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Effect of Local Antibiotic Prophylaxis on PostoperativeDeep
Infection in Fracture Surgery: A Systematic Review and
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Objectives: Despite the use of systemic antibiotic prophylaxis,
postoperative infection after fracture surgery remains an issue. The
purpose of this systematic review and meta-analysis was to evaluate
the effect of locally applied antibiotics on deep infection in fracture
surgery in both the open and closed fractures.

Data Sources: A comprehensive search of MEDLINE, Embase,
and PubMed was performed from the date of inception to April 15,
2021, and included studies in all languages.

Study Selection: Cohort studies were eligible if they investigated
the effect on the infection rate of local antibiotic prophylaxis on deep
infection after fracture surgery.

Data Extraction: This study was conducted according to the
Cochrane Handbook for Systematic Reviews and reported as per the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines. Risk of bias was assessed using version 2 of
the Cochrane risk-of-bias tool for randomized trials and the
Methodological Index for Nonrandomized Studies tool where
applicable.

Data Synthesis: An inverse variance random-effects model was
the primary analysis model because of the anticipated diversity in the
evaluated populations. Univariate models were used when a single
outcome was of interest.

Conclusions: The risk of deep infection was significantly reduced
when local antibiotics were applied compared with the control group
receiving systemic prophylaxis only. This beneficial effect was

observed in open fractures but failed to reach statistical significance
in closed fractures. This meta-analysis suggests that there may be a
significant risk reduction in deep infection rate after fracture surgery
when local antibiotics are added to standard systemic prophylaxis,
particularly in open fractures. Further high-powered Level I studies
are needed to support these findings.

Key Words: open fractures, closed fractures, local antibiotics, van-
comycin, infection

Level of Evidence: Therapeutic Level III. See Instructions for
Authors for a complete description of levels of evidence.

(J Orthop Trauma 2023;37:e28–e35)

INTRODUCTION
Despite the regular use of systemic antibiotic pro-

phylaxis, the rate of infection in orthopaedic trauma surgery
remains high.1 Depending on the type and location of the
fracture and the severity of the injury, the rate of infection
ranges from 5% to 30%.1,2 In particular, deep infections are
associated with substantially greater morbidity and socioeco-
nomic costs.3–7 Although internal fixation (ORIF) of fractures
has been shown to reduce morbidity in numerous fracture
patterns, the surgical management of both the open and closed
fractures carries a risk of surgical site infection (SSI).8,9 Open
fractures are particularly susceptible to infection because they
are regularly associated with more bone and soft-tissue injury
as well as periosteal stripping and contamination.1,10

Systemic antibiotic prophylaxis has been shown to consider-
ably reduce the risk of subsequent infection after a frac-
ture.11,12 However, the delivery of intravenous antibiotics is
limited by the quality of blood supply to the area.13 The local
vascular anatomy can be disrupted in acutely damaged tissues
at the time of fracture making it difficult to achieve sufficient
tissue concentration of antibiotics.2

Locally applied antibiotics may overcome this issue
because they can be delivered directly to the surgical site,
resulting in greater tissue concentration levels.14 High local
antibiotic concentrations can be attained even when local
vasculature is disrupted, and the risk of systemic toxicity
is minimized.2 Local antibiotics may also prevent bacteria
from colonizing implant or compromised tissue surfaces and
prevent biofilm formation, which can make fracture-related
deep infections particularly difficult to treat.15 Although
there have been emerging recommendations supporting the
use of local antibiotics in open fractures16 and despite the
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fact that their use has been adopted by some orthopaedic
practices,17 there is limited high-quality evidence surround-
ing their effectiveness.2,16 The increasing emphasis on anti-
biotic stewardship to protect patients from harms caused by
unnecessary antibiotic use and to combat antibiotic resis-
tance underscores the importance of strong evidence regard-
ing the use of local antibiotics in fracture management.18,19

The purpose of this systematic review and meta-analysis was
to evaluate the current literature for evidence regarding the
effect of local antibiotic prophylaxis on deep infection after
fracture surgery.

METHODS
This study was conducted according to the Cochrane

Handbook for Systematic Reviews20 and reported as per the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.21 No funding was provided
for this investigation.

Search Strategy
Embase, MEDLINE, PubMed, and Cochrane Central

Register of Controlled Trials (CENTRAL) database were
searched from date of inception to April 15, 2021. The search
strategy, adapted to each database, included terms represent-
ing “open fractures” and antibiotic use.

Outcomes Assessed
The primary outcome assessed was the comparison of

deep infection rate between the use of local antibiotics
combined with systemic antibiotics to systemic antibiotic
prophylaxis alone among adult patients undergoing surgical
management of either open or closed fractures. Superficial
infections were analyzed as a secondary outcome.

Study Selection
To maximize potentially eligible data, no restrictions

were made on publication date or follow-up period. The
criteria for inclusion were (1) studies comparing deep
infection rate for local antibiotic prophylaxis combined with
systemic antibiotics to systematic antibiotic prophylaxis alone
in skeletally mature patients undergoing definitive surgical
management of either closed or open fractures. The exclusion
criteria were (1) studies including patients with established
infections or osteomyelitis at the fracture site, (2) studies that
included less than 10 patients, and (3) editorials, reviews, and
conference abstracts.

Data Extraction
Two reviewers independently evaluated the systemati-

cally searched titles and abstracts using a standardized, pilot-
tested form. The selection of studies was performed in a
stepwise manner, first by title and abstract and then full-text
review. Two reviewers then independently conducted data
extraction into a data collection form designed a priori. The
extracted data included study characteristics, patient demo-
graphics, injury characteristics, follow-up period, type of
antibiotics used, method of local antibiotic delivery, and
infection rate. Data regarding the type of local antibiotics and

the type of fracture regarding open or closed status were
collected to use as covariates.

Risk of Bias Assessment
Risk of bias for included randomized controlled trials

was assessed using version 2 of the Cochrane risk-of-bias tool
for randomized trials (RoB 2).22 All other comparative studies
included in this study were assessed using the Methodological
Index for Nonrandomized Studies (MINORS).21 Two
reviewers assessed the quality of the studies independently.

Statistical Analysis
An inverse variance random-effects model was the

primary analysis model because of the anticipated diversity in
the evaluated populations.23 Univariate models were used
when a single outcome was of interest.

We estimated the between-study variance (t2) with the
restricted maximum likelihood approach. Because some stud-
ies had a retrospective design, binary outcomes were pre-
sented as odds ratios (ORs) with 95% confidence intervals.

Statistical heterogeneity was tested using the Cochran
Q test24 and quantified with the I2 statistic.25 The 95% pre-
diction interval (95% PI) was presented to facilitate the inter-
pretation. The 95% PI indicates the expected range in the
treatment effects across different patient populations and
settings.26

We tested the difference in magnitude of treatment
effects observed in randomized trials compared with those
reported in retrospective studies (design interaction test). We
additionally assessed publication bias and small-study bias
through visual inspections of contour-enhanced funnel plots,
contrasting the standard error of log ORs on the vertical axis
against the point estimates on the horizontal axis.

For the summary effects, a P value , 0.05 (2-tailed)
was considered statistically significant. All analyses were
conducted in Stata 16 (StataCorp, TX).

RESULTS

Characteristics of the Included Studies
A total of 10 studies were included in the meta-

analysis.27–36 A PRISMA flow diagram of the screening pro-
cess and study selection is illustrated in Figure 1. One study
was a randomized trial, and 9 studies had a retrospective
observational design. There were a total of 4643 fractures
included in the analysis. The median sample size was 393
participants [interquartile range (IQR): 110–789]. Across
the 10 studies, the median age was 42 years (IQR: 36–47
years). The mean follow-up period was 11.9 months.
Detailed study characteristics of the included studies are pre-
sented in Table 1.

Deep Infections
The overall summary estimate for deep infections in

all fractures favored local antibiotics when compared with
systemic antibiotics alone (OR = 0.50; 95% CI: 0.34–
0.72, P , 0.001) (Fig. 2). These results indicated that
patients receiving local antibiotics will be, on average,
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approximately 2 times less likely to develop deep infec-
tions compared with their counterparts receiving systemic
antibiotics.

Total Deep Infections by Fracture Type
The summary estimate for infections in open fractures

favored local antibiotics over systemic antibiotics (OR = 0.45;

TABLE 1. Study Characteristics

Author Year Study Design Sample Size Local Antibiotics
Delivery of
Antibiotics

Fracture
Type Fracture Location

Cichos et al35 2021 Retrospective
cohort

789 Vancomycin Powder Closed Acetabular

Keating et al27 1996 Retrospective
cohort

78 Tobramycin Antibiotic beads Open Tibia

Lawing et al28 2015 Retrospective
cohort

351 Tobramycin Local injection Open Upper + lower extremity

O’Neill et al34 2011 Retrospective
cohort

110 Vancomycin Powder Closed Traumatic spine

Ostermann et al36 1995 Retrospective
cohort

1085 Tobramycin Antibiotic beads Open Upper + lower extremity

O’Toole et al42 2021 RCT 980 Vancomycin Powder Open + Closed Tibia

Owen et al33 2017 Retrospective
cohort

140 Vancomycin +
Tobramycin

Powder Closed Acetabular

Qadir et al30 2021 Retrospective
cohort

583 Vancomycin Powder Open + Closed Tibia + calcaneus

Singh et al29 2015 Retrospective
cohort

93 Vancomycin Powder Open + Closed Tibia

Vaida et al31 2020 Retrospective
cohort

434 Vancomycin Powder Open Lower extremity

FIGURE 1. PRISMA flow diagram of the
study selection process.
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95% CI: 0.31–0.66, P , 0.001) (Fig. 3). In closed fractures,
this effect on deep infection rate failed to reach statistical
significance (OR = 0.59; 95% CI: 0.31–1.12, P = 0.11) (see
Figure, Supplemental Digital Content 1, http://links.lww.
com/JOT/B839, which demonstrates effect of local antibiotics
in closed fractures).

Superficial Infections
There was no statistically significant difference in the

summary estimate for superficial infection with or without
local antibiotics (OR = 0.59; 95% CI: 0.29–1.17, P = 0.13)
(see Figure, Supplemental Digital Content 2, http://links.
lww.com/JOT/B840, which demonstrates effect of local anti-
biotics on superficial infection).

Fracture Location
There was substantial heterogeneity regarding fracture

locations (Table 1). There were 840 (18.1%) fractures reported
as “Lower Extremity,” while 305 (6.6%) were reported as
“Upper Extremity” fractures. One study included 110 (2.4%)
traumatic spine fractures. There were 789 (17.0%) acetabular
fractures, and 49 (1.1%) of fractures involving the pelvis
included. There were 70 (1.5%) femur fractures. There were
2128 (45.8%) tibia fractures included, making it the most com-
mon fracture location. There were 118 (2.5%) fractures classi-
fied as ankle fractures and 231 (5.0%) foot fractures.

Type of Local Antibiotics
Regarding the type of local antibiotics, vancomycin and

tobramycin were most commonly used. Six studies applied

1 g of vancomycin powder directly into the wound, with one
other study using a combination of vancomycin and tobra-
mycin powder. Three studies used tobramycin alone, either as
antibiotic-impregnated beads or by local injection. The results
indicate that treatment effects observed in aminoglycoside
studies were significantly larger (OR = 0.34; 95% CI: 0.21–
0.55, P , 0.001) than those observed in vancomycin studies
(OR = 0.63; 95% CI: 0.41–0.98, P = 0.04) (Fig. 4).

Risk of Bias
Based on the quality assessment of the included

randomized controlled trials (RCTs) using RoB 2, the lone
RCT included had an overall rating of “Low Risk.” The other
9 comparative studies were assessed using the MINORS tool
(see Table, Supplemental Digital Content 3, http://links.
lww.com/JOT/B841, comparative study quality assessment).
The mean MINORS score across all included studies was 16
(range: 13–20) of 24.

DISCUSSION
Fracture-related infections remain a problem in ortho-

paedic trauma surgery despite the widespread use of systemic
antibiotic prophylaxis.12,17 This systematic review demon-
strated a significantly reduced risk of deep infections in
patients who were given additional local antibiotics when
all fracture types were pooled. It is worth noting that although
a large beneficial effect was found, most included studies
were Level III evidence. Future RCTs are required to
strengthen the confidence of the present findings.

FIGURE 2. Forest plot for deep
infections in all fractures. RCT
denotes randomized controlled trial.
The design interaction test exam-
ined the difference in the magnitude
of treatment effects comparing RCTs
with retrospective studies.
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A recent systematic review by Morgenstern et al2 sug-
gested a large beneficial effect from the addition of local anti-
biotics in the management of open limb fractures. However,
the authors noted that their results should be interpreted with
caution as the quality of the included studies was limited. In
subsequent years, there have been further cohort studies pub-
lished investigating the use of local antibiotics in fracture sur-
gery,30–32,35 including a highly powered RCT by O’Toole
et al.32 Furthermore, the systematic review by Morgenstern
et al analyzed the total infection rate as their primary outcome
but did not separate superficial and deep infections. There is a
lack of reliability in the diagnosis of superficial infections, and
they have a relatively lower clinical relevance.37,38 In compar-
ison, deep infections are more accurately diagnosed and have a
greater impact on patient outcomes and cost of treatment.6,7,38

The present meta-analysis analyzed deep infections as the pri-
mary outcome and found that local antibiotics showed a sig-
nificant beneficial effect in the prevention of deep infections in
open fractures. When a superficial infection rate was analyzed
as a separate outcome, no significant difference was found with
the addition of local antibiotics. In open fractures, deep infec-
tions can be caused by the attachment of bacteria to implants
and compromised bone and deep tissue, with resultant biofilm
formation.39,40 High concentrations of antibiotics are effective
against biofilms,41 and the use of local antibiotics allows deliv-
ery of high concentrations of antibiotics while minimizing the
risk of systemic toxicity.14,42 The most common bacteria
encountered in open fracture sites are gram-positive staphylo-
cocci and gram-negative rods.43 Vancomycin has established
efficacy against the most common pathogens in patients with
orthopaedic trauma, particularly methicillin-resistant
Staphylococcus aureus and other gram-positive bacteria.44

Complications or side effects associated with the use of local
vancomycin are rare,45,46 and it has been shown to reduce the
costs of care in spinal surgery.47 Although concerns have been

raised over the potential development of vancomycin-resistant
organisms, the use of intrawound vancomycin during spine
surgery was not associated with the development of any such
organisms.18 Six studies in the included analysis used vanco-
mycin as local antibiotic prophylaxis, and the results showed a
significantly decreased risk of infection (OR = 0.63; 95% CI:
0.41–0.98, P = 0.04). Interestingly, there was a more robust
protective effect seen in studies that used aminoglycosides,
such as gentamicin or tobramycin (OR = 0.34; 95% CI:
0.21–0.55, P , 0.001). Aminoglycosides have gram-negative
coverage, and although they are usually not first-line treatment
for staphylococcal infections, they can also be used for this
purpose.43 Their bactericidal activity is concentration depen-
dent, and local administration achieves high concentrations48

without the same toxicity associated with systemic aminogly-
cosides.49 Although there are in vitro studies that have shown
that sufficiently high concentrations of aminoglycosides can
have a detrimental effect on osteocytes, there are no known
reports of clinical adverse effects on these cells.50 In keeping
with previous literature, 5 included studies that reported non-
union rates found no significant differences in patients who
received local antibiotics and no study found any negative
effect on kidney function33,35 or any adverse reactions. There
are currently 2 major clinical trials ongoing that are investigat-
ing the effect of locally applied aminoglycosides in open frac-
tures.51,52 A recently published survey of current practice and
recommendations on antibiotic prophylaxis in open fractures
showed that less than 25% of orthopaedic practices reported
local antibiotic use in open limb fractures.17 The present find-
ings suggest that more widespread adoption of local antibiotic
prophylaxis may decrease the rates of deep infection after open
fractures, without increasing the risk of nonunion or
nephrotoxicity.

Unsurprisingly, the effect of local antibiotics was
attenuated in closed fractures. Local antibiotics were not

FIGURE 3. Forest plot for deep
infections in open fractures. RCT
denotes randomized controlled trial.
The design interaction test exam-
ined the difference in the magnitude
of treatment effects comparing RCTs
with retrospective studies.
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associated with a significant reduction in deep infections,
although the results suggest that there may be a trend toward a
beneficial effect (OR = 0.59; 95% CI: 0.31–1.12, P = 0.11).
Given the relative lack of environmental contamination and
lesser soft-tissue injury in comparison with open fractures, the
rate of surgical site infections after surgery for closed frac-
tures is predictably lower with the rates of SSI after closed
fractures range from 1% to 4%.53,54 It has been reported that
local antibiotics may reduce infection after internal fixation of
acetabular fractures33 and established literature has shown
that topical vancomycin is effective at reducing the risk of
SSI after spinal surgery.45 However, in comparison with local
antibiotics and open fractures, the evidence is limited. As
such, currently there are no published guidelines for the use
of local antibiotic prophylaxis in closed fractures. To the best
of our knowledge, this is the first meta-analysis that evaluates
the effect of local antibiotics in closed fracture surgery. The
findings of this study are inconclusive; however, there were
only 5 studies included in the analysis, with significant het-
erogeneity among anatomical fracture locations. Further con-
trolled trials of sufficient statistical power are required to
determine whether there is a beneficial effect.

There are several limitations to this study. Among the
included studies, there is large variability between study
designs, fracture locations, follow-up intervals, and defini-
tions of infection. The fracture locations reported included
open tibial fractures, traumatic spinal fractures, and acetabular
fractures. Some of the included studies did not specify
fracture locations. Different fracture patterns and anatomical
locations can result in significantly different rates of

infection.55 A subanalysis based on fracture location was
not performed because of large heterogeneity of the included
locations. Only 3 studies used an established definition for
deep infection, mainly the Centers for Disease Control and
Prevention (CDC) guidelines for surgical site infection.28,30,32

Four other studies defined deep infection as an infection that
required irrigation and debridement, which is in keeping with
the CDC’s definition.27,29,31,33 However, the CDC’s defini-
tion for surgical site infections is not exclusively intended for
fracture-related infections and has limitations when applied to
patients undergoing fracture surgery.56 Three studies pro-
vided incomplete and imprecise definitions for deep infec-
tion.34–36 The issue of variable definitions for infection is
not unique to this review because a recent systematic review
found that only 2% of fracture management trials reported a
recognized definition of infection.56,57 This systematic review
analyzed deep infections as the primary outcome because they
are more accurately diagnosed than superficial infections.38 In
regard to follow-up period, 4 included studies reported a min-
imum follow-up period of less than 6 months.28,31,34,35

Postoperative infection can present in a subacute or chronic
fashion,58 and it is possible that local antibiotics delay the
presentation of infection. However, 9 of the included studies
reported a mean follow-up period of greater than 6 months,
suggesting a sufficient surveillance timeframe for infection. A
further limitation was the lack of data reported by the
included studies regarding the timing of local antibiotic
administration relative to the time of injury. Multiple studies
have demonstrated that the efficacy of systemic antibiotics
with open fractures is improved when given earlier after

FIGURE 4. Forest plot for deep
infections by drug type. RCTs are
highlighted within squared brackets.
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injury occurrence.59,60 It is unknown whether local antibiotics
would have a similar time dependency and whether their
added benefit could be influenced by the timing of systemic
antibiotic administration after open fracture. This is an area of
research that could benefit from future studies.

CONCLUSIONS
In summary, this meta-analysis found a significant risk

reduction for postoperative deep infection after fracture
surgery when local antibiotic prophylaxis was used. In regard
to fracture type, this beneficial effect was found for open
fractures but did not persist in closed fractures. These findings
suggest that the addition of local antibiotics in fracture
surgery, particularly in open fractures, may be a potential
cost-effective and low-risk intervention that may reduce deep
infections; however, further high-powered Level I studies are
needed to corroborate this effect.
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