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Abstract. – OBJECTIVE: The detrimental ef-
fects of cigarette smoking on overall health 
are well-documented, with nicotine and carbon 
monoxide contributing to peripheral vasocon-
striction and impaired oxygen delivery to tis-
sues. This study reviews the impact of smoking 
on wound and bone healing, specifically in foot 
and ankle surgery, given its significant role as a 
modifiable risk factor for complications in ortho-
pedic procedures.

MATERIALS AND METHODS: A systematic 
literature review was conducted in May 2024 fol-
lowing PRISMA guidelines. An electronic search 
of PubMed was performed using keywords re-
lated to smoking and wound complications in 
foot and ankle surgery. Inclusion criteria were 
studies published in English from 1993 to May 
2024 focusing on orthopedic procedures. After 
screening 28 studies, six relevant articles were 
selected, comprising literature reviews, retro-
spective studies, and comparative series.

RESULTS: The review highlights that smok-
ing, including smokeless tobacco, significantly 
increases the risk of complications in foot and 
ankle surgeries. Smokers show markedly high-
er rates of non-union, wound infections, and de-
layed bone healing compared to non-smokers. 
For instance, smokers exhibit a 14.8% wound 
infection rate and higher rates of malunion and 
non-union, with 14.5% vs. 6.7% in non-smok-
ers. Elective procedures such as total ankle re-
placement (TAR) also show worse outcomes 
for smokers, including increased infection 
rates and poorer functional scores. Converse-
ly, smoking’s impact on amputation procedures 
is less pronounced, although complications re-
main significant in patients with comorbid con-
ditions.

CONCLUSIONS: This review underscores the 
severe impact of smoking on surgical outcomes 
in foot and ankle procedures. Smoking cessa-
tion before surgery has demonstrated substan-
tial benefits, including reduced infection rates 
and improved healing. Preoperative counsel-
ing and smoking cessation programs are cru-
cial for optimizing patient outcomes, and a mul-
tidisciplinary approach should be considered 

to enhance therapeutic strategies. Future stud-
ies should focus on refining smoking cessation 
guidelines and exploring new tobacco alterna-
tives.

Key Words:
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Surgery, Wound healing.

Introduction

The negative effects of cigarette smoking on 
overall health have been known since the 1960s1. 
Nicotine combined with carbon monoxide caus-
es peripheral vasoconstriction, which reduces the 
amount of oxygen available to tissues. Tobacco 
smoking decreases blood flow and tissue oxygen-
ation. These, combined with carbon monoxide and 
hydrogen cyanide, inhibit the normal healing pro-
cess2-8. Furthermore, smoking negatively affects the 
immune response through its effect on immuno-
globulins and natural killer cell activity1. The neg-
ative effects of nicotine on bone and skin healing 
were demonstrated9,10. Beyond the relative state of 
hypoperfusion seen in smokers secondary to vaso-
constriction, micro clot formation, and the depleted 
ability for oxygen to bind hemoglobin, it has been 
well documented2,3,5-7 that cigarette smoking is the 
single most important modifiable risk factor for 
developing vascular complications. More than that, 
nicotine stimulates sympathetic fibers with the re-
lease of systemic catecholamines, epinephrine, and 
norepinephrine while suppressing the production of 
prostacyclin. All these mechanisms decrease ulteri-
or tissue perfusion6,11,12. Nicotine also induces oxi-
dative stress, which is demonstrated to inhibit bone 
growth and induce bone resorption13-16. Moreover, 
deleterious effects of cigarette smoking were shown 
in fracture healing and hand and foot surgery1.

Metabolic patients may be particularly prone 
to the harmful effects of perioperative smoking, 
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especially those with comorbidities such as dia-
betes, autoimmune disease, peripheral vascular 
disease, and poor wound healing at baseline17.

The effect of smoking on foot and ankle proce-
dures, due to the peripheral nature of the vascu-
lature involved, is likely to be more pronounced 
when compared to other orthopedic surgery18.

Active tobacco use is one risk factor for post-
operative wound complications identified in the 
literature17,19, as well as advanced age at the time 
of surgery (>60 years) and prolonged tourniquet 
time (>90 minutes). Active smokers are 4 times 
more likely to develop wound healing complica-
tions and need for lower extremity amputation 
than nonsmokers17,20.

Recognition of the potential risk factors is 
important in obtaining an optimal clinical out-
come21.

The purpose of this article was to review the 
literature about smoking and wound healing and 
delayed bone healing complications in foot and 
ankle surgery.

Materials and Methods

A systematic literature review was performed 
in May 2024 according to guidelines set by the 
2009 Preferred Reporting Items for Systemat-
ic Review and Meta-Analyses (PRISMA) state-
ment. An electronic search of PubMed was per-
formed. The following keywords were searched: 
(((((Wound complication) AND (foot)) OR (an-
kle)) AND (smoking)) AND (cigarette)) AND 
(tobacco). All titles were screened, and we re-
viewed the appropriate abstracts. No restrictions 
were placed on the date of publication. Studies 
were included regardless of methodology. The 
search was not limited to any specific type of 
study. The first search date was 1993 and the final 
search date was March 2024. Two investigators 
independently reviewed the abstracts from all 
identified articles. The search strategy’s inclusion 
criteria encompassed all studies published in 
English, requiring a report on the variables exam-

ined. As we wanted to provide a specific review 
about orthopedic complications in foot and ankle 
surgery, all articles unrelated to orthopedic pro-
cedures around the foot and ankle were removed 
based on the title and abstract. The inclusion and 
exclusion criteria are summarized in Table I. To 
ensure that the systematic review included all rel-
evant studies that met the inclusion criteria, full-
text articles of questionable studies were acquired 
and evaluated for compliance with the established 
inclusion and exclusion criteria.

Furthermore, the reference lists of all eligible 
studies were examined to confirm that this re-
view did not overlook any relevant articles.

The initial research identified 28 studies. The 
screening process excluded 22 articles (drop-out 
rate of 78.57%) due to lack of relevance and as 
they were not focused on the foot and ankle field 
(internal medicine, plastic surgery, podiatry, an-
giology, and antalgic medicine). The remaining 
six articles2,13,18,22-24 were assessed for eligibility 
and subsequently included in the review (Ta-
ble II). Three2,18,24 were literature reviews (50%), 
one22 an editorial article (16.66%), one13 a ret-
rospective cohort study (16.66%), and one23 a 
retrospective comparative series (16.66%). Five 
articles2,13,22-24 were authored by US orthopedic 
surgeons (83.33%) and one18 by orthopedic sur-
geons from England (16.66%). A flow diagram 
(Figure 1) illustrates this process. No statistical 
method was used to analyze data from included 
studies. 

Results

Haverstock and Mandracchia22 were the first 
authors to recognize the negative effects of 
smoking on bone healing in foot and ankle 
surgery. Experimental data and clinical obser-
vations established a clear relationship between 
cigarette smoking and altered bone healing 
more than two decades ago25. A surgical non-
union rate of 40% in smoking patients was 
compared to a 4% non-union rate in non-smok-

Table I. Inclusion and exclusion criteria.

Inclusion Criteria	 Exclusion Criteria

- No time limit	 - Internal medicine discussion
- Orthopedic surgery procedures (elective and trauma)	 - Angiology discussion
- Wound complications in orthopedic procedures	 - Plastic surgery discussion 
	 - Podiatry discussion
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ers, as well as a 50% non-union rate in smoking 
patients treated for tibial shaft fractures com-
pared to 32% in non-smokers26,27.

A study from Heyes et al18 (only levels 3 and 
4) differentiated between trauma and elective 
orthopedic cases, further sub-classifying these 
into foot and ankle and mid-/forefoot cases. In all 
trauma settings, the study showed significantly 
higher rates of wound complications and non-
union in the smoking group. A higher rate of 
complications was seen in smokers, with a 14.8% 
superficial infection rate (odds ratio 1.7; p<0.05) 
and a 4.9% deep infection rate (odds ratio of 6.0; 
p<0.001)18,28.

In the elderly population (older than 80 years 
old), a relative risk of 3.3 was seen for wound 
complications in smokers (p<0.05)29. Smokers who 

underwent operative treatment had a mean time 
of radiological bone union of 56 days, while in 
the non-smoking group, the time was 45 days 
(p<0.06)30.

Concerning ankle fractures, smoking was as-
sociated with reduced functional outcomes, with 
a reduced SF-36 physical function score up to 24 
months after surgery (p<0.009)31.

Similar levels of evidence were noted in elec-
tive settings. Regarding total ankle replace-
ments (TAR), several studies18,32 have shown 
that smoking was responsible for reducing the 
mean short musculoskeletal function assessment 
(SMFA) score at 1-, 2-, and 5-year follow-ups. 
Patients who underwent complex ankle arthrod-
esis showed statistically significant differences 
in union rates: 93% in non-smokers and 46% 

Figure 1. PRISMA flowchart resuming the papers’ selection process.
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Author Type of study Title Considered procedures Smoking cessation programs

Greenhagen et al2 
2015

Literature review Smoking cessation. The role of the foot and ankle 
surgeon

Elective foot and ankle surgeries Proposed with different tables and studies

Winter et al13 2024 Retrospective cohort 
study

Association of smokeless tobacco and complica-
tions following ankle and hindfoot arthrodesis

Ankle or hindfoot arthrodesis Proposed with some studies

Heyes et al18 2020 Literature review The influence of smoking on foot and ankle surgery: 
a review of literature

Trauma: foot, ankle, midfoot and forefoot
Elective: foot, ankle, midfoot and forefoot

Proposed, not studied

Haverstock et al22 
1998

Editorial Cigarette smoking and bone healing: implications 
in foot and ankle surgery

Spine laminectomy and fusion
Tibia shaft fractures

Proposed, not studied

Lampley et al23 2016 Retrospective compara-
tive series

Association of cigarette use and complication rates 
and outcomes following total ankle arthroplasty

Total ankle arthroplasty Proposed, not studied

Kim et al24 2017 Literature review Is it worth discriminating against patients who 
smokes? A systematic literature review on the ef-
fects of tobacco use in foot and ankle surgery

Foot and ankle:
Elective surgeries
Amputations
ORIF
Total ankle arthroplasty
Plastic surgeries

Proposed, not studied

Table II. List of articles included in the review.
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Open reduction and internal fixation, ORIF.
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in smokers (p<0.0008)18. Subtalar arthrode-
sis showed similar percentages: 89.8% in the 
non-smokers’ group and 68.4% in the smokers’ 
group (p<0.05)18,23,32-34.

A literature review performed by Kim and 
Patel24 examined various procedures in foot and 
ankle surgery that were categorized into elective 
orthopedic surgeries, amputations, open reduc-
tion and internal fixation (ORIF), TAR and plas-
tic surgery procedures. The review highlighted 
negative outcomes in smokers for procedures 
involving arthrodesis, ORIF, and plastic surgery. 
Calcaneal and ankle ORIF showed a strong risk 
of wound complications in smoking patients, with 
an odds ratio of 5.44 (p=0.001)29,32. Conversely, 
procedures not involving osseous unions, such 
as TAR and amputations, did not appear to have 
negative outcomes associated with smoking24.

A study by Lampley et al23 explored the as-
sociation of tobacco use with outcomes in TAR. 
This retrospective study included 646 patients 
who underwent primary TAR between 2007 and 
2014, divided into non-smokers, smokers, and 
former smokers. They found a statistically sig-
nificant increase in wound complications among 
active smokers. There was an increased rate of 
wound infection in the active smokers group 
compared to non-smokers and former smokers’ 
groups (hazard ratio 3.08; p=0.047)23. When com-
paring former smokers and non-smokers, former 
smokers had a lower rate of infection (hazard 
ratio 0.36), wound breakdown (hazard ratio 0.81), 
and revision and non-revision surgery (hazard 
ratio 0.94 and 0.97)23. All these findings were not 
statistically significant. The majority of wound 
breakdowns were treated with debridement with-
out flap reconstruction. With regard to the SF-36 
score, when comparing all three groups at 1-year 
and 2-year follow-up, the active smokers’ group 
had a statistically significantly worse outcome 
score when compared to non-smokers and former 
smokers (p<0.001 and p=0.002, respectively)23. 
The former smokers group showed similar out-
comes to the non-smokers group with no statis-
tical differences. Similar results were shown for 
SMFA at 1 and 2-year follow-ups (p=0.004 and 
p=0.005, respectively)23.

A recent study from Winter et al13 compared 
the effects of smokeless tobacco on complications 
following ankle and hindfoot arthrodesis. Using a 
US patient database from 2010 to 2022, the study 
enrolled 23,606 patients. The study highlighted 
significantly higher complication rates after ankle 
and hindfoot arthrodesis in smokeless tobacco 

users compared to tobacco-naïve controls. When 
comparing smokeless tobacco users to tobac-
co-naïve controls within 90 days of foot or ankle 
arthrodesis, the first group showed higher rates 
of hardware removal (OR 5.01) and wound break-
down (OR 3.00)13. At 1-year follow-up, the same 
group demonstrated higher rates of both mal-
union and non-union (14.5% vs. 6.7%), hardware 
removal (16.0% vs. 7.1%), and wound breakdown 
(8.4% vs. 4.2%)13.

On the other hand, when comparing smokers 
to tobacco-naïve controls within 90 days of foot 
or ankle arthrodesis, it was shown that smokers 
had higher rates of infection (1.6% vs. 0.3%), 
malunion or non-union (8.2% vs. 1.6%), hardware 
removal (9.9% vs. 1.7%) and wound breakdown 
(9.5% vs. 2.9%)13. Similar results were found in 
other studies29,35 comparing smokers and smoke-
less tobacco users, showing significantly lower 
rates of malunion and non-union in smokeless 
tobacco users (OR 0.34).

Discussion

The main finding of this systematic review 
was that smoking, whether through cigarettes 
or smokeless tobacco, significantly increases the 
risk of complications in foot and ankle surgeries. 
Despite extensive research over the past several 
decades, smoking remains a widespread habit 
with significant adverse effects on health. In the 
foot and ankle surgery field, the impact of smok-
ing is particularly troubling, as it exacerbates a 
range of complications. Our review underscores 
the critical understanding of how smoking dis-
rupts both pathoanatomic pathways and physio-
logical processes, leading to suboptimal surgical 
outcomes.

The negative influence of smoking on trauma 
settings is well documented. Smokers experience 
significantly higher rates of non-union and wound 
complications compared to non-smokers. Specif-
ically, smoking elevates the risk of symptomatic 
osteoarthritis and wound infections, with a no-
table 14.8% infection rate among smokers in an 
acute trauma scenario18. The pathophysiological 
mechanisms include nicotine’s effect on reducing 
blood flow through vasoconstriction, impairing 
osteoblastic activity, and compromising tissue 
repair processes. These factors collectively con-
tribute to a higher incidence of both malunion 
and non-union in smokers, with observed rates of 
14.5% compared to 6.7% in non-smokers13,36.
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In the context of elective procedures such as 
total ankle replacement, the evidence is consis-
tent in demonstrating that active smokers face 
increased rates of wound complications23,37,38. 
Studies38,39 have shown that smokers have a high-
er incidence of infection and other complications, 
although some findings on revision surgery rates 
have not always reached statistical significance. 
This aligns with similar observations33,39 in other 
orthopedic surgery fields like total knee or hip ar-
throplasties, where smoking has been associated 
with poorer outcomes.

Interestingly, the impact of smoking on ampu-
tation procedures, such as toe, transmetatarsal, or 
Syme amputations, is less pronounced in terms 
of wound healing and re-amputation rates24,40-42. 
However, complications remain high, particularly 
in patients with underlying conditions like pe-
ripheral vascular disease or diabetes. A possible 
explanation could be that patients with confound-
ing morbidities, such as uncontrolled diabetes, 
end-stage renal disease, and malnutrition, have 
different outcomes based more on confounding 
factors than smoking alone43. Nicotine’s effect 
on arteriole endothelial receptors is modulated 
by nitric oxide synthase. This produces a de-
creased blood flow and a decreased bone meta-
bolic activity, which apparently is less important 
in amputation procedures. During such amputa-
tion procedures, there’s less need for bone heal-
ing40,44,45. This suggests that while smoking may 
not directly influence the re-amputation rates, it 
still contributes to a higher risk of complications 
in this patient population41. 

The importance of smoking cessation before 
surgery is highlighted by our review. Effective 
preoperative counseling and smoking cessation 
programs have shown significant benefits, in-
cluding reduced rates of wound infections. Before 
every surgery, it is mandatory for every surgeon 
to perform an accurate, informed consent pro-
cess, where the physician has the professional 
duty to explain and initiate a discussion on the 
risks, benefits, and possible alternatives46. It is 
the physician’s duty also to advise about tobacco 
alternatives and the use of nicotine replacement 
therapies (NRTs). NRTs could include nicotine 
patches, gums, lozenges, sprays, and inhalers. 
A 2012 systematic review47 found that although 
nicotine replacement drugs appear to attenuate 
inflammatory healing mechanisms, the effect is 
marginal and there is no evidence to suggest that 
NRT has a detrimental effect on postoperative 
outcomes of wound or tissue healing48,49. These 

studies showed that it is safe for physicians to 
prescribe NRTs in the perioperative period, with 
the goal of decreasing the risk of craving and 
even serving as a bridge to lifelong cessation48,50. 
For instance, smoking cessation 4 weeks before 
surgery has been associated with a decrease in 
infection rates, which are comparable to those 
of non-smokers. Successful smoking cessation 
programs have led to a substantial reduction 
in postoperative complications, reinforcing the 
need for preoperative smoking cessation inter-
ventions18,49,51. 

Nicotine’s impact on wound healing extends 
beyond the immediate postoperative period, po-
tentially impairing recovery for up to 20 days 
after surgery52,53. This emphasizes the necessity 
for smoking cessation strategies to be inte-
grated into the perioperative care continuum, 
and this could be a multi-disciplinary approach 
that could benefit from specialized cessation 
services48,54,55. Despite these findings, definitive 
guidelines for pre- and perioperative smoking 
cessation remain elusive, indicating a need for 
further research and development in this area. It 
is to acknowledge that some general recommen-
dations do exist from organizations such as the 
American Society of Anesthesiologists. Albeit 
not standardized globally, they need further im-
plementation in the future, especially adapted to 
foot and ankle surgery56,57. 

The growing interest in e-cigarettes and other 
non-combustible tobacco products presents a new 
dimension to consider. E-cigarettes, marketed as 
healthier and cleaner, are often viewed as a better 
option than traditional cigarettes, even referred 
to as potential NRTs58,59. Nicotine delivery may 
actually be similar to that of traditional ciga-
rettes, though there is an inconsistency between 
the labeled and actual nicotine content of e-car-
tridges58,60. E-cigarettes may have just as much 
of a detrimental effect on tissue oxygenation 
as traditional cigarettes, given study subjects 
demonstrated decreases in subcutaneous blood 
flow with e-cigarette use61. E-cigarette marketing 
relies on a lot about the fact these products can 
help people to quit smoking. Some studies59,62 
have shown how people who started using these 
products have lower rates of smoking cessation 
compared to ones who never tried these e-prod-
ucts. Other studies63 have shown e-cigarettes may 
aid in smoking cessation with quit rates similar to 
that of other nicotine replacement strategies and 
may have a more beneficial effect in reducing 
the number of cigarettes consumed per day. Pre-
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liminary data64-67 suggest that these alternatives 
may carry a reduced risk compared to traditional 
tobacco products. However, more comprehensive 
research is needed to fully understand their im-
pact on wound healing and surgical outcomes. 
The literature remains contentious, highlighting 
the necessity for additional research. 

Our review is distinguished by its compre-
hensive approach, as we meticulously analyzed 
and synthesized all relevant articles published 
in recent years. We took deliberate measures to 
exclude confounding variables that could distort 
the results, such as peripheral arterial disease 
(PAD), which often arises from atherosclerosis 
and is commonly associated with nicotine ad-
diction. Similarly, we applied stringent exclusion 
criteria to other conditions, including diabetes 
and various internal pathologies, ensuring a more 
targeted and accurate evaluation. This rigorous 
selection process strengthens the validity of our 
findings by reducing the influence of unrelated 
medical factors.

Limitations
One significant limitation of our review is the 

high dropout rate, which may have undermined 
the overall strength of our conclusions. This attri-
tion could potentially introduce bias by leading to 
an underrepresentation of specific populations or 
creating imbalances in the dataset. As a result, the 
generalizability of our findings to broader patient 
populations or clinical settings may be limited. 
Despite our efforts to mitigate these effects, this 
limitation remains a critical factor that should be 
considered when interpreting our results.

Our review provides a deep understanding of 
the literature on complications in smokers un-
dergoing foot and ankle surgeries. We encourage 
physicians to focus on preoperative smoking ces-
sation programs and emphasize the importance of 
smoking cessation.

Conclusions

In summary, our review reinforces the negative 
impact of smoking on foot and ankle surgery out-
comes. Higher complication rates in smokers and 
smokeless tobacco users compared to non-smok-
ers are well-established. Although e-cigarettes 
may offer a reduced risk profile, further evidence 
is needed. Emphasizing preoperative and periop-
erative smoking cessation is crucial for improv-
ing patient outcomes, and a multidisciplinary 

approach involving various healthcare specialists 
should be considered to provide the best thera-
peutic options for patients. Future research should 
continue to explore the role of smoking cessation 
and evaluate new tobacco products to optimize 
surgical outcomes.
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