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Abstract
Aims/hypothesis We studied factors associated with the
development and resolution of acute Charcot foot using a
web-based observational study.
Methods Clinicians managing cases of acute Charcot foot
in the UK and Ireland between June 2005 and February
2007 were invited to register anonymised details on a
secure website.
Results A total of 288 cases (age 57.0±11.3 years
[mean±SD]; 71.2% male) were registered from 76

centres. Of these, 36% of patients recalled an episode
of relevant trauma in the preceding 6 months, while
12% had had surgery to the affected foot. In 101 (35%)
cases, ulceration was present at registration and 20% of
these had osteomyelitis. Non-removable off-loading
devices were used at presentation in 35.4% of cases,
with removable off-loading used in 50%. Data on
resolution were available for 219 patients. The median
time to resolution was 9 months in patients whose
initial management included the use of non-removable
off-loading, compared with 12 months in the remainder
(p=0.001). Bisphosphonates were administered intrave-
nously in 25.4% and orally in 19.4% of cases. The median
time to resolution in patients who received bisphospho-
nates was 12 months and was longer than in those who did
not (10 months, p=0.005).
Conclusions/interpretation The median time to resolution
was longer than in earlier series. Although limited by being
observational and non-randomised, these data suggest that
the use of non-removable off-loading at presentation may
shorten the time to resolution. They provide no evidence to
indicate that the use of bisphosphonates is beneficial.
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Abbreviation
RCT Randomised controlled trial

Introduction

Acute Charcot’s disease (Charcot foot; neuropathic osteo-
arthropathy) is an uncommon complication of distal
symmetrical neuropathy, and is characterised by fracture
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and dislocation of the bones and joints of the foot [1–3]. In
some cases the structural damage is limited, but in others it
is progressive and extensive, leading to deformity, secondary
ulceration and osteomyelitis, which can be difficult or
impossible to eradicate. Although uncommon, acute Charcot’s
disease is a source of major suffering and cost.

The pathogenesis of Charcot’s disease is not known, but
it is thought that a subgroup of patients with distal
symmetrical neuropathy is at risk and that the condition is
triggered in this group by local inflammation [4–6]. This
inflammation may be caused by minor trauma, surgery,
infection or earlier ulceration, and the possibility of a
genetic predisposition to abnormal signalling through
inflammatory pathways has been suggested [7].

Diagnosis is largely dependent on pattern recognition by
an experienced clinician and rests on the presence of
unexplained inflammation in a foot affected by distal
symmetrical neuropathy, with or without fracture and/or
dislocation of the bones and joints. If necessary, diagnosis
is confirmed by the demonstration of oedema of the bone
marrow on MRI.

It is generally accepted that off-loading in a non-removable
below-knee cast or cast-walker is an essential part of
management [4]. In addition, the use of pamidronate was
shown in an open-label study to reduce skin temperature and
bone turnover markers [8], the latter effect being subse-
quently confirmed in a randomised controlled trial (RCT)
[9]. Another small RCT demonstrated that weekly treatment
with alendronate also led to a significant reduction in bone
turnover markers, associated with reduced discomfort [10].
Despite these observations, the long-term clinical benefit of
non-removable off-loading or bisphosphonate therapy has
not yet been clearly established.

To address these uncertainties, we undertook a web-
based survey of new cases of acute Charcot foot at centres
in the UK and Ireland over a period of 20 months. This
survey was designed to confirm the demographics, explore
possible causative factors, record the time taken to apparent
resolution and determine whether time to resolution was
associated with any particular intervention.

Methods

Clinicians caring for patients with acute Charcot’s disease
of the foot were alerted to the study by fliers at specialist
meetings, advertisement in specialist journals and through
clinical networks, and asked to register anonymised details
of all newly presenting or currently active cases of acute
Charcot’s disease on a secure website. No specific
diagnostic criteria were applied and the clinician’s decision
or diagnosis was accepted. Details of demographics,
approximate date of onset of the acute episode and

preceding events (such as foot surgery, ulceration, infection
or trauma) were requested, as well as details of treatments
given, including types of off-loading and the use of
bisphosphonates. Computerised prompts were used to
request follow-up information at intervals of 3 months up
to 18 months after registration. The date of resolution was
predefined as the time when the patient was ambulant in
normal or orthotic footwear. Data were analysed using
SPSS version 17 (SPSS, Chicago, IL, USA). As this was an
observational study of anonymised data collected as part of
routine management, formal ethical approval was not
required.

Results

We registered 288 patients from 76 different centres in the
UK and Ireland in the 20 months between June 2005 and
February 2007. The numbers of patients registered per
centre ranged from 1 to 22, with a median of 3.0. Median
time from onset of the disease to registration was 4 months
(range 0–28 months). Of patients registered, 70% had
type 2 diabetes and 71.2% were male. Mean age (±SD)
was 57.0±11.3 years (men 57.9±10.8, range 25–
85 years; women 54.5±12.2, range 21–90 years). The
majority of lesions were in the mid and hind foot (digits
1.8%, digits and metatarsals 2.9%, metatarsals 10.2%,
metatarsals and tarsals 30.7%, tarsals 45.3%, tarsals and
ankle 8.7%). Previous episodes of acute Charcot foot
were reported to have occurred in 15% of patients, and
two patients had previous bilateral disease. An episode
of trauma was recalled by 104 (36%) patients, while 35
(12%) patients had had some surgical intervention to the
index limb within the 6 months prior to registration. A
total of 101 (35%) patients had an ulcer on the affected
limb, complicated by osteomyelitis in 20 of these (7%
of 288). Follow-up data were available on 219 patients
(76.0%) in whom the acute phase of the disease
resolved during the study, with a median time to
resolution (ambulant in orthotic or normal shoes) of
10.0 months (range 2–40 months). Ulceration was
present on the acute Charcot foot in 35% of patients
at registration, and in 27.68%, 25.56%, 28% and 37.2%
at 3, 6, 9 and 12 months. Ulceration was associated
with active osteomyelitis in 7.0% of the total population
(288) at registration, and in 10.2%, 9.9%, 7% and
10.1% at 3, 6, 9 and 12 months.

Data on the provision of off-loading (other than orthotic
shoes) at the initial visit were available for 246 patients
(85.4%). Initial off-loading was with a non-removable
device in only 35.4% (below knee 33.7%, foot only
1.7%) of patients and with a removable device in 50% of
cases (below knee 47.2%, foot 2.8%). However, 40.1%
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used non-removable and 65.2% removable off-loading
devices at some stage during the follow-up period.
Treatment with bisphosphonates was given intravenously
in 25.4% patients and orally in 19.4%. The median time
from presentation to clinic and treatment with intravenous
bisphosphonates was 2 weeks (range 0 to 79). Five patients
had osteotomies, 13 had either internal or external fixation,
and there were 13 minor and nine major (above ankle)
amputations.

In the 219 patients for whom a resolution date was
available, there was a significant association between the
type of off-loading used and the median (range) time to
resolution, this being 9 (3–25) months in those whose
initial off-loading was with a non-removable off-loading
device, versus 12 (3–36) months in those who had never
had a non-removable cast (Mann–Whitney U=3229, p=
0.001). The median (range) time to resolution in patients
who had received bisphosphonates either intravenously or
orally was 12 (3–39)months, which was significantly
longer than in patients receiving neither (10 [2–29]months;
Mann–Whitney U=4496, p=0.005). There appeared to be
no interaction between the type of off-loading used and the
use of bisphosphonates (p=0.194 ANOVA).

Discussion

As far as we are aware, this is the largest observational
survey of patients with acute Charcot foot in diabetes.
The median time to resolution in this survey was longer
than that reported in single-centre cohorts [11–14], one
possible explanation being that we had predefined resolu-
tion as the patient being ambulant in normal or orthotic
footwear. As the measuring, ordering, manufacture, fitting
and ‘breaking-in’ of such footwear can take several weeks,
it is possible that the actual time to resolution was rather
shorter than reported here. An agreed standard is required
for future studies.

It is accepted that the treatment of choice for acute
Charcot foot involves the provision of off-loading in a non-
removable device. Nevertheless, it is surprising that only
35% of the patients were off-loaded with non-removable
devices at baseline and only 40% had a non-removable
device at any stage in the follow-up period. Overall,
however, the findings of this survey suggest that the use
of non-removable off-loading could shorten the median
time to resolution by approximately 3 months.

The effectiveness of bisphosphonates in the management
of acute Charcot foot remains to be substantiated. Only
25% of the patients in this series were reported to have
been given intravenous bisphosphonate treatment, with
almost 20% receiving oral treatment (although not
necessarily always for Charcot’s disease) and some

having both. It was, however, concerning to find that
the use of bisphosphonates was associated with a longer
time to resolution in this study. A very recent pilot RCT
suggests that the use of zoledronic acid infusion is
indeed associated with a significant prolongation of the
time to resolution [15].

Any conclusions from this observational study must be
drawn with care. The study was uncontrolled and potentially
influenced by selection bias, even though participating centres
were asked to include every case of new and active Charcot
foot cared for after the first case was registered. It is also
possible that reliance on clinician judgement for the diagnosis
could have resulted in heterogeneity of the selected popula-
tion. Our findings are also limited by the fact that data on the
time to resolution were available in only 76% of the total
population. One possible explanation of the prolonged time to
resolution following bisphosphonate treatment could be that
this treatment may have been reserved for patients judged to
be more severe or for those not responding to off-loading.
However, this seems unlikely, because the median time from
first clinic appointment to the administration of bisphospho-
nates was only 2 weeks. It is also possible that some clinicians
may have opted for bisphosphonates if they were unable to
provide non-removable off-loading, but we observed no
statistical interaction with type of off-loading (data not
shown). The effects of off-loading and of bisphosphonate
use can only be answered using appropriately powered
randomised placebo-controlled trials with robust, long-term
and clinically relevant outcome measures.
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