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Abstract
Aim/hypothesis We undertook a systematic review of the
literature concerning the efficacy and safety of bisphospho-
nates in acute Charcot neuropathic osteoarthropathy.
Methods MEDLINE, PubMed, the Cochrane Database of
Systematic Reviews, and abstracts presented during the meet-
ings of the American Diabetes Association and the European
Association of Diabetes were searched for relevant publica-
tions from the period January 1990 to September 2011.
Results A total of ten studies on the treatment of acute
Charcot osteoarthropathy with bisphosphonates were iden-
tified and included in the analysis. Only four clinical trials
were published, three of which were randomised.
Bisphosphonates appeared to induce significant reductions
in skin temperature and bone turnover markers compared
with placebo, without serious adverse events. Nevertheless,
bisphosphonates did not shorten the immobilisation time.
Moreover, no data were available regarding their long-term
effects.
Conclusions/interpretations Bisphosphonates have been
shown to be effective for reducing bone turnover markers
and skin temperature in some studies. Nevertheless, the
long-term efficacy, specifically that regarding the occur-
rence of deformities and ulcerations, remains to be demon-
strated as no follow-up studies have been published.

Moreover, some studies have suggested that bisphospho-
nates may lengthen the resolution phase of the disease. In
our opinion, the data are too weak to support the use of
bisphosphonates as a routine treatment for acute Charcot
neuroarthropathy.
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Abbreviations
ALP Alkaline phosphatase
BPP Bisphosphonate
CNO Charcot neuropathic osteoarthropathy
OPG Osteoprotegerin
RANK Receptor activator of nuclear factor-кB
RANK-L RANK ligand
uDPD Urinary deoxypyridinoline crosslink

Introduction

Charcot neuropathic osteoarthropathy (CNO) is a non-
infectious destructive process affecting the bone and joint
structure that results from significant peripheral neuropathy
of almost any aetiology [1, 2]. Nowadays, diabetes mellitus
has become by far the most common aetiology of CNO
mainly affecting the foot and ankle. It is a devastating limb-
threatening condition resulting in dramatic deformities and
recurrent ulceration that may ultimately lead to amputation
[3]. Moreover, CNO is associated with a high mortality rate
[4]. The prevalence of CNO is usually thought to be low, but it
is largely underestimated as cases remain undiagnosed by
untrained clinicians [5] The pathogenesis of CNO remains a
matter of debate and no proven pharmacological treatment is

J.-L. Richard (*) : S. Schuldiner
Department of Diabetology & Nutritional Diseases,
Medical Centre, University Hospital of Nîmes,
30240 Le Grau du Roi,
Nîmes, France
e-mail: jean.louis.richard@chu-nimes.fr

M. Almasri
Department of Metabolic Diseases,
Lapeyronie University Hospital,
Montpellier, France

Diabetologia (2012) 55:1258–1264
DOI 10.1007/s00125-012-2507-3



currently available [3, 5, 6]. As classic neurotraumatic and
neurovascular theories fail to explain all the features of CNO,
especially the common asymmetrical damage and self-
limiting process, other hypotheses have been put forward:
the involvement of the receptor activator of nuclear factor-
кB (RANK) ligand (RANK-L)/RANK/osteoprotegerin
(OPG) system in the pathogenesis of acute CNO is particular-
ly appealing [3, 6–9], and suggests new pharmacological
approaches. Whatever the precise pathophysiological mecha-
nism(s) of CNO, bone resorption and osteoclastic hyperactiv-
ity is a major feature of the early acute stage of this condition
[8, 10, 11] and makes the use of bone-resorption-inhibiting
agents such as bisphosphonates (BPPs) a logical therapeutic
approach [12, 13]. In this study we reviewed data from the
literature on BPP treatment of acute CNO in terms of efficacy
and safety.

Methods

All articles published in the period from January 1990 to
September 2011 and relating to the treatment of CNO with
BPPs were searched by an investigator (M. Almasri) in
MEDLINE and PubMed, Cochrane Database of Systematic
Reviews databases and abstracts of presentations from the
meetings of the ADA and the European Association for
the Study of Diabetes (EASD). The research was ex-
panded by searching websites specialising in clinical
trials (www.clinicalstudyresults.org, www.clinicaltrials.gov
and http://clinicaltrialsregister.eu/); additional articles were
identified from the reference lists of retrieved papers.

A combination of free text and controlled vocabulary
search terms was applied, including the following terms:
‘Charcot foot’, ‘Charcot osteoarthropathy’, ‘bisphospho-
nates’, ‘diabetes’, ‘anti osteoclast’, ‘RANK-L’, ‘osteoprote-
gerin (OPG)’, ‘treatment of Charcot foot’, ‘pamidronate’
and ‘alendronate’.

Studies were included in the analysis if they included
people with acute CNO, regardless of aetiology and the
number of patients included. We took into account the
following outcomes: clinical assessment, changes in bone
turnover markers, bone mineral density and radiological
assessment.

Results

From 300 articles identified in the initial search, only ten
met the criteria for inclusion in the analysis.

Case records and case series reports In 1994 Selby et al.
[12] first reported the use of a BPP in the treatment of CNO.
They administered 30 mg pamidronate i.v., followed by five

infusions of pamidronate 60 mg every 2 weeks for 12 weeks
in six patients with diabetes and acute CNO. The treatment
was associated with improvement in local pain and a signif-
icant reduction in the activity of the CNO as measured by
the decrease in the temperature of the affected foot, from
3.4±0.7°C (mean±SE) to 1.0±0.5°C (p00.05). There was
also a significant reduction in bone turnover as judged by
alkaline phosphatase (ALP) level, which fell by 25±3%
compared with initial values (p<0.001).

An abstract published in 1999 [14] reported a decrease in
peak cutaneous blood flow in response to the infusion of
90 mg pamidronate i.v. over 24 h in 20 patients with diabe-
tes and CNO, suggesting a anti-inflammatory action of
pamidronate.

In 1999, a case of CNO associated with a hereditary sen-
sory neuropathy was also reported affecting the metatarso-
phalangeal joints in a non-diabetic patient in whom the use of
pamidronate (90 mg i.v. every 4 months for 2 years) was
apparently effective [15]. Clinical improvement with a de-
crease in swelling was observed after 6 months (two infu-
sions). Bone and joint destruction stopped and signs of a
reconstructive healing process appeared progressively in the
previously affected sites ‘with large, strangely shaped osteo-
phytes at joint edges’. This ‘cure’ was obtained even though
the foot was not offloaded [15].

In 1999, Young [16] reported anecdotally two cases of
diabetic acute CNO treated with i.v. infusions of pamidro-
nate associated with immobilisation. After 3 months, the
clinical outcome was judged favourable with a reduction
in clinical signs and an absence of deformity.

Pakarinen et al. in 2002 retrospectively analysed clinical
records and X-rays of 36 feet with CNO from 1994 to 2000
[17]. Eighteen patients received BPP treatment (pamidro-
nate 30–60 mg i.v. once a week for 6 weeks) and no
complications were registered. There was no statistically
significant difference in casting time between patients who
received (11 weeks) and patients who did not receive
(13 weeks) pamidronate. In this series, pamidronate infu-
sions were used for selected individuals without any striking
benefits or disadvantages. The results of the study are,
however, difficult to analyse, as off-loading casts were used
at different times in the patients for whom they were used.
Moreover, 18 patients did not receive any treatment at the
initial visit. Finally, the authors did not mention the criteria
used for selection of BPP or for removal of casts.

In 2007, Moreno et al. [18] reported seven consecutive
cases of CNO recruited during a 4 year period. All were
treated according to a standardised protocol including i.v.
pamidronate infusion and immobilisation. Recruitment was
heterogeneous: CNO was associated with diabetes in four
cases, syringomyelia in two and other sensory and autonomic
neuropathy in one; the affected joints were located in the foot,
ankle, hand and shoulder. Patients received three pamidronate
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infusions at 0, 2 and 4 months. The dose was 60 or 90 mg
according to patient body weight. Clinical assessment, serum
and urine bone turnover markers, X-rays and scintigraphy
were performed before and 12 months after the first pamidr-
onate infusion. All patients showed a rapid resolution of
clinical symptoms. At the end of the 12 month follow-up,
there was a statistically significant reduction of urinary N-
terminal telopeptide of type 1 collagen crosslinks and pyridi-
noline but the decrease in serum level of ALP and bone-
specific ALP was not significant. Six of seven patients had
radiological healing, and quantitative bone scintigraphy, per-
formed in only three patients, showed a clear reduction in 99Tc
uptake. No important side effects were reported.

In 2008, Naqvi et al. [19] reported three cases of diabetic
CNO with a fairly long-term clinical response to treatment
with i.v. pamidronate. In the first patient, CNO of the mid-
foot was treated with three i.v. infusions of pamidronate,
90 mg at 2 month intervals. After the first infusion, there
was a marked improvement in swelling, pain, erythema and
warmth. After the second infusion, the patient was able to
bear weight on her foot and after the last infusion she no
longer required the use of a cast walker. Radiography of the
foot 14 months later showed stabilisation of the radiograph-
ic changes. The second patient received a single i.v. infusion
of pamidronate (60 mg), a walking cast and physical therapy
for CNO of the hindfoot. At 6 and 9 months’ follow-up,
there were no signs of inflammation, but the foot’s natural
arch was lost. The patient was able to ambulate with a
removable casting device. The last patient was given a
single i.v. infusion of 90 mg pamidronate, and this was
followed by a significant improvement in the patient’s com-
plaints. At 4 weeks’ follow-up, she was able to ambulate
with a cast, and after 11 months she was asymptomatic and
able to ambulate without assistance.

Retrospective case–control study In 2004, Anderson et al.
[20] undertook a study in 33 patients with acute CNO, the
aetiology of which was not given. Eighteen patients re-
ceived a single i.v. pamidronate infusion, but five were
excluded from the statistical analysis; 15 patients were trea-
ted only by traditional off-loading methods but five were
apparently excluded from the analysis (control group). The
criteria used for choosing BPP infusions were not given.
This study showed a statistically significant reduction in the
temperature of the limb and the ALP level in the treated
group. After pamidronate infusion, the temperature of the
affected limb decreased by a mean of 1.6°C at 48 h and
4.0°C after 2 weeks. Two weeks after the infusion, ALP
level was also decreased by an average of 53% in the
intervention group. The control group showed no reduction
in limb temperature at 48 h, and had an average limb
temperature decrease of 1.3°C at 2 weeks; the decrease
was significantly greater in the treated group at both times.

Mean ALP levels declined by only 9% in the control group,
and this decline was significantly smaller than in the
pamidronate group. In 60% of patients, pamidronate infu-
sion was associated with transient fever and in 36% with
mild gastrointestinal upset of short duration.

Randomised controlled studies A 12 month double-blind
randomised controlled trial was conducted by Jude et al.
(2001) in 39 patients with diabetes and acute CNO [21].
Twenty-one patients were randomised to the active group and
were treated by a single i.v. infusion of 90 mg pamidronate; 18
patients were allocated to the placebo group and received an
infusion of a normal saline solution (154 mmol/l NaCl). All
patients had the affected foot offloaded using appropri-
ate devices. Patients were followed up every 2 weeks
for the first 3 months, and then at 6, 9 and 12 months.
At entry, the mean skin temperature difference between
the affected and the contralateral foot was approximate-
ly 3.5°C, with no difference between the two groups.
Skin temperature of the affected foot decreased in both
groups throughout the study period; the reduction was
significantly greater in the active group compared with
placebo after 4 weeks but not at all of the other time
points. Pain and discomfort improved in both groups at
3 months; it continued improving in the treated group while
there was no further improvement in the placebo group. The
difference between groups was significant from the third
month until the end of the study. Bone-specific ALP and
urinary deoxypyridinoline crosslink (uDPD) levels were not
different at baseline between the two groups. In the treated
group, bothmarkers decreased significantly in the early period
of the trial but gradually rose towards baseline value at the end
of the study. In the placebo group, no significant changes were
observed, and the concentrations of both markers and the
concentrations of bone-specific ALP and uDPD were only
significantly lower in the active group compared with controls
from 4 to 12 weeks and from 4 and 6 weeks post-inclusion,
respectively. The only reported side-effect was transient my-
algia, which was reported in a single patient treated with
pamidronate.

In 2005, Pitocco et al. [22] compared oral alendronate
plus off-loading with off-loading alone in an observer-
blinded randomised controlled trial. A total of 20 consecu-
tive diabetic patients with a new diagnosis of acute CNO
were included. Eleven patients were treated with 70 mg
alendronate orally once a week (test group) for 6 months
and nine individuals served as controls. In all patients, the
affected foot was offloaded using a total-contact cast for the
first 2 months followed by a pneumatic walker for the
remaining 4 months. Patients were examined twice a week.
At the end of the study, pain intensity, assessed by a 10 cm
visual analogue scale, improved significantly in the treated
group whereas no change was observed in the control group.
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Foot temperature decreased significantly after 6 months in
both groups with no difference between treated and control
patients (−1.7°C and −1.5°C, respectively). Bone mineral
density of the total foot improved in the treated group. The
level of serum bone ALP, COOH-terminal telopeptide of
type 1 collagen and urinary hydroxyproline decreased sig-
nificantly in BPP-treated patients.

Pakarinen et al. conducted a randomised clinical trial to
evaluate the clinical efficacy of zoledronic acid in diabetic
acute CNO affecting the midfoot [23]. Of 39 patients, 18
received three i.v. infusions of 4 mg zoledronic acid and 17
received no infusion. Four patients were excluded from the
final (per protocol) analysis. All patients were initially trea-
ted with a non-weight-bearing total-contact cast and then
with a partial weight-bearing device when the condition was
judged to be in remission. Full weight bearing was allowed
when CNO was considered to have resolved. The endpoint
was the duration of off-loading (total and partial), and this
was significantly longer in the intervention group (median

27 weeks) compared with the placebo group (20 weeks). No
data were given about bone turnover markers, radiological
findings or bone mineral density, or regarding side-effects.

A fourth randomised clinical trial was planned in 2006 to
compare oral alendronate plus i.v. pamidronate vs placebo
in active diabetic CNO (EudraCT registration no. 2006-
000900-17 [www.clinicaltrialsregister.eu]; ISRCTN regis-
tration no. 86625608, [www.controlled-trials.com]), but
the trial was discontinued and the results have not been
published.

The main characteristics of the trials included in the
analysis are reported in Table 1.

Discussion

Charcot osteoarthropathy was first described over 135 years
ago, but it remains both an important cause of morbidity in
patients with diabetes and a persistent challenge for clinicians,

Table 1 Characteristics of the clinical trials included

Study Design Duration Agent Participants Associated
treatment

Outcome

Jude et al. [21] R, C, DB, ITT 12 months PMD A: n021, 1 i.v. infusion
of 90 mg

Off-loading Skin temperature: greater reduction
at 4 weeks in A (p<0.01)

Ct: n018, 1 i.v. infusion
of normal saline solution

Symptoms (pain and discomfort):
greater reduction in A from 3 to
12 months (p<0.001)

BSALP: significant reduction in A vs
C from 4 to 12 weeks (p<0.03)

uDPD: significant reduction in A vs
C at 4 and 6 weeks (p<0.03)

Pitocco et al. [22] R, C, SB 6 months ALD A: n011, 70 mg orally
once a week

Off-loading Skin temperature: significant reduction
in both groups at 6 months

Ct: n09, no pharmacological
treatment

Pain score: at 6 months, improvement
in A (p<0.05) but not in C

1CTP and HOPu: significant reduction
in A vs C at 6 months (p<0.05)

BSALP: not significant reduction in
A vs C at 6 months (p00.06)

IGF-1: At 6 months, reduction in A
(p<0.05) but not in C

Pakarinen et al. [23] R, C, OL 12 months ZLD A: n020, 3 i.v. infusions
of 4 mg at 1 month interval,
2 patients excluded

Off-loading Total immobilisation time (median):
27 weeks (A) vs 20 weeks (C)
(p00.02)

PP

Ct: n019, no infusion,
2 patients excluded

Anderson et al. [20] NR, C, OL, PP 2 weeks PMD A: n018, 1 i.v. infusion,
5 patients excluded

Off-loading Skin temperature: greater reduction
in A vs C at 2 days (p<0.008) and
at 2 weeks (p<0.001)

Ct: n015, no infusion,
1 patient excluded

AP: greater reduction in
A vs C at 2 weeks (p<0.001)

A, active (BPP-treated) group; ALD, alendronate; BSALP, serum (bone-specific) ALP; C, controlled trial; Ct, control group; 1CTP, serum COOH-
terminal telopeptide of type 1 collagen; DB, double blind; HOPu, urinary hydroxyproline; ITT, intent-to-treat analysis; NR, not randomised; OL,
open-label; PMD, pamidronate; PP, per protocol analysis; R, randomised; SB, single blind (observer blinded); ZLD, zoledronate
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especially in its acute stage. Pakarinen et al. reported an
average delay of 29 weeks between the occurrence of the first
symptoms and the diagnosis of CNO in diabetic patients, with
a wrong initial diagnosis in 30 of 36 cases. They also showed
that inappropriate treatment was associated with poor progno-
sis and severe deformities [17]. Improvement in the under-
standing of the underlying pathogenic events provides strong
support for an important role of osteoclastic activity and pro-
inflammatory cytokines (including IL-1, IL-6 and TNF-α) in
the acute phase of the disease [8, 10, 11]. The pro-
inflammatory cytokines (including IL-1, IL-6 and TNF-α),
by increasing production of RANK-L, play an important role
in the activation of osteoclasts [7, 24, 25]. Moreover, recent
studies have emphasised the involvement of the RANK-L/
RANK/OPG axis as certain genetic variants of the OPG (also
known as TNFRSF11B) polymorphism may predispose
diabetic patients to CNO. According to this hypothesis,
it would be conceivable that variations in some regions
of OPG could result in quantitative and/or qualitative
alterations of OPG, decreasing the buffering role of
OPG against RANK-L [26, 27].

The cornerstone of CNO management is immobilisation
and off-loading, which aims to prevent severe deformity,
ulceration and, ultimately, amputation [3, 6, 9, 28]. Surgical
treatment may be required when this conservative treatment
fails. These strategies, however, are not designed to affect
the underlying physiological mechanisms that cause bone
destruction, Theoretically, pharmacological treatment of
CNO by BPPs, which inhibit osteoclastic resorption and
may have direct anti-inflammatory properties, might slow
or even stop the bony destruction (through its ability to
cause macrophage apoptosis) [29].

The review of the literature we carried out showed that
several clinicians used BPPs in the treatment of acute CNO,
mainly where it occurred as a complication of diabetes.
Nevertheless, most of the published articles dealt with case
reports, case series or retrospective case–control studies,
providing low-level evidence (grade 3–4). Only four clinical
trials were published, three of which were controlled and
randomised [21–23]. It is difficult to compare these studies,
mainly because of heterogeneity in BPP treatment and out-
come measures. In the above-mentioned studies, all the
patients included received immobilisation and appropriate
off-loading. The choice of BPP could have influenced
results because the antiresorptive effect differs between
preparations. The effect of a BPP on pro-inflammatory
cytokines is also thought to depend on the choice of prep-
aration and the dosage [30, 31]. It is worth noting that, in the
study by Anderson et al. [20], 60% of pamidronate-treated
patients had transient fever just after the infusion, suggest-
ing a pro-inflammatory effect. A second problem associated
with the clinical trials reviewed was that they included low
numbers of patients and this limited statistical conclusions.

Finally, the quality of the methods used in the trials was
uneven, as emphasised by Smith et al. [32]. The study by
Pakarinen et al. [23], published after the review by Smith et
al. has a moderate quality score because it also suffers from
a number of shortcomings in its methods.

Clinically, treatment with BPP was associated with a
more rapid decrease in skin temperature, but this effect
was not sustained [20–22]. Effect on the pain differed
among studies, with one showing improvement [22] but
another showing none [21]. Regarding the activity of
CNO, the studies we analysed showed a reduction of bone
turnover markers in the BPP-treated patients. Nevertheless,
the most consistent observation was a decrease in serum
(bone-specific) ALP level, a marker of osteoblastic rather
than osteoclastic activity.

The most important problem of the published studies is
the absence of reports of long-term effect. Indeed, the aim of
CNO management is to prevent foot deformities, ulceration
and amputation, but no data were available regarding these
endpoints. Nevertheless, Pakarinen et al. [23] reported that
zoledronate did not reduce the duration of immobilisation,
and may have increased it. Moreover, the recent audit of
acute diabetic CNO in the UK based on a multicentre
observational study [33] also showed that the use of BPP
was associated with a longer time to resolution. These find-
ings suggest that there is currently no evidence that adding a
BPP to immobilisation and off-loading confers long-term
benefits.

Finally, the use of BPPs is limited by potential side-
effects and contraindications such as chronic kidney disease,
which is often associated with CNO in patients with diabe-
tes [34]. On the other hand, the likely role of the cytokine
RANK-L/RANK/OPG axis in the pathogenesis of acute
CNO opens the way to the use of promising new pharma-
cological agents such as TNF-α antagonists (monoclonal
antibody or circulating receptor fusion protein), human re-
combinant OPG and RANK-L human monoclonal antibody
(denosumab). Calcitonin, which impacts directly on the
RANK-L/RANK/OPG axis, may also have a place as an
alternative to BPPs in the pharmacological approach of
acute CNO. Indeed, in a small randomised controlled trial,
Bem et al. showed that intranasal calcitonin treatment
(200 U daily) with calcium supplementation in patients with
acute CNO significantly decreased bone turnover compared
with calcium supplementation only [35]. In addition, as
opposed to BPP, calcitonin has the advantage that it can be
used in patients with renal insufficiency.

Conclusion

The improvement in the knowledge and understanding of
the pathogenesis of acute CNO has provided hope that new
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pharmaceutical approaches may improve the outcome of
this debilitating condition. On theoretical grounds, BPPs
may have clinical benefit, but the results of published stud-
ies are inconclusive. On balance, treatment with BPPs
appears rather ineffective and even deleterious for the reso-
lution time of the acute stage [22, 33]; moreover, data on
long-term outcomes are not available. There is, therefore,
currently little evidence to support the use of BPPs as part of
the routine management of patients with diabetes compli-
cated by acute CNO. This is in agreement with the ADA
consensus report [6] that suggests that off-loading and
immobilisation remain the mainstay of treatment.
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