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a b s t r a c t

Although numerous studies have linked smoking with lower extremity wound and bone healing complica-
tions, a comprehensive study on the effects of smoking in foot and ankle surgery has not yet been reported.
The purpose of the present study was to report the results of our systemic literature review, identifying the
effects of tobacco use on common foot and ankle procedures. The systematic literature review was performed
according to guidelines set by the PRIMSA statement (Preferred Reporting Items for Systematic Review and
Meta-Analyses). Smoking, as a single risk factor, was analyzed and used to compare adverse outcomes in the
postoperative setting of foot and ankle surgery. We reviewed 528 abstracts that met our initial identification
criteria. After an extensive review process, 46 of the articles (8.71%) met the eligibility requirements to be
included in the present study. Distal bunionectomy with osteotomy, first metatarsophalangeal joint
arthrodesis, Lapidus bunionectomy, toe amputation, transmetatarsal amputation, Syme’s amputation, open
reduction internal fixation (ORIF) of calcaneal fractures, ankle fracture ORIF, pilon fracture ORIF, subtalar
arthrodesis, rearfoot arthrodesis, tibiocalcaneal arthrodesis, ankle arthrodesis, total ankle arthroplasty, and
plastic surgery procedures and their respective negative association with smoking was identified and
described in our review. Our systematic literature review revealed that procedures involving arthrodesis,
fracture ORIF, and plastic surgery were associated with negative outcomes in smokers. Procedures that did not
involve osseous unions such as total ankle arthroplasty and amputations did not appear to have negative
outcomes associated with smoking.

� 2016 by the American College of Foot and Ankle Surgeons. All rights reserved.
Smoking has become the leading cause of preventable deaths in
the United States (1). Clear evidence has linked smokingwithmultiple
types of cancer, cardiovascular disease, respiratory disease, compli-
cations in reproduction, and a host of other health effects (1). Despite
the known harmful effects of smoking, the prevalence of tobacco use
is alarming because 17.8% of adults in the United States currently
smoke cigarettes (2).

It has been estimated that 30% of all elective surgeries are per-
formed on smokers; this translates into approximately 10 million
surgeries performed on smokers annually (3). In a survey of foot and
ankle surgeons, 99% reported theywere aware of the damaging effects
of smoking in foot and ankle surgery (4). Given this widespread belief
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that smoking is tied to negative outcomes in surgery, we wondered
whether the evidence supports this theory and whether specific
procedures are more likely to have poorer outcomes in active tobacco
users.

Although numerous studies have linked smoking with lower ex-
tremity wound and bone healing complications (5–8), the data on the
effects of smoking on the entire array of foot and ankle surgeries
performed are quite limited. The purpose of the present study was to
report the results of our systemic literature review linking specific
foot and ankle procedures with various outcomes in smokers. Spe-
cifically, we aimed to observe the incidence of reports of the adverse
influence of smoking on outcomes after foot and/or ankle surgery.
Materials and Methods

A systematic literature review was performed according to guidelines set by the
Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) state-
ment (9,10).
s. All rights reserved.
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Search Strategy

An electronic search of PubMed, OVID, ScienceDirect, EBSCO, and other sources
(Kaiser Permanente Clinical Library) was performed. The following keywords were
searched: “smoking,” “tobacco,” “foot,” “ankle,” and “surgery.” All titles were screened,
and we reviewed the appropriate abstracts. No restrictions were placed on the date of
publication. The final search date was July 25, 2015.

Inclusion Criteria

To meet our inclusion criteria, the studies must have reported on both variables
(smoking and foot and/or ankle surgery) and have beenwritten in the English language.

Exclusion Criteria

The studies were excluded if they did not pertain to smoking or foot and/or ankle
surgery. Case reports, statements and opinion articles, and nonhuman studies were also
excluded.

Extraction Process

The search was performed by a single reviewer (J.H.K.). A second author (S.P.)
examined and verified the contents of the search in reference to the inclusion or
exclusion of the studies. The included studies were organized into a comprehensive
database. Additional studies were identified and acquired by examining the relevant
studies cited in the reference lists of published research.

Outcomes of Interest

Smoking, as a single risk factor, was analyzed and used to compare the adverse
outcomes in the postoperative setting of foot and ankle surgery. For the purpose of the
present review, we defined the adverse influence of smoking on outcomes of foot and/
or ankle surgery as follows:

1. A delay in bone healing or nonunion.
2. Failure to heal or delayed healing of soft tissues.
3. Infection, wound dehiscence, or wound slough or necrosis.

Results

Results of the Literature Review

We reviewed 528 abstracts that met our initial identification
criteria. During the title and abstract screening process, we
excluded 431 abstracts (81.63%) on the basis of the title and
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research involving nonhuman subjects. The remaining 97 articles
(18.37%) were reviewed in their entirety. After an extensive review
process, 46 (47.42% of the 97 and 8.71% of the 528 articles) met the
eligibility requirements to be included in the present study. A flow
diagram describing this process is shown in the Fig. The relation-
ship between smoking and postoperative complications in specific
foot and ankle surgeries is summarized in Table 1. Table 2 is a
consolidation of Table 1 because the contraction was helpful in
showing the incidence of adverse events in smokers when consid-
ering a category of foot and/or ankle surgery. The following pro-
cedures and their associated risk of complications were identified:
Austin bunionectomy, first metatarsophalangeal joint arthrodesis
(MTPJ), Lapidus bunionectomy, toe amputation, transmetatarsal
amputation, Syme’s amputation, open reduction internal fixation
(ORIF) of calcaneal fractures, ankle fracture ORIF, pilon fracture
ORIF, subtalar arthrodesis, rearfoot arthrodesis, tibiocalcaneal
arthrodesis, ankle arthrodesis, total ankle arthroplasty, and plastic
surgery procedures.

Austin Bunionectomy
A level 2 evidence report (11) used 1-way analysis of variance to

show that smoking was associated with increased bone healing time
in patients undergoing Austin bunionectomy. The study found a 1.73
times longer radiographic bone consolidation time for smokers
compared with nonsmokers.

First MTPJ Arthrodesis
In 1 retrospective study (12), no link was established between

patients who smoked and increased complications after first MTPJ
arthrodesis procedures. The purpose of the study was to evaluate the
complication rates in diabetic patients and compare them with the
existing complication rates with first MTPJ arthrodesis. The in-
vestigators also evaluated other variables, including tobacco use.With
an overall mild or moderate complication rate of 35.5%, the patients
who smoked had a comparable complication rate of 40%. Overall, the
study was only able to conclude that diabetic patients with peripheral
neuropathy had an increased risk of complications.
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Table 1
Incidence of mention of adverse healing events stratified by type of foot and/or ankle
surgery (N ¼ 46 published reports)

Specific Foot and Ankle Surgery Reports Mentioning
Complications, n (%)

Austin bunionectomy (1 report) 1 (100)
First MTPJ arthrodesis (1 report) 0 (0)
Lapidus (2 reports) 1 (50)
Toe amputations (1 report) 0 (0)
Transmetatarsal amputation (3 reports) 1 (33.33)
Syme’s amputation (1 report) 1 (100)
Calcaneal fracture ORIF (6 reports) 3 (50)
Ankle fracture ORIF (8 reports) 7 (87.5)
Pilon fracture ORIF (2 reports) 2 (100)
Subtalar arthrodesis (4 reports) 3 (75)
Rearfoot arthrodesis (2 reports) 2 (100)
Tibiocalcaneal arthrodesis (1 report) 1 (100)
Ankle arthrodesis (4 reports) 3 (75)
Total ankle arthroplasty (4 reports) 1 (25)
Plastic surgery procedures* (6 reports) 5 (83.33)

Abbreviations: MTPJ, metatarsophalangeal joint arthrodesis; ORIF, open reduction in-
ternal fixation.
Data in parentheses are percentages.

* Plastic surgery procedures consisted of any flap or skin graft application in the foot
and/or ankle.
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Lapidus Arthrodesis
A retrospective study (13) used chi-square tests of association and

found that smoking was a predictor of nonunion in patients after
revision Lapidus arthrodesis. The investigators suggested that smok-
ing should be considered a relative contraindication to revision sur-
gery. In another retrospective study (14) that considered the overall
union rate in patients after they had undergone a modified Lapidus
procedure, the investigators found no increased risk of nonunion in
patients who smoked. The study only found that patients with pre-
vious bunion surgery or recurrent deformity had a greater risk of
nonunion.

Toe Amputation
In a prospective study (15), smoking was found to have no influ-

ence on the rate of subsequent major amputations after amputation of
�1 toes as a result of vascular disease. The study found palpable pedal
pulses or a functioning arterial reconstruction to be predictors of
success. The study also found diabetes to have the same prognosis as
atherosclerosis obliterans.

Transmetatarsal Amputation
In a retrospective review (16) of transmetatarsal amputations for

advanced forefoot tissue loss in elderly patients, the investigators
found no significant difference in healing rates between patients with
and without a smoking history. The study also found no difference in
diabetes history or age. The investigators concluded that refinements
in noninvasive tests, improved wound care, and advances in
Table 2
Incidence of an adverse healing event stratified by category of foot and/or ankle surgery
(n ¼ 46 published reports)

Grouped Foot and Ankle Surgeries Reports Mentioning
Complications, n (%)

Arthrodesis (15 reports) 11 (73.33)
Fracture ORIF (16 reports) 12 (75)
Plastic surgery procedures* (6 reports) 5 (83.33)
Total ankle arthroplasty (4 reports) 1 (25)
Amputations (5 reports) 2 (40)

Abbreviations: MTPJ, metatarsophalangeal joint arthrodesis; ORIF, open reduction in-
ternal fixation.
Data in parentheses are percentages.

* Plastic surgery procedures consisted of any flap or skin graft application in the foot
and/or ankle.
techniques of revascularization might have contributed to improved
wound healing rates in the future. In a prospective study (17), a series
of 30 patients during a 5-year period underwent transmetatarsal
amputation. These investigators found that smoking habits did not
have any predictive value in terms of wound healing. Furthermore,
age, diabetes, peripheral pulse status, pre-existing infection, previous
digital amputations, and previous sympathectomy and/or vascular
reconstructionwere found to not have any predictive value in terms of
wound healing. In a retrospective comparative study (18) of the risk
factors for failure in transmetatarsal amputation in diabetic patients,
they found smoking made no significant difference in failure rates
when considered as a group. When analyzed by pack-years, however,
a trend toward smokers being in the failed group was found. The
investigators found that blood glucose control as measured by he-
moglobin A1c to be a predictor of success and the need for debride-
ment status after amputation to be a predictor of failure (18).

Syme’s Amputation
A level 4 evidence retrospective study (19) found that although

smoking did not appear to affect wound healing rates, the overall
infection rate was 3 times greater in smokers undergoing Syme’s
ankle disarticulation.

Calcaneal Fracture ORIF
In a level 3 evidence, retrospective cohort study (20), smoking

was associated with an increased risk of deep infections. In a level 3
retrospective comparative series (21), a logistic regression model
showed smoking to be a strong risk factor for postoperative wound
complications (odds ratio 5.44, 95% confidence interval 2.02 to 14.64;
p ¼ .001). A retrospective study (22) found that smoking was asso-
ciated with an increased wound healing complication rate compared
not smoking. A 2-center study (23) using a defined protocol found no
increased rates of infection in smokers. In a retrospective review
(24), using Fisher’s exact test and chi-square analysis, they found no
significant increased complication rate in smokers. In a level 3 evi-
dence study (25), the results of percutaneous arthroscopic calcaneal
osteosynthesis did not appear to be influenced by tobacco
consumption.

Ankle Fracture ORIF
In a level 4 evidence, retrospective study (26), smoking was a

statistically significant risk factor associated with wound complica-
tions. In a retrospective review study (27), 1-way analysis of variance
and Pearson chi-square analysis were used to show a prolonged time
to radiographic healing in smokers. In another retrospective study
(28), statistical analysis showed smoking was significantly associated
with occurrence of complications. In a retrospective review (29),
using Fisher’s exact test, the investigators found smoking was
significantly associated with increased infection rates. In a prospec-
tive cohort study (30), the investigators found that postoperative
complications of any type, as well as deep wound infections, were
more common among smokers than among nonsmokers. Further-
more, multivariable analysis showed that smokers were 6 times
more likely to develop a deep infection compared with nonsmokers.
In a level 2 evidence, prognostic study (31), multivariable logistic
regression analysis found smoking (odds ratio 2.85, 95% confidence
interval 1.42 to 5.70) to be a significant predictor for major local
complications. In a level 3, prognostic study (32), multivariable an-
alyses identified smoking as an independent risk factor for infection.
In a level 3 evidence, retrospective cohort study (33), smoking
resulted in a longer duration of immobilization than that for non-
smokers. These investigators were unable to identify any statistical
significance between smoking and osseous healing/union or wound
complications (33).
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Pilon Fracture ORIF
In a randomized controlled trial (34), logistic regression analysis

revealed that smoking significantly influenced the final outcomes
in patients with closed tibial plafond fractures. In a retrospective
review (35), according to univariate analysis, smoking was a risk
factor for a longer time needed for fracture union in distal tibial
fractures.

Subtalar Arthrodesis
A retrospective study (36) found that smokers were 3.8 timesmore

likely to experience nonunion than were nonsmokers (p < .05). In
another retrospective study (37), they found the rate of union was
significantly diminished by smoking. A third study (38) used chi-
square analysis to find a statistically significant increase in the rate
of nonunion in patients who smoked. A retrospective study (39) used
a forward stepwise linear regression model and Student’s t test to
evaluate the rate of nonunion and fusion, respectively. That study was
unable to demonstrate a statistically significant difference in the
nonunion rates or the interval to fusion between smokers and
nonsmokers.

Rearfoot Arthrodesis
In a retrospective review study (8), although no increased infection

or delayed wound healing was noted in patients undergoing rearfoot
arthrodesis, smokers experienced a significantly greater rate of
nonunion. In a level 3 evidence, retrospective comparative study (40),
the overall complication rate and postoperative infection rate was
significantly greater in patients with a history of tobacco use under-
going ankle or hindfoot arthrodesis.

Tibiocalcaneal Arthrodesis
A level 4 evidence, retrospective review found a statistical signif-

icant difference between smoking and wound infection and revision
in patients undergoing tibiocalcaneal arthrodesis (41).

Ankle Arthrodesis
A case-control study (6) used a nonmatched Mantel-Haenzel test

to show the relative risk of nonunion was increased 3.75 times for
active smokers. Furthermore, when all other risk factors were
controlled, smokers had a 16 times greater risk of nonunion. In a
level 4 evidence, retrospective study (42), logistic regression analysis
was performed and showed that, not only was smoking associated
with an increased rate of nonunion, it also affected the fusion rate
most profoundly among all measured comorbidities. In a retrospec-
tive review study (43), using chi-square analysis, they found a sta-
tistically significant trend toward nonunion in smokers. One study
(44) found that the use of tobacco during the postoperative period
had no apparent effect on the rate or time to fusion. That study,
however, reported that patients who actively smoked were denied
an arthrodesis until they had stopped using tobacco or nicotine
patches for 3 months (44).

Total Ankle Arthroplasty
In a level 4 evidence, retrospective case series (45), an analysis of

possible risk factors showed a statistically significant increase in the
rate of wound breakdown associatedwith smoking>12 pack-years. In
a level 3 evidence, retrospective comparative study (46), a Pearson
chi-square test was used to show no significant risk of infection in
smokers. In a retrospective case review (47), they found smoking was
not associated with an adverse outcome either clinically or statisti-
cally; however, the number of patients in their group was small. In a
prognostic level 2 evidence study (48), using multivariable logistic
regression analysis, smoking was a risk factor for the occurrence of
major wound complications.
Plastic Surgery Procedures
A retrospective review (49) identified heavy smoking with sub-

optimal healing in “islanded” (isolated) distally based fasciocutaneous
flaps. Another retrospective review (50) identified significantly
greater major and minor complication rates in patients with a history
of smoking. Furthermore, using multivariate regression analysis, they
identified smoking as the risk factor most independently associated
with reverse sural fasciocutaneous flap complications (50). A retro-
spective review (51) identified a current or previous history of
smoking to be significantly associated with postoperative split-
thickness skin graft complications. In a retrospective review (52),
Fisher’s exact test was performed and showed that patients who used
tobacco products were significantly more at risk of complications
associated with anterolateral thigh flap in Gustilo IIIB fractures of the
lower extremity. In another retrospective review (53), smoking was
associated with both complete and partial islanded posterior tibial
artery perforator flap failures. However, in a retrospective analysis
(54), smoking was not identified as a risk factor for free flap survival.
Discussion

We collapsed the foot and/or ankle surgery categories, the inci-
dence of adverse events ranged from 25% to 83.3% in the reports, a
clinically significant association (Table 2). Our literature review found
that procedures involving arthrodesis, fracture ORIF, and plastic sur-
gery were associated with negative outcomes in smokers. The pro-
cedures that did not involve osseous unions, such as total ankle
arthroplasty and amputation, did not appear to have negative out-
comes associated with smoking.

It was surprising to find the documentation linking the use of
smoking to adverse outcomes in total ankle arthroplasty is limited.
However, this might have been the result of a relative selection bias.
This was likely true formost contemporary studies of elective foot and
ankle surgery. Similarly, no significant information was found on the
effects of tobacco use on digital surgery. This could be an area of future
research to establish definitive guidelines to determine whether
active tobacco use is a relative contraindication for digital surgery.

In addition, it was just as surprising to find that smoking did not
appear to have a negative influence on amputation outcomes. Given
all that we know about the effects of tobacco use on other foot and
ankle procedures, it would be presumptive to believe that the adverse
effects would be similar. However, a possible explanation exists for
this apparent discrepancy. The patients who undergo these proced-
ures generally have multiple comorbidities, such as uncontrolled
diabetes, end-stage renal disease, malnutrition, and so forth. These
confounding comorbidities could have influenced the outcomes,
thereby allowing the precise association of smoking to be difficult, if
not impossible. The overall outcomes in this patient population tend
to be tenuous at best (55), and a history of tobacco use might not be a
significant negative contributing risk factor.

Wound healing plays such a vital role in plastic surgery. Thus, it
was not surprising that plastic surgery in the foot and ankle is asso-
ciated with increased complications in smokers. Repeatedly, cigarette
smoke has been linked to impaired wound healing. Studies have
identified impediments to the normal wound healing process
resulting from alterations to fibroblasts, mesenchymal stem cells,
acute phase proteins, and growth factors, all of which play vital roles
in the formation of granulation tissue (56). Cigarette smoke has also
been shown to create free radicals, which can damage cells (57).
Furthermore, nicotine can elevate catecholamines, which promote
the formation of chalones, resulting in the inhibition of epithelial-
ization, a critical stage in wound healing (58).

The rate of osseous union associated with foot and ankle fractures
and arthrodesis has also been shown to be negatively influenced by
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smoking. Smoking and its effects on fracture healing have largely
been studied with multiple theories on the etiology. Proponents of
vascular compromise have described a decrease in blood flow to the
injured site and nicotine’s effect on arteriole endothelial receptors
such as nitric oxide synthase resulting in decreased bone metabolic
activity in smokers (56,59). Others have shown that the carcinogens
such as polycyclic aryl hydrocarbons and polychlorinated dibenzo-
dioxins identified in cigarette smoke have been shown to inhibit
osteoblast formation and differentiation (60,61). Increased levels
of reactive oxygen species and decreased levels of vitamins and
antioxidants in smokers have also been shown to hinder fracture
healing (62).

Nicotine in high doses has been shown to have toxic effects on
proliferating osteoblasts; however, nicotine in small doses was shown
to have a stimulatory effect (63). In an animal study, when nicotine
was removed from tobacco extract, the mechanical strength of a
fracture site was impaired. Isolated nicotine was found to have no
adverse effects toward osseous healing. Instead, an increase in
strength to the fracture site was noted in a dose-dependent fashion
(64). Although additional studies are needed, these findings suggest a
potential role for nicotine replacement therapy in fracture manage-
ment and smokers. Thus, transition to nicotine alternatives might be
an appropriate compromise for active smokers, especially in cases of
nonelective surgery.

The overall evidence clearly supports the adverse effects of
smoking on osseous healing, such that we strongly recommend
advising patients regarding smoking cessation in the perioperative
setting. Although the benefits of smoking cessation are easily agreed
on, the timing of smoking cessation in relation to the perioperative
setting has yet to be established. The current research has varied, with
suggestions that smoking cessation should occur 1 to 20 days pre-
operatively and 5 to 28 days postoperatively (65). One study showed
that smoking cessation 5 days before surgery to result in improved
wound healing outcomes (66). In another study, cessation 7 days
before surgery was recommended owing to the pharmacokinetics of
harmful free radicals and thrombotic elements (67). Still other studies
have suggested upward to 60 days of smoking cessation before sur-
gery based on the period required to grow 1 cm of bone (68). Some
common laboratory tests can be ordered in the preoperative setting to
assess patient compliance (69).

We appreciate that a number of methodologic shortcomings were
likely to have biased our conclusions, including that we did not test
the homogeneity of the results described in the reports we included in
our review. Therefore, we did not perform a meta-analysis of the
pooled results, andwe believe the current data are limited in regard to
the availability of quality reports that have quantitatively measured
the association of adverse outcomes with smoking in foot and ankle
surgical patients. Furthermore, we realize that our inclusion criteria
limited our ability to review all the published data because we
excluded reports that were not published in English. Moreover, some
studies could have included smokers and reported the outcomes but
did not specify that smoking or wound healing complications were
involved; therefore, we would not have included such reports in our
review. Still further, we understand that confounding by comorbidity
and numerous other risk factors that a reasonable surgeon would
consider clinically important were not considered in our strictly
observational investigation of the published data. Despite these lim-
itations, however, we believe the results of our observational inves-
tigation can be used to spawn hypotheses and to serve as a basis for
sample size and power estimations for future prospective studies.

In conclusion, our study findings support the association between
smoking and osseous and wound healing complications. Further-
more, our research revealed only a small fraction of the different
surgeries performed by foot and ankle surgeons and their outcomes in
smokers have been reported. If future studies were to include smok-
ing as a variable to be examined, in addition to their primary inves-
tigation, additional information would certainly be revealed to
enhance or nullify the present findings. For now, we can only predict
certain outcomes for these yet to be reported foot and ankle surgeries
by extrapolating the data from our present findings and the data from
previous studies of bone and wound healing complications in
smokers.
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