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Abstract 

Calcitonin was discovered more than 40
years ago and the scientific community contin-
ues to debate the primary and secondary phar-
macological actions of calcitonin. Presently cal-
citonin is accepted by agencies only for treat-
ment of osteoporosis, but many studies have
indicated an effect on pain in many different
experimental settings both pre-clinically and
clinically. The effects of calcitonin on clinical
pain conditions have received increasing atten-
tion in the past decades, although a consensus
on mode of action and potential indications still
has to be reached. Several key advances in the
pain field may enable a deeper understanding
of the putative analgesic effects of calcitonin.
Most studies have focused on the effect of cal-
citonin on musculoskeletal pain problems.
Ample lines of independent evidence suggest
that calcitonin exerts putative analgesic
effects. Well-designed clinical trials, particular-
ly in the field of musculoskeletal pain, are
needed to validate fragmented evidence of
analgesic actions. This in combination with
advanced mechanism-based pain assessment
tools can provide new insight into the role of
calcitonin, alone or in combination with other
compounds, in management of pain.

Introduction

Non-malignant musculoskeletal pain is the
most common clinical symptom that causes
patients to seek medical attention and is a
major cause of disability in the world.
Musculoskeletal pain can arise from a variety
of common conditions including osteoarthritis,
rheumatoid arthritis, osteoporosis, surgery,
low back pain, and bone fracture.

A major problem in designing new therapies
to treat musculoskeletal pain is that the under-
lying mechanisms driving musculoskeletal
pain are not understood fully, although recent

years of intensive focus have highlighted the
role of central sensitization as a key mecha-
nism.1 Further achievements in acquiring
knowledge are hampered by the fact that ani-
mal models of musculoskeletal pain do not mir-
ror the human condition closely, which again
slows down the development of novel therapies
to treat musculoskeletal pain. A mechanism-
based understanding of the factors involved in
generating musculoskeletal pain has gained
acceptance in recent years and will develop the
area further.2 Developing both an understand-
ing of the mechanisms that drive persistent
musculoskeletal pain and novel mechanism-
based therapies to treat these unique pain states
would address a major unmet clinical need and
have significant clinical, economic, and social
benefits. Calcitonin (CT) may have a mecha-
nism of action that interferes with key aspects of
chronic musculoskeletal pain.

The aim of this review is to highlight the
possible intrinsic analgesic properties of CT,
with special focus on the challenges in the
musculoskeletal system. In this respect osteo-
porosis and osteoarthritis are of particular
interest as they are very frequent, painful mus-
culoskeletal pain conditions; therefore they
have been dealt with separately in the follow-
ing discussion.

In order to locate the corpus of studies that
directly compared calcitonin and/or pain we
conducted a literature search of the Medline
(from 1965) databases to June 2009, entering
the search terms: calcitonin, pain, muscu-
loskeletal, joint, bone, spine, nociception, clin-
ical trial, and management. We obtained stud-
ies that may have been missed in our previous
searches by conducting a manual review of
journals that historically publish on calcitonin
and pain (i.e. J Bone Miner Metab, Bone, Joint
Bone Spine, Osteoarthritis Cartilage, Osteo-
poros Int, Pain, Clin J Pain). 

Relevant articles were entered into Science
Citation Index to retrieve reports that have
cited these articles, and conference proceed-
ings and textbooks were searched manually. As
35 references were allowed for this review the
selection of studies to be cited was based on
the authors’ best judgments of which were
most representative.

Calcitonin, pain, and 
osteoporosis

CT was discovered more than 40 years ago
and possesses potent anti-resorptive effects
that are mediated by direct binding of CT to its
receptor on the osteoclasts. CT is a peptide
hormone produced by parafollicular cells (C-
cells) in the thyroid gland, and which is secret-
ed in response to excess calcium in the serum.
Various sources of CT exist, of which salmon

from the teleost family is the most potent.
CT is approved for the treatment of osteo-

porosis and other diseases involving accelerat-
ed bone turnover.3 Until now CT treatment has
been limited to either subcutaneous or
intranasal administration. However, recently a
novel oral formulation has received increased
attention.3 Adverse effects of CT therapy such
as sedation, nausea, skin flushing, and diar-
rhea may reflect increased serotonergic activi-
ty. Salmon calcitonin (sCT) is safe and effec-
tive in the treatment of osteoporosis, reducing
the risk of new vertebral fractures in post-
menopausal women, and improves the clinical
outcome after joint arthroplasty. Pain is associ-
ated often with fractures,4 and thus pain man-
agement is a central although secondary prob-
lem associated with bone and joint damage.4

The role of sCT as an analgesic in relation to
managing pain in osteoporosis has been
addressed less as the researchers interested in
osteoporosis are not concerned with pain and
vice versa.

Calcitonin, pain, and 
osteoarthritis

Osteoarthritis (OA) is the most common
form of arthritis.5 A hallmark of the disease is
progressive degeneration of articular cartilage
and subsequent joint space narrowing. In the
majority of patients the etiology of OA is not
known. Among the known risk factors of OA
are age, significant traumata, obesity, altered
gait, altered biomechanics (e.g. varus or vagus
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deformity), and excessive loading. 
Experimental and clinical observations sug-

gest that the structural integrity of articular
cartilage is dependent on normal subchondral
bone turnover, intact chondrocyte function,
and ordinary biomechanical stresses. An
increasing line of evidence suggests that there
are strong interrelationships between the sub-
chondral bone and the articular cartilage. As
bone and cartilage are closely interrelated,
interventions affecting pain related to bone
turnover may influence OA-relevant pain as
well. Pain is a central part of the clinical pres-
entation of OA,6 and may drive patients to seek
consultation for the later diagnosis of OA.
Many and diverse structural features of the
joint have been implicated in the pain associ-
ated with OA, including but not limited to the
presence of osteophytes in the patellofemoral
compartment, focal or diffuse cartilaginous
abnormalities, subchondral cysts, bone mar-
row edema, subluxation of the meniscus,
meniscal tears, and Baker cysts.6 However,
pain perception is highly individual and very
few features correlate to pain robustly.6

Normal adult articular cartilage is thought to
be avascular and aneural. However, very recent-
ly sympathetic and sensory nerves were identi-
fied within vascular channels in the articular
cartilage in both mild and severe OA.
Perivascular and free nerve fibers, and nerve
trunks were observed within the subchondral
bone marrow and the marrow cavities of osteo-
phytes. Nerve endings localized in damaged
human articular cartilage suggest that vascu-
larization and the associated innervation of
articular cartilage may contribute to
tibiofemoral pain in OA across a wide range of
structural disease severity. The implications of
these findings are that the musculoskeletal
pain associated with OA may result from a com-
bination of the previously accepted central and
bone-derived effects.

Current recommendations for symptomatic
treatment of OA list paracetamol (4 g per day)
as the first-line analgesic. However, in a recent
survey of patients with OA only a third of the
patients found paracetamol effective. Over 60%
of the patients responded better to nonsteroidal
anti-inflammatory drugs (NSAIDs).7 Current
recommendations suggest that long-term use of
NSAIDs for management of OA pain should be
avoided. It is obvious that current OA manage-
ment regimes do not focus at all on possible
peripheral and central manifestations of this
chronic pain condition. One reason for this is
the lack of understanding of the underlying
causes of pain in OA.

A systematic review and meta-analysis of
randomized placebo controlled trials to estimate
the analgesic efficacy of NSAIDs, including
selective cyclo-oxygenase-2 inhibitors (coxibs),
in patients with OA of the knee has been pub-
lished recently.8 The study concluded that

NSAIDs reduced short-term pain in OA of the
knee slightly more than placebo did. However,
the analysis did not support long-term use of
NSAIDs for this condition as serious adverse
effects can be associated with oral NSAIDs.
Another recent meta-analysis study evaluated
randomized controlled trials of short duration
only (less than four weeks) assessing the effi-
cacy of topical NSAIDs in OA.9 After two weeks
there was no evidence of efficacy superior to
placebo. No trial data support the long-term use
of topical NSAIDs in OA.

The lack of efficacy of current medications in
OA indicates that the mechanisms involved are
not responsive to the therapies, and alternative
approaches may be needed. Peripheral and cen-
tral pain sensitization in OA seems to be a very
prominent feature. New knowledge of the
involved basic mechanisms and better methods
to assess muscle pain in the clinic are needed to
revise and optimize treatment regimes.
Increased muscle sensitivity is manifested as:
(1) pain evoked by a normally non-nociceptive
stimulus (allodynia), (2) increased pain inten-
sity evoked by nociceptive stimuli (hyperalge-
sia), or (3) increased referred pain areas with
associated somatosensory changes. Some man-
ifestations of sensitization have been put for-
ward, such as expanded referred muscle pain
areas in OA patients10 and from animal experi-
ments showing extra-segmental spread of sen-
sitization.11 An important part of the pain mani-
festations (e.g. tenderness and referred pain)
related to chronic musculoskeletal disorders
may be because of peripheral and central sensi-
tization, which play a role in the transition from
acute to chronic pain.

Many clinical studies report increased sensi-
tivity to painful stimuli of deep tissues in both
localized and referred pain areas in musculo-
skeletal pain conditions.12 Referred pain often is
clinically manifested as the spread of pain from
the site of injury/damage, and has been known
and described for more than a century, resulting
in its extensive use as a diagnostic tool in the
clinic. Pain manifestation in OA as an impor-
tant clinical sign of changes in the central nerv-
ous system often is hampered by the phenome-
non of spreading, which influences the effect of
traditional analgesics used as they do not influ-
ence the central manifestations. 

Currently, several ongoing clinical trials are
exploring the role of CT in OA-related pain, and
the data will be interesting to follow because CT,
as described in the following section, may inter-
act with some of the central manifestations
related the central sensitization.

Clinical evidence of calcitonin
in pain control

The analgesic activity of sCT (subcutaneous

or intranasal) has been known for many years
and shown in several controlled prospective
double-blind studies,13 although the mechan-
ism of action is not known. Direct epidural or
subarachnoidal injection of CT also has shown
an analgesic effect. Besides pain management
in osteoporosis,14,15 CT has shown an analgesic
action in painful conditions such as phantom
limb pain,16 diabetic neuropathy,17 complex reg-
ional pain syndrome,18 adhesive capsulitis,19

rheumatoid arthritis,20 vertebral crush frac-
tures,14 spondylitis, tumor metastasis,21 cancer
pain,22 migraine,23 Paget’s disease of bone,24 as
well as postoperative pain.25 Interestingly and
which may hint toward the mode of action,
epidural CT in combination with local anes-
thetic produces an analgesic effect similar to
that of fentanyl and with stable hemodynamic
results.13 It also eliminates postoperative hyper-
glycemia indicating that CT is a suitable alter-
native for the treatment of acute postoperative
pain.13 With specific regard to musculoskeletal
pain and osteoporosis, patients receiving 200 IU
of sCT nasal spray per day consumed signifi-
cantly less analgesic per day than patients in
the placebo group.26 Furthermore, data from
crush fractures show greater pain relief (within
7 days) with nasal sCT spray (200 IU) than with
intramuscular injection. The analgesic effect is
associated with an elevation of the circulating
levels of β-endorphin, which seems to be high-
er with the nasal form.

Possible mechanisms underly-
ing calcitonin analgesia

The acute effect of sCT in animals is in con-
trast to the clinical experience where the onset
of analgesia is slow, most likely because CT
slowly accumulates in the brain inducing anal-
gesia when sufficient receptors are occupied.
Exogenous sCT has to cross the blood-brain bar-
rier to cause analgesia, and hence doses admin-
istered centrally may act faster than higher
doses administered more peripherally.

Mammalian CT appears less potent and less
rapid than CT from other species, and the nasal
routes, appears better than the subcutaneous or
intramuscular route, at least on the release of
β-endorphin, which is rapidly increased.27

Clinically the analgesic effect seems to last long
(weeks) possibly owing to accumulation in
brain tissue and strong binding to the receptors.

The CT family of peptides comprises calci-
tonin, amylin, two calcitonin gene-related pep-
tides (CGRPα and β), and adrenomedullin. CT
binds to a seven-membrane-spanning array–G
protein-coupled receptor (similar in structure to
an opioid receptor) with cyclic-AMP and calci-
um acting as secondary messengers. Calcitonin
and calcitonin gene-related peptide (involved in
pain transmission, neurogenic inflammation,
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and migraine related mechanisms) share the
same gene on chromosome 11 in humans, and
both peptides exhibit similar structural and
receptor binding properties. CT receptors are
present on serotonergic neurons in the thala-
mus, periaqueductal gray matter, nucleus
gigantocellularis, and raphe nucleus, which are
all regions involved in the processing of pain.
This interaction with the serotonergic pathways
is particularly important as the descending pain
inhibitory pathways seem to be affected by
chronic musculoskeletal pain, and lesioning the
serotonergic pathways or the use of antagonist
drugs decreased the analgesic potency of CT in
animals.28

Percile29 suggested that the CT inhibition of
prostaglandin E2 synthesis was an explanation
of its analgesic effect. However, it is clear that
other pathways and systems are involved, such
as the cholinergic or serotonergic systems Ca2+

fluxes, protein phosphorylation, cyclooxygenase
inhibition, histamine-induced vascular leakage,
and proopiomelanocortin (β-endorphin precur-
sor) production. The role of the in-creased plas-
ma β-endorphin after CT administration has
been debated heavily. It has been suggested that
β-endorphin decreases the synthesis of
prostaglandins or other humoral factors, modu-
lating pain via a central mechanism, or perhaps
has an effect on local pain mediators through
CT-binding sites in the periphery. Several stud-
ies indicate that the inhibitory de-scending
serotonergic systems may be invol-ved, through
5-HT1A and 5-HT3 receptors, in the production
of an antinociceptive effect by centrally injected
CT.28

The role of CT in the central nervous system
has received increased attention as animal stu-
dies have indicated that the antinociception in
the CNS, for example in the pons, is suggesting
pain modulation via descending systems. This
descending pain control is supported further by
the β-endorphin release, which increases the
activity in the nucleus raphe magnus, conse-
quently activating the serotonergic descending
pathway and inhibiting substance P release. In
patients with bone metastases β-endorphin lev-
els are found to rise with an increasing dose of
CT. The CNS effects are supported further by
the finding of CT receptors in the hypothalamic
region, brain regions (e.g. medial pontine retic-
ular formation and the rostrocaudal axis of the
periaqueductal gray matter) involved in noci-
ceptive processing, and in the dorsal horn of the
spinal cord. Apart from the possible role of the
endogenous released opioid β-endorphin from
the pituitary gland, it has been ruled out in some
studies that β-opioid receptors are involved in
mediating CT analgesia, as naloxone did not
antagonize sCT analgesia. A more recent study
demonstrated that CT interacts with the μ-, δ-,
and κ-opioid receptors with the most prominent
effect for the δ- and κ-agonists.30

Experimental pain models and
calcitonin

Animal experimental studies
Electrical stimulation of the dental pulp and

the hot-plate test have been used as an exper-
imental model to assess analgesic efficacy of
CNS-administered sCT. For some reasons the
effects assessed by the hot-plate test seem less
consistent. Approximately 80 minutes after
central administration of CT in rabbits the
nociceptive reaction to dental electrical stimu-
lation is blocked maximally. In the formalin
models of persistent pain CT has shown an
effect on both the early and late formalin
responses. There seems to be little evidence
for any peripheral CT actions on nociceptors
but modulating the synthesis of the inflamma-
tion mediator and calcium flux may affect
peripheral targets.

Clinical setting
One human experimental pain study using

CT on healthy volunteers has been perform-
ed.31 Welzel and Welzel found that subcuta-
neously administered CT increased the pain
threshold to electrical stimulation of the dental
pulp in a dose-dependent manner. The experi-
mental study, in contrast to clinical experi-
ence, showed a rapid analgesic onset (approx-
imately 80 minutes) and a short duration (up
to 180 minutes). The effect of CT (IV 200 IE) in
patients with chronic phantom pain did not
show any modulation of pain thresholds to el-
ectrical (temporal summation), thermal, and
pressure stimulation,32 indicating that the pain
parameters evaluated may not represent the
possible pain mechanisms affected by CT.
Experimental pain models, such as pressure
algometry, have been used in clinical studies.
In osteoporotic patients the group treated with
sCT had significantly lower pain scores to stan-
dardized pressure-applied pain (corresponding
to an increase in pain threshold) at each assess-
ment than the group receiving placebo.26 The
pressure-pain threshold over a vertebral frac-
ture was found to be elevated significantly after
sCT in patients with a recent osteoporotic spi-
nal fracture.26 CT was found to affect cartilage-
specific collagen type II fragments, as a marker
of cartilage degradation, significantly.3 Lastly
preliminary evidence of oral CT in patients with
OA showed a significant effect on pain and joint
function.33

Future pain studies may focus more on the
characterization, the fundamental and intrinsic
effect, and the mode of action of sCT analgesia.
These studies in contrast to earlier studies may
take advantage of new methods in pain
research, focusing on central sensitization and
impaired descending inhibition, and thus prove
informative from a mechanistic point of view.

Compounds interacting with
the analgesic effect of calcitonin

Antidepressants (noradrenaline and/or se-
rotonin reuptake inhibitors) are used as a
treatment modality for neuropathic pain, for
example. Most of them act by selectively block-
ing reuptake. The interaction between CT and
the serotonin system has been confirmed, as
blocking the serotonin receptor blocks the
effect of CT. The synergetic analgesic effect
between CT and serotonin reuptake inhibitor
antidepressants has been shown, suggesting
joint administration of an antidepressant and
CT in pain management. Furthermore, the
interaction between CT and the descending
serotonergic pain modulatory pathways may
suggest clinical applications in patients with
impaired descending pain control, as this is
found in many patients with chronic pain.
Inefficient descending noxious inhibitory con-
trol (DNIC) mechanisms have been reported
in patients experiencing chronic pain with
temporomandibular disorders, chronic low
back pain, irritable bowel syndrome, fibromyal-
gia, complex regional pain, painful OA, and
chronic tension-type headaches. Interestingly,
the patients in the OA study first experienced
a deficient DNIC-like pain inhibition but
showed normal inhibition after surgery when
they were in a pain-free state, suggesting that
the chronic pain maintained the DNIC dys-
function. Recently Yarnitsky et al.34 found that
the potency of DNIC predicted the development
of chronic pain after thoracotomy, indicating
that DNIC impairment can be used as a prog-
nostic factor for the development of chronic
pain, whereas patients expressing efficient
DNIC at the pain-free stage before surgery are
less likely to develop chronic postoperative
pain and, if having pain, will have less intense
pain than those with less efficient DNIC. In a
continuation study,35 it was shown that preop-
erative DNIC explained 24.6% of the variabili-
ty in chronic postoperative pain intensity, fur-
ther suggesting that drugs like sCT, interacting
with the descending modulation, may have
new applications in patients with chronic pain.
sCT has been shown to interact with the opioid
receptors with the most prominent agonistic
effect on the δ- and κ-receptors.30 This may
hint at some interesting aspects of CT’s mode
of action as δ-receptors are expressed densely
in periosteal and κ-receptors in visceral struc-
tures. This may explain the beneficial clinical
effect on pain in relation to bone metastasis
and after intra-abdominal and extra-abdominal
surgery.

There is one human experimental clinical
study on chronic phantom limb pain32 where
CT, CT and ketamine in combination, or keta-
mine alone was given. Together with the clini-
cal pain parameters some experimental pain
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measures (pain thresholds to electrical [tem-
poral summation], thermal, and pressure sti-
mulation) were recorded. The study showed no
beneficial effect on either clinical or experi-
mental measures of combining an NMDA-
receptor antagonist (ketamine) with CT. The
interaction between CT and vitamin D is evi-
dent in osteoporosis for example, and recent
studies have indicated a possible role of vita-
min D in pain. Patients with OA with low vita-
min D levels have increased pain, with the
most pronounced effect in females. Therefore,
it may be of interest to look into the combined
effect of CT and vitamin D on pain, in particu-
lar musculoskeletal pain, as vitamin D is a well-
recognized player in the continuous balance of
turnover of the musculoskeletal system.

Future perspectives

With the recent clinical complications and
withdrawal from the market of various COX-2
inhibitors there is a medical need for alterna-
tive treatment regimes in the field of muscu-
loskeletal pain, and it seems that CT alone or
in combination with other compounds may be
an interesting alternative for some conditions.
New and more advanced studies are needed to
investigate if CT is interacting with some of
the key mechanisms involved in chronic mus-
culoskeletal pain.
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