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Summary
Bone loss is asymptomatic and will progress without pain
and other symptoms until the occurrence of a fracture.
The occurrence of a breaking bone induce acute pain determined and supported by a mechanical, inflammatory
and neuropathic component. Very often the acute component evolves in a chronic musculoskeletal component.
Overall objectives of the analgesic therapy can be summarized in pain relief, improving sleep, improve mobility,
reduce anxiety, emotional component and depression.
Osteoporosis is predominantly a condition of the elderly,
more likely to have coexisting cardiovascular disease and
age-related decline in renal function, receiving treatment
for one or more comorbid conditions, taking multiple
medications. Analgesic treatment with NSAIDs has negative effects on skeletal health and healing of the injured
skeleton and increase risk of adverse events especially in
older patients. Despite all opioids therapy represents a
mainstay in the treatment of patients with moderate to severe pain, it can induce an endocrinopathy, which may affect bone metabolism. The negative effects of opioids on
hormonal axis are not the same for all molecule and the
choice of drug can be crucial in the treatment of patients
with chronic pain.
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Introduction
Pain is not a symptom of osteoporosis, bone loss is asymptomatic
and will progress without pain and other symptoms until the occurrence of a fracture. Up to now it is estimated that over 200 million people worldwide suffer from osteoporosis (1). Pain is one of
the most feared complications of osteoporosis, which affects about
85% of the patients (2,3). Sensory nerve fibers do not appear to
decline aging, whereas density of bone mass decrease (4). The
occurrence of a fracture induces acute pain determined and supported by a mechanical, inflammatory and neuropathic component.
Very often the acute component evolves in a chronic musculoskeletal component (4). Over time, chronic pain can be surrounded by different mechanism, for example continuous contraction
of the paraspinal musculature may evolve in fatigued and painful muscles (5). It is a fact that vertebral fractures can induce a
series of pathophysiological changes that evolves also in a chronic
back pain having great personal and socioeconomic impact.

Objectives of pain management in osteoporosis
Treatment of osteoporosis is essential to reduce the further evolution of the disease and the perpetuation of the determinants of
pain. Chronic pain caused by osteoporosis, may induce the development of significant changes in functional ability, personality
and lifestyle. The simple pain treatment may be insufficient, remaining necessary break free from the vicious circle of immobility, muscle atrophy and deterioration of osteoporosis condition.
Basic requirements of efficacious therapy are a multimodal approach, a continuous administration of drugs and an aggressive
approach. Reduce pain is much more than treat only “an unpleasant
sensory sensation”, and represents a key response in the framework of biopsychosocial model of chronic pain (6). The overall objectives of the analgesic therapy can be summarized in pain
relief, improving sleep, improve mobility, reduce anxiety, emotional
component and depression (6).

Pain relief in chronic osteoporotic pain
As proposed by the World Health Organization (WHO), analgesic choice is determined by the intensity of pain (7) and by the type
of pain also. The analgesic treatment of osteoporotic fracture should
prevent the onset of pain with drugs administered at scheduled
intervals throughout the day, according to half-life and duration
of action of different formulations. Moreover, the analgesics could
be easy to administer, preferably by mouth, customizable to the
needs of patient. The first-line approach for the treatment of mild
to moderate musculo-skeletal pain is represented by acetaminophen (42, 43), however its role in the treatment of chronic pain
is often limited. Acetaminophen is a low-level analgesic with a weak
anti-inflammatory power, useful only as a short-term analgesic (41).
Like acetaminophen NSAIDs including COX-2 inhibitors may be
suitable for short time treatment of patients with bone pain. Osteo-
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porosis is predominantly a condition of the elderly, more likely to
have coexisting cardiovascular disease and age-related decline
in renal function, receiving treatment for one or more comorbid conditions, taking multiple medications. Recently, a meta-analysis underlines that COX-2 selective drugs increase the risk of major vascular events about a third, inducing a rise of about 3/4 of the risk
of major coronary events (8). All NSAIDs doubled the risk of heart
failure, requiring hospital admission and increase the risk of upper gastrointestinal complications by around 2-4 times (8). In USA
every year number of death NSAIDs related are similar to the number of deaths from the acquired immunodeficiency syndrome (38)
and in UK higher than those for asthma or cervical cancer (9, 39).
All these reasons suggest caution in the use of NSAIDs, and oblige us to reconsider the use of these molecules, as much as possible by limiting the dosage and duration of treatment. A further
issue of the treatment of bone pain with NSAIDs is the negative
effects on skeletal health and healing of the injured skeleton. The
mechanism of these side effects is not completely clear, but prostaglandins do appear to result in a relevant role in Wnt signaling
pathway required for bone formation in both the normal and fractured bone (44). In animal model, ibuprofen or COX-2 inhibitors
have demonstrated to slow down fracture healing of bone fracture (45). Thus inhibition of prostaglandin synthesis might be expected to inhibit bone formation. The extent of the reduction of normal bone formation and fracture healing determined in humans
by NSAIDs and COX-2 inhibitors remains to be defined (46). Although the data regarding long-term opioids therapy are far from exhaustive, these medications represent a mainstay in the treatment of
patients with moderate to severe pain (7), especially for those elderly patients with gastrointestinal and cardiovascular comorbidities, when other therapies with NSAIDs and COX-2 inhibitors
medications are to be avoided (10).

Risks of opioids treatment
All the active drugs on the central nervous system (CNS) administered to osteoporotic elderly patients can determine fall-related injuries (11). Often falls have many different causes resulting
from the interactions between intrinsic or extrinsic risk factors (1214). The intrinsic risks as functional impairment or balance disorders
represent the common features of the frail elderly osteoporotic patient. The extrinsic risks are often linked to treatment as the adverse drug reaction. Several studies have documented that there is a relation between falling and the number of drugs used (15,
16). Drugs with central nervous system (CNS) side effects, such
as benzodiazepines, antidepressants, neuroleptics, anticonvulsants
(15, 16) and opioids (17) are known to increase the risk of fractures and fall-related injuries. Frequently the CNS effects of opioids
happen starting opioid therapy or during substantial dose escalation. Almost always after a few days of treatment, opioids tolerance relives CNS symptoms. In people with comorbidities such
as dementia or in those who receive other sedating medications,
CNS effects can persist over time (22). Although opioids can be
essential in the treatment of moderately severe chronic pain, is
even to account the endocrinological consequences during longterm and/or high-dose treatment (18). While opioids relieve the
osteoporotic pain, osteoporosis is itself a symptom of hypogonadism
(18). The chronic opioid treatment in premenopausal women can
lead to osteoporosis, infertility, and increased cardiovascular risk,
in postmenopausal, may contribute to depressed mood and diminished libido (19, 20). The risk of osteoporosis and fractures concern female but also male undergoing chronic treatment with opioid
medications (21). In animal model is detected the presence of opioid
receptors on osteoblasts (26) and similarly mu, delta, and kappa
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receptor are expressed in human osteoblast-like cells MG-63 (27).
Osteocalcin synthesis (OS) is a marker of osteoblast activity,
morphine significantly reduces OS and this effect is abolished by
concomitant administration of naloxone (27). Decreased serum
osteocalcin levels was detected in heroin and cocaine abusing pregnant women (30). Similar low concentration was detected in the
umbilical arteries of their newborns, demonstrating the effects of
drugs on osteoblasts. Endogenous and exogenous opioid agonists influence gonadal function primarily by modulate the secretion
of gonadotropin releasing hormone (GnRH), which regulates the
release of luteinizing hormone (LH), and follicle-stimulating hormone (FSH) from the pituitary gland. Extensive preclinical and clinical data show that opioids inhibit the functioning of the entire hypothalamic-pituitary-gonadal axis. A reduction of GnRH decrease progesterone and estradiol in female, and in male testicular testosterone. In woman chronically treated with sustained-release
opioids for chronic non-cancer pain LH and FSH are less than 30%
in pre-menopausal and less than 70% in post-menopausal
subjects, 39% of which also shows a reduction of free testosterone level (19). The opioid therapy hormonal consequences can
be sexual dysfunction, menstrual anomalies, infertility, decrease
muscle mass, osteoporosis with symptoms like fatigue, weakness,
depression, hot flashes and night sweats (23); this syndrome is
called opioid-induced androgen deficiency (OPIAD) (29). The prevalence of opioid-induced hypogonadism in patients taking chronic
opioid therapy is around 90% (23, 31). Many factors as marijuana, chemotherapy, alcohol, glucocorticoids, cimetidine, ketoconazole, spironolactone and illnesses, including liver and kidney
diseases may induce a reduction of sex hormone levels (23).
Between the consequences of opioid-induced hypogonadism, the
perception of pain and analgesia of therapy are among the least investigated. The testosterone seems to play a role in the perception of pain, indeed on animal model castration would cause
increased sensitivity to pain (23) and have an impact on the effect of analgesic opioid therapy (24, 25). These effects are confirmed by restoring the normal pain sensitivity with a testosterone supplementation. Chronic opioid treatment can relapse the hypothalamic-pituitary-adrenal axis, but these effects are not as well
characterized as that of the hypothalamic-pituitary-gonadal axis.
Main contributor of hypoadrenalism are reduced levels of corticotropin-releasing hormone (CRH), strongly inhibited by opioids
(33-35), which can lead to reduced secretion of ACTH from the
pituitary (19, 32). Opioids affect, in a dose-related pattern, the capacity of the pituitary gland to respond to CRH, which interfere with
adrenal gland production of cortisol and dehydroepiandrosterone (DHEA), even independently of CNS downregulation (19). Up
to now low cortisol levels was demonstrated in patients given
opioids for acute or chronic pain (36, 37). The risk of bone fracture remains unclear in the population of patient affected by opioid
induced endocrinopathy (40).

The crucial choice of opioid
The negative effects of opioids on gonadal function are not the
same for all molecule and the choice of drug can be crucial in the
treatment of patients with chronic pain (28). First of all, men and
women have different mechanisms of hormonal disturbance caused by opioids. OPIAD is thought to affect 230,000 to 5 million men
who are taking long-term opioid therapy for chronic non-cancer
pain in the United States (50). Women are not immune to OPIAD,
which is only more frequent in man (21). Specifically methadone
has significant endocrinopathic effects in patients there was a dose
dependent decrease on testosterone levels, but only in men (47).
Similarly, morphine has one of the worst depressant effect on teClinical Cases in Mineral and Bone Metabolism 2016; 13(2):89-92
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stosterone and cortisol: these effects are quickly reversible in a
matter of hours or days. The data shows that after a few hours
following administration of single dose has been reached castration
levels of testosterone (18). In contrast to the previous opioids, in
animal model buprenorphine does not reduce the testosterone levels compared to saline injection, on the contrary morphine, fentanyl, or tramadol administration significantly decrease hematic
hormone levels (48). These data were corroborated by a clinical
trial with transdermal buprenorphine, where in females all hormones
showed slight changes during the observation period of 6
months. The only exception, in males, was the free testosterone,
which appeared to have decreased after 3 months, but was encouraging the absence of significant differences for any other hormones. In both sexes the hypothalamic-pituitary-adrenal axis was
not inhibited, since cortisol progressively increased during treatment. The most recent synthesized centrally acting analgesic is
tapentadol with a dual mode of action mediated by the agonist effect on mu opioid receptor (MOR), and an action which enhances noradrenergic transmission due to the inhibition of noradrenalin reuptake (NRI, noradrenalin reuptake inhibitor). MOR and
NRI activities are performed directly by the mother molecule without
metabolizitation and are simultaneous and synergic. Even though the desired effect analgesia is enhanced by synergy, the same
does not apply to the adverse effects, which are lesser than with
traditional opiates thanks to the moderate MOR agonist effect (μsparing effect). A recent study collects data from three randomized, double-blind studies of tapentadol immediate release (IR) or
tapentadol extended release (ER) (49). In four-way crossover study
in healthy male subjects (study 1), tapentadol IR have the same
effects of placebo on testosterone and LH concentration, while
morphine IR decrease these hormones. Mean testosterone concentrations were within the normal range at 6 hours after administration of tapentadol IR or placebo. In four-period, dose-escalation study in healthy subjects (study 2), mean testosterone concentrations at 24 hours was similar and within the normal range
after the first doses of tapentadol and placebo. In the same manner LH concentrations at 24 hours after the first doses of tapentadol were within the normal reference range. In the forced-titration study in male and female patients with chronic osteoarthritis knee pain (study 3), mean concentrations of testosterone, FSH
and LH were comparable at 29 days after treatment with tapentadol ER and placebo. On the contrary, the patient population treated with oxycodone CR shows a greater reduction in the testosterone concentration, which remains below the normal reference range on days 15 and 29 in a greates number of patients. Specifically focusing on different opioids emerges as buprenorphine
and tapentadol are promising analgesics, having lowest endocrinopathic effects.

it possible to provide opioids to almost all osteoporotic patients
who can benefit. For the future will need to develop research to
better define the role of opioid drugs in that context, molecules with
a lower osteoporotic effect than others and strategy to define and
antagonize the gonadal effects of therapy.

Financial disclosure
All other Authors declare that they have no conflicts of interest.

References
1.
2.
3.

4.

5.

6.

7.
8.

9.

10.

11.
12.

13.

14.

Conclusions and clinical implications
Opioids represent one of the first choice drug for relieving moderate
to severe pain precipitated by osteoporosis. Despite published guidelines and WHO’s pain ladder the treatment of chronic pain from
osteoporosis put specialist in front of a lot of tough choices, which often follow multidisciplinary perspective. Non-pharmacological interventions, such as psychological therapies (e.g. cognitive
behavioural therapy) or physiatric approach, can also be particularly
useful in the treatment of chronic pain. Surely today there is no
single ideal drug to treat elderly population with pain caused by
osteoporosis, while it is necessary to develop a clinical strategy
able to answer adequately to pain and suffering. In clinical practice, a specialized and multidisciplinary approach, which includes
the careful selection of individual and meticulous monitoring make
Clinical Cases in Mineral and Bone Metabolism 2016; 13(2):89-92

15.

16.

17.
18.

19.

20.

Cooper C, Campion G, Melton LJ 3rd. Hip fractures in the elderly: a
world-wide projection. Osteoporos Int. 1992 Nov;2(6):285-9.
Hayashi Y. Bone diseases with Pain. Osteoporosis. Clin Calcium.
2007 Apr;17(4):606-12.
Vellucci R, Mediati RD, Ballerini G. Use of opioids for treatment of osteoporotic pain. Clin Cases Miner Bone Metab. 2014 Sep;11(3):1736.
Mediati RD, Vellucci R, Dodaro L. Pathogenesis and clinical aspects
of pain in patients with osteoporosis. Clin Cases Miner Bone Metab.
2014 Sep;11(3):169-72.
Wu SS, Lachmann E, Nagler W. Current medical, rehabilitation, and
surgical management of vertebral compression fractures. J Womens
Health (Larchmt). 2003 Jan-Feb;12(1):17-26.
Kress HG, Ahlbeck K, Aldington D, et al. Managing chronic pain in elderly patients requires a CHANGE of approach. Curr Med Res Opin.
2014 Mar.
Vellucci R. Heterogeneity of chronic pain. Clin Drug Investig. 2012 Feb
22;32 Suppl 1:3-10.
Coxib and traditional NSAID Trialists’ (CNT) Collaboration, Bhala N,
Emberson J, Merhi A, et al. Vascular and upper gastrointestinal effects
of non-steroidal anti-inflammatory drugs: meta-analyses of individual
participant data from randomised trials. Lancet. 2013 Aug 31;
382(9894):769-79.
Tramer M, Moore R, Reynolds J, et al. Quantitative estimation of rare
adverse events which follow a biological progression: a new model applied to chronic NSAID use. Pain. 2000;85:169-82.
Brooks M. FDA Asks Docs to Limit Acetaminophen in Prescription
Meds. Medscape Medical News. Available at http://www.medscape.com/viewarticle/819216. Accessed January 23, 2014.
Tinetti ME. Clinical practice. Preventing falls in elderly persons. N Engl
J Med. 2003;348:42-49.
American Geriatrics Society, British Geriatrics Society, and American
Academy of Orthopaedic Surgeons Panel on Falls Prevention. Guideline for the prevention of falls in older persons. J Am Geriatr Soc.
2001;49:664-672.
Fletcher PC, Hirdes JP. Risk factors for falling among community
based seniors using home care services. J Gerontol Med Sci. 2002;
57A: M504-M510.
Perell KL, Nelson A, Goldman RL, et al. Fall risk assessment measures: an analytic review. J Gerontol Med Sci. 2001;56A:M761-M766.
Leipzig RM, Cumming RG, Tinetti ME. Drugs and falls in older people:
a systematic review and meta-analysis: I. Psychotropic drugs. J Am
Geriatr Soc. 1999;47:30-39.
Draganich LF, Zacny J, Klafta J, et al. The effects of antidepressants
on obstructed and unobstructed gait in healthy elderly people. J Gerontol Med Sci. 2001;56A:M36-M41.
Vestergaard P, Rejnmark L, Mosekilde L. Fracture risk associated with
the use of morphine and opiates. J Int Med. 2006;260:76-87.
Aloisi AM, Aurilio C, Bachiocco V, et al. Endocrine consequences of
opioid therapy. Psychoneuroendocrinology. 2009 Dec;34 Suppl 1:
S162-8.
Daniell HW. DHEAS deficiency during consumption of sustained-action prescribed opioids: evidence for opioid induced inhibition of
adrenal androgen production. J Pain. 2006;7:901-907.
Berga SL, Loucks TL. The diagnosis and treatment of stressinduced
anovulation. Minerva Ginecol. 2005;57:45-54.

91

Copyright © 2016 CIC Edizioni Internazionali Unauthorized reproduction of this article is prohibited.

_CCMBM 2_2016.qxp_- 28/09/16 10:46 Pagina 92

R. Vellucci et al.

21. Fraser LA, Morrison D, Morley-Forster P, et al. Oral opioids for chronic
non-cancer pain: higher prevalence of hypogonadism in men than in
women. Exp Clin Endocrinol Diabetes. 2009 Jan;117(1):38-43.
22. McNicol E, Horowicz-Mehler N, Fisk RA, et al; Americal Pain Society.
Management of opioid side effects in cancer-related and chronic noncancer pain: a systematic review. J Pain. 2003 Jun;4(5):231-56.
23. Katz N, Mazer NA. The impact of opioids on the endocrine system. Clin
J Pain. 2009 Feb;25(2):170-5.
24. Forman LJ, Tingle V, Estilow S, et al. The response to analgesia testing is affected by gonadal steroids in the rat. Life Sci. 1989;45(5):44754.
25. Stoffel EC, Ulibarri CM, Folk JE, et al. Gonadal hormone modulation
of mu, kappa, and delta opioid antinociception in male and female rats.
J Pain. 2005 Apr;6(4):261-74.
26. Rosen H, Bar-Shavit Z. Dual role of osteoblastic proenkephalin derived
peptides in skeletal tissues. J Cell Biochem. 1994;55:334-339.
27. Pérez-Castrillón JL, Olmos JM, Gómez JJ, et al. Expression of opioid
receptors in osteoblast-like MG-63 cells, and effects of different opioid agonists on alkaline phosphatase and osteocalcin secretion by
these cells. Neuroendocrinology. 2000 Sep;72(3):187-94.
28. Mattia C, Di Bussolo E, Coluzzi F. Non-analgesic effects of opioids: the
interaction of opioids with bone and joints. Curr Pharm Des.
2012;18(37):6005-9.
29. Smith HS, Elliott JA. Opioid-induced androgen deficiency (OPIAD).
Pain Physician. 2012 Jul;15(3 Suppl):ES145-56.
30. Rico H, Costales C, Cabranes JA, Escudero M. Lower serum osteocalcin levels in pregnant drug users and their newborns at the time of
delivery. Obstet Gynecol. 1990;75(6):998-1000.
31. Rajagopal A, Vassilopoulou-Sellin R, Palmer JL, et al. Symptomatic hypogonadism in male survivors of cancer with chronic exposure to opioids. Cancer. 2004;100:851-858.
32. Allolio B, Schulte HM, Deuss U, et al. Effect of oral morphine and naloxone on pituitary-adrenal response in man induced by human corticotropin-releasing hormone. Acta Endocrinol (Copenh). 1987;114:
509-514.
33. Oltmanns K, Fehm H, Peters A. Chronic fentanyl application induces
adrenocortical insufficiency. J Intern Med. 2005;257:478-480.
34. Hall GM, Lacoumenta S, Hart GR, et al. Site of action of fentanyl in inhibiting the pituitary-adrenal response to surgery in man. Br J Anaesth.
1990;65:251-253.
35. Raff H, Norton A, Flemma R, et al. Inhibition of the adrenocorticotropin
response to surgery in humans: Interaction between dexamethasone
and fentanyl. J Clin Endocrinol Metab. 1987;65:295.
36. Abs R, Verhelst J, Maeyaert J, et al. Endocrine consequences of

92

37.

38.
39.
40.
41.

42.

43.

44.

45.

46.
47.

48.

49.

50.

long-term intrathecal administration of opioids. J Clin Endocrinol
Metab. 2000 Jun;85(6):2215-22.
Palm S, Moenig H, Maier C. Effects of oral treatment with sustained
release morphine tablets on hypothalamic-pituitary-adrenal axis. Methods Find Exp Clin Pharmacol. 1997;19:269-273.
Singh G, Triadafilopoulos G. Epidemiology of NSAID-induced GI complications. J Rheumatol. 1999;26:18-24.
Moore R, Phillips C. Cost of NSAID adverse effects to the UK National
Health Service. J Med Econom. 1999;2:45-55.
Irwig MS. Bone health in hypogonadal men. Curr Opin Urol. 2014;
24(6):608-613.
Bannuru RRDU, McAlindon TE. Reassessing the role of acetaminophen in osteoarthritis: systematic review and meta- analysis. Osteoarthritis Research Society International World Congress; 2010 Sep
23e26; Brussels, Belgium. Osteoarthritis Cartilage. 2010; 18(Suppl
2):S250.
Institute for Clinical Systems Improvement (ICSI). Health Care Guideline: Assessment and Management of Chronic Pain (fourth edition)
2009: Available from: www.icsi.org.
American College of Rheumatology Subcommittee on Rheumatoid
Arthritis Guidelines. Guidelines for the management of rheumatoid
arthritis: 2002 Update. Arthritis Rheum. 2002;46(2):328-346.
Genetos DC, Yellowley CE, Loots GG. Prostaglandin E2 signals
through PTGER2 to regulate sclerostin expression. PLoS One. 2011
Mar 16;6(3):e17772.
O'Connor JP, Capo JT, Tan V, et al. A comparison of the effects of
ibuprofen and rofecoxib on rabbit fibula osteotomy healing. Acta orthopaedica. 2009;80:597-605.
Su B, O'Connor JP. NSAID therapy effects on healing of bone, tendon,
and the enthesis. J Appl Physiol (1985). 2013 Sep;115(6):892-9.
Bawor M, Dennis BB, Samaan MC, et al. Methadone induces testosterone suppression in patients with opioid addiction. Sci Rep. 2014 Aug
26;4:6189.
Aloisi AM, Ceccarelli I, Fiorenzani P, et al. Testosterone affects formalin-induced responses differently in male and female rats. Neurosci
Lett. 2004 May 6;361(1-3):262-4.
Eichenbaum G, Göhler K, Etropolski M, et al. Does tapentadol affect
sex hormone concentrations differently from morphine and oxycodone?
An initial assessment and possible implications for opioid-induced androgen deficiency. J Opioid Manag. 2015 May-Jun;11(3): 211-27.
Mazer N, Chapman C, Daniell H, et al. Opioids in non-cancer pain: Opioid induced androgen deficiency in men (OPIAD): An estimate of the
potential patient population in the U.S. and Canada. J Pain. 2004;5(3
suppl):S73; abstract 857.

Clinical Cases in Mineral and Bone Metabolism 2016; 13(2):89-92

Copyright © 2016 CIC Edizioni Internazionali Unauthorized reproduction of this article is prohibited.

