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Abstract
Purpose The issue of optimal prophylactic antibiotic administration for closed and open fracture surgeries remains contro-
versial. The purpose of this study was to assess the role of type and duration longer than 48 h of antibiotic prophylaxis on 
the rates of fracture-related infection (FRI).
Methods This is a single-center, prospective observational cohort study carried out with patients undergoing surgery for 
implants insertion to fracture stability. Risk estimates were calculated on the variables associated with factors for FRI and 
reported as a prevalence ratio (PR) with respect to the 95% confidence interval (CI).
Results Overall, 132 patients were analyzed. The global rate of FRI was 15.9% (21/132), with open and closed fractures 
accounting for 30.5% (11/36) and 10.4% (10/96), respectively. The FRI rates in patients undergoing orthopedic surgery for 
fracture stabilization who received prophylactic antibiotic for up to and longer than 48 h were 8.9% and 26.4%, respectively. 
This difference did not reach statistical significance (prevalence ratio [PR] = 2.6, 95% confidence interval [95% CI]: 0.9–7.3. 
p = 0.063).
Conclusions Duration of antibiotic prophylaxis for surgical orthopedic fractures was not correlated with rates of FRI.

Keywords Open fractures · Closed fractures · Prophylactic antibiotic · Duration · Type of antibiotic · Fracture-related 
infection

Introduction

Infectious complications after orthopedic surgeries for frac-
ture stabilization are feared for their impact on patient’s mor-
bidity and mortality and increased treatment costs [1]. The 
systematic preventive measures adopted during surgeries for 
fractures corrections is heterogeneous, especially regard-
ing antibiotic prophylaxis, such as the choice of antibiot-
ics (monotherapy or association of different drug classes) 
and duration of therapy [2]. Even with improvements of 

surgical techniques and promptness in the care of patients 
with closed or open fractures, the rates of fracture-related 
infections (FRI) remain high in specific population [3].

High severity trauma with open fractures classified as 
Gustilo–Anderson (GA) III, affecting lower extremity and 
smoking are known risk factors for FRI, which can reach 
infection rates up to 30% [2, 4]. Thus, in addition to irriga-
tion, through debridement and cleaning the lesion during 
fracture stabilization with modern orthopedic implants, the 
early use of systemic and broad-spectrum prophylactic anti-
biotics is a decisive factor for the prevention of FRI [5]. The 
antimicrobial spectrum remains based upon classic studies 
of Gustilo et al. [6] It consists of targeting activity against 
gram-positive bacteria in GA grade I and II open and closed 
fractures and additional activity against gram-negative bac-
teria in GA grade III open fractures, despite limited evi-
dence confirming the benefit of this recommendation [7]. 
Recently, Chen et al. and Saveli et al. [8, 9] showed high 
rates of community-associated methicillin-resistant Staphy-
lococcus aureus (CA-MRSA) infections after open fractures, 
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which is not usually eliminated by currently proposed anti-
microbial regimens [10, 11].

The duration of antibiotic prophylaxis over three days 
in order to prevent FRI in the presence of osteosynthesis is 
another controversial topic [5, 12]. There is a lack of high-
quality studies on the subject and the most recent articles 
did not show any benefit in terms of extended prophylaxis 
duration [2, 12]. The Eastern Association for Surgery of 
Trauma (EAST) [11], for example, pinpoints that antibiotics 
be discontinued 24 h after wound closure for the correction 
of GA type I and type II open fractures, while for GA type 
III open fractures it suggests that antibiotics either should 
be discontinued in 72 h or no more than 24 h after wound 
coverage [6]. These advices have a low rate of adherence 
and compliance due to multiple factors, including disparities 
between orthopedic surgeons in the classification system for 
open fractures’ severity, different surgical techniques and 
local protocols without validation [12]. Lack of consensus 
and low adherence to proposed recommendations [1, 2, 12], 
may have affected the microbiological profile of FRI due 
to over-prescription of antibiotics [8, 9] and the increasing 
global problem of bacterial resistance alerts to the need for 
further studies on antibiotic prophylaxis in the management 
of orthopedic fractures [13, 14].

Therefore, the purpose of this study was to investigate the 
compliance to standard administration of prophylactic anti-
biotics in patients undergoing surgical management of open 
and closed fractures and to assess the role of type and dura-
tion longer than 48 h of antibiotic prophylaxis on FRI rates.

Material and methods

Population studied

This is a single-center, prospective observational cohort study 
with the purpose of assessing the adherence to standard pro-
posed recommendations of prophylactic antibiotic adminis-
tration in patients undergoing surgical treatment of open and 
closed fractures, and to analyze the impact of the type and 
longer duration of antibiotics in the rates of FRI. The study 
followed patients from December 2019 to February 2021, dur-
ing the COVID-19 pandemic period, at an orthopedic refer-
ence tertiary hospital in São Paulo—Brazil. The study was 
carried out with all trauma patients with orthopedic fractures 
undergoing surgery for implants insertion to fracture stabil-
ity (plates and screws, intramedullary nail, Kirschner wires), 
who received at least one dose of antibiotic prophylaxis and 
who were monitored by a minimum period of one year. The 
primary outcome was to investigate the impact of duration of 
antibiotic prophylaxis longer than 48 h in the FRI rates. The 

study was approved by the Institution’s Research Ethics Com-
mittee under the number CEP/UNIFESP n.0846P/2021.

Patients under 18 years old, with nonsurgical treatment for 
orthopedic fractures, external fixation as a definitive treatment 
for bone consolidation, patients who did not receive antibiotic 
prophylaxis, patients who did not attend follow-up outpatient 
appointments and with incomplete medical information were 
excluded.

Definitions

The diagnosis of fracture-related infection (FRI) was based 
on criteria published by Metsemakers et al., 2018 [15]. Preop-
erative antimicrobial prophylaxis (PAP) is defined as the sys-
temic administration of antibiotics started in the perioperative 
period. The type of medication, dose and frequency followed 
current institutional protocols, and could be adapted according 
to medical assessment.

Variables analyzed

The variables analyzed in the study were obtained through 
prospective clinical follow-up, electronic medical records, and 
laboratory results. The variable of greatest interest analyzed 
was the duration of antibiotic prophylaxis greater than or less 
than 48 h used in fracture correction surgeries. Other variables 
related to the patient (1), to the fracture (2) and the surgical 
procedure (3). The patient-related variables are (1): demo-
graphics, comorbidities, alcoholism, smoking, ASA score, 
Charlson comorbidity score, and previous antimicrobial use 
in the last three months. The fracture-related variables (2) 
are: type of fracture, location, mechanism of trauma; to the 
surgical procedure are (3): time between fracture and surgi-
cal treatment, use of external fixer, prophylactic antimicrobial 
regimen used.

Statistical analysis

The association between the qualitative variables was per-
formed using the chi-square test and Fisher’s exact test, and 
between the quantitative variables, bivariate logistic regression 
was used. Risk estimates were calculated on the variables asso-
ciated with risk factors for FRI and reported as a prevalence 
ratio (PR) with respect to the 95% confidence interval (CI). 
The difference was considered statistically significant if the p 
value was lower than 0.05. All data were analyzed using the 
IBM SPSS Statistics 20 software.
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Results

Population studied

Overall, 132 patients with bone fractures undergoing 
surgical stabilization with osteosynthesis were included, 
75% were male. The mean age was 50.4  years old 
(SD ± 22.9 years old). In the sample, 34.9% of the patients 
were older than 60 years old, but 64.9% had a Charlson 
morbidity score up to 2. Open fractures occurred in 27.3% 
(36/132) and among them, 69.4% were classified as GA 
type III. Most patients (66.7%) underwent definitive surgi-
cal correction of the fracture within 72 h after the trauma. 
The study period was almost fully carried out during the 
COVID-19 pandemic period. The overall rate of FRI was 
15.9% (21/132), with open and closed fractures accounting 
for 30.5% (11/36) and 10.4% (10/96), respectively. Fur-
ther demographic, clinical, and surgical information are 
described in Table 1. 

Antibiotic prophylaxis

Antibiotic prophylaxis was universally applied to the sample 
population in the study. Prophylaxis with a single drug and 
combination therapy were performed in 78.8% (104/132) 
and 21.2% (28/132) of patients, respectively. The associa-
tion of cephalosporin and aminoglycoside was prescribed in 
71.4% of the cases of combination therapy. First-generation 
cephalosporin (cefazolin) was prescribed in 94.7% of the 
cases (Table 2).

All patients (25) with open fractures classified as G-A 
III received antibiotic therapy longer than 48 h and up to 
five days, while 17.7% (17/96) of closed fractures cases also 
received antibiotics longer than 48 h. The reasons for extend-
ing the duration of therapy for closed fractures were not 
described in the medical records. As expected, the duration 
of antibiotic prophylaxis was longer in the group of patients 
who received combination of antibiotics, due to the use of 
broader and more prolonged antibiotic therapy in the most 
severe open fractures.

Type and duration of antibiotic prophylaxis 
and fracture‑related infection

Table 3 summarizes information of 21 patients with FRI. 
Prophylaxis with two or more antibiotics had a statistically 
significant correlation with higher rates of fracture-related 
infection (FRI) (non-infected 13.5% vs infected 57.1%, 
p < 0.001). This association is obviously expected, as all 
patients with open fractures received combined antibiotic 
prophylaxis.

On the other hand, among the 21 cases of FRI diag-
nosed, the analysis of duration of antibiotic prophylaxis 
revealed that only 12 (57.1%) received more than 48 h of 
antibiotic therapy, for open (7) and closed (5) fractures. 
The remaining nine FRI cases were open (4) and closed 
(5) fracture cases that took up to 48 h of therapy. It is 
worth mentioning that 17 of 96 closed fractures cases 
received antibiotic longer than 48 h with 5 of them evolv-
ing to FRI. The FRI rates among those who took up to and 
longer than 48 h of prophylactic antibiotic were 8.9% and 

Table 1  Demographic and fracture characteristics of the 132 patients 
evaluated

# SAH: systemic arterial hypertension; 2ASA: American Society of 
Anesthesiologists preoperative classification; *LL: lower limbs; 
**GA: Gustilo–Anderson classification for open fractures; *** 
COVID-19: 2019 new coronavirus disease

Demographic, clinical, and surgical data N = 132 (%)

Male—no. (%) 99 (75.0)
Mean age in years (standard deviation) 50.4 ± 22.9
Comorbidities and living habits—no. (%)
Smoking 35 (26.5)
Alcoholism 33 (25.0)
Surgical risk—no. (%)
ASA& 1 97 (73.5)
ASA ≥ 2 35 (26.5)
Charlson index—no. (%)
Up to 4 106 (80.9)
Over 4 25 (19.1)
Mechanism of trauma—no. (%)
Fall from standing height 40 (30.3)
Road traffic accident 56 (42.4)
Fall from height 19 (14.4)
LL Fracture*—no. (%) 106 (80.3)
Time span from fracture to surgery (average) (h)
Up to 12 h 27 (20.5)
From 13 to 24 h 24 (18.2)
From 25 to 72 h 37 (28.0)
From 73 to 120 h 18 (13.6)
From 121 to 240 h 16 (12.1)
Over 240 h 10 (7.6)
Open fracture 36 (27.3)
Classification of GA**—no. (%)
I-II 11 (30.6)
IIIA, IIIB, IIIC 25 (69.4)
COVID-195 infection (no. {%}) 5 (3.8)
Duration of antibiotic prophylaxis > 48 h no. (%) 53 (40.2)
Antibiotic regimen—no. (%)
Prophylactic monotherapy
Cephalosporin only 104 (78.8)
Cephalosporin + aminoglycoside 20 (15.1)
Others 8 (6.1)



 European Journal of Orthopaedic Surgery & Traumatology

1 3

26.4%, respectively. Regardless of the considerable differ-
ence in FRI percentage found between these two groups, 
it did not reach statistical significance (prevalence ratio 
[PR] = 2.6, 95% confidence interval [95% CI]: 0.9–7.3. 
p = 0.063) as an independent risk factor for FRI. Accord-
ing to our results, the duration of antibiotic prophylaxis 
did not correlate with FRI rates.

Discussion

Our study demonstrated that antibiotic prophylaxis pre-
scribed longer than 48 h for open and closed fractures stabi-
lization did not correlate with FRI rates. Indeed, five of 17 
patients (29.4%) with closed fractures who received prophy-
laxis for more than 48 h, evolved to FRI.

Protocols and guidelines [14, 16, 17] on the management 
of orthopedic fractures adopt antibiotic prophylaxis as a 
basic approach to reduce infections after fracture surgical 
stabilization with osteosynthesis. The purpose of antibiotic 
prophylaxis preoperatively is to obtain the maximum con-
centration above the drug minimum inhibitory concentration 
(MIC) in the skin and soft tissues during the period between 
the incision and the wound closure [13]. In open fractures, 
it has been shown that the early administration of antimi-
crobials is essential to reduce FRI even before performing 
the definitive synthesis, however, extending the duration of 
therapy does not guarantee greater success in preventing FRI 
[12, 18].

The duration of antibiotic prophylaxis after surgical man-
agement of orthopedic fractures remains debatable, espe-
cially for open fractures classified as GA III due to the lack 

Table 2  Classes of antibiotic administered in antibiotic prophylaxis 
for open and closed fractures

Antibiotic class/antibiotic N (%)

Cephalosporin 125 (94.7%)
Aminoglycoside 21 (15.9%)
Glycopeptide 4 (3.0%)
Quinolone 4 (3.0%)
Carbapenem 2 (1.5%)
Lincosamide 2 (1.5%)
Oxazolidinone 1 (0.8%)
Penicillin 1 (0.8%)

Table 3  Summary of 21 patients with FRI

ASA = American Society of Anesthesiologists; SAH = Systemic Arterial Hypertension; DM = Diabetes Mellitus/F/M = female/male

Case Sex Age ASA Comorbidities/living habits Type of fracture Prophylaxis Dura-
tion of 
therapy

1 M 31 1 Close Cefazolin  > 48 h
2 F 77 3 SAH; cancer Close Cefazolin  ≤ 48 h
3 M 44 1 Open Meropenem + vancomycin  > 48 h
4 M 48 3 SAH; DM; alcoholism Close Meropenem + linezolid + Amikacin  ≤ 48 h
5 M 55 1 Alcoholism; smoking Open Ceftriaxone  > 48 h
6 M 65 2 Cancer; smoking Close Cefazolin + gentamicin  > 48 h
7 M 27 1 Open Cefazolin  > 48 h
8 M 34 1 Smoking Open Cefazolin + gentamicin  > 48 h
9 M 63 1 Open Cefazolin  ≤ 48 h
10 F 72 1 SAH Close Cefazolin  > 48 h
11 M 48 1 Smoking Open Cefazolin + gentamicin  > 48 h
12 M 44 2 SAH Close Cefazolin + gentamicin  ≤ 48 h
13 F 59 1 Close Cefazolin  ≤ 48 h
14 F 92 3 DM; SAH Close Cefazolin  > 48 h
15 M 30 1 Smoking Close Ciprofloxacin + vancomycin  ≤ 48 h
16 M 39 1 Open Cefalotin  > 48 h
17 M 18 1 Open Ciprofloxacin + clindamycin  ≤ 48 h
18 M 56 2 DM; SAH Open Cefazolin + gentamicin  ≤ 48 h
19 F 23 1 Close Ceftriaxone  > 48 h
20 F 73 2 SAH Open Cefazolin  ≤ 48 h
21 M 21 1 Alcoholism Open Ceftriaxone  > 48 h
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of randomized controlled clinical trials [5, 18]. Gillespie 
et al. in a systematic review demonstrated that the antibiotic 
prophylaxis in closed fractures is cost-effective for prevent-
ing infections; however, the impact on bacterial resistance 
could not be estimated [13]. Dellinger et al. demonstrated 
that prophylaxis for one day versus five days in patients with 
open fractures had no statistically significant difference in 
relation to the FRI outcome [18]. Carsenti-Etesse et al. in a 
double-blind randomized study, demonstrated the equiva-
lence of FRI rates in open fractures with a single dose of 
prophylactic antibiotic versus prolonged therapy [14]. Ond-
ari et al. found no difference in FRI rates among patients 
with Gustilo II open tibial fractures that underwent antibiotic 
prophylaxis for 24 h or five days [19]. Dunkel et al. con-
cluded, in a retrospective study that infection following open 
fractures is related to the extent of tissue damage, but not to 
the duration of antibiotic prophylaxis and that even for GA 
grade III fractures, one day of antibiotic administration may 
be as effective as prolonged prophylaxis [20]. Declerquet 
et al. in a retrospective study, did not find evidence for the 
prophylactic administration of antimicrobials for more than 
72 h in open fractures of long bones [5]. Nevertheless, such 
studies have limitations and there is a lack of higher quality 
studies assessing the role of lower duration of prophylactic 
antibiotics on FRI rates.

Our study found an overall rate of 15.9% of FRI, 30.5% in 
open fractures. These results are consistent with rates found 
in other studies [6, 21–23]. Despite all the advances in the 
management of fractures, FRI rates remain stable, allowing 
questions about the protective effect of extended antibiotic 
prophylaxis. We argue that the use of antibiotics is one of the 
perioperative strategies that should be applied and taken in 
association with other measures already standardized, such 
as the adequate lavage, through debridement and coverage 
of soft tissues in the site of fracture.

Regarding the antibiotics used, cefazolin (1st generation 
cephalosporin) remains the leading drug, either as mono-
therapy or combined with aminoglycosides. In the present 
study, most antibiotics prescribed were in accordance with 
the guidelines of the EAST [22] and the Surgical Infec-
tions Society [23]. Johnson et al. in a retrospective study, 
demonstrated that 91.1% of cases had cefazolin as one of 
the agents used in prophylaxis with gentamicin being the 
second most used antibiotic in combination in dual therapy 
[24]. However, they also demonstrated a low rate of com-
pliance with current recommendations for surgical frac-
tures–only 33.2% of compliance [25]. In the present study, 
non-compliance was observed in 12.9% of closed fractures 
cases that received antibiotic prophylaxis longer than 48 h 
due to unexplained reasons. We hypothesized that the rea-
son is likely due to concomitance between the COVID-19 
pandemic period with which the study was carried out. 
Interestingly, an increased rate of hospitalization due to hip 

and femoral fractures in the elderly (probably related to the 
lockdown period) and a decrease in road traffic accidents 
were observed. Moreover, elderly people usually have more 
comorbidities, worse immune responses, and greater use of 
antibiotics for conditions other than orthopedic.

Our study has several limitations. It was conducted dur-
ing the COVID-19 pandemic and lockdown period in a large 
tertiary teaching hospital offering special orthopedic care 
to a regional population located in a major city in a devel-
oping country, which limits the global comparison of the 
data. However, patients were prospectively followed for a 
period of at least 12 months, and importantly we applied the 
modern and standardized definition of FRI [15], decreas-
ing the chance of bias. Despite the reasonable sample of 
patients undergoing surgical correction for fractures, the 
overall number of FRI was low which may have biased our 
results, although logistic regression analyses were performed 
to assess the role of type and duration of antibiotic adminis-
tration on the rates of FRI.

We conclude that during the study period that was carried 
out concomitantly with the COVID-19 pandemic period, we 
observed an acceptable rate of non-compliance for antibiotic 
administration prophylaxis for closed and open fractures. 
Cefazolin and aminoglycosides in combination for open 
fractures correlates in higher rates of FRI, but the duration 
of antibiotic prophylaxis did not correlate with FRI.
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