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Abstract

BACKGROUND: Acute Charcot foot (ACF) is a skeletal
breakdown associated with inflammatory swelling of a foot
in patients with pain insensitivity, such as diabetic neuro-
pathy. In ACF stage 0, skeletal pathology (e.g. osseous
oedema) is visible on magnetic resonance imaging (MRI),
but not on plain radiographs. Continued unprotected walk-
ing invariably causes stage 1 (complex cortical fractures).
Treatment by total contact cast (TCC) is of limited benefit
if X-ray-based. The benefits of MRI-based TCC treatment
are unknown.

AIM: To assess the impact of MRI, all cases of ACF dia-
gnosed by MRI between 2000 and 2012 were reviewed.
METHOD: Audit of medical charts of a single outpatient
diabetic foot clinic.

RESULTS: Seventy-one cases (59 patients) were retrieved.
Diagnosis of stage 0 (n = 27 cases) and stage 1 (n = 44
cases) was established one and two months (medians) after
symptom onset, respectively. Unremarkable radiographs,
that were not cross-checked by MRI (n = 13 cases), misled
primary care physicians to postpone referral until five
months after symptom onset, when cortical fractures had
already occurred in 12 cases. Midfoot (Chopart- and
Lisfranc-) lesions healed better in stage 0 versus stage 1
(69% versus 7% without deformities, p = 0.0012), while
forefoot (metatarsal) lesions healed well in either stage
(100% versus 75% without deformities). TCC-treatment
lasted four to six months.

Abbreviations:

ACF acute Charcot foot

BMI body mass index

DEXA dual energy X-ray absorption

F-18 FDG PET/CT fluorine-18 fluorodeoxyglucose positron
emission tomography/computed tomography
HIV human immunodeficiency virus

ICI integral classification of injuries

MRI magnetic resonance imaging

STIR short tau inversion recovery

TCC total contact cast

VPT vibration perception threshold

X-ray Roentgen radiography

CONCLUSION: Healing of ACF was more efficient in
stage 0 than in stage 1. Expeditious MR imaging was indis-
pensable to diagnose stage 0 in a swollen foot of a neuro-
pathic patient, while unremarkable X-rays often led to a
missed diagnosis.

Key words: neuropathic arthropathy, neuroarthropathy;
diabetic foot; Charcot’s joint; osteoarthropathy, bone
marrow oedema

Introduction

Charcot foot is a complication of pain insensitivity and
can result in devastating bone and joint destruction with
foot deformity (called Charcot’s arthropathy or neuroarth-
ropathy). The cause of the condition is controversial among
experts. There is ample evidence that the Charcot foot
is triggered by post-traumatic skeletal inflammation (fre-
quently caused by traumatic injury, but also by a local sur-
gical procedure or infection [1]). The acute Charcot foot
is more or less swollen, hot and red (fig. 1a, 2a), and may
ache upon weight bearing (although not very much). Im-
mediate offloading and immobilisation [2] resolves the in-
flammation and stops the acute bone and joint damage.
Full blown arthropathy only develops when continued re-
petitive weight bearing (walking), causes fractures of bones
or joints already weakened from inflammation (e.g. post
injury osteoporosis [3]). Animal experiments have shown
that an inflamed foot is very painful and thereby activity
limiting in terms of repetitive weight bearing [4]. Hence,
Charcot arthropathy does not develop in pain sensitive feet
but only in pain insensitive feet (e.g. in hereditary sensory
neuropathy, leprosy and syringomyelia and in neuropathy
from diabetes, alcoholism or HIV [5-10]).

In 1966, Eichenholtz divided the “natural” course of the
Charcot foot on the basis of X-ray findings into stage 1
(bone dissolution), stage 2 (coalescence) and stage 3 (re-
modelling) [11]. Stage 1 represents the damaging acute
phase, stage 2 represents the repair phase and stage 3 rep-
resents the chronic, quiescent, healed phase. However, it
had already been shown in 1976 by Classen et al. [12] that
clinical symptoms (swelling, warmth, erythema and deep
dull aching while walking) regularly precede the X-ray
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signs of Eichenholtz stage 1 by several weeks or months
together with scintigraphic bone abnormalities. In 1984,
Edmonds and Watkins reported that immobilising and off-
loading a foot with these early changes may prevent frac-
tures and deformity [13]. Consistently, Shibata et al. in
1990 added a fourth stage, Charcot foot stage 0 (clinical
and scintigraphic signs without X-ray abnormalities) to the
conventional classification [14]. The bone pathology of
stage 0 could later be identified by magnetic resonance
imaging (MRI) as reactive osseous oedema, similar to
stress injury [15-21].

Early detection and treatment of acute Charcot foot stage 0
has become imperative to prevent devastating skeletal de-
struction and permanent deformity [22]. However, studies
of this stage are scarce [16-20, 23, 24], as availability of
MRI is still limited. Most studies to date were X-ray based
[2, 3, 5, 25-29], consequently focusing on stage 1-3. We
recently reported preliminary data on the benefits of very
early offloading and immobilising with a total contact cast
(TCC) [23, 24, 30, 31]. In the present study, we reviewed
our experiences in MRI-based management of the acute
diabetic Charcot foot over a 12 year period.

Methods

Study design

A retrospective, observational, exploratory cohort study
was performed, reviewing all cases of acute diabetic Char-
cot foot (Eichenholtz stage 0 or 1) admitted to the authors’
institution between 01.01.2000 and 31.12.2011 that were
diagnosed by MRI. The patient files were assessed focus-
ing on medical history, timing of diagnosis and treatment,
regional distribution of skeletal damage, foot deformity,
healing without skeletal deformity, duration of treatment,
cases requiring customised footwear, adverse effects of
treatment, follow-up morbidity. The study extends previous
assessments approved by the local ethical committee that
were published between 2005 and 2008 [23, 24, 30, 31].

Diagnostic criteria

The diagnosis of acute diabetic Charcot foot stage 0 or
stage 1 was established according to the clinical and MRI
criteria published previously [32]. Stage 0 was defined as

Figure 1a, 1b

Figure 1

a: clinical aspect of an acute Charcot foot stage 0.

b: MRI (T2w, fat suppressed) showing marrow oedema in the talus,
and the navicular and cuneiform bones plus adjacent soft tissue
oedema (bright appearance)

swollen, reddened and hot foot with diffuse or patchy mar-
row oedema (indicative of trabecular microfractures) in
two or more bones on MRI [32] with significant soft tissue
oedema adjacent to the inured bones (grade I-III according
to the grading system of Kiuru et al. [33] for stress bone
lesions) in the absence of cortical fracture (on MRI or on
plain X-ray) in a patient with diabetic neuropathy.

Stage 1 was defined as a swollen, reddened and hot foot
with diffuse or patchy bone marrow oedema with adjacent
soft tissue oedema on MRI, plus closed cortical fractures
(on MRI or X-ray) comprising fracture lines on MRI (stress
injury grade IV according to Kiuru et al. [33]), simple
metatarsal shaft fractures and splintered fractures (predom-
inantly affecting tarsal bones and joints) in a patient with
diabetic neuropathy. Stage 1 was distinguished from
Eichenholtz stage 2 according to the absence of significant
soft tissue oedema in the presence of a palpable bone mass
(bony protuberance, representing callus) and according to
the presence of stress injuries stage V on MRI [33], and/or
to callus formation on X-ray.

Figure 2a, 2b

Figure 2

a: clinical aspect of an acute Charcot foot stage 1.

b: MRI (T1w, fat suppressed, with contrast media) showing bone
marrow oedema and impact fractures in the Lisfranc joints, a fluid
collection with circular structure (equivalent to synovial fluid leakage
and/or fracture hematoma) in the tarsal region, and adjacent soft
tissue oedema (bright appearance).

Figure 3a, 3b

Figure 3

a: bivalved, removable total contact cast (TCC) as used in our
institution, opened; leg is covered with compression stocking.
b: TCC closed.
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Inclusion criteria

Cases treated and followed up by the diabetic foot clinic
until healing of the acute Charcot foot were included. Cases
with coexisting plantar ulceration or with possible septic
skeletal pathology were not eligible.

Definitions

— Diabetic neuropathy: Vibration perception threshold
<5/8 at the first metatarsal head, as measured with the 64
Hz Rydel-Seiffer tuning fork in subjects with established
type-1 or type-2 diabetes mellitus [34].

— Healed Charcot foot stage 0: Complete or nearly com-
plete regression of the osseous oedema on MRI, consistent
with the observations by Zampa et al. [35], following resol-
ution of symptoms (swelling, warmth, erythema) as shown
by McGill et al. [36]. Healed stage 0 is associated with a
normal bone and skeletal structure (healed stage 0, restitu-
tion ad integrum).

— Healed Charcot foot stage 1: Complete or nearly com-
plete regression of the osseous oedema on MRI, consistent
with the observations by Zampa et al. [35], following resol-
ution of symptoms (swelling, warmth, erythema) as shown
by McGill et al. [36]. Healed stage 1 is associated with ab-
normal bone structure (e.g. subchondral cysts) and skelet-
al structure, thus representing stage 3 according to Eichen-
holtz [11].

— Healing time: Time (months) from institution of total
contact cast (TCC) treatment until transition to shoes.

— Relapse: Recurrence of osseous injury (oedema or frac-
ture) and swelling, pain and hyperthermia in a healed foot
more than one month after cessation of TCC treatment was
classified as a relapse. Recurrence of these signs and symp-
toms within one month after cessation of TCC was indic-
ative of premature cessation of treatment; in such a case,
TCC treatment was resumed and continued until perman-
ent healing.

Treatment

Complete offloading and immobilisation of the affected
foot was instituted as an emergency measure on the spot,
by putting the patient in a wheelchair or to bed in the uni-
versity hospital (to reduce the oedema, if necessary). Sub-
sequently, mostly within three days, patients were provided
with a bivalved, removable total contact cast (TCC), very
few patients temporarily received a prefabricated polypro-
pylene ankle-foot orthosis [37], such as Rebound ® Air
Walker, VACOcast®, or Aircast® boot [29, 37].

The TCC was made by orthopaedic cast technicians as fol-
lows: the leg is extended, and the foot is placed in neut-
ral position with the hallux extended to stretch the plantar
fascia. Foot and lower limb are covered with cotton tube
gauze, on which a layer of Cellona® synthetic underpad-
ding is applied and wrapped with Haftan® bandages. Sub-
sequently, wet fibreglass tape (Cellacast Xtra®, all
Lohmann & Rauscher, Neuwied/Germany) is bandaged in
several layers around the limb, extending from the meta-
tarsal heads to the tibial tuberosity. After drying out, the
circular cast is cut open with a cast saw. Cellona® and Haf-
tan® wrapping is discarded. Inside, both valves are padded
with a thin layer of cotton covered rubber foam. On the out-
side, Velcro-straps are applied. The rear valve of the cast is

furnished with a rocker bottom walking sole. To secure a
balanced gait, the walking sole of contralateral shoe is aug-
mented by about 2 cm. The TCC is checked and the rub-
ber foam padding is augmented after some days, following
reduction of the oedema. If no longer fitting properly, the
TCC needs to be renewed.

The TCC served to immobilise the foot and ankle joints
and to partially offload the foot during ambulation (protec-
ted weight bearing [29, 37]). It had to be used the whole
day and always together with two crutches; weight bearing
should be limited, but specific limits were not set. For
sleeping, the TCC could be removed, to enable unloaded
foot movements. All patients were provided with class I
compression stockings [38, 39]; antithrombotic drugs were
not prescribed. TCC was applied until healing of the acute
Charcot foot.

Transition to shoes: When healing of the acute Charcot foot
was assumed, patients were advised to alternate between
TCC and special shoes (see below) for four to eight weeks,
and preferably to use the TCC for long walking distances
in the transition period. This advice was deemed necessary
because osteoporosis from inactivity during TCC treatment
has to be anticipated, and hence an increased fracture risk
with immediate resumption of 100% physical activity.
Shoes: Patients received either a bespoke shoe with stiff,
rocker bottom walking sole and customised rigid cradle,
or a stock diabetic shoe furnished with a customised rigid
cradle and a stiff, rocker bottom walking sole for the healed
Charcot foot, according to the foot deformity. Shoes were
provided by a local orthopaedic shoemaker under super-
vision of the physician in charge of the foot clinic (EAC,
AR).

Costs: All treatment costs were covered by the patients’
sick funds.

Assessments

— Patient history: Time of symptom onset, quality of symp-
toms (e.g. swelling, pain) and possible traumatic events,
were looked up in the patients’ charts.

— Imaging studies: Radiographs and MR images were
provided by various institutions (practices of radiology in
the city of Diisseldorf, other hospitals, or the department
of radiology of the Heinrich Heine University of Diissel-
dorf), to which the patients had been referred by their gen-
eral practitioners or by the foot clinic, because of suspec-
ted acute Charcot foot. At the radiologists’ institutions, T1
weighted, T2 weighted and STIR imaging had been carried
out, with or without contrast media, at the discretion of the
radiologist in charge. MRI was repeated in each patient for
monitoring of the healing process at the discretion of the
diabetic foot clinic. In cases with stage 1 Charcot foot, con-
ventional X-ray monitoring was also performed as appro-
priate. Descriptions of the MRI or X-ray morphology, as
provided in written form by the reporting board qualified
radiologists were accepted unchecked for the purposes of
the study. In doubtful cases, images were re-read.

— Distribution of skeletal involvement: The MRI abnor-
malities were divided into three anatomical regions [29,
35, 40]. The forefoot region comprised the metatarsals in-
cluding the metatarsophalangeal joints, but not the Lisfranc
joint (ICI code 83.1 and 83.2 [40]). The midfoot region
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comprised ICI code 82, including Lisfranc and Chopart
joints. The hindfoot region comprised calcaneus, talus and
talocrural joint (ICI code 81). Cases with more than one re-
gion involved were classified according to the most affec-
ted region.

— Foot temperature: Skin temperature was palpated in
comparison to the contralateral unaffected foot.

— Foot oedema: Subcutaneous oedema was assessed by in-
spection and palpation, in comparison to the contralateral
unaffected foot (documented by photography).

— Foot deformity: Deformity was assessed by inspection
and palpation, in comparison to the contralateral unaffected
foot (documented by photography). Depression of the lon-
gitudinal arch was graded according to severity.

Follow up

All patients had been followed up until transition to shoes
and for variable periods of time thereafter (at the discretion
of the patients or their referring physicians).

Statistics

Data are presented as medians with interquartile range
(IQR). Descriptive analyses were carried out, applying
Fisher’s exact test, Mann-Whitney U test, Kruskal-Wallis
test and Bonferroni correction, as appropriate. A two-sided
p <0.05 was considered significant.

Results

Patients’ clinical features

The clinical characteristics of the patients are summarised
in table 1. A total of 59 patients matching the inclusion cri-
teria were retrieved, with altogether 71 cases of acute Char-
cot foot stage 0 (n =27) or stage 1 (n = 44). Included were
one relapse in four type-1 diabetic patients each, two re-
lapses in three type-1 diabetic patients each, and one con-
tralateral acute Charcot foot in a type-1 and a type-2 dia-
betic patient each. The forefoot region was affected in 18
(25%) of the 71 cases, the midfoot region in 48 (68%), and
the hindfoot region in five (7%).

Forty of the 59 patients reported deep dull aching upon
walking on the affected foot, significantly more with type
1 than with type 2 diabetes. Patients reporting pain were
more frequently able to recall a trauma preceding the onset
of Charcot symptoms (24 of 49 cases), as compared to pa-
tients not feeling pain (4 of 22 cases; Fisher’s exact test
p = 0.015). However, patients reporting pain did not seek
medical help earlier (2.3 vs. 2.3 months), and did not re-
ceive TCC treatment earlier, than patients not reporting
pain. Pain reporting was not different among cases with
stage 0 or stage 1. Vibration perception threshold (VPT)
was similar in patients reporting/ not reporting pain.

Treatment

Treatment details are summarised in tables 2-5.All 71
cases were treated conservatively; surgical interventions
were not required. Of the 27 cases of acute Charcot foot
stage 0, 19 (70%) healed without deformity, compared to
14 (32%) out of the 44 cases of acute Charcot foot stage
1 (Fisher’s exact test p = 0.002). TCC treatment was re-

quired for four (2—-8) months in stage 0 versus five (3.5-14)
months in stage 1 (n.s.). Only one case with stage 0 of
the forefoot, and one case with stage 0 of the midfoot pro-
gressed to stage 1 during TCC treatment— most likely due
to occasional walking without TCC. Few adverse effects of
TCC were noted: skin ulcers (9 cases), and malalignment
of the cast (foot healed in fixed supination) in one case.
Thromboembolic complications were not noted.

Time from onset of symptoms until institution of TCC
treatment was one (0.5-2) months in stage 0, and two
(0.62-3.6) months in stage 1 (n.s.). The time interval from
symptom onset until treatment was affected by the dia-
gnostic imaging strategy (see table 2). Fifty cases subjected
to MRI first received TCC after one (0.5-2) months, versus
21 cases subjected to X-ray first, who received TCC after
2.5 (0.75-5) months (p <0.02 Mann-Whitney U test). In
13 cases of stage 0, the referring general practitioner had
failed to cross-check a negative X-ray by MRI and subse-
quently the referral to the foot clinic for treatment was post-
poned by 4.5 months. Meanwhile, 12 of the 13 cases had
progressed to stage 1 with permanent skeletal deformities,
see table 2.

Treatment details are differentiated between affected foot
regions and ACF stages in table 3. The time period between
onset of symptoms and institution of treatment was shorter
for stage O than for stage 1 cases. Healing achieved in
stage 0 resulted less frequently in deformities than healing
achieved in stage 1. Midfoot affections healed more often
with deformities than forefoot or hindfoot affections. Dur-
ation of TCC treatment required for healing was not much
different between stage 0 and stage 1, but differed in rela-
tion to the affected foot region (midfoot affections required
longest treatment).

Severity of foot deformity before and after TCC is summar-
ised in table 4. Only one case (stage 1) developed a rock-
er bottom foot, while six cases (one of stage 0, and five of
stage 1) developed a flat foot.

Post-healing footwear requirement is summarised in Table
5. Rigid customised shoes with customised cradle and
rocker bottom walking sole were required by 17% of fore-
foot stage 0 cases, 17% of forefoot stage one case, 35% of
midfoot stage 0 cases, 61% of midfoot stage 1 cases, and
zero hindfoot cases.

Follow up findings

During four (2—6) years after healing, 14 of the 71 healed
Charcot feet developed an ulcer, four of the 27 (15%) stage
0 feet, and ten of the 44 (23%) stage 1 feet. The ulcers were
cured conservatively. Amputation or other surgery was not
required.

Discussion

The main results of our study are that TCC treatment of the
acute Charcot foot should begin as early as possible, i.e. in
stage 0 rather than stage 1, and that MRI is very much in-
strumental to achieve this goal. The diagnostic strategy to
detect acute Charcot foot stage 0 appeared to have a signi-
ficant impact on the treatment efficiency in our study. X-
ray is generally recommended as first step imaging modal-
ity to diagnose acute Charcot foot in the case of a swollen,
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hot and reddened foot in a patient with diabetic neuropathy
[7]. However, in our setting, this strategy has failed since
most of the referring physicians did not to admit the pa-
tients to the foot clinic (to be treated by TCC), when the X-
ray was negative for any skeletal trauma. It is also of con-

cern that plain X-ray is totally insufficient to detect midfoot
fractures [41, 42].

The data of our study are otherwise fairly comparable to
previous series of acute Charcot foot: the type 1 diabetic
patients were slightly younger, less obese, and had longer

Table 1: Clinical features of patients with acute Charcot foot (ACF).

Diabetes mellitus

Type 1 Type 2
Men/women, n 8/16 22/13*
Age, yrs 55 (48.5-59.5) 62 (56-69)**
Duration of diabetes, yrs 32 (25.5-41) 10 (5-19)**
BMI, kg/m? 24.6 (23.2-26.7) 30.9 (27.1-33.8)**
VPT, x/8 1.5 (0-3) 2 (1-3)
Pain reported, n 21 19*
Patients with
— end stage renal disease, n 3 0
— transplantation, n 2 1
— osteoporosis, n 1 0
Patients with >1 case of ACF, n 8 1*
Cases of ACF, n 33 38
Cases of ACF per pat, n 1.4 1.1
Cases stage O/stage 1, n 13/20 14/24

Medians (IQR). * Fisher’s exact test, and ** Mann-Whitney U-Test; p <0.05 Type1 versus Type 2 Diabetes mellitus. Transplantation: kidney (n = 2), kidney-pancreas (n =
1). Osteoporosis: abnormal bone mineral density (DEXA criteria)

Table 2: Effect of imaging strategy at symptom onset (X-ray or MRl first) on detection and treatment of acute Charcot foot stage 0.

months

MRI first X-ray first (n = 21), cross-checked by MRI

(n=19) Yes (n = 8) No (n = 13)
Detected stage 0 cases, n 19 8 0
Institution of TCC after symptom onset, 1(0.25-1.375) 0.5 (0.375-0.875) 5 (2.5-6)*

Feet with skeletal deformities at institution of
TCC,n

4(21%)

0 (0%) 12 (92%)**

test

Medians (IQR), or numbers (%). TCC = total contact cast. *p <0.02 versus other groups, Mann-Whitney U test; ** two-sided p <0.0001 versus other groups, Fisher’s exact

Table 3: Duration from symptom onset until institution of TCC treatment, duration of TCC treatment until healing, and proportion of ACF cases healing without foot

deformity.

Affected foot region Forefoot Midfoot Hindfoot

ACF stage Stage 0 Stage 1 Stage 0 Stage 1 Stage 0 Stage 1
Cases, n n=6 n=12 n=20 n=28 n=1 n=4
Time from symptom onset to institution 0.6 (0.5-1) 2(0.5-4) 1(0.5-2.25) 2 (0.6-3.25) 1.5 0.9 (0.1-3)
of TCC, months

Duration of TCC, months 2.75 (2—-4.5) 4 (2.9-6) 5.5 (3.25-8) 6 (4-8) 2 6 (3.5-9)
Cases healing without deformity, n 6 (100%) 9 (75%) 12 (69%)* 2 (T%)* 1 (100%) 3 (75%)

Medians (IQR), or numbers (%). ACF = acute Charcot foot. TCC = total contact cast. *Bonferroni-corrected p = 0.0012, Fisher’s exact test

Table 4: Distribution of deformities in acute Charcot feet, before and after TCC-treatment, according to foot region affected.

Cases (%) with foot deformity (depression of longitudinal arch)

Affected foot region Forefoot Midfoot Hindfoot
Total number of cases, n 18 (100%) 48 (100%) 5 (100%)
Prior to TCC treatment

No depression, n 16 (89%) 25 (52%) 5 (100%)
Moderate depression, n 2 5 0

Severe depression, n 0 16 0

Flat foot/rocker foot, n 0 2 0

At end of TCC treatment

No depression, n 15 (83%) 14 (29%) 4 (80%)
Moderate depression, n 3 12

Severe depression, n 0 15 0

Flat foot/rocker foot, n 0 7 0

TCC = total contact cast
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duration of diabetes than the type 2 diabetic patients [25,
27, 29]. Moreover, the type 1 diabetic patients more often
had acute Charcot foot recurrences, probably related to the
decreased bone mineral density that is typical in this patient
population (contrary to type 2 diabetic patients). The stage
0 cases had similar outcomes as those reported by Edmonds
et al. [19], showing that TCC treatment can prevent pro-
gression to stage 1 with its more severe pre- and post-treat-
ment skeletal damage and deformities. Also, the outcomes
in our stage 1 cases corroborate previous reports (see table
6); however, none of them required amputation during four
years of follow up, compared to 11.8% of cases requiring
transtibial amputation during follow up of 3.8 years in the
series of Saltzman et al. [26].

Median healing time in our sample was on average two
months shorter than the eight months period reported by
Zampa et al. based on strict MRI criteria [35]. We found
that the healing time was not significantly shorter in stage
0 cases than in stage 1 cases, seemingly at variance to the
observations by Zampa et al. As MRI surveillance was less
strict in our series, we might have missed the exact time
point of healing in some of our patients. A recent study
based on F-18 FDG PET/CT scan and MRI observed def-
inite healing in stage 0 (presumably including bone remod-
elling) only 15 months after symptom onset [43].

The present series confirms that healing time is related to
the anatomical region [25]. Chopart or Lisfranc joint af-
fections required considerably longer offloading and im-
mobilisation compared to forefoot affections, irrespective
of stage 0 or stage 1. The numbers of hindfoot affections
in this study were too small to draw any conclusions in this
respect. We attribute the prolonged treatment necessary to
heal midfoot Charcot arthropathy to the biomechanical fea-
tures. The cancellous tarsal bones are covered with very
thin compacta; they break easily once their ligamentous
structures are compromised (e.g. ruptured by a sprain in-
jury). When weight bearing is continued, the longitudinal

arch collapses and rocker bottom deformity will occur [24],
as Paul W. Brand has explained: “The front of a foot may
be regarded as a long lever with its fulcrum at the ankle.
The calf muscles will pull upwards on the heel bone and
thus they force the front of the foot downwards. This down-
ward thrust of the front of the foot gives a spring to the
walk as the body is lifted forward for the next step (...) If
a person takes a very strong thrust on his foot, one of the
bones at the centre (usually the navicular) will crumble and
break and the foot then becomes flat and will even bend so
that the arch is reversed and the front of the foot becomes
unable to accept any thrust at all. When that happens, the
centre of the foot takes all strain and the foot may be des-
troyed.” [44]

In previous studies, 70-84% of patients with acute Charcot
foot have reported pain [13, 27], described as “deep dull
aching pain in the joints” [45] upon load bearing. In the
present study 68% of patients reported deep dull foot pain
upon walking, unrelated to vibration sensation or to stage
0/stage 1. These patients could recall a traumatic event as
the trigger of the acute Charcot foot more frequently than
patients not reporting pain. Unfortunately, this did not stim-
ulate them to seek medical help earlier, a phenomenon that
remains to be elucidated [4, 46].

Our study obviously has limitations: it was retrospective
and observational, based on routine clinical records, and
did not have a control group of acute Charcot feet managed
on the basis of X-ray. The case management did not follow
a pre-defined protocol. A learning curve has to be con-
sidered. The time points of symptom onset and healing
could be assessed only approximately. Firm conclusions as
to the optimal imaging strategy, the optimal time point to
start treatment, the optimal offloading and immobilisation
modality and duration cannot be drawn from the present
data. Multicentre, prospective controlled trials are neces-
sary in this respect. Despite these shortcomings, the present
data support the following tenets:

Table 5: Distribution of types of footwear required after healing the acute Charcot foot, according to Charcot foot stage and foot region affected.

Footwear after healing of acute Charcot foot
Affected foot region Forefoot Midfoot Hindfoot
Total number of cases 18 48 5
TCC instituted in Stage 0, n 6 20 1
— normal footwear, n 4 5 0
— special “diabetic” shoes, n 1 8 1
— customised rocker shoes, n 1 7 0
TCC instituted in Stage 1, n 12 28 4
— normal footwear, n 6 4 3
— special “diabetic” shoes, n 4 7 1
— customised rocker shoes, n 2 17 0

TCC = total contact cast

Table 6: Comparison of the present findings to published data.

Author (reference) Cases ACF Mode (duration) Outcome: distribution of the major deformities
(n) stage of intervention %forefoot %midfoot %hindfoot

Armstrong [27] 55 1 TCC (4.5 months) 3 82 15
Sinacore [25] 30 1 TCC (3 months) 20 69 1

Fabrin [28] 115 1 Crutches (3—6 months) 19 74 7

Present series 44 1 TCC (2-9 months) 0 100 0
Edmonds [19] 12 0 TCC (6 months) 0 0 0

Present series 27 0 TCC (2-8 months) 0 0 0

ACF = acute Charcot foot. TCC = total contact cast
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1) The acute Charcot foot is a medical emergency. Early
detection and treatment is of paramount importance. At risk
are those diabetic patients with insensitivity to strong nox-
ious punctate (pinprick) stimulation [34, 46]. Contrary to
current recommendations [7], X-ray should not be the ini-
tial imaging study to assess a swollen, reddened and hot
neuropathic foot. MRI should be preferred instead (see also
[47]). MRI is capable of showing bone injury of a milder
degree than cortical fractures, which greatly benefits from
offloading and immobilisation. Unremarkable X-ray may
falsely suggest absence of midfoot fractures [43, 44] or
may confuse inexperienced physicians not to offload and
immobilise the foot.

2) Any bone marrow oedema on MRI in a pain-insensitive,
swollen foot, irrespective of its nature [48-51], is likely
to progress to cortical fracture if subjected to repetitive
stress (i.e. unprotected walking) and should, therefore, be
regarded as indicative of acute Charcot foot stage 0 (at vari-
ance to the definition of stage 0 given in the above para-
graph “diagnostic criteria”). Osseous inflammation, either
post-traumatic or septic, produces transient skeletal fragil-
ity [52] thereby increasing the susceptibility to injury from
normal load bearing. Hence, any bone marrow oedema in
a swollen, hot, reddened pain insensitive foot is likely to
benefit from immediate offloading and immobilisation and
should be treated accordingly. It goes without saying that
in cases of, for example. osteomyelitis or acute gout, TCC
treatment is complementary to the anti-infective or gout
treatment in a pain insensitive foot.

In summary, treating the acute diabetic Charcot foot very
early has once again proved beneficial, confirming Classen
et al. [12] who “believed that procrastination could lead
only to grief”, i.e. to full blown Charcot’s arthropathy. In
diabetic patients, any swollen, inflamed foot, which is in-
sensitive to pinprick pain testing [46], should therefore im-
mediately be offloaded and immobilised and subjected to
MR imaging to reach the diagnosis of acute Charcot foot
stage 0 as early as possible.
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Figures (large format)

Figure la, 1b

Figure 1

a: clinical aspect of an acute Charcot foot stage 0.
b: MRI (T2w, fat suppressed) showing marrow oedema in the talus, and the navicular and cuneiform bones plus adjacent soft tissue oedema

(bright appearance)
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Figure 2a, 2b

Figure 2

a: clinical aspect of an acute Charcot foot stage 1.

b: MRI (T1w, fat suppressed, with contrast media) showing bone marrow oedema and impact fractures in the Lisfranc joints, a fluid collection
with circular structure (equivalent to synovial fluid leakage and/or fracture hematoma) in the tarsal region, and adjacent soft tissue oedema
(bright appearance).

Swiss Medical Weekly - PDF of the online version - www.smw.ch Page 10 of 11



Original article Swiss Med Wkly. 2013;143:w13831

Figure 3a, 3b

Figure 3

a: bivalved, removable total contact cast (TCC) as used in our institution, opened; leg is covered with compression stocking.
b: TCC closed.
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