by 15+8.8 weeks of unassisted WB. The mean
time to return to normal shoe gear was 27 + 14.4 weeks.
No complications were reported during the mean follow-
up time of 41 months (1).

The current primary indications for surgery in the acute
phase of Charcot are: severe dislocation or instability,
concern for skin breakdown, and failure of conservative
treatment to obtain a stable, plantigrade foot (10, 12, 15,
18, 40, 46, 48). Other factors to consider when surgical
intervention is indicated are: the vascular supply to the
affected limb, the anatomic location of breakdown, the
patient’s comorbidities and medical stability, the patient’s
history of alcohol and tobacco use, the patient’s ability
to comply with postoperative weight-bearing restrictions,
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the patient’s preoperative ambulatory status, the patient’s
life expectancy, the patient’s support network, the ability
of the contralateral foot to be the primary WB limb,
and the type of fixation to use (50-52). Several fixation
methods exist for the treatment of acute Charcot, including:
non-locking and locking plate and screw fixation, intra-
medullary screw or nail fixation, external fixation, and
a combination of external and internal fixation (51, 53)
(Figs. 7 and 8). The often increased time to osseous
healing, decreased bone mineral density, and potential for
loss of fixation must be considered when choosing what
type of fixation to use (52).

Because of poor bone quality, the use of internal
fixation alone has most recently been in the form of a
‘superconstruct’. The superconstruct technique was first
described by Sammarco et al. and involves four tenants:
1) osseous resection for deformity correction and reduc-
tion of tension on the soft tissue envelope, 2) arthrodesis
extending beyond the affected joints, 3) utilization of
hardware deemed to be the strongest that the soft tissues
will allow, and 4) use of this hardware in a novel position
that maximizes mechanical function (54). Hardware thus
spans the affected joint to include non-affected joints in
an effort to gain purchase into bone of adequate stock.
Use of spanning plates for internal fixation increases
the risk for wound healing and infection given the large
incisions necessary to place this fixation, and the risk of
hardware exposure should soft tissue healing complica-
tions occur (53). Intramedullary screws and nails limit
this risk as they can be placed either percutaneously or
with a limited open approach and are inserted in such
a way as to minimize the risk of hardware exposure
should soft tissue healing complications occur. The oss-
eous vascular supply is also preserved due to the minimal

Fig. 7. Superconstruct with locking plate fixation for acute
Charcot that had an unstable dislocation.

Fig. 8. Superconstruct with intramedullary screw fixation:
broken screw upper left and bottom radiographs.

periosteal stripping required with the use of this type
of fixation. Other advantages of intramedullary fixation
include: the elimination of stress risers in already wea-
kened bone, and the ability to correct and realign de-
formities and place temporary fixation via guide wires for
maintenance and confirmation of the reduction under
intra-operative fluoroscopy prior to final fixation place-
ment (52, 54-58). Complications reported specific to the
use of intramedullary screws and nails are: hardware
failure, hardware migration that may necessitate removal,
and the potential lack of compression or loss of purchase
resulting in non-union (52, 54, 55, 57, 59—61) (Fig. 8).
External fixation can be used on its own or in con-
junction with internal fixation when severe instability or
gross deformity is present (62). Bone quality is less of
a concern with the use of external fixation as it does
not rely on cortical purchase for stabilization. The use
of tensioned wires, or the ‘bent wire technique’, allows for
interfragmentary compression and stabilization in multi-
ple planes with minimal risk of implant loosening. Other
advantages of external fixation are: neutralization of
stresses placed across the foot, the ability to allow weight
sharing with a static construct and deter inappropriate
or excessive WB, assistance in deformity correction when
dynamic constructs are used, lower extremity stabili-
zation when large bone voids exist, and the ability to
perform bone transport if needed, all via minimally
invasive surgical incisions that preserve soft tissue and
osseous vascular supply (53). External fixation is also
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useful for monitoring the limb when advanced soft
tissue plastic surgery techniques are used for closure.
When used in conjunction with internal fixation, external
fixation bridges the arthrodesis site neutralizing stresses
applied, increases the bending stiffness and torsional
resistance of the construct enhancing mechanical stabi-
lity, stabilizes adjacent joints, and functions as a splint
to maintain any soft tissue equinus correction performed
(52, 63). Internal fixation can be placed once osseous
consolidation has been achieved with the use of external
fixation alone if concern for motion still exists (62).
Patients with diabetes have been shown to have significan-
tly more complications with the use of external fixation
compared to patients without diabetes (65). Complica-
tions associated with external fixation are: mild to severe
pin tract infections, pin loosening, pin breakage necessi-
tating exchange, pin failure requiring revision or early
removal, stress fractures, osteomyelitis, and difficulty of
the patient to psychologically adjust to the device. Pin
tract infections are the most commonly reported com-
plication with a reported rate ranging from 0.9 to 100%
(52, 62, 64, 65). The rate of this complication has been
shown to decrease with weekly physician-directed pin care
as opposed to self-care by the patient or their support
network (66).

When surgical correction necessitates arthrodesis, bone
grafting may be required. Autogenic or allogenic bone
grafts, bone graft substitutes, or a combination of these
can be used. Autogenic bone grafting remains the gold
standard. Autogenic cancellous bone graft is most often
used to fill osseous voids; if structural support is nec-
essary, then a cortical autograft should be utilized (66).
Harvest sites of autogenic bone graft are the iliac crest, the
distal tibia, the fibula, and the calcanus (67-70). When
the deformity requires arthrodesis due to osseous dislo-
cation, the dislocated bone can be prepared and used
as its own autogenic bone grafting material (68). The
major disadvantage of autogenic bone graft is the limited
availability, donor site morbidity, and pain (70, 71).
Allogenic grafts also come as cancellous or cortical grafts.
Use of allogenic bone grafts avoids the concern of avail-
ability, donor site morbidity, and the increased operating
time associated with obtaining autogenic bone grafts.
Bone graft substitutes, that is, demineralized bone matrix,
inorganic bioceramics, calcium phosphate, calcium sul-
fate, and hydroxyapatites are available in vast quantities
and are used to fill osseous voids or augment autogenic
or allogenic bone grafts being used. Calcium sulfate and
hydroxyapatites can be also used for local delivery of
antibiotics (58, 71).

Orthobiologic agents such as bone morphogenic pro-
teins, bone marrow aspirate, and platelet-rich plasma
have all been used to augment allogenic bone grafts or
bone graft substitutes due to growth factors present and
osteoinductive properties which have been shown to
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enhance both wound and osseous healing (58, 71-73).
Bone marrow aspirate can be obtained from the iliac crest,
proximal tibia, or the calcaneus in a safe and minimally
invasive manner (67, 74—76). Platelet-rich plasma is also
obtained in a safe and minimally invasive manner at a cost
similar to other orthobiologics used to augment osseous
healing (72). A study of 44 patients (46 feet) determined
to be high risk due to the presence of immunodeficiency,
recurrent infections, morbid obesity, chronic draining
osteomyelitis, or multiple comorbidities underwent ar-
throdesis for correction of Charcot foot deformities and
had the arthrodesis site supplemented with bone marrow
aspirate obtained from the iliac crest and platelet-rich
plasma. More than 90% of the feet had radiographic
evidence of arthrodesis by the 16-week postoperative
visit and remained free of osseous infection at 26 months
postoperative. Complications were related to use of ex-
ternal fixation (three tibial stress fractures), recurrent
ulcerations (seven, six of which healed with exostectomy),
gangrene (one fifth ray resection), continued infection
necessitating amputation (eight), and one unrelated death.
The authors concluded that the combination of bone
marrow aspirate and platelet-rich plasma to arthrodesis
sites for Charcot deformity correction in high-risk patients
appeared to achieve favorable outcomes (77).

Any encounter with a patient with acute Charcot
in which surgical intervention is necessary should involve
a frank discussion with the patient and their support
network. This discussion should focus on the extended
postoperative recovery time, to include the protracted
period where WB restrictions will be necessary, and the
high potential for postoperative complications to occur.
The potential for postoperative infection; delayed skin,
soft tissue, and osseous healing; hardware failure; the
need for further surgery; and major lower extremity
amputation should be highlighted. The patient’s psycho-
social state should also be taken into consideration,
especially if external fixation is being considered for use.
What the device entails and the extended period of time
that it will be in place should be relayed to the patient
and their support network in efforts to minimize the
depression and anxiety that patients often experience
with an external fixator in place (51, 53, 64, 78, 79).

Adjunctive treatments in the management of
the acute Charcot foot and ankle

Bisphosphonates

Richard et al. performed a systematic review of bispho-
sphonate efficacy and safety in the adjunctive treatment
of acute Charcot (45). Inclusion criteria consisted of
studies that reported on the number of patients who
received bisphosphonates during conservative treatment
of acute Charcot neuroarthropathy of any etiology.
Outcome measures were reduction of pain, edema, and
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temperature on physical examination; reduction in bone
turnover markers; and bone mineral density and rate of
osseous consolidation on radiographs. In total, 10 studies
met the inclusion criteria with the majority being of a low
level evidence (Grade 3 and 4). Only three studies were
randomized controlled trials. Comparison between stu-
dies was difficult due to their heterogeneity in bispho-
sphonate treatment, outcome measures reported, and the
low numbers of patients studied. No serious adverse
events were reported with bisphosphonate use. A more ra-
pid reduction in skin temperature was noted with bispho-
sphonate use; however, this reduction was not sustained
over time. Pain reduction was not consistently reported.
One study reported a reduction of pain whereas another
did not. Reduction of bone turnover markers was noted,
however, this was most consistently seen for bone speci-
fic alkaline phosphatase (BALP) a marker of osteoblast
activity. No long-term data on the minimization of the
development of rigid foot deformities were reported.
In addition, two studies reported longer immobilization
times with the use of bisphosphonates. The overall
conclusion of the systematic review was that the use of
bisphosphonates as an adjunct to conservative manage-
ment of acute Charcot is not supported (45).

Intranasal calcitonin

A single randomized controlled trial has been performed
on the use of intranasal calcitonin in adjunct to cast
immobilization for the treatment of acute Charcot (80).
The effect of intranasal calcitonin on bone metabolism
and the disease process was evaluated over a period of
6 months. Calcitonin is felt to be more advantageous
than bisphosphonate use as an adjunctive treatment as
it acts directly on the osteoclast inhibition pathway as
opposed to bisphosphonates which act indirectly on this
pathway; it does not decrease osteoblast activity as
bisphosphonate use can, and it can be used in patients
with renal insufficiency whereas bisphosphonate use in
these patients must be done with caution. In total, 32
consecutive patients with acute Charcot were enrolled,
including patients with renal insufficiency. Each subject
had the diagnosis of acute Charcot confirmed due to
the presence of unilateral edema and >2°C increase in
temperature compared to the contralateral limb as well as
positive findings on radiographs and bone scans. Subjects
were randomized to a study group or a control group.
Both groups were treated with cast immobilization. The
study group took 200 international units of salmon cal-
citonin via nasal spray and oral calcium supplementation
daily. The control group took only daily oral calcium
supplementation. No difference was noted in age, type
of diabetes, sex, or severity of foot deformity between the
two groups. The markers for bone turnover, COOH-
terminal telopeptide region of type I collagen (ICTP) and
BALP, were measured at 3 and 6 months. A significantly

greater reduction in ICTP and BALP was noted in the
study group at 3 months. Reduction in BALP was not
seen at 6 months. Findings of this study suggest that daily
nasal calcitonin may be an effective adjunctive treatment
modality in the treatment of acute Charcot (80).

Bone stimulation

Hanft et al. performed an expanded pilot study on 31
patients with Stage 1 Charcot who were followed for an
average of 23.3 weeks (range: 0.5-108) (43). All patients
had no open wound, active infection, previous history of
Charcot, or renal failure. All patients were treated with
a TCC or a compression sock and a fixed ankle walker
with a contact molded multi-density thermoplastic insole
and instructed to reduce their WB by 50%. Patients were
then divided into a control and a study group. The study
group had the additional treatment of application of
a combined magnetic field bone growth stimulator for
30 min daily. Subjects had to use this adjunctive treat-
ment for a minimum of 75% of the study period to be
included in the study group. Resolution of the acute
phase was measured by reduction in temperature mea-
sured by a dermal thermometer and reduction in edema
measured by water displacement. The control group
consisted of 11 patients. The study group consisted of
20 patients. No statistically significant difference was
found in the rate of resolution of Charcot based on:
duration of the acute Charcot event prior to initiation
of treatment, sex, age, obesity, insulin dependent versus
non-insulin dependent diabetes, or the type of immobi-
lization used. Bone stimulator use was the only factor
found to result in a statistically significant reduction
with a mean time to osseous consolidation occurring
in the study group 12.8+7.7 weeks before the control
group. All patients were found to have a stable, planti-
grade foot free of deformity upon completion of the
study. Findings of this study suggest that the use of a
combined magnetic field bone growth stimulator may
be an effective adjunctive modality in the treatment of
acute Charcot (43).

Discussion

Insidious onset of an acutely swollen foot in a patient
with peripheral neuropathy of any etiology should be
considered an acute Charcot event until proven otherwise
(6, 9, 11, 15, 18, 21, 23, 32). Components of a patient’s
history, physical examination, laboratory and imaging
findings should be utilized to make a prompt diagnosis
for initiation of treatment. Plain film radiographs are
often normal emphasizing the importance of early utiliza-
tion of advanced imaging (911, 13, 18, 23). Literature
demonstrating that outcomes are significantly better if
patients are diagnosed and treated within the first month
supports a policy of obtaining advanced imaging, pre-
ferably MRI, in patients with an insensate foot and
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insidious onset of pain and swelling > 3 weeks duration (5,
6,9-15,17,19-21, 23,27-29, 33, 35, 39). Serial MRIs can
also serve as a guide for determining the duration
of immobilization (5, 17, 20).

Limitations of this study consist of the inconsistent
nature in how acute Charcot is defined and the paucity of
literature that exists regarding the surgical management of
acute Charcot. One must carefully glean the literature as
no consensus exists on the true definition of acute Charcot.
Stage 0 and Stage 1 have been used interchangeably as
the designation of acute Charcot in the literature. Differ-
ences in treatment of these two stages can exist as some
component of deformity may already be present in patients
with Stage 1 Charcot (1, 3-5, 11, 13-15, 17, 20-22, 25, 30,
33, 34, 38, 40-45).

Overall, the expert consensus on the mainstay of
treatment remains immobilization in a non-removable
device with preference for instruction to be NWB.
However, strict adherence to this expert consensus does
not appear to be reality in clinical practice (2, 37). In a
questionnaire sent to members of the Diabetes Committee
of the American Orthopaedic Foot and Ankle Society who
treat patients with Charcot and physicians interested in
forming the American Orthopaedic Foot and Ankle
Society Charcot Study Group found that 21.6% of respon-
dents used removable devices for immobilization and
40.5% allowed WB during immobilization (2). In a web-
based survey of centers treating acute Charcot in the
United Kingdom and Ireland conducted over a 20-month
period, initial offloading with a non-removable device was
used initially in only 35.4% of patients and upwards of
40.1% for some duration of immobilization. A removable
device was initially used for offloading in 50% of patients
reaching 65.2% for some duration of immobilization (37).

Surgical intervention in the early stages of Charcot
remains controversial. The majority of literature involv-
ing surgical treatment of acute Charcot reports on the
outcomes of procedures performed in Stage 1 where some
form of osseous collapse has already occurred (1, 3, 15,
41, 42). Several inconsistencies are noted in these studies.
Myerson et al. reported that early surgical intervention
was indicated only if a severe, unstable, and reducible
deformity was present and was contraindicated if bone
resorption or fragmentation was noted on radiographs
(42). This contradicts the true definition of Stage 1 Charcot
as bone fragmentation is one of the characteristic radio-
graphic findings of this stage (1-6). In the paper by
Armstrong et al. regarding treatment of acute Charcot,
surgery was only performed in the post-acute phase when
osseous consolidation had occurred (14). In the study
most cited purporting early surgical intervention for acute
Charcot, one of the advantages touted was a shorter period
of immobilization compared to conservative treatment.
However, the total time for return to shoe gear follow-
ing surgical intervention was 27 weeks which is similar
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to the findings following conservative treatment reported
by Armstrong et al. at 26.4 weeks with the exclusion
of patients with bilateral acute Charcot. In addition,
this study involved a total of 43 patients with only 14
(32.6%) electing for surgery. Twenty-nine (67.4%) patients
were treated conservatively with immobilization and
activity restriction. No results were reported for these
29 patients. The paper goes on to compare clinical results,
financial costs, walking patterns, and the presence or ab-
sence of abnormal foot pressures of patients who under-
went early surgical intervention to patients with type 1 or
2 diabetes and peripheral neuropathy without a history
of Charcot and patients with below-the-knee amputees
and not the 29 patients who underwent conservative
treatment (1).

Conclusion

Review of the literature is helpful in establishing an
evidence-based approach to the management of the acute
Charcot foot and ankle. An understanding of the im-
portance of early diagnosis and treatment of Stage 0 is
critical. Any patient with peripheral neuropathy and
pain and swelling to the foot and or ankle should be
considered to have Charcot until proven otherwise (6, 9,
11, 15,18, 21, 23, 32). As plain film radiographs are often
normal, obtaining advanced imaging is recommended
(5, 6, 9-13, 15, 17-21, 23, 33, 39). The mainstay of
treatment remains lower extremity immobilization (2, 40,
41, 46). Immobilization can be with either a non-removable
or removable device, although shorter periods of immo-
bilization are seen with non-removable devices. The allow-
ance of WB has not been shown to result in increased
development of deformities; however, immobilization
times can be increased compared to adherence with
NWRB restriction (10, 27, 44, 45). Early surgical inter-
vention should be considered in cases of severe disloca-
tion, unstable deformity, non-reducible deformity, or
failure of conservative treatment to maintain a stable,
plantigrade foot (10, 12, 15, 18, 40, 46, 48).
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