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Section 1

Prevention

1.1. PREVENTION: HOST FACTORS

Authors: Carlos A. Sánchez Correa, Mustafa Citak, Carl Haasper, Niklas Unter Ecker

QUESTION 1: What is the relationship between smoking and infection in fracture procedures? 
Is smoking history or only current smoking important? Does nicotine cessation at 
time of fracture reduce complication rates?

RECOMMENDATION: Smoking seems to increase the risk of infection in fracture procedures. The importance of smoking history versus current 
smoking status is unknown. It is also unknown if nicotine cessation (smoking) at time of fracture treatment reduces complication rates. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

Smoking has been seen to have a negative eff ect in physiological 
and biological pathways. It interferes with the coagulation cascade 
(smokers clot faster), it impairs vascular function, and also interferes 
with the immune system (alters neutrophil function, migration and 
action) [1–5]. Even after smoking cessation, neutrophil phagocytic 
function continues to be impaired. Monocyte and macrophage correct 
function are key to prevent infection caused by S. aureus or E. coli, two 
of the most common infection-causing pathogens [3,4]. Smoking 
also aff ects the proliferative and remodelling phases of healing [6] by 
compromising epidermal regeneration and neovascularization and 
by causing decrease in perfusion and oxygenation [7,8].

The relationship between smoking and complications after frac-
ture procedures has been widely studied [9,10]. Available literature 
suggests that smoking increases the overall incidence of complica-
tions including the risk for non-union and surgical site infection 
(SSI) [9–14]. Although the latt er has not been consistent throughout 
studies, many authors continue to investigate this relationship. 

Some available studies have not found smoking to be a defi ni-
tive risk factor for infection [9–14]. One case control study that 
compared 140 smoking and 133 non-smoking patients with open 
tibia fractures suggested that infection might be multifactorial 
and not related to a single event [11]. A diff erent prospective cohort 
study evaluating patients with limb-threatening open tibia fractures 
showed that current smokers were twice as likely to develop an infec-
tion compared to non-smokers (odds ratio (OR) 2.2; p = 0.05) [12]. 
That same study observed that previous smokers, compared to non-
smokers, did not show any diff erence in terms of infection risk (OR 
1.00; p = 0.99). Court-Brown et al. evaluated 178 patients who under-
went fi xation after calcaneal fractures [15]. They evaluated factors 
associated with infection including time to surgery, level of experi-
ence of the att ending, smoking and type of wound closure. None 
of these were shown to be associated with infection. A randomized 
control trial allocated 105 smokers with a fracture requi ring surgical 
treatment to a quit-smoking group (n = 50) or a non-quit-smoking 
group (n = 55) [16]. They found that the odds for presenting with a 
complication (superfi cial infection being the most common) was 
2.51 times higher in the group that continued smoking compared 

to those who quit smoking, although this did not reach statistical 
signifi cance. With similar fi ndings, a recent systematic review found 
that there was no increased risk in smokers either for superfi cial or 
deep infection (p = 0.13 and p = 0.33, respectively) [14]. In terms of 
deep infection, retrospective studies have evaluated intramedullary 
nailing of tibia shaft fractures [17], open reduction and internal fi xa-
tion (ORIF) of pilon fractures [18] and ORIF of acetabular fractures 
[19]. These concluded that there is no statistical signifi cance related 
to smoking and increased infection rates. The most recent published 
study also showed that there was no statistically signifi cant increased 
risk of infection in relation to smoking (p = 0.45) [20].

There is also evidence suggesting that smoking clearly increases 
the risk of infection in fracture procedures. Nasell et al. [13] evalu-
ated 906 patients with ankle fractures that developed deep wound 
infections. They reported that these were more likely to be smokers 
than non-smokers (4.9% versus 0.8%; p < 0.001). They concluded that 
smoking was a risk factor associated with both deep and superfi cial 
wound infections (OR 6.0 and 1.7, respectively). Morris et al. [21] 
published a retrospective cohort study that included 302 bicondylar 
tibia plateau fractures treated with ORIF. Smoking was identifi ed as 
the most important risk factor for deep infection (OR 2.40; p = 0.02). 
That same year Ovaska et al. [22] published a prospective cohort 
study that included 1,923 ankle surgeries with 131 deep surgical site 
infections. Smoking was shown to be statistically signifi cant relative 
to infection in both the univariate (OR 4.0; p = 0.004) and multivar-
iate analyses (OR 4.1; p = 0.017). 

Two additional studies evaluated smoking-related complica-
tions in lower limb fractures. One consisted of a retrospective cohort 
study that included 519 patients with distal tibia fractures [23]. 
Smoking was associated with overall complications including infec-
tion (OR 3.40; p = 0.039). The second evaluated 30-day postoperative 
complications after ankle fracture fi xation in a prospective cohort 
study [24]. They concluded that among the predictors for major local 
complications (deep wound infection and reoperation) peripheral 
vascular disease, open wound, contaminated wound classifi cation 
and smoking (OR 2.85; p = 0.0031) were the strongest. Evidence from 
the last two years reveal smoking as an independent risk factor for 
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wound infection, as presented in a retrospective study managing 
1,320 elbow fractures [25] and a case-control study from 318 calcaneal 
fractures [26]. In the fi rst study, only smoking was found to have an 
association with infection after multivariate analysis (adjusted OR = 
2.2; p = 0.023); the second study revealed that higher body mass index, 
delayed operation and active smoking (OR 19.497, p < .001) repre-
sented an increased risk for wound infection after ORIF.

Despite the confl icting evidence found in the literature, 
smoking seems to have a negative eff ect on overall complications 
and health and could potentially lead to an increased risk of infec-
tion. It is well-established that smoking has a detrimental eff ect 
on tissue healing and cellular pathways. Nonetheless, the current 
literature lacks the high-level evidence to state a direct relationship 
between these two factors. The recommendation provided here is 
inconclusive. 
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QUESTION 2: What is the role of nutritional supplementation (NS) in avoiding infection in acute 
fracture cases?

RECOMMENDATION: (1) Evidence does not support the role of NS for avoiding infections in well-nourished individuals. (2) However, 
the literature has stated that in patients with a nutritional defi ciency or catabolic state restoring nutritional parameters might reduce 
the risk of infection.

LEVEL OF EVIDENCE: (1) Limited, (2) Moderate

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus) 

RATIONALE

Evidence in the available literature demonstrats that malnutrition 
is a signifi cant clinical and public health problem. Several clinical 

trials present NS as a global eff ort in medicine, with applications in 
diff erent specialties to improve the general condition of patients 


