
mbrose Paré first described phantom limb
pain in the mid-16th century,1 and Mitchell
painted a vivid description of this condition in
1866.2 Because of its intangible, subjective sen-

sation, phantom limb pain has a widely variable inci-
dence.3 Current studies reveal that 50% to 85% of
amputees experience phantom limb pain. However,
earlier reports described a very low incidence,4–13 which
may be attributed to the medical and social stigma 
surrounding patient reports of phantom limb pain.
Sherman reported that “. . . amputees are reluctant to
divulge their complaints for fear of being labeled
insane.”14 In recent years, society has become more
accepting and tolerant of various illnesses and symp-
toms, affording patients the opportunity to speak
openly regarding their health problems and to seek
relief from this painful condition.

Surgical procedures as well as physical, pharmaco-
logical, and psychological therapies—including trans-
cutaneous electrical nerve stimulation (TENS), opi-
oids, and physical therapy—have been used to treat
this condition. Treatment with salmon calcitonin was
first reported by Mertz in 198615; later, Kessel and Worz
also reported the usefulness of this therapy.16 In a con-
trolled study by Jaeger and Maier, calcitonin was de-
scribed as a very effective treatment for phantom limb
pain.17 This article reports the case of a man who expe-
rienced phantom limb pain that failed to respond to
standard treatments. He was subsequently treated suc-
cessfully with intravenous administration of salmon cal-
citonin.

CASE PRESENTATION

A 71-year-old man with a history of peripheral vas-
cular disease, coronary artery disease, chronic obstruc-
tive airway disease, and prostate cancer was admitted to
our rehabilitation center for treatment of phantom
limb pain. He had seen his physician approximately
2 years earlier because of ulcer-related pain in his right

foot. The patient initially had been resistant to surgery
and had been treated conservatively for 12 months, at
which time he had elected to undergo an above-the-
knee amputation. For a year after surgery, the patient
had experienced phantom pain in the tips of the toes
of his amputated foot. The pain had been unsuccess-
fully treated with multiple medications, including co-
deine, narcotic analgesics, an anticonvulsant agent,
and nonsteroidal anti-inflammatory drugs.

After discussing the advantages and risks associated
with intravenous calcitonin therapy, the patient provid-
ed informed consent and underwent calcitonin treat-
ment. Prochlorperazine (10 mg) was administered oral-
ly 1 hour before infusion. Hydrocortisone (100 mg),
diphenhydramine hydrochloride (50 mg), and epi-
nephrine (1:1000) were readily available in the event of
an allergic reaction. Calcitonin (200 units in 50 mL of
normal saline with 5 mL of 25% albumin) was then
infused over the course of 30 minutes.17 A single dose
was administered on day 1, day 6, and day 9. The pa-
tient experienced a fair response to the first infusion,
with the pain moving to the phantom knee. Following
administration of the second and third doses, the
patient described a telescoping of the phantom limb.
The pain was then referred to the stump, and after
12 months, the patient reported no further phantom
limb pain.

The patient was very pleased with the results of the
calcitonin therapy. He stated that no one had believed
he had pain in the toes of his missing foot and com-
mented that he had been afraid to report it because
“people might have thought I was crazy.”
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DISCUSSION

Limb amputation is most frequently associated with
traffic and occupational injuries (especially in the mili-
tary), peripheral arterial disease, cancer, and congeni-
tal malformation. The seeming incongruity of pain in
a missing body part, combined with the difficulty of
successfully managing this pain, results in severe,
chronic pain in the majority of people who undergo
amputation. Although documented for centuries,
phantom limb pain remains difficult to treat, and no
single reliable treatment regimen exists. Sherman
reported 60 different treatments for managing phan-
tom limb pain.14

Description

Phantom limb pain is commonly described as a sen-
sation of a twisted, absent limb; as a feeling of hyper-
flexed, absent fingers or toes digging into the palm or
plantar surface; or as a burning, cramping, crushing,
shooting, or stabbing sensation in a missing body part.
The pain is not necessarily of the same strength, loca-
tion, or duration from one occurrence to the next.
The frequency of the episodes often fluctuates with
time, and episodes may last for several minutes, hours,
or days; episodes may occur occasionally or continu-
ously over a long period of time. In some patients, an
episode may be triggered or intensified by unrelated
pain or by gentle pressure of the stump, the other
limb, or even the head. Urination, defecation, sexual
intercourse, or approaching low-pressure weather sys-
tems may also act as triggers. Incidence is not associat-
ed with the reason for or location of the amputation.
Age, gender, socioeconomic status, and psychologic
disorders are also unrelated to occurrence.

Etiology

Phantom limb pain is such a complicated and wide-
ly varying phenomenon that its origins are most likely
multicentric. Although research suggests a physiologic
basis for the pain, the exact etiology is unknown. Re-
ferred pain, initiated by decreased blood flow and
microspasms in the residual limb and mediated, in
part, by prosthetics, accounts for most of the clinically
reported occurrences of phantom pain. 

Both the peripheral and the central nervous system
play a role in persistent phantom limb pain. The pain
and touch sensations are the result of impulses travel-
ing through the thalamus, which relays the informa-
tion to the cerebral cortex, where the sensations are
mapped. Stimulation of the amputated limb end can
induce phantom sensation. The hypothesis proposed
for this phenomenon is that neuroplasticity changes

the innervation pattern from the limb to the brain. If
some type of innervation of the stump of the limb
exists, this stimulation can produce reinnervation and,
subsequently, a phantom limb.18

Another theory is that cortical remapping occurs in
response to an amputation.19,20 This remapping can
cause, for example, the cortical region that represents
the hand before amputation to become responsive to
the stimuli from the facial region, thus causing facial
sensation to be felt in the phantom hand. This phe-
nomenon seems to occur because the facial region is
adjacent to the hand in the motor cortex homun-
culus.21

A third theory involves the neuromatrix—a massive
body of interconnected neurons.22 The neuromatrix
analyzes the sensory information and gives perception
of the sensation. If the brain believes that the limb is
present, it may instruct the limb to move by stimulating
certain neural pathways in the neuromatrix. Because
the limb is not present and the brain receives no senso-
ry feedback, it will increase the strength of its stimula-
tion, possibly causing phantom pain.22,23

Yet another hypothesis suggests that disruption of
the sensory pathway caused by amputation triggers a
pain state that is reverberated in the central loop be-
tween the hypothalamus and the cortex.24 Finally, a
suggestion has been made that lasting intense pream-
putation pain may imprint an engram of that pain cen-
trally. The changes in the neural structures caused by
this sensory input result in this engram being experi-
enced as pain, rather than as a memory of pain.25,26

General Treatment Modalities

Comprehensive evaluation and a multimodality
treatment approach comprise the current standard of
care for patients experiencing phantom limb pain.27

However, in geriatric patients with multiple illnesses,
drug therapy may be problematic and invasive tech-
niques risky.28 Also, in a substantial number of cases,
phantom leg pain diminishes and even resolves. Treat-
ment with drugs that reduce the functional sodium
channels has been successful, as have various neuro-
physiologic manipulations.29 When used appropriately,
mechanism-based treatments related to specific symp-
toms can be effective; these include peripheral vaso-
dilators, muscle relaxants, and biofeedback to correct
specific problems with blood flow and muscle tension
in the residual limb.30

Pharmacologic treatment should be combined with
TENS,31,32 sympathetic blockade, and psychotherapy.
Currently, pharmacologic treatments include adminis-
tration of medications such as β-blockers,33 serotonin
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agonists, tricyclic antidepressants, clonazepam, lidocaine
(for regional anesthesia), fluoxetine,34 buprenorphine
(intrathecally), and calcitonin.25,26,35 New therapeutic
strategies (eg, administration of capsaicin, new anticon-
vulsant agents, N-methyl-D-aspartate antagonists) are
now being tested.28

Preoperative and postoperative administration of
anesthetics has been shown to block pain sensation
and spinal cord hyperexcitability associated with noci-
ception.36 The latest surgical method involves implant-
ing a spinal cord stimulator (the dorsal column stimu-
lation procedure).3

Calcitonin

Calcitonin is a peptide with high a molecular weight
and a probable special carrier protein.37,38 The intra-
venous route of its administration may be related to its
peak concentration.17 The exact mechanism of action
of calcitonin is still unknown. Although this drug in-
creases the production of β-endorphin,39 the process is
independent of the endogenous opioid system.40–42

Calcitonin may stimulate the serotonergic neurons,
which are blocked by methysergide. Binding sites for
calcitonin near areas of the brain that are rich in sero-
tonin (eg, hypothalamus, limbic system) further sup-
port this hypothesis.43 Calcitonin also leads to decreased
formation of local cytokines and prostaglandin, which
both play a role in generating pain. Intraventricular cal-
cium may reverse the analgesic effects of the calcitonin,
but no relationship exists between analgesic potency
and calcium level in humans.39

In the acute state of phantom limb pain, calcitonin
infusion and orally administered opioid analgesics have
proved helpful; established phantom limb pain may
respond to administration of antidepressant agents,
anticonvulsant agents, and drugs that mimic or en-

hance γ-aminobutyric acid function. Calcitonin has also
been used in the treatment of Paget’s disease, osteopor-
otic collapse of vertebrae, and metastatic carcinoma of
the osteoclastic type.39,44–46

In those cases in which phantom limb pain is causing
disability, intravenous administration of calcitonin should
be considered. However, reports of its use are very limit-
ed, with single case reports and a few case series with 
very small numbers of patients (Table 1).16,17,47,48 Large 
double-blind studies are needed to establish optimal
dosing and timing for calcitonin therapy. Although 
evidence is very limited, 1 or 2 intravenous doses of
salmon calcitonin (200 IU) may be an effective treat-
ment for phantom limb pain. The minor adverse ef-
fects reported in the literature support the safety of this
regimen; however, clinicians should be aware of a rare,
but severe, hypersensitivity reaction that may occur
with salmon calcitonin. Intranasal administration of
calcitonin appears to be similar in efficacy to the par-
enteral formulation, at least in managing pain associat-
ed with vertebral crush fractures.49 Long-term studies
using intravenous administration of calcitonin for re-
lief of phantom leg pain are warranted.

CONCLUSION

Phantom limb pain presents a challenge that influ-
ences the quality of life of affected patients and, there-
fore, must be treated aggressively. The phantom limb
pain reported by the case patient failed to resolve with
conventional treatments, but it was treated successfully
with intravenous administration of salmon calcitonin.
Although evidence is limited, in recalcitrant cases, cal-
citonin therapy should be considered for treatment of
phantom limb pain. More data are needed to assess
the efficacy of this modality, and we hope that our ob-
servations will promote further research. HP
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Table 1. Published Reports of Phantom Limb Pain Treated with Calcitonin

Experimental Number of
Source* Design Patients Results

Kessel and Worz16 (1987)

Jaeger et al47 (1988)

Fiddler and Hindman48 (1991)

Jaeger and Maier17 (1992)

*Arranged from earliest to latest study.

Open label, non-
randomized

Open label

Case history

Double-blind
crossover

10

12

1

21

No statistical analysis

10 patients were pain free after 24 months; 4 patients
experienced a recurrence.

Good response to calcitonin

Approximately 50% pain relief (on numeric analogue scale)
occurred in 19 patients; 16 patients were pain free.



REFERENCES
1. Paré A. The workes of that famous chirurgion Ambrose

Parey. Johnson T, translator. London: Richard Cotes &
Willi Du-gard; 1649.

2. Mitchell SW. Phantom limbs. Lippincott’s Mag Pop Lit
Sci 1871;8:503–67.

3. Kamen L, Chapis G. Prosthetics: phantom limb sensa-
tion and phantom pain. In: Physical medicine and reha-
bilitation. Philadelphia: Hanley & Belfus Inc; 1994:
73–88. State of the art reviews; vol 8.

4. Carlen PL, Wall PD, Nadvorna H, Steinbach T. Phantom
limbs and related phenomena in recent traumatic am-
putations. Neurology 1978;28:211–7.

5. Ewalt JR, Randall GC, Morris H. The phantom limb.
Pyschosom Med 1947;9:118–23.

6. Henderson WR, Smyth GE. Phantom limbs. J Neurol
Neurosurg Psychiatry 1948;11:88–112.

7. Jensen TS, Krebs B, Nielsen J, Rasmussen P. Immediate
and long-term phantom limb pain in amputees: inci-
dence, clinical characteristics and relationship to pre-
amputation limb pain. Pain 1985;21:267–78.

8. Melzack R. Phantom limb pain: implications for treatment
of pathological pain. Anesthesiology 1971;35:409–19.

9. Melzack R, Loeser JD. Phantom body pain in para-
plegics: evidence for a central “pattern generating
mechanism” for pain. Pain 1978;4:195–210.

10. Sternbach RA. Pain: a psychophysiological analysis. New
York: Academic Press; 1968:117–32. 

11. Weiss A. The phantom limb. Ann Intern Med 1956;44:
668–77.

12. Sunderland S, editor. Nerves and nerve injuries. 2nd ed.
New York: Churchill Livingstone; 1978.

13. Feinstein B. The influence of phantom limbs. In: Klop-
steg PE, Wilson PD, National Research Council (US)
Advisory Committee on Artificial Limbs. Human limbs
and their substitutes; presenting results of engineering
and medical studies of the human extremities and appli-
cation of the data to the design and fitting of artificial
limbs and to the care and training of amputees. New
York: Hafner; 1968:79–138.

14. Sherman RA. Published treatments of phantom limb
pain. Am J Phys Med 1980;59:232–44.

15. Mertz DP. [Neue therapeuticsche versuche gegen phan-
tomschmerzen.] [Article in German.] Dtsch Arzteblatt
1986;83:3548–9.

16. Kessel C, Worz R. Immediate response of phantom limb
pain to calcitonin. Pain 1987;30:79–87.

17. Jaeger H, Maier C. Calcitonin in phantom limb pain: a
double-blind study. Pain 1992;48:21–7.

18. Saadah ES, Melzack R. Phantom limb experiences in
congenital limb-deficient adults. Cortex 1994;30:479–85.

19. Ramachandran VS, Stewart M, Rogers-Ramachandran
DC. Perceptual correlates of massive cortical reorganiza-
tion. Neuroreport 1992;3:583–6.

20. Ramachandran VS, Rogers-Ramachandran D, Cobb S.
Touching the phantom limb. Nature 1995;377:489–90.

21. Wall JT, Kaas JH, Sur M, et al. Functional reorganization

in somatosensory cortical areas 3b and 1 of adult mon-
keys after median nerve repair: possible relationships to
sensory recovery in humans. J Neurosci 1986;6:218–33.

22. Melzack R. Phantom limbs. Sci Am 1992;266:120–6.
23. Melzack R. Phantom limbs and the concept of a neuro-

matrix. Trends Neurosci 1990;13:88–92.
24. Canavero S. Dynamic reverberation. A unified mecha-

nism for central and phantom pain. Med Hypotheses
1994;42:203–7.

25. Stannard CF. Phantom limb pain. Br J Hosp Med 1993;
50:583–4, 586–7. 

26. Davis RW. Phantom sensation, phantom pain, and stump
pain. Arch Phys Med Rehabil 1993;74:79–91. 

27. Weinstein SM. Phantom limb pain and related disor-
ders. Neurol Clin 1998;16:919–36.

28. Baron R, Wasner G, Lindner V. Optimal treatment of
phantom limb pain in the elderly. Drugs Aging 1998;
12:361–76.

29. Williams AM, Deaton SB. Phantom limb pain: elusive,
yet real. Rehabil Nurs 1997;22:73–7.

30. Sherman RA. Phantom limb pain. Mechanism-based
management. Clin Podiatr Med Surg 1994;11:85–106.

31. Logan TP. Persistent phantom limb pain: dramatic
response to chlorpromazine. South Med J 1983;76:1585. 

32. Manno E, Bigo P, Bertoldi G, et al. [Treatment of phan-
tom limb pain with transcutaneous electrostimulation.]
[Article in Italian.] Minerva Anestesiol 1982;48:427–30. 

33. Marsland AR, Weekes JW, Atkinson RL, Leong MG.
Phantom limb pain: a case for beta blockers? Pain 1982;
12:295–7.

34. Power-Smith P, Turkington D. Fluoxetine in phantom
limb pain. Br J Psychiatry 1993;163:105–6. 

35. Iacono RP, Linford J, Sandyk R. Pain management after
lower extremity amputation. Neurosurgery 1987;20:
496–500.

36. Gross D. Contralateral local anaesthesia in the treatment
of phantom limb and stump pain. Pain 1982;13:313–20.

37. Fabbri A, Santoro C, Moretti C, et al. The analgesic effect
of calcitonin in human: studies on the role of opioid pep-
tides. Int J Clin Pharmacol Ther Toxicol 1981;19:509–11.

38. Pardridge WM. Recent advances in blood-brain barrier
transport. Annu Rev Pharmacol Toxicol 1988;28:25–39.

39. Gennari C, Chierichetti SM, Piolini M, et al. Analgesic
activity of salmon and human calcitonin against cancer
pain: a double-blind placebo-controlled study. Curr
Ther Res 1985;38:298–303.

40. Braga P, Ferri S, Santagostino A, et al. Lack of opiate
receptor involvement in centrally induced calcitonin
analgesia. Life Sci 1978;22:971–7. 

41. Morton CR, Maisch B, Zimmermann M. Calcitonin:
brainstem microinjection but not systemic administra-
tion inhibits spinal nociceptive transmission in the cat.
Brain Res 1986;372:149–54. 

42. Wiesenfeld-Hallin Z, Persson A. Subarachnoid injection
of salmon calcitonin does not induce analgesia in rats.
Eur J Pharmocol 1984;104:375–7.

43. Olgiati VR, Guidobono F, Netti C, Pecile A. Localization

B h a r w a n i  e t  a l  :  P h a n t o m  L i m b  P a i n  :  p p .  4 6 – 5 0

www.turner-white.com Hospital Physician June 2003 49



of calcitonin binding sites in rat central nervous system:
evidence of its neuroactivity. Brain Res 1983;265:209–15. 

44. Kanis JA, Horn DB, Scott RD, Strong JA. Treatment of
Paget’s disease of bone with synthetic salmon calcitonin.
Br Med J 1974;3:727–31.

45. Szanto J, Jozsef S, Rado J, et al. Pain killing with calcitonin
in patients with malignant tumours. Oncology 1986;
43:69–72.

46. Ziegler R. Calcitonin: analgesic effects. Recent Results

Cancer Res 1984;89:178–84.
47. Jaeger H, Maier C, Wawersik J. [Postoperative treatment

of phantom pain and causalgias with calcitonin.] [Article
in German.] Anaesthesist 1988;37:71–6.

48. Fiddler DS, Hindman BJ. Intravenous calcitonin allevi-
ates spinal anesthesia-induced phantom limb pain.
Anesthesiology 1991;74:187–9.

49. Wall GC, Heyneman CA. Calcitonin in phantom limb
pain. Ann Pharmacother 1999;33:499–501.

50 Hospital Physician June 2003 www.turner-white.com

B h a r w a n i  e t  a l  :  P h a n t o m  L i m b  P a i n  :  p p .  4 6 – 5 0

Copyright 2003 by Turner White Communications Inc., Wayne, PA. All rights reserved.


