
The Musculoskeletal Effects of
Perioperative Smoking

Abstract

Although the carcinogenic consequences of smoking are well
known, further research is needed on the effects of smoking on
musculoskeletal health and surgical outcomes. Orthopaedic
perioperative complications of smoking include impaired healing,
increased infection, delayed and/or impaired fracture union and
arthrodesis, and inferior arthroplasty outcomes. The incorporation
of smoking cessation protocols such as transdermal patches,
chewing gum, lozenges, inhalers, sprays, bupropion, and
varenicline in the perioperative period may result in substantial
benefits for patients’ musculoskeletal and general health.

More than 10 million cigarettes
are sold per minute world-

wide.1 In the United States, tobacco
is responsible for 1 in 5 deaths.2 Be-
tween 2000 and 2004, smoking was
responsible for more than $193 bil-
lion in annual health-related costs in
the United States, including medical
costs and lost productivity attribut-
able to smoking.

During cigarette use, hazardous
gases and chemicals are released into
the bloodstream. The combustion
byproducts that are generated injure
host DNA, causing genetic mutations
that may contribute to the develop-
ment of cancer. Nicotine is perhaps
the most notorious component of to-
bacco smoke not only because of its
addictive qualities but, more impor-
tantly, because it is critical to the de-
velopment and/or exacerbation of
many smoking-related disease pro-
cesses. For example, smoking causes
coronary heart disease and aortic an-
eurysms; contributes to atherosclero-
sis, peripheral vascular disease, the
development of chronic obstructive
lung disease, and the development of
lung cancer; and places people at

increased risk of stroke.3 Smoking-
related morbidity also includes mul-
tiple harmful perioperative muscu-
loskeletal complications. Smoking
cessation is beneficial for optimizing
musculoskeletal outcomes and over-
all health.

Cellular Effects of
Smoking

Smoking has been shown to cause re-
duced cutaneous blood flow as well
as decreased subcutaneous soft-tissue
oxygenation and aerobic metabo-
lism.4 The carbon monoxide found
in tobacco further decreases blood
flow to healing tissues. Thrombi gen-
erated as a consequence of increased
platelet aggregation may further
limit soft-tissue perfusion.5

Reduced blood flow impairs deliv-
ery of lymphocytes to infected areas.
The nicotine found in tobacco also
has detrimental effects at the cellular
level. Studies have demonstrated that
nicotine negatively modulates T-cell
function. In a recently published mu-
rine model, decreased expression of
transcription factors caused by expo-
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sure to cigarette smoke resulted in
reduced production of gamma
interferon-γ, which made the T cells
more susceptible to pathogens.6

Reduced blood flow also may de-
lay and/or impair the quality of bone
repair. Nicotine is known to interfere
with the cellular processes that occur
in mesenchymal stem cells.7 Nico-
tinic modulation of gene expression
brought about by the addition of nic-
otine concentrations analogous to
heavy smoking has been shown to
result in reduced osteoblast forma-
tion and bone metabolism.8,9 Smok-
ing also seems to have an effect on
soft-tissue repair; one study demon-
strated that collagen production is
impeded in persons who smoke.10

Smoking is known to negatively af-
fect bone density. By decreasing the
production and metabolism of estro-
gen, smoking may negate the efficacy
of these bone-protecting hormones.11

Decreased estrogen levels may con-
tribute to an increased risk of frac-
ture12 and accelerated fracture pre-
sentation. A retrospective review of
hip fractures in 467 smokers and
3,150 nonsmokers demonstrated
that smokers sustained their injuries
at a younger age than did nonsmok-
ers (average, 9 years earlier).13

Clinical Impact of
Smoking

Most available evidence on the effect
of smoking on orthopaedic outcomes
is based on research that is retrospec-
tive, statistically insignificant, and
often outdated. These studies are of-
ten confounded by multiple coexist-
ing variables. Thus, it is difficult to
isolate the negative consequences of
smoking.

The largest of these studies re-
viewed 906 consecutive surgically
managed ankle fractures.14 Of the
patients studied, 20.4% were catego-
rized as smokers. Smokers had

higher rates of postoperative compli-
cations than did nonsmokers (30.1%
and 20.3%, respectively; P = 0.005)
and were at greater risk of develop-
ing deep wound infection (4.9% and
0.8%, respectively; P < 0.001). Mul-
tivariate analysis showed smokers to
have a six times higher chance than
nonsmokers of developing infection.

The impact of smoking on 268
open tibia fractures was reviewed as
part of the Lower Extremity Assess-
ment Project.15 Thirty-nine percent
of the patients were active smokers.
After adjusting for covariates, cur-
rent smokers were found to be 37%
more likely than never smokers and
previous smokers to achieve non-
union (P = 0.01), twice as likely to
develop acute postoperative infection
(P = 0.05), and 3.7 times more likely
to develop chronic osteomyelitis (P =
0.01). The authors of that study con-
cluded that smoking placed patients
at higher risk for postoperative com-
plications; they urged orthopaedic
surgeons to be more proactive in en-
couraging smoking cessation.

The effects of smoking are seen on
many biologic levels, resulting in dis-
ruption of the complex cascade of
soft-tissue and bony healing.4-10

Through these mechanisms, smoking
seems to impair the management of
established nonunion,16-18 interfere
with healing following osteotomy19,20

and arthrodesis,21-25 and increase im-
plant loosening by disrupting the os-
seointegration needed for successful
joint arthroplasty.26 Smoking also
may increase the incidence of soft-
tissue injury27,28 and may negatively
affect functional outcomes in pa-
tients undergoing repair of knee soft-
tissue injury.29,30

Smoking Cessation

Physical chemical addiction and psy-
chological dependence make it diffi-
cult for habitual smokers to quit.

Persons who ultimately succeed often
first fail many times to quit. The po-
tential side effects of trying to quit
smoking include craving, weight
gain, depression, headache, insom-
nia, and fatigue.

Several comparison studies of
smoking cessation alternatives have
been done, but inconsistent defini-
tions of success make it difficult to
reach definitive conclusions regard-
ing optimal management. Abrupt
smoking cessation and gradual re-
duction in cigarette consumption are
rarely permanently successful. Other
unsuccessful cessation strategies in-
clude the use of vaporizers, elec-
tronic cigarettes, and smokeless to-
bacco.

Proven options for smoking cessa-
tion include counseling, self-help
groups, advice from a physician, nic-
otine replacement therapy (NRT),
and medication. Counseling by a
health professional improves smok-
ing cessation rates, and behavioral
modification aids, including the an-
nual World No Tobacco Day and the
Great American Smokeout, may also
be effective. Self-help groups, such as
the 12-step program Nicotine Anon-
ymous, are instrumental in providing
motivation and support to smokers
who are trying to quit. Alternative
approaches, such as hypnosis, aro-
matherapy, acupuncture, and laser
therapy, have shown only anecdotal
success.

Advice from a medical professional
has traditionally been heralded as an
effective, quick, and cost-free means
of improving smoking cessation
rates. However, a meta-analysis pub-
lished in 2008 demonstrated that
simple physician advice results in
only a 1% to 3% increase over an
unassisted quit rate.31 Nursing-
delivered intervention has been shown
to be useful in smoking cessation.32

Pharmacologic agents may aid in
minimizing the effects of nicotine
withdrawal. The US Food and Drug
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Administration (FDA) has approved
seven products for the management
of nicotine addiction.33 The five NRT
agents—transdermal patch, chewing
gum, lozenges, inhalers, and
sprays—work by delivering progres-
sively smaller quantities of nicotine
without exposing the patient to the
other risks of smoking. Advantages
and disadvantages of these agents are
listed in Table 1.

NRTs have minimal potential side ef-
fects. Such therapy should be continued
for a maximum of 8 to 12 consecutive
weeks. Only the NRT inhaler and
spray require a prescription. Caution is
warranted with NRT use during preg-
nancy because the fetal risks of this
treatment have yet to be evaluated. Use
of any NRT must be weighed against
the harm caused by continued smoking
during pregnancy.34

The transdermal patch is applied
to a smooth, hairless area of skin
and is left in place for 16 to 24 hours
per day. It should not be applied to
the same anatomic area more than
once per week. Nicotine gum is of-
fered in several strengths. It is
chewed either on a regular basis or
intermittently to satisfy cravings. To
optimize absorption, nicotine gum is
chewed a few times, then placed be-
tween the jaw and cheek. Lozenges
are more discrete than chewing gum,
and they may be taken 8 to 12 times
per day. Inhalers mimic a cigarette
holder, and inhalation of the nicotine
vapor may help satisfy the behav-
ioral aspects of smoking. Six to 12
inhaler refills may be used daily.
Each refill consists of 10 to 20 puffs
and releases an amount of nicotine
equivalent to that of one cigarette.
Nicotine spray is the strongest and
fastest-acting NRT available. Two
sprays (ie, one spray per nostril)
contain an amount of nicotine equiv-
alent to one cigarette. The recom-
mended usage is one to two treat-
ments per hour, with ≤40 doses per
day.

The other two FDA-approved
medications work through other
mechanisms. The antidepressant bu-
propion is believed to work by mod-
ulating the neurotransmitters that
are responsible for addiction. Vareni-
cline acts directly as a partial nico-
tine receptor antagonist. Varenicline
is also a nicotine receptor partial ag-
onist. As such, it may reduce crav-
ings and the pleasure associated with
smoking cigarettes. Varenicline tab-
lets are taken one to two times per
day for 12 weeks. The dose is in-
creased over time. This cycle may be
repeated once. Varenicline treatment
begins 1 week before smoking cessa-
tion, and the full benefits may not be
evident for several weeks. Vareni-
cline has been shown to be highly
cost-effective compared with other
smoking cessation therapies.35

NRT,36 bupropion,37 and vareni-
cline38 each have been shown to im-
prove cessation rates over placebos at

a minimum follow-up of 6 months.
The ideal regimen of these agents is un-
clear; however, combination therapy
appears to elicit greater success than do
individual therapies.39

These medications are not without
risk. The FDA has stated that the use
of bupropion and varenicline is associ-
ated with serious neuropsychiatric
symptoms.40 It is not known whether
these symptoms, including suicidal ide-
ation, are related to the effect of the
medication or are consequences of nic-
otine withdrawal. Regardless, patients
trialing bupropion and varenicline
should be monitored by clinicians for
mood and behavioral changes.

Orthopaedic Benefits of
Smoking Cessation

The orthopaedic benefits of smoking
cessation interventions have been
demonstrated in clinical practice.

Table 1

Nicotine Replacement Therapies: Advantages and Disadvantages

Therapy Advantages Disadvantages

Transdermal patch Easy to use
Discreet
Steady long-acting nicotine

supply
Over-the-counter

Skin irritation
Nightmares

Chewing gum Easy to use
Cannot smoke and chew at

the same time
Faster delivery than the patch
Over-the-counter

Bad taste
Cannot be used by persons

who wear dentures

Lozenge Discreet
No disposal
No chewing technique
Flavored
Over-the-counter

May mimic candy and
thereby appeal to children

Inhaler Mimics hand-to-mouth
smoking behavior

Must be used frequently to
obtain adequate nicotine
levels

Indiscreet
Mouth and throat irritation
Prescription only

Spray Fastest response
Quickly reduces craving

Indiscreet
Nose and eye irritation
Prescription only
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One study investigated the effect of
preoperative smoking cessation on
postoperative complications in pa-
tients undergoing joint arthro-
plasty.41 Patients who underwent a
4-week preoperative intervention
consisting of counseling and NRT
had a postoperative complication
rate of 18%, compared with 52% in
smokers (P = 0.0003). The difference
was most notable with regard to
wound-related complications, with a
rate of 5% for the intervention
group and 31% for smokers (P =
0.001). In a study examining the
long-term effect of preoperative
smoking intervention in patients un-
dergoing hip and knee surgery, the
quit rate maintained at 1 year post-
operatively was 22% for the inter-
vention cohort and 3% for the con-
trol group.42 These studies suggest
that planned surgery can offer an ef-
fective motivation for smoking cessa-
tion.

The feasibility and benefits of
smoking intervention programs are
not isolated to elective orthopaedic
surgery. The authors of a recent
study set out to determine whether a
smoking cessation program initiated
during the acute hospitalization pe-
riod and continued for 6 weeks post-
operatively could reduce the number
of complications following emer-
gency surgical management of frac-
tures.43 One hundred five patients
were randomized either to no inter-
vention or to a standardized smoking
cessation program consisting of per-
sonal meetings, weekly telephone
calls with the nurse, and the offer of
free NRT. Patients in the control
group were 2.51 times more likely
than those in the intervention group
to have a postoperative complication
(95% confidence interval, 0.96 to
6.9 times). In addition, the propor-
tion of patients with at least one
postoperative complication was sig-
nificantly larger in the control group
than in the intervention group (38%

and 20%, respectively; P = 0.048).

The economic implications of pre-
operative and postoperative smoking
cessation programs on orthopaedic
surgery in the US healthcare system
have not been examined. However,
studies have been done in other
countries that examined the balance
between the cost of preoperative in-
tervention for smoking cessation and
the benefit resulting from the poten-
tial reduction in hospitalization costs
in patients undergoing hip or knee
replacement. Using official French
hospital costs for the year 2008,
Hejblum et al44 found that under the
conditions simulated by their cost-
benefit model, the implementation of
an institution-based smoking cessa-
tion program led to a reduction in
cost of C= 117 per patient (approxi-
mately US $160) as the result of min-
imization of intensive care stay dur-
ing hospitalization.

Summary

The general health consequences of
smoking are well documented, but
our understanding of the effect of
smoking on bone health and healing
continues to evolve. Smoking is
known to increase the risk of infec-
tion and lead to diminished fracture
union, fusion rates, and wound and
soft-tissue healing. Proper use of
available medicinal and behavioral
interventions may increase the likeli-
hood of successful smoking cessa-
tion. Orthopaedic surgeons have a
unique opportunity to intervene with
smokers when they present either for
elective surgery or in the acute set-
ting following traumatic injury. The
implementation of smoking cessation
interventions at such points has the
potential to minimize or eliminate
later presentation with other
smoking-related chronic disease. Pre-
operative and postoperative smoking
cessation protocols have been shown

to be successful, and the potential
health benefits of early intervention
are likely substantial.
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