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ABSTRACT

Complex Regional Pain syndrome type
I (CRPS-I) is a disease characterised by
extreme pain for which no gold-standard
treatment exists to date. In recent years
a possible role for bisphosphonates in
the treatment of CRPS-I has been pro-
posed. These drugs were first used for
their effect in decreasing pain in bone
diseases in which bisphosphonates act
through their antiosteoclastic proper-
ties (metastatic disease, Paget disease,
myeloma). In CRPS-1, enhanced osteo-
clastic activity has never clearly been
demonstrated and the benefit shown is
possibly exerted by different mecha-
nisms of action. In this paper we review
other conjectural mechanisms involved
in reducing pain intensity and improv-
ing clinical signs and functional status
in these patients. The results of most
studies on this topic show that bis-
phosphonates may be effective in the
early phases of the disease, when scin-
tigraphic bone scan more frequently
shows a local radiotracer accumulation
that possibly means a high local con-
centration of the drug. These features
probably represent the required condi-
tions by which bisphosphonates might
modulate various inflammatory me-
diators that are upregulated in CRPS-I.
Patients in whom a scintiscan is often
negative (long-standing disease or a
primarily cold disease) could be less
responsive to this treatment. With these
limitations, bisphosphonates appear to
present a therapeutic strategy that has
been proven to reliably offer benefits in
patients with CRPS-1.

Complex Regional Pain syndrome
type I (CRPS-I) is a severely disabling
pain syndrome for which no definite
treatment algorithm has been yet es-
tablished. To date, five randomised
controlled trials (1-5) and a number of
open studies have provided evidence
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of efficacy associated with bisphos-
phonates (BPs) in decreasing pain and
swelling as well as improving function-
al status in patients CRPS-I.

Due to the local radiological osteopo-
rosis observed in some patients, BPs
and other bone targeting drugs (e.g.
calcitonin) have been used in the treat-
ment of CRPS-I patients. However, it
remains questionable that inhibitors of
osteoclast-mediated bone resorption are
used to treat a disease in which an en-
hanced osteoclastic activity has never
been clearly demonstrated, particu-
larly in the early phases of the disease
when BPs seem to be associated with
the most clinically relevant benefits.
In fact, neither studies on markers of
osteoclastic activity (3, 6), nor the few
available histopathological investiga-
tions on bone (7, 8) have demonstrated
an enhanced osteoclastic activity that
has erroneously been inferred by radio-
logical and bone scan features of this
disease. Most dynamic scintigraphic
studies that used Technetium-labelled
BP as radiotracer, showed a prolonged
and greater uptake in the later stages of
the assessment that could not be justi-
fied solely by increased blood flow
and/or increased microvascular perme-
ability which was responsible for radi-
otracer uptake in the early phases of the
scintigraphic assessment (such as up-
take that first normalised over time) (9,
10). Since increased bone turnover in
affected bones has never been reported
in the early stages of the disease, it is
more likely that this avid and peculiar
BP uptake relies on a number of avail-
able binding sites related to an uncov-
ered trabecular bone surface due to the
lining cells disappearance (8) and pas-
sive chemoadsorption to hydroxyapa-
tite (HAP) crystals. The lining cells
death has been described together with a
reduced number of osteoclasts and oste-
oblasts, and osteocyte degeneration (7,
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8). The radiotracer distribution is likely
similar to an in vivo accumulation of
the drug at the disease site. This large
drug concentration achieved probably
accounts for mechanisms of action that
are not usually active when these mole-
cules are employed to treat osteoporosis
and other bone diseases in which an in-
creased bone turnover is truly present.
A few weeks after the onset of CRPS-I,
features of bone marrow vascular dis-
order such as adipocytes necrosis and
plasma exudation with venous dilata-
tion and thickening of the arteriolar
walls are observed (8). A peculiar char-
acteristic shared by other vascular bone
diseases such as bone marrow oedema
syndromes (e.g. transient osteoporosis
of the hip) and early stages of avascu-
lar necrosis is a mineralisation distur-
bance and an elevated osteoid volume
(11). This finding might be the basis
for the impressive loss of bone den-
sity assessed with different techniques
(12-14) a few weeks after disease onset
that cannot be justified by an osteoclast-
mediated process, but more likely by a
HAP chemical dissolution related to a
tissue hypoxia, an increased anaerobic
glycolysis, and lastly, by a low local pH
overcoming the local buffering capacity
as demonstrated by an increased local
lactic acid concentration (15).

In a pioneering phase of BP research,
one of the earliest effects proposed
for the action of BPs in the preserva-
tion of bone integrity is their ability to
prevent HAP crystal dissolution in an
acid milieu when adequate drug con-
centrations are reached (16), so possi-
bly maintaining a structural integrity of
bone architecture in CRPS-I patients.
Nevertheless, the assumption that the
therapeutic effects of BPs might only
be due to a structural preservation of
bone seems to be too simplistic and
other mechanisms of action are likely
involved in counteracting pain and the
signs of neurogenic inflammation in
these patients. For example, it has long
been known that BPs decrease lactic
acid production from various cell types
(17) and, as reported above, CRPS-I
patients show a local acidosis, probably
as a result of hypoxia following micro-
vascular disturbances (15); this tissue
acidosis is a well-known cause of pain

Bisphosphonates for CRPS-I/ M. Varenna et al.

in ischaemic tissues (18). By reducing
local acidosis, BPs can lower the neuro-
peptide release from primary afferents
that not only innervate surface tissues,
but also the bone (19), where they ex-
press acid sensing receptors (TRPV1
and ASICs) (20), thus are equipped to
respond to an acid stimulus. In an ani-
mal model investigating hyperalgesia
induced by bone inoculation of breast
cancer cells, BP administration (zole-
dronate) reduced pain possibly through
a decreased mRNA expression of acid
sensing receptors (TRPV1 and ASICs)
in the dorsal root ganglia (21). Finally,
due to the high local concentration of
BPs, it cannot be excluded that the same
mechanism might also work in other
leukocyte populations that accumulate
at the site of disease as demonstrated
by radiolabelled autologous leukocyte
scans (22).

Among the cells that may represent a
possible target for BPs, monocytes and
macrophages are specifically inhibited
in their proliferation (23), activation
(24) and viability (23, 25) and this ef-
fect seems to be specific for bone
marrow resident mononuclear phago-
cytes (26). Recently, elevated blood
levels of some proinflammatory sub-
groups of the monocyte/macrophagic
lineage have been reported in patients
with CRPS-I (27). Although the cross-
sectional design of this study does not
allow clarification of the role of these
cells (elevated levels before disease on-
set implies a predisposing role, whereas
elevated levels after disease onset im-
plies a maintenance role), it is conceiv-
able that monocytes/macrophages play
a role in sustaining neurogenic inflam-
mation in acute CRPS-I. Macrophages
together with neutrophils, mast cells
and other tissue resident cells are acti-
vated by nerve, bone and superficial tis-
sue injury (28), resulting in the release
of inflammatory cytokines which are
found to be significantly increased in
CRPS-I patients in local blister fluid,
circulating plasma, and cerebrospinal
fluid (29-31). Many studies have shown
that BPs decrease the production of tu-
mor necrosis factor-a and other proin-
flammatory mediators both in vitro and
in patients suffering from other inflam-
matory diseases (32, 33).
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Another possible target of BPs might be
the increase of local nerve growth fac-
tor (NGF). In injured tissues, activated
macrophages express high levels of
NGEF that support a direct effect on no-
ciceptive stimulus by activation of pri-
mary afferent neurons that express NGF
receptors (34). This drives a release fa-
cilitation of substance P (SP) and cal-
citonin gene-related peptide (CGRP)
(35). In an animal model of CRPS in-
duced by a distal tibial fracture, anti-
NGF antibodies reduced neuropeptide
levels and nociceptive sensitisation,
as well as inhibited distal femur bone
loss (36). Increased local levels of NGF
may further promote a vicious cycle
by inducing the diffentiation and acti-
vation of monocytes and macrophages
(37). Moreover, NGF increases TRPV1
expression in the sensory neurons (38)
and, both directly and through SP, in-
duces keratinocyte proliferation and
activation (39), such as a cellular line
probably involved in maintaining in-
flammation, nociceptive sensitisation
and microvascular disturbances in
CRPS-I (40). Keratinocytes, in turn,
are able to express NGF (41), cytokines
(42) and perhaps endothelin-1 (43), so
maintaining inflammation, nociceptors
sensitisation and microvascular distur-
bances. In an in vitro study on normal
human Kkeratinocytes, BPs inhibited
cell growth in a dose-dependent man-
ner (44) and this mechanism may con-
tribute to decreased cutaneous inflam-
matory signaling in CRPS-I patients,
thereby reducing extravasation and
limb oedema and increasing local cy-
tokine production.

A further possible mechanism of action
by which some BPs may reduce pain in
CRPS-I relies on their ability to inhibit
farnesyl pyrophosphate synthase and
then interfere with the post-translation-
al modification of small GTPases such
as ras, rab, rho and rac (45). These
molecules are involved in the regula-
tion and activity of membrane recep-
tors coupled to intracellular G-proteins
that represent one of the major classes
of membrane signaling proteins (46).
These receptors have been found to
upregulate nociceptive signalling in pe-
ripheral sensory neurons where they are
widely expressed (47).
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The marked affinity of BPs for calcium
ions may induce a local decrease of
calcium when the drug reaches a lo-
cal elevated concentration through a
physicochemical effect (chelation) and
formation of complexes or aggregates
(48). It has been shown that BPs inhibit
in vitro calcium-induced contraction of
smooth muscle, possibly by inhibition
of intracellular calcium mobilisation
and a reduced influx of extracellular
calcium (49). By considering that some
calcium blockers (e.g. nifedipine and
tadalafil) seem to induce a clinically
relevant reduction in pain in CRPS-I
patients (50, 51), a possible mechanism
of action of BPs might be a reduction
in cytosolic calcium concentration so
acting in a similar manner to calcium
channel blockers (52).

Finally, experimental studies suggest
that BPs are able to prevent osteoblast
and osteocyte apoptosis regardless of
the proapoptotic stimulus used (53),
counteracting one of the more frequent
features reported in bone histopatho-
logical investigations in the early stages
of the disease (7, 8).

Asreported above, there are a number of
possible mechanisms of action through
which BPs can work in CRPS-I. We do
not believe that BPs represent a pana-
cea for all patients. Many of these hy-
pothetical mechanisms are driven by lo-
cal accumulation of BPs, so a negative
bone scan in the delayed phase would
exclude paediatric cases and patients
suffering from a long standing disease
or a primarily “cold” disease in whom
bone scan is often negative. When BPs
are the therapeutic drug of choice, they
should be used taking into account
some peculiar features that differenti-
ate each molecule belonging to this
family in terms of bioequivalent doses.
In a recently published study (1), the
choice to use neridronate was based on
its binding affinity for HAP crystals that
in vitro and in vivo is similar to alendro-
nate and greater than pamidronate (54).
Moreover, neridronate is available in
100 mg ampoules, so a high IV dose is
feasible. The chosen regimen has been
discussed in the paper (1).

In conclusion, what do the clinical ef-
fects of BPs tell us about CRPS-I 7 We
are in agreement with other researchers

(55, 56) that deep-tissue involvement
may be a key to trigger or maintain
the disease even if such involvement
is overlooked due to difficulties in un-
dertaking pathophysiological investiga-
tions. There is accumulating evidence
about the central role of bone in CRPS-
I that can be gathered from investiga-
tions on different aspects of the disease.
Besides the findings considered above,
it should be kept in mind that bone
marrow and mineralised bone receive
a great number of peptidergic sensory
fibers that can be involved in the retro-
dromic release of CGRP and SP (19)
and one of the more resembling ani-
mal model of the disease is induced by
a bone fracture in which SP signaling
contributes to the vascular and nocicep-
tive abnormalities (57). Epidemiologi-
cal studies report that osteoporosis is a
disease significantly associated with a
greater incidence of CRPS-I and among
the general population, postmenopausal
women in whom fragility fracture are
frequent represents the subgroup which
shows the highest CRPS-I incidence
(58). In addition, other bone diseases
with a high propensity to fracture, for
example osteogenesis imperfecta, are
possibly complicated by CRPS-I (59).
Finally, bone injuries (e.g. fracture, sur-
gical intervention and sprain) are the
most common predisposing events that
trigger CRPS-I (56).
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