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BACKGROUND: The widespread use of recreational drugs has raised concerns regarding their 
eff	ects	on	various	organ	systems.	The	use	of	cannabis	and	opioids	in	chronic	pain	management	increases	
their prevalence among patients with musculoskeletal conditions whose bone health may already be 
compromised.	This	article	aims	to	review	the	pathophysiology	and	toxic	eff	ects	of	recreational	drug	use	on	
musculoskeletal health to establish appropriate pain regimens for patients with substance use.

METHODS:	Medical	literature	published	from	1970	until	2022	was	identifi	ed	utilizing	MEDLINE/
PubMed and the Cochrane Library. In addition to the databases, references were obtained through 
the	use	of	reference	lists	of	published	articles	identifi	ed	by	the	aforementioned	databases.	The	initial	
search terms included opioids, inhalants, hallucinogens, cannabis, stimulants, and bone health. 
There were no methodological limitations in relation to the initial acquisition and analysis of data.

RESULTS: A total of 55 research articles were included in this review. Cannabis, stimulants, 
opioids, and inhalants impact bone maintenance, specifically osteoblast and osteoclast activity, as 
well as impede hormone production. These substances inhibit bone remodeling and development, 
manifesting as lower bone mineral density and increased fracture risk in chronic users.

CONCLUSION: Although the current literature suggests a deleterious effect of recreational 
drugs on bone health and musculoskeletal disease, further research is warranted to evaluate the 
clinical effects of long-term substance use. The evaluation of such effects will aid in establishing 
appropriate pain regimens, as well as appropriate screening and treatment plans for recreational drug 
users.
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INTRODUCTION
In the past decade, recreational drug use has become 

rampant within the USA. According to the National 
Center for Drug Abuse Statistics, 165 million people 
(60.2%) in the USA reported current substance use, 
while 31.9 million people (11.7%) reported illegal 
substance use. Cannabinoids, stimulants, opioids, 
hallucinogens, and inhalants are the most frequently 
used drugs in the USA, especially among the adolescent 
population (Table 1).[1-4] The use of cannabis, cocaine and 
opioids is particularly prevalent among individuals with 

chronic musculoskeletal ailments due to the analgesic 
eff ects of such substances.[5,6] Shmagel et al[7] noted that 
46.5% of patients with chronic lower back pain used 
marijuana, 22% used cocaine, and 5% used heroin. 
Notably, 22.5% of patients reporting illicit substance 
use had an active prescription for opioid analgesics. 
Despite analgesic eff ects, current literature suggests that 
various recreational drugs may have deleterious effects 
on bone health, leading to increased fracture risk and 
growth impairment during musculoskeletal development 
in adolescents (Table 2).[8-11] With the exponential rise 
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Table 1. Overview of frequently used recreational drugs in the USA
Drug class Substances Street name Mechanism of action Intoxication eff ects Withdrawal eff ects Treatment
Cannabinoids   · Cannabis

  · Cannabidiol 
(CBD)

Weed, grass, 
pot, ganja, 
skunk, blunts, 
hash, herb, 
joint, Mary 
Jane, pot, 
reefer, vape, 
and yerba

Interacts with 
cannabinoid receptor 
CB1 and CB2 leading 
to inhibition of 
adenylate cyclase

Euphoria, perceptual disturbances, 
mydriasis, conjunctival injection, 
increased appetite, dry mouth, 
paranoid delusions, hallucination, 
impaired reaction time, 
concentration, motor coordination, 
joviality, anxiety, tachycardia

Irritability, anxiety, 
depression, decreased 
appetite, weight 
loss, restlessness, 
sleep disturbances, 
headaches, tremors, 
abdominal pain, fever, 
chills, sweating

Intoxication
· Supportive 
care

Withdrawal
· Psychosocial 
intervention

Stimulants Illegal
  · Methamphe 

tamines
  · Cocaine
  · 3,4-Methyle 

nedioxymetha 
mpehtamine 
(MDMA)

  · Methcathinone
  · Bath salts
Prescription
  · Adderall, Ritalin, 

Concerta, 
Vyvanse, 
Dexedrine

  · Modafi nil
  · Fastin, Meridia, 

Preludin

Coke, blow, 
speed, uppers, 
crystal meth, 
molly, bloom, 
vanilla sky, 
ecstasy, XTC, 
X, bennies, 
crank, pellets, 
skippy 

Cocaine
· Inhibition of 
dopamine, serotonin, 
and norepinephrine 
uptake, increasing 
dopamine in the 
synaptic cleft
Amphetamines
· Increase release 
and inhibit reuptake 
of adrenaline, 
norepinephrine, 
serotonin, and 
dopamine leading 
to sympathetic 
stimulation
MDMA
· Agonist of the 
5HT2A serotonin and 
D2 dopamine receptor 
and reuptake inhibitor 
of serotonin and 
dopamine, increasing 
their concatenations in 
the synaptic cleft

Euphoria, arousal, sweating, 
tachycardia, hypertension, 
chest pain, angina, mydriasis, 
tachyarrhythmia, hyperthermia, 
paranoia, hallucinations, decreased 
appetite, weight loss, agitation, 
psychosis

Depression, lethargy, 
anhedonia, diffi  culty 
in concentration, sleep 
disturbance, miosis, 
psychomotor agitation

Intoxication
· Benzodiazepine
· Labetalol
· IV fl uids
· External 
cooling

Withdrawal
· Supportive 
care

Opioids   Natural
  · Opium
  Synthetic
  · Fentanyl
  · Methadone
  · Meperidine
  Semisynthetic
  · Heroin
  · Morphine
  · Codeine
  · Oxycodone
  · Hydrocodone
  · Hydromorphone

Smack, dope, 
horse, mud, 
big H, MPTP, 
lean, purple 
drank, OC, oxy, 
percs, vikes, 
and sippin 
syrup

Agonist eff ect on κ, δ, 
μ opioid receptors

Miosis, respiratory depression, 
altered mental status, constipation, 
bradycardia, hypothermia, seizures, 
rhabdomyolysis

Chills, rhinorrhea, 
piloerection, 
myalgias, nausea, 
vomiting, diarrhea, 
mydriasis, 
tachycardia, 
hypertension, 
hyperrefl exia, 
insomnia, yawning, 
anxiety, agitation

Intoxication
· Naloxone for 
acute overdose

Withdrawal
· Methadone, 
buprenorphine 
(long-acting 
opioids)
· Cognitive 
behavior therapy

Hallucinogen  Classic
  · D-lysergic acid 

diethylamide 
(LSD)

  · Psilocybin
  · Peyote/Mescaline
  · N,N-dimethyl-

tryptamine (DMT)
  Dissociative
  · Phencyclidine 

(PCP)
  · Ketamine
  · Dextrometh 

orphan

Acid, angel 
dust, peace 
pill, elephant 
tranquilizer, 
hog, shrooms, 
buttons, blotter, 
cubes, special 
K, and STP

Phencyclidine
· Inhibition of 
dopamine, serotonin, 
norepinephrine 
reuptake
LSD
· Agonist of the 5HT2A 
serotonin receptor

Hallucinations, cognitive 
impairment, memory loss, speech 
defi cits, hypertension, tachycardia, 
nystagmus, ataxia, muscle rigidity, 
palpitations, diaphoresis, tremor, 
blurred vision, incoordination

Not associated 
with symptoms of 
withdrawal

Intoxication
· Supportive 
care
· Benzodiazepine
· External 
cooling
· Haloperidol 
(for psychosis)

Inhalants   · Glue
  · Markers
  · Cleaning supplies
  · Spray paint
  · Aerosol sprays
  · Gases
  · Solvents
  · Nitrites

Poppers, 
whippits

Depression of the 
central nervous 
system

Respiratory depression, asphyxia, 
nausea, vomiting, nystagmus, 
tremor, muscle weakness, 
hyporefl exia, ataxia, slurred speech, 
headache, diplopia, hallucinations, 
agitation, somnolence, dizziness, 
confusion, drowsiness

Not associated 
with symptoms of 
withdrawal; chronic 
users experiencing 
tachycardia, 
irritability, 
hallucinations, 
insomnia, and 
headaches

Intoxication
· Supportive 
care
· Intubation
· Psychotherapy

CB1 and CB2: type 1 and type 2 cannabinoid receptors; IV: intravenous.
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in recreational drug use within the USA, evaluating 
the effects of such substances on bone health and 
musculoskeletal disease has become crucial.

METHODS
 A narrative review was conducted by the authors 

of the study. Medical literature published from 1970 
until 2022 was identified utilizing MEDLINE/PubMed 
and the Cochrane Library. In addition to the databases, 
references were obtained through use of reference lists 
of published articles identified by the aforementioned 
databases. The initial search terms included opioids, 
inhalants, hallucinogens, cannabis, stimulants, and bone 
health. There were no methodological limitations in 
relation to the initial acquisition and analysis of data. 
Articles were screened by abstract and then selected on 
the basis of full-text publications. The sample size and 
generalizability were considered in article selection. The 
primary author possessed a distinction in research and 
performed the initial data selection and extraction. The 
studies were then reviewed by the contributing authors 
for generalizability and relevance. 

RESULTS
Overview of recreational drugs
Cannabis

A total of 55 research articles were included in 
the this review. Cannabis is used recreationally for its 
psychoactive properties. Cannabis is derived from the 

cannabis sativa plant and elicits its action through the active 
ingredient tetrahydrocannabinol (THC).[3] Along with 
euphoria, cannabis intoxication can result in dry mouth, 
bloodshot eyes, distorted perception, dizziness, impaired 
coordination, increased appetite, anxiety, paranoia, and short-
term memory impairment.[12] The medicinal application 
of cannabis is growing in popularity and includes pain 
management, treatment of epilepsy and glaucoma.[5] The use 
of cannabis more than doubled (4.1% to 9.5%) from 2002 
to 2013 and continues to increase with its recent legalization 
in many states.[13-15] The legalization status of cannabis in the 
USA diff ers from state to state and can be contingent on the 
context of use.[16] 

Stimulants
Stimulants can be classifi ed as legal (prescription) or 

illegal substances. Amphetamines are considered legal 
prescription stimulants used for the treatment of attention 
deficit hyperactive disorder (ADHD), narcolepsy, and 
obesity.[3] Despite their legalization, amphetamines 
frequently misused in the USA include those prescribed 
for ADHD (Adderall, Ritalin, Concerta, Vyvanse, 
and Dexedrine), those prescribed for narcolepsy 
(Modafi nil), and those prescribed for weight loss (Fastin, 
Meridia, and Preludin).[3] In contrast to amphetamines, 
methamphetamines, cocaine, 3,4-methylenedioxymet
hampehtamine (MDMA, ecstasy), methcathinone, and 
bath salts (synthetic cathinones) are classified as illegal 
stimulants. In 2018, approximately 1.8 million (0.7%) 
Americans reported methamphetamine use, and 5.5 
million (2.0%) individuals reported cocaine use.

Table 2. The eff ects of recreational drugs on bone
Drug class Eff ect on bone Mechanism of action
Cannabinoids   9-tetrahydrocannabinol (THC)

  · Impaired bone healing
  · Inhibition of osteogenesis
  · Increased bone resorption
  Cannabinol (CBD)
  · Enhanced fracture healing
  · Inhibition of bone resorption

  THC
  · Partial agonist of CB1 (higher affi  nity) and CB2
  · Antagonist of GPR55
  CBD
  · Antagonist of GPR55 (primary eff ect)
  · Agonist of CB2 and CB1 (less affi  nity)

Stimulants   Methamphetamines and cocaine
  · Decreased bone remodeling
  · Inhibition of osteogenesis
  · Deleterious eff ects on bone mass

  Methamphetamines and cocaine
  · Upregulation of CART causes decrease in RANKL
  · Decrease in neuropeptide Y (NPY) levels
  · Catecholamine release
  · Penetrate and damage cell mitochondria

Opioids   Opioids including heroin
  · Inhibition of osteogenesis
  · Increased bone resorption
  · Progressive bone loss
  · Increased fracture risk

  Opioids including heroin
  · Agonist eff ect on κ, δ, μ opioid receptors
  · Interferes with pulsatile GnRH release causing decreased primary sex hormones

Hallucinogen    Unknown   Unknown
Inhalants     Inhalant products

  · Delay in bone development (adolescents)
  · Deleterious eff ects on bone mass
  · Bone demineralization

  Toluene containing products 
  · Modulation of osteoblast and osteoclast activity 

CB1 and CB2: type 1 and type 2 cannabinoid receptors; GPR55: G protein-coupled receptor 55; CART: cocaine- and amphetamine-regulated 
transcript; RANKL: receptor activator of nuclear factor κB ligand; GnRH: gonadotropin releasing hormone.
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Frequently used for the euphoric “high” and 
improved concentration associated with stimulant 
use, symptoms of intoxication include hyperactivity, 
mydriasis,  anorexia, tachycardia, hypertension, 
diaphoresis, anxiety, mood swings, aggression, and 
elevated confidence.[17] Such sympathetic enhancement 
often leads to signifi cant adverse cardiovascular eff ects. 
Cardiac arrests, arrhythmias, myocardial infarctions, 
aortic dissections, and cerebrovascular accidents occur 
more commonly in cocaine overdose than other forms of 
stimulant intoxication.[17,18] The mortality rate of cocaine 
overdose has increased from 1.4% in 2012 to 4.5% in 
2018.[3] It is estimated that 1 in 5 deaths caused by drug 
overdose in the USA involve cocaine use.

Opioids
Opioids include naturally sourced opium, synthetic 

opioids (fentanyl, methadone, and meperidine), and 
semisynthetic opioids (morphine, codeine, oxycodone, 
hydrocodone, hydromorphone, and heroin).[3] All 
opioids are structurally similar analogs that act with 
varying affi  nities on κ, δ, and μ opioid receptors to elicit 
analgesic and euphoric eff ects. The pain relief associated 
with opioid use has fuelled the opioid epidemic, i.e., the 
development of addiction and often illegal substance 
use as a result of initial opioid analgesic prescriptions. 
According to the 2016 National Survey of Drug Use 
and Health, 11.8 million Americans self-reported 
opioid addiction, 92% of them reported pharmaceutical 
addiction and 8% of them reported heroin addiction.

According to the Addict ion Center,  80% of 
individuals addicted to heroin were initially prescribed 
medicinal opioids.[19-21] Heroin is considered one of the 
most addictive illegal substances. Heroin is postulated 
to have a low binding affinity at the μ opioid receptors 
and therefore functions as a prodrug. Heroin is highly 
lipophilic and readily crosses the blood-brain barrier 
to deliver active metabolites, including morphine and 
6-monoacetylmorphine (6-MAM). It is still contested 
which metabolite exerts the more potent and rapid eff ects 
on the central nervous system (CNS). Upon metabolite 
CNS penetration and binding of central opioid receptors, 
a rapid euphoric sensation (“rush”) is produced, along 
with skin fl ushing, dry mouth, and extremity “heaviness”. 
Following these initial eff ects, drowsiness, hypotension, 
bradycardia, hypothermia, miosis, head nodding, and 
respiratory depression may occur and persist for several 
hours.[20] Signifi cant opioid ingestion can lead to coma or 
permanent brain damage through respiratory depression 
and hypoxia.[3]

Hallucinogens
Hallucinogens, often utilized in young adults for 

social purposes, distort an individual’s perception 
of reality and awareness.[22,23] According to the 2018 
National Survey on Drug Use and Health, 15.8% of 
Americans admitted to hallucinogen use within their 
lifetime, while 2.0% admitted to hallucinogen use 
within the past year.[24] Two categories of hallucinogens 
exist: classic and dissociative.[23] Classic hallucinogens 
include D-lysergic acid diethylamide (LSD), psilocybin, 
peyote or mescaline, and N,N-dimethyltryptamine 
(DMT). Dissociative hallucinogens include phencyclidine 
(PCP), ketamine, and dextromethorphan.[23] Both 
categories of hallucinogens can intensify emotional 
or sensory perception, alter sense of time, and cause 
paranoia, panic, psychosis, or relaxation. Other side 
effects include tachycardia, tachypnea, hypertension, 
hyperthermia, diaphoresis, visual disturbances, anorexia, 
nausea, dry mouth, insomnia, and loss of coordination. 
Dissociative hallucinogens are known to cause 
seizures, amnesia, psychosis, drug-induced paralysis, 
and respiratory distress or apnea.[23] In addition, 
dissociative hallucinogens may result in a sense of self or 
environmental detachment and consequently result in a 
sense of loss of control.[23]

Inhalants
Inhalants consist of gases (nitrous oxide, refrigerants, 

propane tanks, whipped cream cans, chloroform), 
aerosols (spray paints, deodorant, hair sprays, fabric 
protectors), nitrites (food preservatives, leather 
cleaner, room deodorizer), or liquids (paint thinner, 
paint remover, markers, glues, gasoline, dry-cleaning 
fluids). Industrial or household use of such substances 
is common, often resulting in occupational exposure 
and involuntary intoxication. Inhalants also possess 
psychoactive eff ects and therefore are frequently used by 
children and adolescents through oral or nasal routes for 
relaxation, euphoria, and hunger cessation.[25,26] National 
surveys have suggested that the prevalence of inhalant 
use is greatest among 12- to 18-year-old children. In the 
2018 National Survey on Drug Use and Health, 9.1% of 
individuals within the USA reported lifetime inhalant 
use, with 2.7% of users between the ages of 12 and 18 
admitting to inhalant use within the past year.[27]

The pharmacologic mechanism by which inhalant 
intoxication occurs remains poorly understood. It has 
been theorized that once inhaled, rapid distribution to 
lipid-containing membranes within the CNS occurs, 
and inhalants exert their effects through non-specific 
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CNS depression. Current literature now supports the 
theory that chemicals such as xylene, benzene, and 
trichloroethylene inhibit N-methyl-D-aspartate (NMDA) 
glutamate receptors. Toluene, an active solvent found in 
several commonly used inhalants, also inhibits NMDA 
receptors and activates the dopamine reward pathway in the 
nucleus accumbens, reinforcing its use.[26] The long-term 
use of inhalants can result in consequences, including organ 
damage, hearing loss, nerve damage, developmental and 
behavioral delays, seizure, coma, or death.[25]

Musculoskeletal eff ects of recreational drugs
Cannabis

 The effects of cannabis on bone health in humans 
are relatively unknown.[8] Cannabinoid receptors and 
their ligands play a considerable role in bone turnover 
by regulating bone cell activity. Idris et al[28] reported 
that the binding of an agonist to type 1 cannabinoid 
(CB1) receptors in mice results in an increase in 
osteoclast activity and osteoblast differentiation. 
Increased osteoclast activity results in bone resorption 
while paradoxically maintaining bone mass through 
osteoblast differentiation.[8,15,28,29] Agonist binding to 
type 2 cannabinoid (CB2) receptors also stimulates 
osteoblast proliferation and activity. However, CB2 
agonists inhibit osteoclast production by reducing the 
expression of receptor activator of nuclear factor κB 
ligand (RANKL) and consequently increasing bone 
formation.[30,31] In addition, antagonist activity on the G 
protein coupled receptor 55 (GPR55) inhibits osteoclast 
activity and reduces bone turnover.[32] With increasing 
age, CB1 and CB2 inactivation occurs and results in bone 
loss due to defective osteoblastic differentiation, adipocyte 
accumulation, and osteoporotic changes.[15,29] These fi ndings 
suggest a protective role associated with endogenous 
cannabinoids in bone homeostasis and healing.[15]

THC and cannabinol (CBD) are active cannabinoids 
that interact with the human body’s endocannabinoid 
system. THC is the principal psychoactive constituent 
in cannabis, producing the “high” or euphoric sensation 
typically associated with the drug. THC is a partial 
agonist of CB1 and CB2 receptors and an antagonist of 
GPR55 receptors.[8,28] While endogenous cannabinoids 
play a protective role in bone health maintenance, THC 
is a partial agonist with considerably higher affinity for 
CB1 receptors. Such affinity results in increased bone 
resorption from CB1-induced osteoclastic activity. THC 
also signals mitochondrial apoptotic pathways in neurons 
and mesenchymal stem cells (MSCs). THC thus inhibits 
osteogenesis by inducing cell death and inhibiting stem 

cell diff erentiation.[15,33]

In contrast, CBD has significantly analgesic, anti-
infl ammatory, anti-convulsant, and anxiolytic eff ects without 
the psychoactive effects of THC. CBD acts predominantly 
as a GPR55 receptor antagonist, with weak agonistic eff ects 
on CB1 and CB2 receptors. CBD thus reduces osteoclast 
activity and inhibits bone resorption. CBD can also act as an 
allosteric modulator of CB1 receptors, reducing the effi  cacy 
and potency of THC.[15] Other effects of CBD include 
enhancement of MSC migration and differentiation 
during bone healing, as well as increased osteoblast 
expression of lysyl hydroxylase I to improve collagen 
cross-linking.[34] Unlike THC, CBD may enhance the rate 
and quality of fracture healing in rat models.[15,34] The diverse 
eff ects of various cannabinoid receptors on bone cell activity, 
as well as the infl uence of age and sex in pre-clinical animal 
studies, make it challenge to predict the effect of cannabis 
use on bone health.

Sophocleous et al[8] reported that the bone mineral 
density  (BMD) of the spine, hip, and femoral neck was 
lower in patients who reported heavy cannabis use than 
in controls. Heavy cannabis users also had a lower body 
mass index (BMI) with higher incidence of fractures. 
Multiple regression analysis revealed that heavy cannabis 
use was an independent predictor of reduced spine and 
hip BMD. However, mediation analysis suggested that 
the effect on spine BMD was indirect and mediated 
through low BMI. In contrast, a cross-sectional study 
utilizing the National Health and Nutrition Examination 
Survey of 4,743 patients revealed that despite the 
association of cannabis use with lower BMI, no direct 
relationship could be derived between cannabis use and 
low BMD.[14]

Stimulants: methamphetamines and cocaine
Often used for its psychostimulatory effects and 

increased rates of attention deficit disorder diagnoses, 
methamphetamine use has become a systemic issue due 
to its highly addictive potential.[11,35,36] Methamphetamine 
not only results in multiple degenerative effects on the 
brain, heart, and liver but also has been implicated in 
decreased BMD and bone strength.[37-39] Due to the close 
relationship between CNS activity and bone metabolism, 
the current literature supports the notion that the 
stimulatory eff ects of methamphetamine adversely aff ect 
bone remodeling and turnover.[37,40]

Methamphetamine is commonly deposited in bone 
due to the high vascularity of marrow and the lipid 
content of the bone matrix.[37] As methamphetamine is 
lipophilic, it can penetrate cell membranes and various 
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organelles, including mitochondria. Methamphetamine 
thus disrupts the Krebs cycle and electron transport 
chain, enhancing cellular susceptibility to oxidative 
stress, pro-apoptosis, and neuroinflammation.[37] 

Damage to MSC mitochondrial membranes hinders 
their differentiation into osteoblasts, impairing bone 
production. In an animal study by Shen et al,[37] 

MSCs treated with methamphetamine demonstrated a 
decrease in mitochondrial adenosine triphosphate (ATP) 
production and oxygen consumption rate with a down-
regulation of mitochondrial DNA (mtDNA)-derived 
protein expression. Reductions in energy production 
and biogenesis support the role of methamphetamines in 
mitochondrial dysfunction and impaired differentiation 
during osteogenesis.[37]

The physiological process by which methamphetamine 
use negatively affects bone turnover and metabolism 
has been increasingly investigated in current literature. 
Recent literature has described the upregulation of the 
cocaine and amphetamine-regulated transcript (CART) 
gene that results from the hypothalamic stimulation of 
methamphetamine.[11,37] CART acts to decrease RANKL 
expression and inhibit osteoclast differentiation.[11,37,41] 

As a result of decreased osteoclast resorption, bone 
remodeling and metabolism are impaired. Similarly, low 
neuropeptide Y (NPY) levels have been attributed to 
methamphetamine use. NPY is essential for osteoblast 
activity, and therefore, its defi ciency results in decreased 
bone formation.[37,42] Furthermore, the release of 
catecholamines stimulated by methamphetamine has 
deleterious effects on bone mass due to beta adrenergic 
receptor agonism.[11]

Tomita et al[11] studied the role of methamphetamine 
in the bone metabolism of mice. The mice were classifi ed 
into three groups: (1) the control group, (2) the 5 mg/kg 
methamphetamine injection group, and (3) the 10 mg/kg 
methamphetamine injection group. Methamphetamine 
showed distinct dose-dependent effects on bone 
turnover, including a reduction in the serum protein 
concentration and increased formation of alkaline 
phosphatase and osteocalcin. A significant increase in 
osteoblasts was also observed in mice injected with 5 
mg/kg methamphetamine. Bone remodeling was thought 
to be unbalanced, and decreased metabolic turnover was 
observed. The overall effects of methamphetamine are 
thus thought to lead to osteoporosis. 

Kim et al[39] studied the frequency of osteoporosis 
in male methamphetamine users. Forty-six hospitalized 
male methamphetamine users and 100 reference controls 
were studied. BMD of the lumbar spine was measured by 

dual-energy X-ray absorptiometry (DXA). Considerable 
loss of BMD was observed in heavy methamphetamine 
users compared to controls, with an osteoporosis frequency 
of 22% and a lumbar spine osteopenia frequency of 76%. 
A clear correlation between drug use and the extent of 
bone mineral loss was observed.[39] Similarly, Bolognini 
and Ross[29] studied the speed of sound and broadband 
ultrasound attenuation at the calcaneus by Achilles 
ultrasound bone densitometer. The speed of sound and 
broadband ultrasound attenuation served as indicators 
of bone strength. A significant difference in bone 
strength was observed between patients with reported 
methamphetamine misuse and the control group.[38] 
Although current evidence suggests an adverse effect 
of methamphetamine on bone health, clinical studies 
with long-term follow-up are necessary to establish the 
consequences of chronic methamphetamine use on the 
musculoskeletal system and the resultant fracture risk.

Opioids
Traditionally used for analgesic effects in moderate to 

severe pain management, opioid use has also increasingly 
been associated with osteoporosis and low BMD.[9,43] Three 
types of opioid receptors have been identified on human 
osteoblast cells: μ, δ, and κ.[44] Upon activation of these 
receptors by either endogenous opioids or an exogenous 
drug, osteoblast activity decreases, as evidenced by reduced 
osteocalcin production. Low osteocalcin levels have been 
observed in chronic heroin users, suggesting an inhibitory 
eff ect on osteoblast activity and bone production with opioid 
misuse.[44,45]

Furthermore, activation of opioid receptors on the 
hypothalamus interferes with the pulsatile release of 
gonadotropin releasing hormone (GnRH). A lack of 
pulsatile GnRH release results in a reduction of luteinizing 
hormone and follicle stimulating hormone.[10] Significant 
disruption of the hypothalamic-pituitary-gonadal axis 
results in hypogonadism and a decrease in testosterone 
and estradiol hormone production by the testes and 
ovaries, respectively.[10] In men, testosterone and other 
androgens are essential for stimulating periosteal apposition 
during bone development and maintenance, while estrogens 
increase endosteal apposition in women.[46] As primary sex 
hormones are necessary for bone health and maintenance, 
increased osteoporosis risk and compression fractures 
have been reported in long-term male and female opioid 
users with associated hypogonadism.[10,47] Women are 
particularly at risk for fractures due to estrogen withdrawal 
at the onset of menopause. Estrogen deficiencies prolong 
the lifespan of osteoclasts and reduce osteoblast duration.[46] 
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The increase in bone resorption with decreased osteoblastic 
production leads to poor remodeling and skeletal weakening. 
Opioid-induced hypogonadism has the potential to hasten the 
progression of bone loss in women prior to menopause and 
exacerbate fracture risk following the onset of menopause.[46]

Gotthardt et al[43] reported a 74.3% prevalence rate of 
low bone mass in patients on opioid maintenance therapy. 
Similarly, Kim et al[48] reported low BMD in 83% of 
92 male and female opioid users receiving methadone 
maintenance therapy. Thirty-five percent of the low 
BMD group had a dual-energy X-ray absorptiometry 
(DEXA) scan T-score in the osteoporosis range (< -2.5). 
The direct alterations in bone metabolism caused by 
opioids, along with the indirect effects of opioids on 
hypothalamic hormones, provide potential mechanisms 
by which long-term opioid use can result in deterioration 
of bone quality.[10, 44, 46]

Other adverse effects of opioid use include the 
development of infections, including osteomyelitis. 
Osteomyelitis is frequently associated with intravenous 
heroin use.[49] Disease occurs through the hematogenous 
spread of bacteria from the injection site to various 
skeletal locations during intravenous use. This is potentiated 
with the use of unclean needles and syringes.[49] Preferred 
sites of infection include the lumbar spine, cervical spine, 
and clavicles. The most common causative organisms 
include Staphylococcus species, gram-negative rods, and 
yeast.[49,50] Patients initially complain of severe localized 
pain with erythema and edema at the site of the infected 
bone, with systemic symptoms of fever and fatigue.[51] 
If left untreated, osteomyelitis can lead to osteonecrosis, 
septic arthritis in nearby joints, and impaired growth in 
children if the infection extends to the growth plate.[51] 

Depending on the severity, osteonecrosis is generally 
managed by surgical resection of the infected or dead 
portion of bone with post-operative intravenous (IV) 
antibiotics in the inpatient setting.[52]

Hallucinogens
The existing literature lacks evidence regarding 

the biochemical and clinical effects of hallucinogenic 
substances on bone metabolism and musculoskeletal 
disease. As such substances are becoming increasingly 
approved by the federal drug administration, particularly 
for depression and pain control, further research is 
warranted to identify the eff ects of short- and long-term 
use of hallucinogens on bone health. The unexplored 
consequences of more widespread therapeutic use, 
especially in the adolescent population, must be 
considered.

Inhalants
Inhalant use in adolescents has been associated with 

growth impairment and reduced bone density.[53] A cross-
sectional study comparing BMD in 25 adolescent glue 
inhalant users to that of 30 age-matched controls revealed 
that DEXA scan measurements were considerably lower 
in the inhalant group. Such results suggest either a delay 
in development and/or decreased bone mass with frequent 
inhalant use in children and adolescents.[54] Although the 
exact substance eliciting the deleterious effects is not 
evident, toluene in particular has been linked to bone 
demineralization. An animal study conducted by Atay et 
al[55] reported lower BMD measurements in mice chronically 
exposed to toluene than in control mice. Although the 
mechanism by which toluene elicits its effects on bone 
metabolism remains uncertain, it is hypothesized that 
toluene influences osteoblast and osteoclast activity.[53,55] 
Nevertheless, lower peak bone mass produced by the use of 
inhalants during development raises concern over the future 
development of osteoporosis and increased fracture risk.[54]

DISCUSSION
The widespread use of recreational drugs in the USA 

raises significant concerns regarding their effects on 
various organ systems. Furthermore, the use of cannabis 
and opioids in chronic pain management increases the 
prevalence of these substances among patients with 
musculoskeletal conditions whose bone health may 
already be compromised. Cannabis, stimulants, opioids, 
and inhalants impact bone maintenance, specifically 
osteoblast and osteoclast activity, and impede hormone 
production. Such substances therefore lead to the 
inhibition of bone remodeling and development, 
manifesting as lower BMD and increased fracture risk 
in chronic users. Although the current literature suggests 
a deleterious effect of recreational drugs on bone 
health and musculoskeletal disease, further research is 
warranted to evaluate the clinical effects of long-term 
substance use. The evaluation of such effects will aid 
in establishing appropriate pain management regimens, 
as well as appropriate screening and treatment plans for 
recreational drug users.

In patients presenting to the emergency department 
or outpatient clinics with acute or chronic pain, it is 
critical to ascertain their relationship with drug use. 
Patients with chronic substance use are more likely to 
suffer from lower BMD and increased fracture risk. 
Opioids, steroids, and other pain regimens that further 
lower bone density should be avoided in such patients, 
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with alternative agents being prescribed when feasible. 
Patients should be educated on their increased fracture 
risk. Education and resources regarding the cessation 
of substance use should also be provided. Additionally, 
patients can be given addiction medicine, pain medicine, 
and physical medicine and rehabilitation referrals for 
further care if needed.

CONCLUSION
In patients presenting to the emergency department 

or outpatient clinics with acute or chronic pain, it 
is critical to ascertain their relation with drug use. 
Patients with chronic substance use likely suffer from 
lower bone mineral density and increased fracture risk. 
Opioids, steroids, and other pain regimens that further 
lower bone density should be avoided in such patients, 
with alternative agents being prescribed when feasible. 
Patients should be educated on their increased fracture 
risk and provided resources regarding cessation of 
substance use if amenable. 
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