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Abstract

Background Low-velocity gunshots are often associated

with extremity fractures. There is no consensus, however,

on the use of antibiotics for these injuries.

Questions/purposes We performed a literature review to

answer the following questions: (1) Are antibiotics needed

for the treatment of these fractures? (2) Is gram-negative

coverage necessary? (3) How long should antibiotics be

administered? And (4) which is the optimal administration

route?

Methods We conducted a MEDLINE1 search and found

only two relevant prospective, randomized studies. Further

searches identified all case series with information on the

use of antibiotics in gunshot fractures. In total, 33 studies

provided enough data to answer the study questions. An

assessment of the quality of the identified studies was

performed. Twenty-three studies met at least 1
.
2 of the

quality items of the assessment tool.

Results Antibiotics did not significantly reduce the

infection rate for fractures treated nonoperatively (1.7%

with antibiotics versus 5.1% without) with the numbers

available. There was no significant difference in infection

rates when gram-negative coverage was added, either in

nonoperatively treated fractures (1.7% versus 2.8%) or in

operatively treated fractures (0% versus 2.5%). Duration of

antibiotic administration did not significantly affect the

infection rate. No difference was found between intrave-

nous and oral antibiotic administration for nonoperatively

treated fractures.

Conclusions This literature review could not demonstrate

a significant benefit with the use of antibiotics for low-

velocity gunshot fractures treated nonoperatively; however,

the statistical power for these comparisons was low in the

available literature, which is insufficiently strong to rec-

ommend a treatment. Gram-negative coverage did not alter

the infection rates in gunshot fractures, nor did longer

duration of antibiotic administration. For fractures treated

nonoperatively, oral antibiotics are as efficacious as intra-

venous antibiotics.

Introduction

Gunshot trauma remains a considerable cause of morbidity

and socioeconomic cost globally [37]. In the United States,

around 30,000 fatal and 65,000 to 75,000 nonfatal firearm

injuries were reported annually during the last decade [8].

Despite extensive experience with civilian low-velocity

gunshot wounds, no consensus exists on use of antibiotics

for treatment of these injuries. Minor soft tissue wounds

can successfully be treated in an outpatient basis, as was

shown by Ordog et al. [31], who reported an infection rate
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of 1.8% in 16,892 low-velocity gunshot wounds (with

associated minor fractures in only 4%). In the presence of

fractures, however, a controversy still exists. The study of

Howland and Ritchey [21] showed a low infection rate in

low-velocity gunshot-induced fractures treated with

superficial débridement. They reported no advantage in

patients treated with antibiotics, and these results made

them advocate against the use of antibiotics in the treat-

ment of such injuries. Dickey et al. [10], in a prospective,

randomized study, treated gunshot fractures nonoperatively

with and without antibiotics and found similar infection

rates between the two groups. However, many investigators

advocate the use of antibiotics after gunshot trauma of the

extremities [6, 15, 17, 41] since it has been shown, both

in vitro [36, 40] and in the clinical setting [33], that most

gunshot wounds are contaminated.

There is also no consensus regarding the type, duration,

and route of antibiotics that should be administered.

Shorter [1, 7, 10, 15, 17, 28, 30, 42] versus longer [11, 12,

16, 23, 24, 29, 33, 41] courses of antibiotics have been

used. Some authors [1, 6, 22, 24, 39] advocate additional

gram-negative coverage, while others [7, 11, 17, 19, 20, 23,

26, 30, 32, 38, 41, 42] regard it as unnecessary. For frac-

tures treated nonoperatively, oral antibiotic administration

has been proposed as equally effective as intravenous

administration [13, 22, 41].

The controversy on the use of antibiotics does not apply

for fractures necessitating fixation. Typically, treatment of

fractures secondary to gunshots follows the accepted pro-

tocols for each area of injury [1, 3, 6, 7, 13, 16, 19, 20, 24–

26, 28–30, 38, 39, 41, 42]. It is widely accepted that per-

ioperative intravenous antibiotics are necessary when an

implant is inserted; however, the optimal type and duration

of antibiotics in these clinical scenarios are not known.

No meta-analysis or systematic overview of the role of

antibiotics in fractures caused by gunshots has been pub-

lished during the past 5 years. We therefore performed a

systematic literature review to answer the following ques-

tions: (1) Are antibiotics needed for the treatment of these

fractures? (2) Is gram-negative coverage necessary?

(3) How long should antibiotics be administered? And

(4) which is the optimal administration route?

Search Strategy and Criteria

We performed a search of the MEDLINE1 database,

restricted to the English language and human subjects. The

keywords applied were ‘‘gunshot’’ or ‘‘shotgun’’ or ‘‘gun

shot’’ AND ‘‘antibiotic’’ or ‘‘antibiotics’’ or ‘‘antimicro-

bial’’ or ‘‘antimicrobials,’’ which were included in the

‘‘Title’’ or ‘‘Abstract’’ fields (Fig. 1). This search identified

220 articles. The following criteria had to be fulfilled for a

study to be included in our systematic analysis: gunshot

fractures of the extremities, low-velocity gunshots, the

inclusion of a total of at least 10 fractures in the study, and

adequate information on the infection rate after the treat-

ment of these patients, with or without antibiotics. We

excluded studies focusing on soft tissue injuries; fractures

of the head, spine, hand, or foot; isolated joint injuries;

associated injuries of the abdomen or chest; injuries

inflicted by shotguns; and combat or high-velocity injuries.

This resulted in 14 articles [3, 5, 10, 11, 15, 17, 22, 24, 27,

32, 34, 38, 39, 41] fulfilling the inclusion criteria, and only

four of them [10, 15, 17, 22] were comparative studies. Of

these four comparative studies, only two were prospective,

randomized controlled trials, and they actually addressed

different issues on the use of antibiotics in gunshot-induced

fractures treated nonoperatively. Dickey et al. [10] com-

pared antibiotics versus no antibiotics, while Knapp et al.

[22] compared intravenous versus oral antibiotics.

We also evaluated the various Level IV clinical studies

reporting on extremity fractures caused by low-velocity

gunshots. Although these are considered lower-quality

studies for the purpose of a literature review, these were the

only data available that could be used to address some of

the study questions. Most of these additional studies were

case series focusing on the fracture treatments rather than

the antibiotic therapies. We included all these studies,

provided there was enough information on the use of

antibiotics and the infection rates. To include as many of

these studies as possible, we performed an additional

MEDLINE1 search restricted to the English language and

human subjects. The keywords applied this time were

‘‘gunshot’’ or ‘‘shotgun’’ or ‘‘gun shot’’ AND ‘‘fracture’’ or

‘‘fractures’’ in the ‘‘Title’’ or ‘‘Abstract’’ fields. This search

identified 778 articles; many of these were included in our

initial search. These articles were examined according to

the aforementioned inclusion and exclusion criteria,

resulting in 17 additional studies [1, 6, 7, 12, 13, 16, 19–21,

23, 25, 26, 28–30, 35, 42] regarded as appropriate for

inclusion in the review.

We also manually searched the references in the iden-

tified articles to find possible relevant articles not included

in our MEDLINE1 searches. This way we were able to

identify two additional studies [14, 33] with information on

the use of antibiotics for the treatment of gunshot fractures

of the extremities.

In total, we identified 33 studies considered as providing

enough data to answer one or more of the study questions.

Some of these articles [5, 10, 11, 14, 15, 17, 21, 22, 28,

32–34, 41] did not provide information on the location of

the extremity fracture, while others [10, 11, 14, 15, 17, 21,

32, 33, 41] included hand and feet fractures. Similarly,

some studies [3, 6, 13, 19, 21, 27, 29, 32, 34] did not

provide enough data on the type of gun used and others [3,
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6, 13, 19, 21, 23, 26, 29, 33, 34, 38] reported mixed results;

in many cases, the type of gun used could not be identified

[3, 13, 26]. Whenever there was adequate data in the

article, we excluded patients with hand or foot fractures

and patients with injuries from high-velocity guns or

shotguns. Whenever this was not possible, we included

these patients, as reported.

Some studies [1, 3, 5, 7, 10–12, 16, 20, 24, 29, 32, 33, 38,

41] reported separately on superficial and deep infections;

others [6, 13–15, 17, 22, 23, 26, 28, 30, 35, 39, 42] reported

only on deep infections or superficial infections; and others

[19, 21, 27, 34] did not differentiate between the two. To

present uniform results, we considered the total number of

infections reported from each study as the outcome variable.

Pin tract infection was not considered an infection.

In terms of the antibiotic type used, we accepted that

additional gram-negative coverage is provided by third-

generation cephalosporins, ciprofloxacin, and aminogly-

cosides. First- and second-generation cephalosporins have

narrow gram-negative coverage when administered alone

and are considered to mainly provide gram-positive

coverage.

Assessment of the quality of all studies included in the

review was performed by means of a methodologic quality

assessment list (Table 1), which consisted of 14 domains in

six different categories as proposed by Hayden et al. [18].

Every item on the list was scored either positively if ade-

quate information regarding the specific item was provided

or negatively if there was inadequate information. A study

scoring positively in at least 1
.
2 of the items (seven of 14)

was considered a higher-quality study (n = 23; [1, 3, 5–7,

10–12, 16, 17, 19, 20, 22, 24–26, 29, 30, 33, 38, 39, 41,

42]), whereas the remaining were considered of lower

quality (n = 10; [13–15, 21, 23, 27, 28, 32, 34, 35]). In an

attempt to limit potential bias in some of the lower-quality

studies, a separate analysis including only the higher-

quality ones was performed along with the analysis of all

33 studies.

The data extracted from the studies included for analysis

were (1) the total number of fractures that met the inclusion

and exclusion criteria, (2) the use of antibiotics, (3) the type

of antibiotics, (4) the duration of antibiotic use, (5) the use

of fracture fixation, (6) and the number of total infections

reported.

We performed a statistical analysis of categorical vari-

ables using the two-tailed Fisher’s exact test or the chi-

square test, as appropriate. A p value of less than 0.05 was

considered statistically significant.

14 articles (2 RCTs)

Excluding: Combat injuries; head, face, 
abdomen, hand, and foot fractures; fewer

than 10 included cases; reviews; no 
fractures; no gunshots; articles with 

insufficient information on the use of 
antibiotics or infections rates related to the 

use of antibiotics*

*Some excluded articles fitted in more than 
one category; therefore, all these exclusion 

reasons are presented together.

English language

Human subjects

261 articles

Also excluding 
duplicates with initial 

search 
(13 articles)

2 articles

MEDLINE® search
(“gunshot” or “shotgun” or “gun shot” 

[Title/Abstract]) AND (“antibiotic” or “antibiotics” or 
“antimicrobial” or “antimicrobials” [Title/Abstract])

333 articles found

MEDLINE® search
(“gunshot” or “shotgun” or “gun shot” 

[Title/Abstract]) AND (“fracture” or “fractures”
[Title/Abstract])

1206 articles found
Additional manual search of 
references in found articles

220 articles

17 articles

1031 articles

778 articles

33 articles with adequate information for review purposes

Fig. 1 The flowchart illustrates the methodology for identifying relevant articles. RCT = randomized controlled trial.
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Results

In an analysis of higher-quality studies about fractures

treated nonoperatively (no fixation, no surgical irrigation

and débridement [I&D]), with the numbers available, there

were no significant differences detected in terms of infec-

tion rate between patients treated with antibiotics and those

not treated. Nine higher-quality articles [1, 5, 10–12, 17,

22, 24, 41] that included 574 fractures had sufficient rele-

vant data. The total percentage of infections in fractures

treated with antibiotics was 1.7%, while the infection rate

for fractures treated without antibiotic treatment was 5.1%

(Table 2). The difference was not significant with the

numbers available (p = 0.17). Inclusion of all studies,

including 937 fractures, showed an infection rate of 2.4%

when antibiotics were used versus 6.7% without antibiot-

ics. With these numbers, the difference was significant

(p = 0.031).

The overall infection rate in all 1156 fractures in 23

articles [1, 3, 5–7, 10–12, 16, 17, 19, 20, 22, 24–26, 29, 30,

33, 38, 39, 41, 42] was 1.9%. Analysis of the need for

antibiotics in fixation-treated fractures was not performed,

as we found no such fractures treated without antibiotics in

the literature [1, 3, 6, 7, 13, 16, 19, 20, 24–26, 28–30, 38,

39, 41, 42].

With the numbers available, the difference in infection

rate with the addition of gram-negative coverage for the

treatment of fractures treated nonoperatively (no fixation,

no surgical I&D) was not significant (1.7% with both gram-

positive and gram-negative coverage versus 2.8 % with

only gram-positive coverage) (p = 0.22). Seven higher-

quality studies [1, 10, 11, 17, 22, 24, 41] provided relevant

data for a total of 404 fractures (Table 3). Similar results

were found with the inclusion of all studies (Table 3). For

fixation-treated gunshot-induced fractures, there were

available data in 11 higher-quality studies [1, 6, 7, 19, 20,

Table 1. Assessment list used for measuring the quality of the 33 studies meeting the inclusion/exclusion criteria consisting of 14 domains in six

different categories as proposed by Hayden et al. [18]

Category Category description Domain Domain description

A Study participation/population

of interest

1 Source population clearly defined

2 Study population described (demographics)

3 Study population represents population of interest (low-velocity

extremity fractures, associated injuries, hand/feet fractures

excluded)

B Study attrition/followup 4 Completeness of followup described

5 Completeness of followup adequate ([ 75% of study

population for at least 6 months)

C Factor of interest measurement 6 Factor of interest defined in study participants to sufficiently limit

potential bias (information on whether antibiotics were given)

7 Factor of interest measured appropriately (adequate information

on type, duration, and route of antibiotics administration)

D Confounding factors

measurement and account

8 Confounding factors described (type of gun used, type

of treatment, comorbidities)

9 Confounding factors accounted for (type of gun used,

type of treatment, comorbidities)

E Outcome measurement 10 Outcome measure defined

11 Outcome measured appropriately (infection rate provided)

F Results analysis 12 Analysis described

13 Analysis appropriate (information on superficial and deep

infection provided separately)

14 Analysis provides sufficient presentation of data

Table 2. Infection rate with the use of antibiotics or not in gunshot-induced fractures treated nonoperatively

Studies included in analysis Infection rate (%) (number of infections/number of fractures treated) p value

Antibiotics No antibiotics

Higher-quality studies (9 of 23) 1.7 (9/535) 5.1 (2/39) 0.17

All studies (17 of 33) 2.4 (20/847) 6.7 (6/90) 0.031

3940 Papasoulis et al. Clinical Orthopaedics and Related Research1

123



24, 26, 30, 38, 39, 42] that included 334 fractures

(Table 4). Similarly, there was no significant difference in

infection rate with the addition of gram-negative coverage

with the numbers available (0% with both gram-positive

and gram-negative coverage versus 2.5 % with only gram-

positive coverage) (p = 0.19). Similar results were found

with the inclusion of all studies (Table 4).

For fractures treated without surgery, there was no obvi-

ous benefit to longer antibiotic administration. Data from

seven higher-quality studies [1, 10, 11, 17, 22, 24, 41],

including 404 fractures (Table 5), showed no significant

differences in infection rate among groups treated with

antibiotics for 1 to 2 days (2.1%), 3 days (1.6%), and

more than 3 days (3.3%) with the numbers available (p =

0.7). Similar results were found with the inclusion of all

studies (Table 5). In gunshot-induced fractures treated

with fixation data from 11 higher-quality studies [1, 6, 7,

16, 19, 20, 24, 29, 38, 39, 42], including 240 fractures

(Table 6), no significant difference was found among the

various durations of antibiotic administration (1.7% for

1–2 days, 2.7% for 3 days, 6.3% for more than 3 days)

(p = 0.45). Similar results were found with the inclusion

of all studies (Table 6). Isolated analysis of the optimal

duration of a specific antibiotic coverage could not be

performed because not enough studies that used the

same antibiotic for different time intervals were

available.

For patients treated nonoperatively, with the numbers

available, there was no difference in infection rates

whether antibiotics were administered intravenously or

orally. Overall, seven higher-quality studies [1, 5, 10, 17,

22, 24, 41], including 485 fractures, provided adequate data

on this question (Table 7). Studies in which patients were

treated with intravenous antibiotics followed by oral

administration were not included in this analysis [11, 12].

Similar results were found with the inclusion of all studies

(Table 7). Patients treated surgically were given intrave-

nous antibiotics in the studies we found; therefore, this

question does not apply to them.

Discussion

Although civilian gunshot trauma that causes extremity

fractures is common [8, 37], there are still controversies on

the optimal treatment protocol. We therefore performed a

systematic literature review to answer the following ques-

tions: (1) Are antibiotics needed for the treatment of these

fractures? (2) Is gram-negative coverage necessary?

(3) How long should antibiotics be administered? And

(4) which is the optimal administration route?

There were limitations to our systematic review. Only

two prospective randomized studies [10, 22] were identi-

fied, each addressing different aspects of the problem. One

Table 3. Infection rates with gram-positive antibiotic coverage alone or combined gram-positive and gram-negative antibiotic coverage for

gunshot-induced fractures treated nonoperatively

Studies included in analysis Infection rate (%) (number of infections/number of fractures treated) p value

Gram-positive coverage Gram-positive and gram-negative coverage

Higher-quality studies (7 of 23) 2.8 (3/108) 1.7 (5/296) 0.22

All studies (10 of 33) 3.4 (7/204) 1.7 (5/296) 0.24

Table 4. Infection rates with gram-positive antibiotic coverage alone or combined gram-positive and gram-negative antibiotic coverage for

gunshot-induced fractures treated with fracture fixation

Studies included in analysis Infection rate (%) (number of infections/number of fractures treated) p value

Gram-positive coverage Gram-positive and gram-negative coverage

Higher-quality studies (11 of 23) 2.5 (6/238) 0.0 (0/96) 0.19

All studies (12 of 33) 2.9 (7/241) 0.0 (0/96) 0.20

Table 5. Infection rates with different durations of antibiotic administration for gunshot-induced fractures treated nonoperatively

Studies included in analysis Infection rate (%) (number of infections/number of fractures treated) p value

1–2 days of coverage 3 days of coverage [ 3 days of coverage

Higher-quality studies (7 of 23) 2.1 (2/95) 1.6 (4/248) 3.3 (2/61) 0.70

All studies (10 of 33) 2.8 (3/108) 1.6 (4/248) 3.8 (5/133) 0.42
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of them [10] compared antibiotics versus no antibiotics,

while the other one compared intravenous versus oral

antibiotic administration [22]. To extract as much infor-

mation from the literature as possible, we included Level

IV studies, which had multiple limitations. Some studies

had poor documentation or mixed patient populations in

regard to our inclusion and exclusion criteria. We aimed to

include only low-velocity gunshot injuries; however,

information on the type of gun used was not always

available, while in many cases the type of gun used could

not be identified [3, 13, 26]. Moreover, the weapon’s

velocity is not the only factor correlating with the injury

inflicted [2, 9, 26]. We also attempted to exclude patients

with hand or foot fractures, associated abdominal injuries,

and high-velocity injuries. This was not always feasible,

and inevitably some of these patients were included. The

followup periods were not properly documented in all

studies. Deep and superficial infections were not separately

investigated, as neither their definitions nor their docu-

mentation was always sufficient.

An analysis of the quality of the Level IV studies was

performed in an attempt to limit potential bias in some of

them [4]. Twenty-three of the initially identified 33 studies

met at least 1
.
2 of the 14 criteria under consideration in the

assessment tool used. Analysis was performed both for all

studies and for the higher-quality ones separately. Inclusion

of the lower-quality studies did not differentiate the results

in any direction, suggesting they were not biased. This is

the reason we chose to present the results of both analyses.

The first question addressed in this review was the

controversial issue of the need for antibiotic coverage in

gunshot-induced fractures of the extremities. This does not

apply to patients with fractures treated with fixation who

receive antibiotics prophylactically; therefore, no such

fractures treated without antibiotics were found in the lit-

erature [1, 3, 6, 7, 13, 16, 19, 20, 24–26, 28–30, 38, 39, 41,

42]. In the subgroup of patients treated without surgery,

analysis of the higher-quality studies with adequate infor-

mation on the specific question found no significant

difference in the infection rate without antibiotic coverage,

with the numbers available. In the only study that directly

compared antibiotics versus no antibiotics in gunshot-

induced fractures, Dickey et al. [10] prospectively ran-

domized patients to receive local wound care and

nonoperative fracture treatment together with either

cefazolin for 1 day or no antibiotics. No difference was

found, as there was one infection in 36 fractures in the

antibiotic group versus one infection in 37 fractures in the

nonantibiotics group. However, given the fact that infec-

tion after gunshot injuries is an uncommon complication

(1.9% of 1156 fractures in the 23 studies included in our

review), large numbers of patients would have to be

enrolled for a study to show a significant benefit with any

intervention in terms of reducing infections in gunshot

fractures. Therefore, the above comparisons may have been

prone to Type II error. A post hoc power analysis of the

results based on the higher-quality studies demonstrated a

power of only 41%. Interestingly, inclusion of all studies

found a similar increase in infection rate when antibiotics

were not used, but with the higher numbers included, this

time the difference was significant (Table 2). It therefore

appears that the literature is insufficiently strong for a

definite conclusion to be drawn on this question; still these

data could be used for hypothesis generation for future

studies.

The second question addressed was the type of antibiotic

coverage, which is also controversial. Hansraj et al. [17]

performed a comparative study on the need for gram-

negative coverage for these injuries when treated nonop-

eratively, but no information on randomization was

provided. They compared a third-generation cephalosporin

(ceftriaxone) to a first-generation cephalosporin (cefazo-

lin), both administered for 2 days, and found no difference

in the infection rate. Analysis of six more studies with

Table 6. Infection rates with different durations of antibiotic administration for gunshot-induced fractures treated with fracture fixation

Studies included in analysis Infection rate (%) (number of infections/number of fractures treated) p value

1–2 days of coverage 3 days of coverage [ 3 days of coverage

Higher-quality studies (11 of 23) 1.7 (1/60) 2.7 (4/148) 6.3 (2/32) 0.45

All studies (13 of 33) 1.7 (1/60) 2.8 (5/180) 8.6 (3/35) 0.15

Table 7. Infections rate with the use of intravenous or oral antibiotics for gunshot-induced fractures treated nonoperatively

Studies included in analysis Infection rate (%) (number of infections/number of fractures treated) p value

Intravenous antibiotics Oral antibiotics

Higher-quality studies (7 of 23) 1.4 (5/349) 2.2 (3/136) 0.69

All studies (10 of 33) 2.0 (8/392) 1.6 (3/185) 1
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relevant data [1, 10, 11, 22, 24, 41] showed no significant

difference in infection rate with the use of gram-negative

coverage (Table 3). Similar results were found for fractures

that needed fixation (Table 4).

The duration of coverage was the third study question

analyzed. No evidence was found that longer antibiotic cov-

erage is of benefit for gunshot-induced fractures treated either

nonoperatively (Table 5) or with fixation (Table 6). This

issue is not adequately addressed in the literature. There was

only one comparative study regarding duration of antibiotic

administration. Geissler et al. [15] compared a single intra-

muscular dose of 1 g cefonicid administered to 25 consecutive

patients with a nonoperatively treated gunshot fracture versus

a 2-day intravenous course of unspecified antibiotics in a

reportedly comparable group of 25 patients. Excluding hand

and foot fractures, there was no infection in 11 extremity

fractures treated with the single intramuscular dose and one

infection in 13 patients treated with intravenous antibiotics.

The optimal route of antibiotic administration was the

fourth question reviewed. Data regarding this issue were

available only for fractures treated nonoperatively. The

only prospective randomized study by Knapp et al. [22]

found no difference in the infection rate between the

administration of intravenous cephapirin and gentamicin

for 3 days (118 fractures) versus oral ciprofloxacin for 3

days (100 fractures), with two infections in each group.

From the seven studies identified with data on this issue,

the conclusion was the same (Table 7); gunshot-induced

fractures treated nonoperatively can successfully be treated

either orally or intravenously.

Most gunshot fractures of the extremities are treated

operatively. These patients always receive intravenous

antibiotics prophylactically. The findings of this literature

review could not find a significant benefit in the inclusion of

gram-negative coverage for these injuries or for adminis-

tering antibiotics for more than 48 hours. For fractures

treated nonoperatively, no definite conclusion on the need for

antibiotic coverage could be reached. When antibiotics are

used for these fractures, adding gram-negative coverage or

extending administration beyond 48 hours did not signifi-

cantly reduce the infection rate, while oral antibiotics were as

efficacious as intravenous antibiotics. Despite the extensive

experience with these injuries, well-designed, randomized,

controlled studies are still needed to address these issues.
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