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A B S T R A C T

Background

Open fractures of the major long bones are complex limb-threatening injuries that are predisposed to deep infection. Treatment includes
antibiotics and surgery to debride the wound, stabilise the fracture and reconstruct any soJ tissue defect to enable infection-free
bone repair. There is a need to assess the e$ect of timing and duration of antibiotic administration and timing and staging of surgical
interventions to optimise outcomes.

Objectives

To assess the e$ects (risks and benefits) of the timing of antibiotic administration, wound debridement and the stages of surgical
interventions in managing people with open long bone fractures of the upper and lower limbs.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE, Embase and clinical trial registers in February 2021.
We also searched conference proceedings and reference lists of included studies.

Selection criteria

We included randomised controlled trials (RCTs) or quasi-RCTs that recruited adults with open fractures of the major long bones,
comparing: 1) timings of prophylactic antibiotic treatment, 2) duration of prophylactic antibiotic treatment, 3) timing of wound
debridement following injury or 4) timing of the stages of reconstructive surgery.

Data collection and analysis

We used standard methodological procedures expected by Cochrane. We aimed to collect data for the following outcomes: limb function,
health-related quality of life (HRQoL), deep surgical site infection, delayed or non-union, adverse events (in the short- and long-term course
of recovery), and resource-related outcomes.
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Main results

We included three RCTs of 613 randomised participants with 617 open fractures. Studies were conducted in medical and trauma centres
in the USA and Kenya. Where reported, there was a higher proportion of men and a mean age of participants between 30 and 34 years old.
Fractures were in the upper and lower limbs in one study, and were tibia fractures in two studies; where reported, these were the result of
high-energy trauma such as road tra$ic accidents. No studies compared the timing of antibiotic treatment or wound debridement.

Duration of prophylactic antibiotic treatment (1 study, 77 participants available for analysis)

One study compared antibiotic treatment for 24 hours with antibiotic treatment for five days. We are very uncertain about the e$ects of
di$erent durations of antibiotic treatment on superficial infections (risk ratio (RR) 1.19, 95% CI 0.49 to 2.87, favours 5 day treatment; 1
study, 77 participants); this was very low-certainty evidence derived from one small study with unclear and high risks of bias, and with an
imprecise e$ect estimate. This study reported no other review outcomes.

Reconstructive surgery: timing of the stages of surgery (2 studies, 458 participants available for analysis)

Two studies compared the timing of wound closure, which was completed immediately or delayed. In one study, the mean time of delay
was 5.9 days; in the other study, the time of delay was not reported. We are very uncertain about the e$ects of di$erent timings of wound
closure on deep infections (RR 0.82, 95% CI 0.37 to 1.80, favours immediate closure; 2 studies, 458 participants), delayed union or non-union
(RR 1.13, 95% CI 0.83 to 1.55, favours delayed closure; 1 study, 387 participants), or superficial infections (RR 6.45, 95% CI 0.35 to 120.43,
favours delayed closure; 1 study, 71 participants); this was very low-certainty evidence. We downgraded the certainty of the evidence for
very serious risks of bias because both studies had unclear and high risks of bias. We also downgraded for serious imprecision because
e$ect estimates were imprecise, including the possibility of benefits as well as harms, and very serious imprecision when the data were
derived from single small study. These studies reported no other review outcomes.

Authors' conclusions

We could not determine the risks and benefits of di$erent treatment protocols for open long bone fractures because the evidence was very
uncertain for the two comparisons and we did not find any studies addressing the other possible comparisons. Well-designed randomised
trials with adequate power are needed to guide surgical and antibiotic treatment of open fractures, particularly with regard to timing and
duration of antibiotic administration and timing and staging of surgery.

P L A I N   L A N G U A G E   S U M M A R Y

The timing of treatment for broken bones in the legs and arms that also have open wounds

Key messages

We are uncertain whether the di$erent timings of treatments (antibiotics, wound cleaning and whether to do all the surgery in one
operation or more) might a$ect how well people recover from open long bone fractures. We found very few studies, and they did not
provide reliable evidence.

What is an open fracture?

Some broken bones include open skin wounds around the break. These are called open fractures and are most common in high impact
injuries such as road tra$ic accidents or falls from a height. In this review, we were interested in the treatment of open fractures of long
bones (in the thigh, shin, lower leg, upper arm and forearms). These fractures can be very serious injuries. Because of the open wound,
people are at serious risk of infection. A 'deep infection' involves the bone and will require further surgery; it may be limb-threatening and
a$ect long-term recovery.

What are the treatments?

- Antibiotics (to fight infection) may be started early (within an hour of injury) or later; they may be given for a short time (until the wound
is surgically closed) or a longer time.

- Debridement: surgically removing any dirt, foreign objects, or dead and damaged tissue from inside the wound: this may be done early
(within 12 hours of injury) or later.

- Treatment also includes surgery to fix the bone and close the wound (this may involve moving skin or muscle, or both, from another
body area to cover the wound). All stages (debridement, fixing the bone, wound closure) may be completed during a single operation or
in multiple operations. If this is done in multiple operations, the wound may be closed early (within 72 hours of injury) or later.

What did we do?

Timing of antibiotic administration, wound debridement, and the stages of reconstructive surgery for open long bone fractures of the
upper and lower limbs (Review)
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We searched for studies that compared one or more of these treatments for adults who had broken bones with open skin wounds. We
wanted to find out the benefits and harms of these di$erent treatments. If we found similar studies, of the same treatments, we combined
the findings from the studies to see if we could find out if some treatment resulted in better outcomes.

What did we find?

We found three studies with 613 adults, who had 617 open fractures. Most fractures were in men, and the average age was 30 to 34 years.
In two studies, the open fractures were in the shin bone (a common place for this type of injury because there is not much skin and muscle
between the bone and skin surface). In the other study, injuries were in arms and legs.

One study compared giving antibiotics for 24 hours (short course) with five days of antibiotics (long course). It is unclear if these treatment
times had an e$ect on the number of people who developed superficial infections within 14 days. Superficial infections are in the skin
around the wound, but not deep enough to a$ect the bone; they may occur early in the recovery period and can be easily treated with
antibiotics only.

Two studies compared closing the wound immediately aJer fixing the bone with a delay to closing the wound. It is unclear if timing of
wound closure had an e$ect on the number of people who developed deep infections, superficial infections, or had delayed bone union
(when the broken parts of the bone heal together more slowly than expected) or non-union (when the bone does not heal).

None of the studies looked at how well a person can move their injured arm or leg, or the health-related quality of life of people six to 12
months aJer treatment.

We found no studies that compared starting antibiotics immediately or later, whether wound cleaning started within 12 hours of the injury
or later, or whether the di$erent stages of treatment happened at the same time or separately.

Are we confident in what we found?

We are not very confident in these findings because:

- we only had information from one small study about how long antibiotics are given, and from two studies about when the wound is closed;

- the studies were not well reported, and one was only reported in a short summary;

- all of the findings included the possibility of benefit (for example, fewer infections with a short course of antibiotics) as well as the
possibility of harm (for example, more infections with a short course of antibiotics).

How up to date is this review?

The evidence is up to date to February 2021.

Timing of antibiotic administration, wound debridement, and the stages of reconstructive surgery for open long bone fractures of the
upper and lower limbs (Review)
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Duration of prophylactic antibiotic treatment for open long bone fractures of the upper and lower limbs

Duration of prophylactic antibiotic treatment for open long bone fractures of the upper and lower limbs

Population: adults with open long bone fractures; study in the review included only Gustilo II open tibia fractures 
Setting: single centre in Kenya
Intervention: prophylactic antibiotic treatment given for 24 hours
Comparison: prophylactic antibiotic treatment given for 5 days

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with 5
days of treat-
ment

Risk with 24
hours of treat-
ment

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Limb function at 6 or 12 months - - Not estimable - - No studies reported this
outcome.

HRQoL at 6 or 12 months - - Not estimable - - No studies reported this
outcome.

Deep surgical site infection at 30 days or 90
days, or time points reported by study au-
thors

- - Not estimable - - No studies reported this
outcome.

Delayed or non-union at time points report-
ed by study authors

- - Not estimable - - No studies reported this
outcome.

Unplanned operations at 12 months - - Not estimable - - No studies reported this
outcome.

Study populationAdverse events: superficial infection

Follow-up in the included study was at 14
days

189 per 1000a 225 per 1000
(93 to 543)

RR 1.19
(0.49 to 2.87)

77
(1 study)

Very lowb  

Return to work by 12 months - - Not estimable - - No studies reported this
outcome

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). 
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CI: confidence interval; HRQoL; health-related quality of life; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate. The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited. The true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate. The true effect is likely to be substantially different from the estimate of effect

aDerived from the data in the 5-day treatment group of the included study.
bDowngraded by three levels: one level for serious risk of bias because the included study had unclear and high risks of bias, and two levels for very serious imprecision because
evidence derived from few participants and the wide CI indicated possible benefits as well as harms.
 
 

Summary of findings 2.   Timing of wound closure (immediate versus delayed) for open long bone fractures of the upper and lower limbs

Immediate versus delayed wound closure for open long bone fractures of the upper and lower limbs

Population: adults with open long bone fractures of the upper and lower limbs 
Setting: medical and trauma centres in the USA
Intervention: immediate wound closure 
Comparison: delayed wound closure

Anticipated absolute effects*

(95% CI)

Outcomes

Risk with de-
layed closure

Risk with im-
mediate clo-
sure

Relative effect
(95% CI)

Number of par-
ticipants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Limb function at 6 or 12 months - - Not estimable - - No studies re-
ported this out-
come.

HRQoL at 6 or 12 months - - Not estimable - - No studies re-
ported this out-
come.

Study populationDeep surgical site infection

Follow-up time points were not clearly reported in the
included studies. In one study, overall mean follow-up

was 296 daysa, but time for follow-up was not reported
in the other study.

89 per 1000b 73 per 1000
(33 to 161)

RR 0.82
(0.37 to 1.80)

458
(2 studies)

Very lowc  

C
o
ch

ra
n
e

L
ib

ra
ry

T
ru

ste
d
 e

v
id

e
n
ce

.
In

fo
rm

e
d
 d

e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o
ch

ra
n
e D

a
ta

b
a
se o

f S
ystem

a
tic R

e
vie

w
s



T
im

in
g
 o

f a
n
tib

io
tic a

d
m

in
istra

tio
n
, w

o
u
n
d
 d

e
b
rid

e
m

e
n
t, a

n
d
 th

e
 sta

g
e
s o

f re
co

n
stru

ctiv
e
 su

rg
e
ry

 fo
r o

p
e
n
 lo

n
g
 b

o
n
e
 fra

ctu
re

s o
f th

e
u
p
p
e
r a

n
d
 lo

w
e
r lim

b
s (R

e
v
ie

w
)

C
o
p
yrig

h
t ©

 2022 T
h
e C

o
ch

ra
n
e C

o
lla

b
o
ra

tio
n
. P

u
b
lish

ed
 b

y Jo
h
n
 W

ile
y &

 S
o
n
s, Ltd

.

6

Study populationDelayed union or non-union

Follow-up time was not clearly reported. Overall mean

follow-up was 296 daysa
274 per 1000b 309 per 1000

(227 to 424)

RR 1.13
(0.83 to 1.55)

387
(1 study)

Very lowc  

Unplanned operations at 12 months - - Not estimable - - No studies re-
ported this out-
come.

Study populationAdverse events - superficial infection

Follow-up time point was not reported
0 out of 34b 3 out of 37d

RR 6.45
(0.35 to 120.43)

71
(1 study)

Very lowe  

Return to work by 12 months - - Not estimable - - No studies re-
ported this out-
come.

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). 
CI: confidence interval; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate. The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different
Low certainty: our confidence in the effect estimate is limited. The true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate. The true effect is likely to be substantially different from the estimate of effect

aWe could not be certain at what time point up to 296 days this outcome was measured.
bDerived from the data reported in the included studies for the delayed closure group, or from the pooled estimate of the delayed closure group when data were available from
more than one study.
cWe downgraded the certainty of the evidence by three levels: by two levels for very serious risks of bias because the included studies were at unclear and high risks of bias; and
by one level for serious imprecision because the e$ect estimate indicated possible benefits as well as harms.
dData as reported in the included study for the immediate closure group.
eWe downgraded the certainty of the evidence by four levels: by two levels for very serious risks of bias because the included studies were at unclear and high risks of bias; and
by two levels for very serious imprecision because the e$ect estimate indicated possible benefits as well as harms.
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B A C K G R O U N D

Description of the condition

Long bones are relatively long and narrow bones, typically
consisting of a shaJ (diaphysis) with widenings and growth plates
(epiphyses) at either end. This review considers the major long
bones of the lower and upper limbs. These include the femur (thigh-
bone), tibia (shin-bone), fibula (the other lower leg bone), humerus
(upper arm bone), and the radius and ulna (the two forearm bones).
The small bones of the hand, wrist, toes and forefoot are excluded
from this review because they tend not to have the same clinical
problems as the long bones. For open fractures of these small
bones, the risks of deep infection and need for surgery are less,
particularly for 'open tuJ' fractures of the distal phalanges (end
bones) of the fingers, which are oJen treated non-operatively.

Open fractures tend to be high-energy injuries, oJen due to road
tra$ic accidents, and are associated with extensive damage to
the bone and overlying soJ tissues. Around 15% of people with
these injuries are severely injured (defined as an Injury Severity
Score of 18 or more) (Pollak 2000), and 30% to 50% may also have
other injuries (Costa 2018; Court-Brown 2012). These open fractures
are complex limb-threatening injuries, and they are predisposed
to deep infection. Although the definition of infection di$ers in
the literature, in this review we use the internationally recognised
Centers for Disease Control and Prevention (CDC) definition of a
deep surgical site infection (SSI) (Horan 2008), i.e. a wound infection
involving the tissues below the skin that occurs within 30 days of
injury.

National epidemiological data for open fracture incidence rates are
scarce. The annual incidence of open long bone fractures in the UK,
aJer excluding open fractures of the phalanges, is estimated to be
30.7 per 100,000 adults. The tibia is the most commonly injured
long bone (Court-Brown 2012). There is a lack of data from lower-
income countries (Chen 2017). However, we expect wide variations
between high- and low-income countries due to socioeconomic
factors and di$erences in health and safety regulations. Young
men of working age are the most commonly a$ected group.
However, there is a growing subgroup of older people in high-
income countries who sustain open fragility fractures secondary to
osteoporosis and poor-quality soJ tissues (Costa 2018).

Open fractures vary in their severity. The most widely used open
fracture classification is the Gustilo-Anderson classification system
shown below (Gustilo 1976; Gustilo 1984).

1. Type I: open fracture with a clean wound that is less than 1 cm
in length.

2. Type II: open fracture, without extensive soJ tissue damage,
flaps, avulsions with a wound greater than 1 cm but less than 10
cm in length.

3. Type III: an open fracture with extensive soJ tissue damage; a
traumatic amputation; or an open segmental fracture. It can
also include specific categories of open fractures, such as those
caused by farm injuries, fractures requiring vascular repair, or
fractures that have been open for eight hours before treatment.
a. IIIA: type III fracture with adequate coverage of the fractured

bone, despite extensive soJ tissue damage.

b. IIIB: type III fracture with extensive soJ tissue loss and
periosteal stripping and bone damage (usually associated
with massive contamination).

c. IIIC: type III fracture associated with an arterial injury
requiring repair.

Court-Brown 2012 reported that 44.6% of tibia and fibula fractures
were type III fractures, whereas only 2.2% of open distal radius
fractures were of this type.

Open fractures are emergencies, and the open nature of the injury
means that the fracture is at risk of deep infection. Treatment
of major long bone fractures includes antibiotics and surgery to
clean the wound and debride (surgically remove) dead tissues. The
fracture will usually require the fractured bone(s) to be stabilised
and reconstruction of any soJ tissue defect to encourage infection-
free bone repair. The most severe injuries require limb salvage,
which involves major reconstructive surgery of the bone and
overlying soJ tissues.

For people with open fractures, and in particular open lower limb
fractures, outcomes are oJen poor. Recovery is lengthy, with an
average time to fracture union (consolidation of a fracture resulting
from bone healing) for tibial fractures of 41 to 43 weeks (Eccles
2020; Gopal 2004; Keating 2000). Complications relating to fracture
healing occur in 10% to 13% of people and include non-union
(failure of bone healing), malunion (consolidation of a fracture in a
position of deformity) or delayed union (Audige 2005; Harris 2009).
Despite soJ tissue reconstruction, deep infection rates of up to 27%
have been reported, even in specialist trauma centres (Glass 2011;
Pollak 2000). Treatment for deep infection is challenging, usually
comprising multiple surgeries and long courses of antibiotics. This
typically continues for years aJer the initial injury, with the risk
of antibiotic resistance in chronic wounds and even amputation in
extreme cases. Following open lower limb fracture, 20% to 50% of
people are permanently disabled, and 40% cannot return to work
(Seekamp 1996). Hence, these injuries create enormous health,
social and economic costs for individuals and healthcare systems
(Bondurant 1988; Parker 2018). Unfortunately, there is currently
limited guidance or published data on the outcomes of equivalent
injuries a$ecting the upper limb.

Description of the intervention

The management principles of open fractures are to debride
the wound and provide stability of the bone and soJ tissue
cover to promote infection-free bone repair. While clinical practice
varies, many countries have adopted the British Orthopaedic
Association & British Association of Plastic, Reconstructive &
Aesthetic Surgeons Audit Standards for Trauma on Open Fracture
(British Orthopaedic Association 2017) and National Institute for
Health and Care Excellence (NICE) guidance (NICE 2016).

The British Orthopaedic Association recommends that people with
open long bone fractures be treated at a specialist centre to provide
combined orthopaedic and plastic surgical (orthoplastic) care
(British Orthopaedic Association 2017). It stipulates that injuries
posing the greatest threat to life, including airway problems and
haemorrhage, should be treated immediately and sequentially.
Once life-threatening emergencies have been stabilised, the injured
limb should then be attended to.
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The recommended steps are outlined in Figure 1. Following
antibiotic administration, the injured limb should be examined,
including assessing and documenting the vascular and
neurological status before realignment of the fracture and

splinting. Re-examination must be completed systematically and
with each reduction manoeuvre or splinting of the fracture. The
open wound should only be handled to remove gross contaminants
and, following medical photography, covered with saline-soaked
gauze and an occlusive dressing.
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Figure 1.   Flow diagram showing key stages in the management of open fractures.
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Antibiotic administration

The British Orthopaedic Association recommends that
prophylactic intravenous broad-spectrum antibiotics be
administered within an hour of injury to reduce the risk of deep SSI
as part of a standard management protocol for open fractures of
long bones (British Orthopaedic Association 2017). While there is
a wide variation in clinical practice shown in the literature (Chang
2019), most studies report gram-positive and gram-negative
coverage administered for two to three days. Most publications
recommend immediate prophylactic systemic antibiotics delivered
intravenously, providing gram-positive coverage, administered for
up to three days for less severe injuries, but broad antimicrobial
coverage for two to three days for more severe injuries.

Limb reconstruction surgery

Limb reconstruction surgery consists of three distinct steps:
surgical wound debridement, skeletal fixation and soJ tissue
closure.

Wound debridement

Wound debridement involves the surgical removal of debris
(foreign material such as road material, stones, leaves and glass)
and excision of dead or irreparably damaged tissues (such as
skin, muscle, bone). It is critical that a thorough debridement
is undertaken, as this step is key to reducing the contaminant
load and hence the risk of an infection developing in the wound.
However, it remains uncertain how soon this procedure should
be undertaken aJer the injury. It is also unclear whether any
delay increases the risk of infection and, if so, by how much.
According to NICE guidance, the initial surgical debridement should
be performed immediately for highly contaminated open fractures
or where there is vascular compromise, within 12 hours of the injury
for high-energy open fractures that are not highly contaminated or
within 24 hours for all other open fractures (NICE 2016).

Reconstruction

Skeletal fixation

Skeletal fixation provides stability across the fracture site to
promote bone repair. This can either be temporary or definitive
and can be in the form of an intramedullary nail, screws, plate(s)
and screws, or an external fixator with pins, wires or both. External
fixators (pins through the bone on either side of the fracture,
connected by a bar) or plaster casts are commonly used as
temporary stabilisation devices to protect soJ tissues and reduce
pain until definitive fixation can be achieved. Definitive skeletal
fixation is the final planned orthopaedic fixation, with any further
return for skeletal reconstruction categorised as an unplanned
return to surgery. In cases where definitive skeletal fixation is not
performed immediately following debridement under the same
anaesthetic, the fracture can be temporarily stabilised and fixed
definitively at a later time point. There are numerous reasons for
delayed definitive fixation. These include delayed hospital transfer,
stabilisation in a multiply-injured person, and surgical preference
when the surgeons feel that it would be beneficial to perform
multiple debridements for a heavily contaminated wound. There
can also be logistical di$iculty in arranging for joint plastic surgery
input if definitive skeletal fixation and soJ tissue reconstruction are
planned to be undertaken in a single stage (so-called 'fix-and-flap',
see below).

SoH tissue coverage

SoJ tissue coverage is critical to create a barrier against
microorganisms causing deep infection and provide the cytokine
and cellular environment for bone repair (Chan 2012). At the end
of wound debridement, the wound can be closed primarily, skin
graJed or reconstructed using a flap if these are not possible. Skin
graJs cannot be applied to exposed cortical bone or bare tendons
as they will not survive. Flap coverage is a procedure whereby the
soJ-tissue defect is covered by bringing in vascularised soJ tissues
(skin and fascia or muscle, or both) from another anatomical region
of the body. Depending on the location of the flap harvest site,
it may or may not require detachment from its blood supply and
joining to local recipient blood vessels. These are termed 'free flaps'
and 'pedicled flaps', respectively.

In cases where the skin wound can be closed primarily or skin
graJed, this will usually be done in the same operation as the
skeletal fixation. For cases that require flap reconstruction, skeletal
fixation and soJ tissue reconstruction can be performed either as a
single procedure, ‘fix-and-flap’, or a two-stage procedure, 'fix-then-
flap', whereby skeletal fixation and soJ tissue reconstruction are
performed in two separate operative sessions.

How the intervention might work

Antibiotic treatment and surgery aim to promote infection-free
fracture union, leading to a healthy functional limb. Wound
debridement aims to remove all contaminants and non-viable
tissues. Skeletal fixation promotes fracture union in optimal
alignment, while soJ tissue coverage provides a vascularised
barrier between the external environment and the fracture, and
hence the biological environment for the fracture to heal (Chan
2012).

The administration of antibiotics is part of the standard
management protocol for open limb fractures. A previous Cochrane
Review found that antibiotics e$ectively reduce the incidence
of wound infections compared with no antibiotics or placebo
in open limb fractures (Gosselin 2004). However, the review
excluded trials that compared di$erent antibiotics, antibiotic
dosages, routes of administration and di$erences in timing or
duration of administration. For fixation of closed fractures, there
is evidence that antibiotic prophylaxis significantly reduces both
deep and superficial site infections (Gillespie 2010). This is likely
to be pertinent to open fractures as superficial site infection can
lead to wound breakdown, fracture exposure, and subsequent
deep infection. There is currently no international consensus
on antibiotic treatment in open fractures regarding the optimal
timing of administration, route, duration, and type (Chang 2019).
Whitehouse 2017 reported evidence of reduced infection rates
with delivery of antibiotics within 66 minutes of open limb
fractures, however this review included only cohort studies and
the evidence of early delivery was found in only one trial. If early
antibiotic administration is e$ective, routine prehospital treatment
for people with open fractures may become the standard treatment
protocol. Furthermore, evidence-based duration of antibiotic
administration is important to improve antibiotic stewardship and
reduce the emergence of antimicrobial resistance.

There is also uncertainty about the optimal timing of surgical
intervention and whether performing these steps (wound
debridement and reconstruction) in a single stage or as separate
procedures a$ects the outcome.
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The British Orthopaedic Association 2017 and NICE 2016
recommend wound debridement within 12 hours for wounds
that are not highly contaminated and, if necessary, flap coverage
immediately at the time of debridement or within 72 hours
aJer injury (Eccles 2020; NICE 2016). However, these timings are
controversial and require a major trauma network (England and
Wales), allowing people to be brought to specialist centres that can
provide this care within the recommended time frames. These time
frames are currently not achievable in most countries, including
some parts of the UK.

Several studies have shown that the main micro-organisms in
deep infections are nosocomial (hospital-acquired) (Glass 2011;
Sheehy 2010). In addition, there is evidence from retrospective
cohort studies to suggest that the time from definitive fixation to
flap coverage is related to subsequent wound infection (Kuripla
2021), and that early surgical intervention and the 'fix-and-flap'
approach are associated with lower deep infection rates (Godina
1986; Gopal 2004; Liu 2012; Mathews 2015). Earlier surgical wound
debridement, antibiotic treatment and soJ tissue cover may reduce
the deep infection rate due to the shorter time interval during which
the fracture is exposed to nosocomial microorganisms. A single-
stage 'fix-and-flap' approach, compared with a two-stage technique
whereby soJ tissue coverage is delayed, may also reduce the risk of
bacterial contamination and biofilm formation within the wound.

In some situations, particularly for people with multiple injuries,
it may be necessary to perform wound debridement and delay
surgical reconstruction for the a$ected limbs until the person
is stabilised. Furthermore, flap reconstruction may need to be
delayed in some settings and performed as a separate stage. It may
be safer to perform this long and complex surgery during o$ice
hours when the appropriately skilled surgical, anaesthetic and
nursing sta$ are available. In these situations, a temporary skeletal
external fixator and temporary dressings are oJen used. The e$ect
of temporary dressings, such as negative pressure wound therapy
(NPWT), has been investigated. According to a recent Cochrane
Review (Iheozor-Ejiofor 2018), there is no clear di$erence in
healing rates when comparing NPWT with standard care in treating
open fracture wounds. The review also demonstrated uncertainty
regarding whether NPWT may reduce the risk of infection and found
no clear evidence that NPWT improves pain, adverse events or the
experience of receiving therapy. Furthermore, it found moderate-
certainty evidence that NPWT is not a cost-e$ective treatment for
open fracture wounds. A recent randomised controlled trial (RCT)
also found that NPWT did not improve self-rated disability at 12
months, compared with standard wound dressing, among people
with severe open lower limb fracture (Costa 2018).

Furthermore, the wound must heal satisfactorily following
soJ tissue coverage. Failure of wound healing may lead to
chronic ulceration and deep infection. Wound healing may be
compromised for many reasons, including excessive tension across
the wound, infection and failure of the flap procedure so that part
or the whole of the flap dies. It remains unclear whether the timing
and staging of the di$erent surgical procedures and cases requiring
soJ tissue reconstruction and the type of flap used a$ect patient
outcomes.

Why it is important to do this review

Despite improvements in the management of open limb fractures,
there remains an unacceptably high complication rate, particularly

deep infection. Improving the management of open fractures
will have a large clinical and socioeconomic impact. In England,
the introduction of a multidisciplinary approach (involving
orthopaedic and plastic surgeons together with microbiologists),
prompt surgical intervention and a major trauma network have
been associated with improved outcomes and reduced infections
rates. Based on UK data, a recent RCT that compared NPWT with
standard wound management in severe open fracture of the lower
limb found no statistically significant di$erence in deep surgical
site infections: 7.1% in the NPWT group and 8.1% in the standard
dressing group (Costa 2018). A prospective cohort study found a
4.3% rate of further operations for early infection (Young 2019).
Whilst these rates are encouraging, there remains uncertainty
about whether the timings of surgical intervention and antibiotic
administration a$ect the outcome (Young 2019).

Evidence from RCTs on the timing and staging of surgical
intervention and antibiotic administration is important to guide
practice. We have not identified any previous systematic reviews;
therefore, this review is warranted. It may also provide a basis for
the design of future multicentre clinical trials. Our findings may also
have important implications regarding the future design of care
pathways for people with open long bone fractures.

O B J E C T I V E S

To assess the e$ects (risks and benefits) of the timing of antibiotic
administration, wound debridement and the stages of surgical
interventions in treating people with open long bone fractures of
the upper and lower limbs.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs) and quasi-RCTs
(where the method of allocating participants to treatment is not
strictly random, e.g. by hospital number), as well as cluster-
RCTs and cross-over trials. We included studies irrespective of
publication status or language.

Types of participants

We included adults with open fractures of the major long bones, as
described in the primary study reports. We excluded studies that
focused on open fractures of the hand, wrist, toes and forefoot. We
expected the population for each comparison to vary according to
the study question of interest. For example, not all open fracture
wounds require flap coverage; generally, cases that require flap
coverage tend to be more severe injuries and may have poorer
outcomes.

If trials studied populations with a mix of demographics or
injury patterns, we planned to extract data by these subgroups
where possible, contacting study authors for more information if
necessary, and seeking statistical advice if the design was complex.

The biological process of bone repair di$ers between adults
and prepubertal children (age under 12 years), as such children
experience earlier bone union and much lower incidences of
complications. Therefore, the results from prepubertal children
will not be generalisable to the adult population. We excluded
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studies of all children (< 18 years of age) from the review. Since
the incidence of open long bone fractures is much higher in adults
than children, it was anticipated that the adult numbers would
substantially outweigh those of children in mixed population trials.
Where studies reported data separately for subgroups, we planned
to only extract the adult data. If the studies did not present data
separately for an adult subgroup, we included reports where the
proportion of adults exceeds (or was likely to exceed) 80% of the
sample.

Types of interventions

This review included studies that evaluated multidisciplinary
management, including surgical intervention and antibiotic
administration, for adults with open long bone fractures of the
upper and lower limbs.

We included the following comparisons.

1. Timing of the start of prophylactic antibiotic treatment

Early (≤ 1 hour from injury) versus late (> 1 hour from injury).

We defined early commencement of prophylactic antibiotics as
administering one dose of any antibiotic(s) via any route (oral,
enteral or parenteral), within one hour of injury, for all participants
in the intervention group. Comparator groups exclusively included
participants who started taking antibiotics one hour aJer injury. In
either group, there may have been a change in choice of antibiotics
or route of administration, discontinuation of antibiotics aJer the
first dose, or discontinuation aJer a multi-dose course of any
duration.

We considered other definitions of 'early' used in otherwise eligible
studies.

2. Duration of prophylactic antibiotic treatment

Terminated at soJ tissue closure (any type: primary closure, skin
graJ or flap reconstruction) versus continued.

We considered other time points which were short duration versus
long duration in otherwise eligible studies.

3. Timing of wound debridement following injury

Early (< 12 hours from injury) versus late (> 12 hours from injury).

We defined early surgical debridement as the first surgical
intervention to decontaminate the wound through the removal
of debris and excision of non-viable tissues at any point within
12 hours of injury. Comparator groups exclusively included
participants whose initial surgical debridement was undertaken
more than 12 hours aJer the time of injury. Participants may have
undergone immediate reconstruction or waited for varying lengths
of time aJer debridement until reconstruction.

As above, we considered other definitions of 'early', such as under
six hours, used in otherwise eligible studies.

4. Reconstructive surgery: timing of the stages of surgery

1. Single-stage surgery (including wound debridement, skeletal
fixation, plus soJ tissue closure not requiring flap
reconstruction) versus multi-stage surgery. In terms of the
staging of surgical procedures, wound debridement, skeletal

fixation and soJ tissue closure can either be undertaken under
the same anaesthetic or continued under another one (or
more). We considered participants who remained under general
anaesthesia but spent the period between any two surgeries in
a critical care setting to have had multi-stage surgery.

2. For participants who required definitive fixation and flap
reconstruction: one-stage 'fix-and-flap' versus two-stage 'fix-
then-flap'. Single-stage reconstruction is oJen termed ‘fix-
and-flap’ (Gopal 2000), i.e. skeletal fixation, such as via an
intramedullary nail and flap cover under a single anaesthetic.
Comparator groups exclusively included participants who
underwent two-stage reconstruction, or 'fix-then-flap', i.e. when
skeletal fixation and flap cover were delivered as two separate
operations.

3. For participants who underwent 'fix-then-flap' reconstruction:
wound closure within 72 hours versus aJer 72 hours. Selection
of the 72 hours threshold was based on the British Orthopaedic
Association 2017 and NICE 2016 recommendation that definitive
soJ tissue cover should be performed within 72 hours of injury if
it cannot be performed at the time of debridement. As above, we
considered other thresholds if used in otherwise eligible studies.

Types of outcome measures

The primary focus of this review is on functional recovery and
quality of life. However, we anticipated that most trials would not
include patient-reported outcome measures (PROMs), and we have
therefore included fracture healing outcomes.

Primary outcomes

1. Limb function using validated PROMs at six months and 12
months; for example, the Lower Extremity Functional Scale
(Binkley 1999) and Enneking Score (Enneking 1993).

2. Health-related quality of life (HRQoL) using PROMs at six months
and 12 months; for example, the patient-reported EuroQol 5
Dimensional Score (EQ-5D) (Brooks 1996; Dolan 1997), Disability
Rating Index (Salen 1994), Sickness Impact Profile (Bergner
1981; de Bruin 1994) and the 36-Item Short-Form Health Survey
(SF-36) (Brazier 2002; Jenkinson 1999).

3. Deep surgical site infection (SSI). In preference, we used the
internationally recognised Centers for Disease Control and
Prevention (CDC) definition of a deep SSI (Horan 2008), i.e.
a wound infection involving the tissues below the skin that
occurs within 30 days of injury. We considered any infection
that required continuing medical intervention for 30 days aJer
surgery without an implant, or 90 days aJer surgery using an
implant, to be a deep infection. In the event that study authors
did not define the type of infection, we made judgements about
whether it was a deep infection from other information in the
study report.

Secondary outcomes

1. Delayed or non-union. There is no consensus on the definition
of fracture union, and therefore on the definition of delayed or
non-union. The widely accepted definition of a healed fracture
in the literature is when a callus bridges three of four cortices on
orthogonal radiographs, or an absence of pain and movement
at the fracture site, or both. For this review, we used author
definitions of non-union and delayed union. We anticipated that
most studies will record time to union for each participant, but
it is possible that some studies might present a proportional
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analysis of healed fractures at several fixed time points aJer
treatment.

2. Adverse events, including:
a. death within 12 months of injury date, from any cause;

b. amputation following failed reconstruction within 24
months;

c. number of participants undergoing unplanned operations
within three months;

d. number of participants undergoing unplanned operations
between three months and 12 months;

e. flap failure – partial or total. Clinically diagnosed necrosis of
part or all of the soJ tissue flap that leads to exposed fracture
or any internal metalwork, or necessitates further procedures
(including NPWT or further surgery) to achieve soJ-tissue
coverage;

f. chronic pain condition: diagnosed by an appropriate
clinician (e.g. lower limb surgeon, pain specialist, family
doctor), i.e. not self-reported;

g. superficial wound infection. In the event that study authors
did not define the type of infection, we made judgements
about whether it was a superficial infection from other
information in the study report;

h. wound dehiscence;

i. non-primary wound-related infections (chest, urinary);

j. thromboembolic events;

k. pressure sores.

3. Resource-related outcomes:
a. length of hospital stay for treatment of acute injury as well as

all subsequent episodes related to open fracture;

b. readmission;

c. the number of participants returning to independence by 12
months;

d. the number of participants returning to employment by 12
months.

We recognise that the selection of many of the time thresholds and
cut-o$s is arbitrary. We therefore used time points presented by
study authors. If time points were not reported, and attempts to
contact study authors were unsuccessful, we included the outcome
without a time point.

Search methods for identification of studies

Electronic searches

We searched the following electronic databases to find reports of
relevant RCTs and quasi-RCTs:

• Cochrane Central Register of Controlled Trials (CENTRAL; 4
February 2021, Issue 1);

• MEDLINE - Ovid MEDLINE(R) and Epub Ahead of Print, In-Process
& Other Non-Indexed Citations, Daily and Versions(R) (1946 to 1
February 2021);

• Embase (1980 to 4 February 2021);

• BIOSIS Citation Index (Web of Science; 1900 to 11 November
2020);

• National Technical Information Service (NTIS, for technical
reports; ntrl.ntis.gov/NTRL/; 11 November 2020);

• OpenGrey (11 November 2020);

• Grey Literature Report (11 November 2020);

• ClinicalTrials.gov (4 February 2021);

• The WHO International Clinical Trials Registry Platform (4
February 2021).

At the time of the search, CENTRAL was fully up-to-date with
all records from the Bone, Joint and Muscle Trauma (BJMT)
Group’s Specialised Register, so it was not necessary to search this
separately.

In MEDLINE, we combined subject-specific terms with the
sensitivity-maximising version of the Cochrane Highly Sensitive
Search Strategy for identifying randomised trials (Lefebvre 2021).
Details of the search strategies can be found in Appendix 1.

We applied no restrictions based on language or date of
publication.

Searching other resources

We also searched the reference lists of short-listed articles and
relevant systematic reviews to identify additional suitable studies.

Data collection and analysis

Selection of studies

Two review authors (JC, AA) independently screened all titles and
abstracts to identify potential studies for review using Covidence.
We compared lists of potential studies and agreed on a shortlist.
We obtained copies of the full-text articles on the shortlist and
reviewed them, resolving any disagreements by discussion and by
referral to a third review author (JN or XG). If uncertainties had
remained about eligibility, we would have corresponded with the
study authors of the reports.

We did not mask titles of journals or names of study authors and
supporting institutions.

Data extraction and management

Two review authors (JC, AA or SL) independently used a piloted
form to extract data from each trial regarding sources, study design,
population, interventions and other care, and outcomes (for
template data extraction form, see Appendix 2). This review aimed
to investigate the e$ects of multiple variables that may contribute
to patient outcome, and hence serve as potential confounders
(such as di$erences in clinical management other than of the
interventions relevant in this review, e.g. negative pressure wound
therapy). We extracted the data for these variables either from
the reported studies or, if not available, we attempted to contact
the study authors; in the event that we were unable to contact
study authors, we made judgements about clinical management
protocols from other information in the reports. We resolved any
disagreements by consensus aJer a third author undertook an
additional review (JN or XG). Where necessary and practical, we
contacted trialists for additional data and clarification.

Assessment of risk of bias in included studies

Two review authors (JC, AA or SL) independently used the risk
of bias tool developed by Cochrane (Higgins 2017). We assessed
seven domains, including sequence generation, allocation
concealment, blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data, selective
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outcome reporting and other sources of bias. We considered
subjective and functional outcomes (physical function, pain,
satisfaction) and objective outcomes (complications, treatment
failure) separately in our assessment of blinding and completeness
of outcome data. We considered other sources of bias, such
as performance bias from imbalance in clinician training in the
treatment groups, as well as biases that we did not anticipate.
We classified studies as 'high risk of bias', 'low risk of bias' or
'unclear risk of bias' for each domain (Appendix 3). We resolved any
disagreements by discussion and referral to a third review author
(JN or XG).

Measures of treatment e@ect

Dichotomous data

We calculated risk ratios (RRs) with 95% confidence intervals
(CIs) for binary outcomes, such as delayed union, non-union,
amputation, chronic pain (which may indicate osteomyelitis), flap
failure and death.

Continuous data

Where pooled studies reported a single measure for continuous
outcomes, such as duration of inpatient stay, we planned to report
mean di$erences with 95% CIs. Where pooled studies within a
single meta-analysis used di$erent measurement scales, such as
for di$erent HRQoL measures, we planned to use standardised
mean di$erences (SMDs) (Hedges 1982). For continuous outcomes,
we planned to present final scores in preference to change scores.

Unit of analysis issues

We expected that the participant would be the unit of
randomisation in most of the studies. One study included some
participants with more than one open fracture (Benson 1983), and
reported outcome data at the participant level as well as the injury
level; for analysis, we used participant-level data for consistency
with other studies in the review. Given the limited studies in the
review, we did not perform sensitivity analysis to investigate this
decision.

Where there were multiple observations for the same outcome
over time, we planned to use the data nearest to the upper
limits of the time periods stipulated for individual outcomes in
our analyses, such as six and 12 months for HRQoL measures.
There may have been events that reoccurred or multiple treatment
attempts per participant: we planned to ensure that we used
the number of participants randomised, and not the number of
treatment attempts, to calculate the e$ect estimate and confidence
intervals.

We planned to be alert to the unit-of-analysis issues relating
to composite outcomes, such as total adverse events, where
participants can have more than one individual outcome; in these
instances, we planned to report the number of participants rather
than the number of outcomes.

For cross-over designs, we planned to only include data from the
first phase, and for cluster-randomised trials, we planned to seek
statistical support.

Dealing with missing data

We anticipated several types of missing data: unreported data,
participants who withdrew or dropped out, and missing statistics.

If the included studies did not report data, we attempted to
contact the study authors to request information. Where the studies
reported the number of participants who provided data for any
particular outcome, we used these data. For studies that reported
several events, but the denominator was unclear, we planned to
use numbers randomised or alive at follow-up. Where feasible,
we planned to calculate missing standard deviations from other
data (standard errors, 95% CIs, exact P values). We did not plan
to perform imputation for missing data. However, we planned to
perform sensitivity analysis to assess the impact of missing data on
the results.

Assessment of heterogeneity

The decision to pool the results of individual studies depended
on assessing clinical and methodological heterogeneity. If we
considered studies su$iciently homogeneous for data pooling, we
planned to assess statistical heterogeneity by visual inspection of

the forest plots using the Chi2 test with a significance level of P

value less than 0.1 and the I2 statistic. We planned to base our

interpretation of the I2 statistic results on those suggested in The
Cochrane Handbook for Systematic Reviews of Interventions (Deeks
2021):

• 0% to 40% might not be important;

• 30% to 60% may represent moderate heterogeneity;

• 50% to 90% may represent substantial heterogeneity; and

• 75% to 100% may represent very substantial ('considerable')
heterogeneity.

Assessment of reporting biases

To reduce the risk of reporting bias, we searched multiple sources
to identify published and unpublished results, and requested
unpublished data from study authors. We also screened clinical
trials registers for protocols and registration documents of included
studies that were prospectively published; we planned to use
evidence of prospective registration or published protocols to judge
whether studies were at risk of selective reporting bias. If there were
su$icient numbers of studies in a meta-analysis (at least 10), we
planned to generate a funnel plot to assess the risk of publication
bias (Deeks 2021).

Data synthesis

We pooled results of comparable studies using random-e$ects
models. The choice of the model was made by careful consideration
of the extent of possible clinical and methodological heterogeneity
between the studies. We used 95% CIs. We considered not pooling

data where there was considerable heterogeneity (I2 statistic value
greater than 75%) that could not be explained by the diversity of
methodological or clinical features among trials; if data were not
pooled, we planned to present trial data in the analyses or tables
for illustrative purposes and report these in the text.

Subgroup analysis and investigation of heterogeneity

We found insu$icient studies to conduct subgroup analysis.

If su$icient data were available, we planned the following subgroup
analyses.

1. Type of soJ tissue reconstruction: pedicled versus free flaps,
muscle versus fasciocutaneous flaps.
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2. Upper versus lower limb fractures.

3. Age (up to and including 60 years versus over 60 years).

4. Type of skeletal fixation: for example, intramedullary versus
extramedullary devices; internal fixation versus definitive
external fixation.

5. Injury severity, in terms of whether flap coverage was or was not
needed.

6. Time to surgical reconstruction (threshold 72 hours; NICE 2016)
for comparison three (timing of debridement)). The relative
importance of the timing of wound debridement and time to
definitive wound closure is unclear, but we assumed that early
wound debridement is beneficial irrespective of the timing of
surgical reconstruction; we had proposed to explore and use
subgroup analysis to explore this assertion.

We planned to use the test for subgroup di$erences in Review
Manager 5 to determine whether there was evidence for a di$erence
in treatment e$ect between subgroups (Review Manager 2020).

Sensitivity analysis

We found insu$icient studies to conduct meaningful sensitivity
analysis.

If su$icient data were available, we planned to assess the
robustness of our findings by conducting sensitivity analyses.
These would have included testing the following.

1. Inclusion of quasi-randomised trials or other trials at high or
unclear risk of selection bias due to inadequate concealment of
allocation.

2. Inclusion of trials at high or unclear risk of attrition bias due to
incomplete outcome data.

3. For missing data in individual trials:
a. excluding trials at high risk of attrition bias;

b. where appropriate, replacing denominators with numbers
randomised for all outcomes.

4. Inclusion of trials using inadequate definitions of outcome
measures, such as that for non-union.

5. Inclusion of trials and data with clear or probable unit-of-
analysis issues.

6. The choice of statistical model for pooling (fixed-e$ect versus
random-e$ects).

In the protocol, we specified a number of thresholds for timing
(Chan 2020). These thresholds may vary between countries as well
as over time within countries. We wished to explore the impact of
changing these thresholds on the findings of any meta-analysis.

1. Timing of antibiotic administration (comparison two). We
planned to explore how varying the one-hour threshold
alters the findings. We hypothesised that early antibiotic
administration is beneficial irrespective of the timing of surgery.
To test this, we planned to also perform a sensitivity analysis
to assess how sensitive the results are to a change in this
assumption. Firstly, we would have included all eligible studies.
Secondly, we would only have included participants who
met the NICE criteria with regard to the timings of wound
debridement (within 12 to 24 hours, depending on injury
characteristics) and wound closure or soJ tissue reconstruction
(within 72 hours) (NICE 2016).

2. Timing of wound debridement (comparison three). Currently,
NICE guidance (NICE 2016) and the British Orthopaedic
Association 2017 recommend surgical debridement within 12
hours of the injury for high-energy open fractures that are not
highly contaminated. Previously, the standards recommended a
24-hour window. Therefore, we planned to investigate whether
the evidence supports either of these recommendations.
Furthermore, many clinicians have previously used six hours as
a standard. Therefore, we adopted an exploratory approach to
this analysis, depending on the data available, and remained
mindful of these prespecified thresholds.

Summary of findings and assessment of the certainty of the
evidence

We used the GRADE approach to assess the certainty of evidence
for all clinical outcomes (Schünemann 2021). The certainty rating
‘high’ was reserved for a body of evidence-based on RCTs. We
downgraded the quality rating to 'moderate', 'low’, or 'very low'
depending on the presence and extent of five factors: study
limitations, inconsistency of e$ect, imprecision, indirectness, and
publication bias. We prepared a summary of findings table for each
of the main comparisons for the following outcomes:

• limb function, using recognised PROMs at 12 months;

• health-related quality of life, using PROMs at 12 months;

• deep SSI;

• delayed or non-union;

• unplanned operations at 12 months;

• counts of adverse events, as described in Types of outcome
measures;

• return to work by 12 months.

As described in Types of outcome measures, we recognised that the
selection of many of the time thresholds and cut-o$s is arbitrary.
We reflected any changes to these definitions in our summary of
findings tables and described the di$erences to the protocol where
relevant.

R E S U L T S

Description of studies

See Characteristics of included studies and Characteristics of
excluded studies.

Results of the search

We screened a total of 3127 records from the following databases:
CENTRAL (307), MEDLINE (736), Embase (902), BIOSIS Citation
Index (567), NTIS (308), Open Grey (68), Grey Literature Report (5),
the WHO International Clinical Trials Registry Platform (107) and
ClinicalTrials.gov (127). We also screened references identified from
searches of other resources and found one potentially eligible study
from a search of a personal database of the Cochrane Bone, Joint
and Muscle Trauma Co-ordinating Editor.

The search identified a total of 16 reports for potential inclusion,
for which we obtained full reports where possible. Upon further
inspection, we selected three studies (with four records) for
inclusion in the review (Benson 1983; Ondari 2016; Russell 2005),
and we excluded nine studies (with 12 records) (Bergman 1982;
Braun 1987; Carsenti-Etesse 1999; Mahajan 2016; Moehring 2000;
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NCT04678154; Pape 2007; Patzakis 1996; Saveli 2013). We found no
eligible ongoing studies.

A flow diagram summarising the study selection process in shown
in Figure 2.

 

Figure 2.   PRISMA Study flow diagram.
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Included studies

We included three RCTs in the review (Benson 1983; Ondari
2016; Russell 2005). We found no cluster-randomised or cross-over
studies. We were only able to collect limited study characteristics
for Russell 2005, which was reported as an abstract. See
Characteristics of included studies.

Benson 1983 and Ondari 2016 were both single centre studies,
conducted in the USA and Kenya, respectively. Russell 2005 was
a multicentre study conducted in 30 trauma centres in the USA.
In total, studies included 613 randomised participants with 617
open fractures. The participants were adults in Benson 1983 and
Ondari 2016; although the age of participants was not reported
in Russell 2005, we expected that most (or all) of the participants
were adults. Where reported, there was a higher proportion of
men and the mean age was between 30 and 34 years of age. The
fractures were in both upper and lower limbs in Benson 1983, and
limited to tibial fractures in the other studies; where reported, these
were a result of high-energy trauma such as road tra$ic accidents.
The grade of injury was not reported in Benson 1983Ondari 2016
included Gustilo II fractures, and Russell 2005 included grade II or
IIIa fractures. Apart from the essential detail of the intervention
in the study reports, we could not always ascertain the additional
detail about the management steps for treatment of fractures
(for example, the timing of antibiotic administration or wound
debridement and whether a single-stage or multi-stage surgical
approach was adopted).

Ondari 2016 evaluated the duration of antibiotic treatment (24
hours or five days). The other studies both evaluated the timing of
wound closure (immediate or delayed). In Benson 1983 the mean
time of delayed wound closure was 5.9 days, but the delayed time
was not reported in Russell 2005.

All studies reported infection data. However, study authors did not
always clearly describe infections as deep or superficial, and we
made judgements based on other information in the study reports
about this distinction. Using these judgements, we included data
as superficial infection in Ondari 2016, and deep infection in Russell
2005. Timing of outcome assessment was not always clear. Ondari

2016 specified that infection data were collected at two, five, and
14 days aJer injury, but follow-up time was not reported in Benson
1983 Although mean follow-up in Russell 2005 was at 296 days,
we could not be certain whether all or some of the outcomes
were measured at the end of follow-up. The short follow-up time
in Ondari 2016 prohibits the collection of longer-term outcomes
that better inform the full course of recovery for people with these
injuries, including both clinical outcomes (such as delayed union)
and PROMS (i.e. limb-function and health-related quality of life).

Benson 1983 was supported by grants from pharmaceutical
companies, whereas funding sources were not reported in the other
studies; we note, however, that Ondari 2016 declared no conflicts
of interest.

Excluded studies

We excluded nine studies aJer assessment of the full-text
records (see Characteristics of excluded studies). These studies all
compared interventions and comparisons in open fractures that
were ineligible for this review. Six studies investigated antibiotic
use: di$erent types of antibiotics (Bergman 1982), di$erent
routes of antibiotics (Moehring 2000; NCT04678154), single or
combined antibiotic treatment (Patzakis 1996; Saveli 2013), or
antibiotics compared to a placebo (Braun 1987). Carsenti-Etesse
1999 investigated di$erent types of antibiotics, which were given
for di$erent durations, but this study was primarily about bacterial
cultures using outdated methodology of swab collection, which
fails to obtain representative organisms causing deep infection
(Høiby 2015). Mahajan 2016 compared a conventional protocol
to an enhanced protocol which included di$erences in antibiotic
drugs as well as routes of administration and additional wound
cleaning solutions. Pape 2007 compared di$erent timing of internal
fixation; this was a retrospective study and only 25% were open
fractures.

Risk of bias in included studies

We have summarised the risk of bias judgements for the individual
trials in Figure 3 and Figure 4. We described them in the risk of bias
tables in Characteristics of included studies.
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Figure 3.   Risk of bias summary
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Figure 4.   Risk of bias graph
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Allocation

We judged Ondari 2016 to have low risk of selection bias
for sequence generation because this study described use of
computer-generated randomisation. However, this was unclear in
the other studies, in which no information was reported, and
methods of allocation concealment were unclear in all studies.

Blinding

We judged all three studies to be at high risk of performance
and detection bias. It was not possible to blind clinicians to
the interventions in this review and we could not account for
possible changes in clinical management to individual participants
because of the interventions. Similarly, we believed that outcome
assessment of infections and delayed union was subjective and
open to the possibility of bias when the intervention is not masked.

Incomplete outcome data

In Russell 2005, we noted a large number of losses which were
not explained, and we could not determine if they were balanced
between groups because numbers randomised to each group were
not reported; we judged attrition bias to be high risk. In Benson
1983, we noted a small number of lost participants from outcome
data. Additionally, study authors used di$erent units in their
presentation of outcome data (number of participants or number of
wounds) which were not always clearly labelled such that we could
not easily determine the extent of attrition; we judged the risk to
be unclear. In Ondari 2016, most participants were included in the
analysis, and we judged the risk of attrition bias to be low.

Selective reporting

Ondari 2016 was retrospectively registered with a clinical trials
register, and it was not feasible to judge the risk of selective
reporting bias from these retrospectively published documents.
The remaining studies were not registered with a clinical trials
register and did not report a prospectively published protocol; it
was therefore only feasible for us to judge the risk of selective
reporting bias as being unclear.

Other potential sources of bias

We considered whether clinical management protocols were
identical for each intervention group within a study. No studies
explicitly stated di$erences in their management protocols, and we

therefore assumed that these studies did not include risk of bias
because of this.

We did not identify any other sources of bias in Benson 1983 and
Ondari 2016, but judged Russell 2005 to be at high risk of other
bias because we assumed that this abstract report was not peer-
reviewed.

E@ects of interventions

See: Summary of findings 1 Duration of prophylactic antibiotic
treatment for open long bone fractures of the upper and
lower limbs; Summary of findings 2 Timing of wound closure
(immediate versus delayed) for open long bone fractures of the
upper and lower limbs

We report the results for the comparisons made by the included
trials below. Findings are also reported in Summary of findings 1
and Summary of findings 2. We did not conduct subgroup analyses
or sensitivity analyses because we had insu$icient studies.

None of the studies randomised participants according to the
timing of the start of prophylactic antibiotic treatment or the
timing of wound debridement following injury. For the comparison
group 'reconstructive surgery', no studies evaluated single-stage
and multi-stage surgery or one-stage 'fix-and-flap' versus two-stage
'fix-then-flap'.

Duration of prophylactic antibiotic treatment

In this comparison, no studies reported data for limb function,
HRQoL, deep surgical site infection, delayed or non-union, or
resource-related outcomes.

Adverse events

Superficial wound infection

One study reported data for infections (Ondari 2016). Although
study authors did not explicitly define these infection data as
superficial, infections were measured at 14 days using a score of
more than 20 on the ASEPSIS (Additional treatment, the presence
of Serous discharge, Erythema, Purulent exudate, and Separation
of the deep tissues, the Isolation of bacteria, and the duration
of inpatient Stay) wound scoring system (Wilson 1986), and we
judged that these were most likely to be superficial infections. We
are uncertain whether antibiotics given for 24 hours or five days
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a$ect superficial infections; the e$ect estimate was imprecise (RR
1.19, 95% CI 0.49 to 2.87, favours 5-day treatment; 1 study, 77
participants; Analysis 1.1). We judged the certainty of this evidence
to be very low, downgrading by one level for serious risk of bias and
two levels for very serious imprecision because the e$ect estimate
was derived from few participants and the wide confidence interval
indicated possible benefits as well as harms.

No other adverse events were reported.

Reconstructive surgery: timing of the stages of surgery

Studies in this comparison evaluated the timing of wound closure.
No studies reported data for limb function, HRQoL, or resource-
related outcomes.

Deep surgical site infection

Two studies reported deep infections (Benson 1983; Russell 2005).
Although Russell 2005 did not explicitly define these infection data
as deep, mean study follow-up was at 296 days, and we judged
that these were most likely to be deep infections. We are uncertain
whether closing the wound immediately or with a delay a$ects
deep infections; the estimate was imprecise (RR 0.82, 95% CI 0.37 to

1.80; I2 = 5%; favours immediate closure; 2 studies, 458 participants;
Analysis 2.1). We note that the time of delayed wound closure was
not defined in Russell 2005. We judged the certainty of the evidence
to be very low, downgrading by two levels for very serious risk
of bias and one level for serious imprecision because the e$ect
estimate indicated possible benefits as well as harms.

Delayed or non-union

One study reported the number of participants who developed
delayed union or non-union, as well as the mean to time to union
(Russell 2005). Similarly, we are uncertain of the e$ect of timing on
non-union; this e$ect estimate was also imprecise (RR 1.13, 95%
CI 0.83 to 1.55, favours delayed closure; 1 study, 387 participants;
Analysis 2.2). We judged the certainty of the evidence to be very
low, downgrading by two levels for very serious risk of bias and one
level for serious imprecision because the e$ect estimate indicated
possible benefits as well as harms.

We did not calculate a mean di$erence for the time to union data, as
these were reported without distribution values. The mean time to
union with immediate wound closure was 177 days, and the mean
time when closure was delayed was 173 days.

Adverse events

Superficial wound infection

Only one study reported the number of people with superficial
infections (Benson 1983), and we are uncertain whether the timing
of wound closure a$ects this outcome (RR 6.45, 95% CI 0.35 to
120.43, favours delayed closure; 1 study, 71 participants; Analysis
2.3).

No other adverse events were reported. We judged the certainty of
the evidence to be very low, downgrading by two levels for very
serious risk of bias and two levels for very serious imprecision
because the e$ect estimate indicated possible benefits as well as
harms and sample size was very small.

D I S C U S S I O N

Summary of main results

We included three RCTs with 613 adults who had 617 open long
bone fractures. Two studies were exclusively of tibial fractures and
the other study included upper and lower limb fractures.

One study compared the duration of prophylactic antibiotics (24
hours or five days of antibiotic treatment). We found no evidence
of any di$erences between groups in superficial infections, but we
judged the certainty of this evidence to be very low. This study
did not report limb function, health-related quality of life (HRQoL),
delayed or non-union, other adverse events, or any resource-
related outcomes.

Two studies compared the time of wound closure (immediate
or delayed). We found no evidence of any di$erences in deep
infection, superficial infection and delayed or non-union, but again
the certainty of this evidence was very low. Neither of these
studies reported limb function, HRQoL, other adverse events, or
any resource-related outcomes.

We found no studies comparing the timing of the start of
prophylactic antibiotic treatment or the timing of wound
debridement following injury. We also did not find any studies
comparing single-stage surgery with multi-stage surgery, or one-
stage 'fix-and-flap' surgery with two stage 'fix-and-flap' surgery.

Overall completeness and applicability of evidence

The studies in this review included participants with open long-
bone fractures. Where reported, the mechanism of injury was
typical of high energy trauma, with a higher proportion of men and
a mean age between 30 and 34 years old.

We only found evidence for two comparisons in this review. We
could not always determine from the study reports what the
full management protocols used by the trauma units were. For
example, study authors did not explicitly state whether surgery
was completed as a single or multi-stage procedure. In addition,
we note that one study was published in 1983 (Benson 1983); we
anticipate that changes in management of open fractures in the last
thirty years mean that we cannot confidently state the findings are
generalisable to a modern trauma setting. It is also important to
view this lack of evidence in the context of the vast heterogeneity
of trauma delivery in di$erent countries and healthcare systems.
This is particularly relevant in open fractures, the outcomes of
which are time-sensitive, particularly for deep infection rates. For
example, in the UK, there is a major trauma network system and
national guidance and standards for managing open fractures.
Such a system makes it possible to achieve early debridement and
skeletal and soJ tissue reconstruction, which may not be feasible
in other healthcare systems.

Studies reported few outcomes, and in particular did not report
participant-relevant outcomes such as limb function and quality of
life. One study had such a short follow-up period that it prohibited
the collection of outcomes to inform a full course of recovery for
people with these injuries. Furthermore, while we note that the
outcomes of deep SSI and delayed or non-union are oJen reported
separately, there is likely a large overlap between them as subacute
deep SSI is a likely cause of delayed or non-union. While the lack of
outcome reporting is not unexpected, it is disappointing that we are
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unable to present a broader picture, beyond commonly-reported
clinical outcomes, of the benefits and harms of treatment options.

Quality of the evidence

The certainty of the evidence for all outcomes in this review was
very low. Lack of information in the study reports meant that
we could not always make judgements (other than 'unclear') for
common risk of bias domains and all studies were at high risk
of performance and detection bias because of a lack of blinding,
which was mostly unavoidable. None of the studies reported
prospective clinical trial registration, typical of older studies which
predate a requirement for this. Russell 2005 provided the largest
data set for this review, with the most participants and outcome
data. However, this study was reported only as an abstract and
we were unsuccessful at finding a full study report, or in attempts
to contact study authors for more information. We judged that
including this abstract (which we presumed was not a peer-
reviewed report) in the review increased the risk of other bias. We
therefore downgraded the certainty of the evidence for this reason.

We also downgraded most of the evidence for imprecision because
we noted e$ect estimates that included possible benefits as well as
harms.

Whist the studies provided direct evidence for this review
(eligible treatments for adults with open long bone fractures), we
had insu$icient studies to e$ectively evaluate inconsistency or
publication bias.

Potential biases in the review process

We conducted a thorough search and independently assessed
study eligibility, extracted data, and assessed risk of bias in the
included studies before reaching consensus together or with one
other review author.

Studies all reported infection rates that were variably defined, none
using the preferred CDC definition of a deep SSI (Horan 2008).
The follow-up study periods were also inadequate. Ondari 2016
reported infection rates at day 14 following injury, while Russell
2005 reported a mean follow-up of 296 days; Benson 1983 did not
report follow-up periods. Russell 2005 also reported on delayed or
non-union rates, time to union and wound problems, but we were
unable to obtain further information beyond what was available
in the conference abstract. No studies adequately described the
staging of treatment (e.g. single-stage or multi-stage). Our attempts
to contact study authors for more information were unsuccessful,
meaning that we made changes to our outcome definitions which
were subjective and based only on the limited in the information
in study reports. We cannot be certain whether these judgements
were accurate.

Agreements and disagreements with other studies or
reviews

In 2016, the National Institute of Health and Care Excellence (UK)
published Guideline NG37 on the assessment and management
of complex fractures, including open fractures (NICE 2016). The
guideline development process undertook systematic reviews
addressing specific review questions; including:

• What is the optimum time to administer prophylactic
antibiotics for suspected open fractures? No RCTs were

retrieved, and cohort studies were included. The conclusion
was based on very low-quality clinical evidence suggesting
that prophylactic antibiotics given aJer one hour in highly
contaminated tibial shaJ fractures increases deep surgical site
infection rate.

• What is the optimal timing of initial debridement of open
fractures? No RCTs were retrieved, and cohort studies were
included.There was very low-quality evidence regarding the
deep surgical site infection rate, and early debridement may or
may not reduce this.

• Is the use of initial definitive fixation and cover more
clinically and cost-e@ective in the management of open
fractures compared with staged fixation and cover? One
RCT and cohort studies were included. There was very low-
quality evidence to demonstrate that definitive fixation and the
immediate cover was associated with better outcomes than
definitive fixation and staged cover. There was also very low-
quality evidence to suggest that definitive fixation and the
immediate cover was associated with better outcomes than
staged fixation and staged cover.

• What is the most clinical and cost-e@ective time to achieve
definitive soH tissue cover in open fractures? One RCT
and cohort studies were retrieved. Very poor-quality evidence
suggests that early cover is associated with reduced rates of
deep infection.

While there are non-randomised observational studies on
interventions for the treatment of open fractures, lack of up-to-date
evidence from RCTs precludes our ability to increase the certainty
of the evidence in this guideline.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is a lack of evidence from randomised controlled trials to
inform decisions regarding the di$erent aspects of surgical and
antibiotic management of open fractures. This review includes only
three studies of two comparisons, and the certainty of its evidence
is very low.

Implications for research

While there are non-randomised observational studies on
interventions for the treatment of open fractures, we did not
find high-certainty evidence from RCTs on di$erent practices.
Given di$iculties in study design in this field, it may be
appropriate to include well-designed non-randomised studies in
future updates of the review. Improvements in patient outcomes
have been attributed to the development of trauma networks,
earlier debridement and closure of wounds, and timely delivery
of prophylactic antibiotic treatment. However, well-designed
randomised trials with adequate power are needed to guide
surgical and antibiotic treatment of open fractures. Future
studies should also be of su$icient duration to enable the long-
term measurement of patient-relevant outcomes, including limb
function (e.g. Lower Extremity Functional Scale) and quality of life
(e.g. EuroQol-Five Dimensions-5L). We found no ongoing studies in
our search of clinical trials registers, and this remains an important
research topic.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Study design: RCT, 2 x 2 factorial design

Review comparison group: reconstructive surgery: staging and timing ('fix-then-flap'; wound closure
immediate or delayed)

Note:

• study included 4 intervention groups according to type of antibiotic (cefazolin versus clindamycin)
and time of wound close (delayed or immediate). For this review, we combined data for the two an-
tibiotic groups as the antibiotic-type study-level comparison was not relevant to this review

Participants Total number of randomised participants: 78 (82 fractures)

Inclusion criteria: adults with severe orthopaedic trauma (open fractures)

Exclusion criteria: wounds open for > 24 hours prior to admission; marine or river contaminated
wounds; lawnmower wounds; high-velocity gunshot wounds; where wound closure was deemed physi-
cally impossible

Setting: single centre; University of California, Davis Medical Center, Sacramento, USA

Baseline characteristics

Group 1 (immediate closure)
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• Time from injury to wound debridement, mean (SD), hours: 5.38 (± 3.5)

• Time from injury to wound closure: not reported

• Time to surgical reconstruction: not reported

• Type of fracture stabilisation, n:
◦ internal fixation: 18

◦ other types not reported

Group 2 (delayed closure)

• Time from injury to wound debridement, mean (SD), hours: 5.53 (± 3.1)

• Time from injury to wound closure, mean (SD), days: 5.9 (± 4.6)

• Time to surgical reconstruction: not reported

• Type of fracture stabilisation, n:
◦ internal fixation: 13

◦ other types not reported

Overall:

• Age, mean (SD), years: 30.4 (± 14.7)

• Gender, M/F, n: 69/9

• Fracture site, n:
◦ lower extremities: 44

◦ upper extremities: 31

◦ upper and lower extremities: 3

• Mechanism of injury, n:
◦ road traffic accident: 53

◦ work-related accidents: 14

◦ gunshot wounds: 3

◦ other: 8

• Type of antibiotic, cefazolin/clindamycin, n: 42/34

Note:

• study authors did not report grade of injury or wound size; some baseline characteristics were report-
ed overall, rather than by group

Interventions General details: cefazolin or clindamycin IV over 10 to 60-minute period every 6 hours, started when
debridement was initiated, and continued for a minimum of 5 days. Although not explicitly stated, we
interpreted that skeletal fixation treatment, if necessary, would be done at this first operation.

Group 1 (immediate)

• Number randomised = 44 fractures, 43 participants; losses = 6 (reason not clearly reported); analysed
participants in the review = 37

• Details of intervention: wound closure completed immediately after debridement and fixation

Group 2 (delayed)

• Number randomised = 38 fractures, 34 participants; losses = 0 (reason not clearly reported); analysed
participants in the review = 34

• Details of intervention: participant returned to theatre after 4 to 6 days for wound evaluation, further
debridement, and wound closure

Note:

• study authors reported variable numbers of participants in each analysis, and it was not possible to
determine the numbers of participants, particularly in the 'delayed' group. We were not confident that
the number of randomised participants was accurately reported in the study.
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Outcomes Outcomes reported by study authors: deep infection and superficial infection

Outcomes relevant to the review: deep infection and superficial infection

Note:

• data reported as number of participants with at least one infection.

Notes Study dates: not reported

Funding/sponsorship sources: funding from Smith Kline and French and Upjohn Laboratories

Declarations of interest: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "The patient sample was divided into four groups by use of random se-
lection of numbers"

Comment: we could not determine from this information whether the se-
quence generation was truly random.

Allocation concealment
(selection bias)

Unclear risk No details given of the methods used for allocation concealment.

Blinding of participants
and personnel (perfor-
mance bias)
Test

High risk Because of the nature of the intervention groups, it was not feasible to blind
participants or clinicians.

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk No mention of blinding of outcome assessors. In this study, it is highly unlikely
that blinding of outcome assessors took place if this was not reported. Assess-
ment of the outcome was likely to have been influenced by knowledge of inter-
vention received. The diagnosis of the main outcome of interest, i.e. infection,
was based on clinical picture, which is subjective (if "the tissues around the
wound were red, swollen, or tender", "Wounds were not considered infected
when there were ...delayed or nonunions, and negative cultures of drainage").
Delayed and non-unions are often caused by deep fracture site infection and
culture negative drainage is subject to a high false negative rate.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk The unit of analysis was variable throughout the report; some participants had
more than one wound and data were reported either by number of wounds or
number of participants. There appeared to be unexplained loss of participants
in some outcome data tables, meaning that we could not always be certain of
attrition.

Selective reporting (re-
porting bias)

Unclear risk We found no protocol for this study, and the study was published prior to clin-
ical trials register provision. We could not effectively assess risk of reporting
bias without these documents.

Other bias Low risk Other performance bias: although not explicitly stated, we assumed that the
provision of other interventions was comparable between groups.

Other bias: we identified no other sources of bias
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Study characteristics

Methods Study design: RCT, parallel design

Review comparison group: duration of prophylactic antibiotic treatment

Participants Total number of randomised participants: 84

Inclusion criteria: isolated Gustilo grade II open tibial fractures; aged between 18 and 80 years

Exclusion criteria: paediatric patients; Gustilo II open tibial fractures whose wounds could not be
closed primarily after debridement; fractures not debrided within 24 hours of injury; non–traumatic
open tibia fractures such as pathological fractures; cigarette smokers; people with diabetes mellitus,
HIV/AIDS, psychosis or chronic renal failure; people on corticosteroids or chemotherapy; referred from
other medical facilities where they had already received any form of treatment; haemodynamically un-
stable; refused to give consent

Setting: single centre; national referral and teaching hospital in Nairobi, Kenya

Baseline characteristics (only reported for analysed participants)

Group 1 (short duration)

• Age, mean (SD), years: 34.1 (± 12.7)

• Gender, M/F, n: 35/5

• Fracture site, n:
◦ proximal leg: 10

◦ mid-leg: 19

◦ distal-leg: 11

• Mechanism of injury, n:
◦ pedestrian: 27

◦ motorcycle: 7

◦ fall from height: 2

◦ assault: 4

◦ other: 0

• Wound size, mean (SD), cm: 5.3 (± 2.1)

• Timing of start of prophylactic antibiotics, mean (SD), hours: 11 (± 4.2)

Group 2 (long duration)

• Age, mean (SD), years: 33.1 (±12.2)

• Gender, M/F, n: 28/9

• Fracture site, n:
◦ proximal leg: 7

◦ mid-leg: 16

◦ distal-leg: 14

• Mechanism of injury, n:
◦ pedestrian: 17

◦ motorcycle: 9

◦ fall from height: 7

◦ assault: 2

◦ other: 2

• Wound size, mean (SD), cm: 5 (2.1)

• Timing of start of prophylactic antibiotics, mean (SD), hours: 10.5 (± 5.1)

Note:

• study authors did not report data for timing of wound debridement or time to surgical reconstruction.
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Interventions General details: participants assessed and managed according to ATLS protocol; temporary splint,
wound covered, antibiotic administration, then X-ray and baseline blood tests; 240 mg gentamycin and
1.5 g cefuroxime administered IV; standard debridement protocol; fracture stabilisation according to
surgeon preference and implant availability; primary wound closure without tension; if casting was
used for stabilisation then wound closed prior to casting (cast window created after 24 hours at wound
site); clinical evaluation of wounds at day 2, 5, and 14 after debridement

Group 1

• Number randomised = 42; losses = 2 (see note about reasons for losses); analysed in the review = 40

• Details of intervention: single does of gentamycin, 750 mg cerfuroxime repeated every 8 hours until
24 hours after debridement and would closure. Gentamycin only given if participant was stable with
no renal compromise

Group 2

• Number randomised = 42; losses = 5 (see note about reasons for losses); analysed in the review = 37

• Details of intervention: gentamycin 240 mg IV every 24 hours for 5 doses, 750 mg cefuroxime IV every
8 hours for 24 hours after debridement and wound closure then converted to oral cefuroxime 500 mg
twice daily for 4 days

Note:

• reasons for losses were not reported by group. Overall reasons were: antibiotic allergy (1); loss to fol-
low-up (1); failure to debride within 24 hours (1): failure to achieve primary wound closure (2); post-
debridement change to Gustilo grade (2).

Outcomes Outcomes reported by study authors: wound infection with ASEPSIS score > 20 (scale 0 to 65 with
scores 0 to 20 indicating normal wound healing) collected at day 2, 5, and 14

Outcomes relevant to the review: wound infection at day 14

Notes:

• study authors described infection as 'wound infection' rather than deep or superficial infection. We
judged reported infection to be superficial infection because study authors did not describe methods
used to ascertain that the infection was deep, and we expected that the short time frame for assessing
infection meant that superficial infection was more likely.

• study authors reported overall infection data for day 2 and 5, with all infections at day 5 continuing to
day 14. Data in each group were reported for day 14.

Notes Study dates: September 2014 to March 2015

Funding/sponsorship source: Kenyatta National Hospital

Declarations of interest: study authors declare no conflicts of interest

Note:

• we attempted to contact the study authors for more information on their trial, but this was unsuc-
cessful.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Block randomisation was used to allocate participants to one of two parallel
arms of treatment using a computer-generated sequence.

Allocation concealment
(selection bias)

Unclear risk No details

Ondari 2016  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
Test

High risk Because of the nature of the intervention groups, it was not feasible to blind
participants or clinicians.

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Outcome assessors were not blinded. Assessment was likely to have been in-
fluenced by knowledge of intervention received, particularly as diagnosis of in-
terest using the ASEPSIS score necessitates a subjective element.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Loss of 7 participants, but these were clearly reported.

Selective reporting (re-
porting bias)

Unclear risk Study authors reported retrospective clinical trials registration. We could not
feasibly use the trials register documents to effectively assess risk of selective
reporting bias.

Other bias Low risk Other performance bias: although not explicitly stated, we assumed that the
provision of other interventions was comparable between groups.

Other bias: we identified no other sources of bias.

Ondari 2016  (Continued)

 
 

Study characteristics

Methods Study design: RCT, parallel group

Review comparison group: reconstructive surgery: staging and timing ('fix-then-flap'; wound closure
immediate or delayed)

Participants Total number of randomised participants: 451

Inclusion criteria: grade II & IIIa tibial diaphyseal fractures

Exclusion criteria: not reported

Setting: multicentre; 30 trauma centres, USA

Baseline characteristics: study authors stated that "the demographics and smoking rates were similar
for the groups".

Note:

• study authors did not report baseline data for the following characteristics: age; gender; fracture site;
mechanism of injury; wound size; timing of start of prophylactic antibiotics duration of antibiotic
treatment; timing of wound debridement, surgical reconstruction and wound closure;

• study authors noted differences in severity of wound injury according soJ tissue reconstructive
surgery. Of participants with immediate wound closure, 2 required split-thickness skin graJs and 2 re-
quired flaps; of participants with delayed closure, 9 required split-thickness skin graJs and 2 required
flaps) (P = 0.055).

Interventions General details: participants treated with standardised debridement, antibiotic and reamed locked in-
tramedullary nail protocol; mean follow-up of 296 days

Group 1

• Number randomised = unknown; losses = unknown; analysed in the review = 197

• Details of intervention: wound closure completed immediately

Russell 2005 
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Group 2

• Number randomised = unknown; losses = unknown; analysed in the review = 190

• Details of intervention: delayed wound closure. Time for wound closure is unknown

Note:

• the number randomised to each group was not reported, and we could not determine how many par-
ticipants were lost in each group; overall, there were 64 losses. Reasons for losses were not reported.

Outcomes Outcomes reported by study authors: rate of infections, wound complications, rehospitalisations,
time to union and number with delayed union/non-union

Outcomes relevant to the review: infection, time to union and number with delayed union/non-union

Notes:

• study authors did not describe infection as deep or superficial infection. We have assumed that the
infections were deep infections because of length of study follow-up.

Notes Study dates: not reported

Funding: not reported

Declarations of interest by study authors: not reported

Note:

• study reported as an abstract with limited detail. We attempted to contact the study author for addi-
tional information but this was unsuccessful.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Study described as a randomised study, but no details given about methods
used to randomise participants to groups.

Allocation concealment
(selection bias)

Unclear risk No details

Blinding of participants
and personnel (perfor-
mance bias)
Test

High risk Because of the nature of the intervention groups, it was not feasible to blind
participants or clinicians.

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Although not explicitly stated, we assumed that outcome assessors were not
blinded to the intervention groups.

Incomplete outcome data
(attrition bias)
All outcomes

High risk We noted loss of 64 participants and reasons for these losses were not ex-
plained. Because study authors did not report the number of participants ran-
domised to each group, it was not possible to ascertain if these losses were
balanced between groups.

Selective reporting (re-
porting bias)

Unclear risk Study authors did not report clinical trials registration or a prospectively pub-
lished protocol. It was not feasible to effectively assess risk of selective report-
ing bias without these documents.

Other bias High risk Other performance bias: although not explicitly stated, we assumed that the
provision of other interventions was comparable between groups (unclear).

Russell 2005  (Continued)
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Other bias: study was only published as an abstract, which we expected was
not peer-reviewed (high).

Russell 2005  (Continued)

ASEPSIS: scoring method for postoperative wound infection (Additional treatment, the presence of Serous discharge, Erythema, Purulent
exudate, and Separation of the deep tissues, the Isolation of bacteria, and the duration of inpatient Stay); ATLS: Advanced Trauma Life
Support; IV: intravenous(ly); M/F: male/female; RCT: randomised controlled trial; SD: standard deviation
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Bergman 1982 RCT, participants with open and closed fractures (some data were reported separately for open
fractures). We excluded this study because it compared two types of antibiotics.

Braun 1987 RCT, participants with open fractures. We excluded this study because it compared a 10-day course
of prophylactic cloxacillin with a placebo.

Carsenti-Etesse 1999 RCT, comparing different antibiotic agents in open leg fractures. Although antibiotics were given
at different times in the two groups (single dose of pefloxacin IV compared with a 2-day course of
cefazlin IV followed by a 3-day course of oral oxacillin), the primary aim of the study was to assess
the correlation between organisms grown from preoperative and perioperative cultures and those
grown from infected sites. The collection of swab material was not consistent with current stan-
dards.

Mahajan 2016 RCT, participants with open fractures. We excluded this study as it compared a standard treatment
protocol with an enhanced protocol (differences included different antibiotics with different routes
of administration, as well as additional wound cleaning solutions).

Moehring 2000 RCT, participants with open fractures. We excluded this study because it compared two different
routes of antibiotic administration (beads versus IV).

NCT04678154 RCT, participants with open fractures. We excluded this study as it compared different routes of an-
tibiotic administration.

Pape 2007 Retrospective cohort study comparing different times for internal fixation of fractures; only 25%
were open fractures

Patzakis 1996 RCT, participants with open fractures. We excluded this study because it compared a single antibi-
otic agent with a combined antibiotic treatment.

Saveli 2013 RCT, participants with open fractures. We excluded this study because it compared a single antibi-
otic agent with a combined antibiotic treatment.

IV: intravenous(ly); RCT: randomised controlled trial
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Comparison 1.   Duration of prophylactic antibiotic treatment

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Adverse events: superficial infec-
tion

1   Risk Ratio (M-H, Fixed, 95%
CI)

Totals not select-
ed

 
 

Analysis 1.1.   Comparison 1: Duration of prophylactic antibiotic
treatment, Outcome 1: Adverse events: superficial infection

Study or Subgroup

Ondari 2016

Antibiotics for 24 hours
Events

9

Total

40

Antibiotics for 5 days
Events

7

Total

37

Risk Ratio
M-H, Fixed, 95% CI

1.19 [0.49 , 2.87]

Risk Ratio
M-H, Fixed, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours antibiotics for 24 hours Favours antibiotics for 5 days

 
 

Comparison 2.   Timing of wound closure

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Deep infection 2 458 Risk Ratio (M-H, Random, 95%
CI)

0.82 [0.37, 1.80]

2.2 Delayed union or non-union 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

2.3 Adverse events: superficial
infection

1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

 
 

Analysis 2.1.   Comparison 2: Timing of wound closure, Outcome 1: Deep infection

Study or Subgroup

Benson 1983
Russell 2005

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.07; Chi² = 1.06, df = 1 (P = 0.30); I² = 5%
Test for overall effect: Z = 0.50 (P = 0.62)
Test for subgroup differences: Not applicable

Immediate closure
Events

0
17

17

Total

37
197

234

Delayed closure
Events

2
18

20

Total

34
190

224

Weight

6.7%
93.3%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.18 [0.01 , 3.71]
0.91 [0.48 , 1.71]

0.82 [0.37 , 1.80]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours immediate closure Favours delayed closure
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Analysis 2.2.   Comparison 2: Timing of wound closure, Outcome 2: Delayed union or non-union

Study or Subgroup

Russell 2005

Immediate closure
Events

61

Total

197

Delayed closure
Events

52

Total

190

Risk Ratio
M-H, Fixed, 95% CI

1.13 [0.83 , 1.55]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours immediate closure Favours delayed closure

 
 

Analysis 2.3.   Comparison 2: Timing of wound closure, Outcome 3: Adverse events: superficial infection

Study or Subgroup

Benson 1983

Immediate closure
Events

3

Total

37

Delayed closure
Events

0

Total

34

Risk Ratio
M-H, Fixed, 95% CI

6.45 [0.35 , 120.43]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours immediate closure Favours delayed closure

 

 

A P P E N D I C E S

Appendix 1. Search strategies

The Cochrane Central Register of Controlled Trials (CENTRAL CRS Web)

The CENTRAL search was run in two stages: the first search was run in April 2020 and a second top-up search was run in February 2021.

Search 1

1. MESH DESCRIPTOR lower extremity EXPLODE ALL AND CENTRAL:TARGET (6678)
2. MESH DESCRIPTOR upper extremity EXPLODE ALL AND CENTRAL:TARGET (6984)
3. MESH DESCRIPTOR bones of lower extremity EXPLODE ALL AND CENTRAL:TARGET (1650)
4. MESH DESCRIPTOR bones of upper extremity EXPLODE ALL AND CENTRAL:TARGET (720)
5. MESH DESCRIPTOR Arm Bones EXPLODE ALL AND CENTRAL:TARGET (286)
6. MESH DESCRIPTOR Femur EXPLODE ALL AND CENTRAL:TARGET (15)
7. MESH DESCRIPTOR Leg bones AND CENTRAL:TARGET (886)
8. MESH DESCRIPTOR Fibula AND CENTRAL:TARGET (72)
9. MESH DESCRIPTOR Tibia AND CENTRAL:TARGET (578)
10. (femur or femoral or tibia* or fibula* or humor* or radius or radii or radial or ulna*): AB,EH,KW,KY,MC,MH,TI,TO AND CENTRAL:TARGET
(27558)
11. (leg* or foot or feet or hip* or knee* or ankle): AB,EH,KW,KY,MC,MH,TI,TO AND CENTRAL:TARGET (90854)
12. (arm* or hand* or elbow* or shoulder*): AB,EH,KW,KY,MC,MH,TI,TO AND CENTRAL:TARGET (155535)
13. (lower extremit* or lower limb or upper extremit* or upper limb or forelimb* or forearm*): AB,EH,KW,KY,MC,MH,TI,TO AND
CENTRAL:TARGET (25787)
14. MESH DESCRIPTOR Radius fractures AND CENTRAL:TARGET (488)
15. MESH DESCRIPTOR Humeral fractures AND CENTRAL:TARGET (151)
16. MESH DESCRIPTOR Femoral fractures AND CENTRAL:TARGET (306)
17. MESH DESCRIPTOR Tibial fractures AND CENTRAL:TARGET (328)
18. MESH DESCRIPTOR Ulna fractures EXPLODE ALL AND CENTRAL:TARGET (67)
19. MESH DESCRIPTOR Ankle fracturesAND CENTRAL:TARGET (140)
20. MESH DESCRIPTOR Shoulder fracturesAND CENTRAL:TARGET (106)
21. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 AND CENTRAL:TARGET (259850)
22. MESH DESCRIPTOR Fractures, Open AND CENTRAL:TARGET (123)
23. (plateau ankle or Weber or Monteggia or Galeazzi or Ho$a or Pilon or Schatzker): AB,EH,KW,KY,MC,MH,TI,TO AND CENTRAL:TARGET (323)
24. ((open or compound or trauma* or Gustilo or Tscherne or high energy) NEAR3 fracture): AB,EH,KW,KY,MC,MH,TI,TO AND
CENTRAL:TARGET (822)
25. 22 or 23 or 24 AND CENTRAL:TARGET (1173)
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26. 21 and 25 AND CENTRAL:TARGET (808)
27. MESH DESCRIPTOR Debridement AND CENTRAL:TARGET (658)
28. MESH DESCRIPTOR Wound Infection WITH QUALIFIER PC EXPLODE ALL AND CENTRAL:TARGET (1)
29. MESH DESCRIPTOR surgical wound dehiscence AND CENTRAL:TARGET (454)
30. MESH DESCRIPTOR surgical wound infection AND CENTRAL:TARGET (3418)
31. (debrid*):AB,EH,KW,KY,MC,MH,TI,TO AND CENTRAL:TARGET (3126)
32. MESH DESCRIPTOR Surgery, Plastic AND CENTRAL:TARGET (114)
33. MESH DESCRIPTOR Reconstructive Surgical Procedures AND CENTRAL:TARGET (754)
34. MESH DESCRIPTOR Fracture Fixation EXPLODE ALL AND CENTRAL:TARGET (1664)
35. MESH DESCRIPTOR Orthopedic Fixation Devices EXPLODE ALL AND CENTRAL:TARGET (2631)
36. MESH DESCRIPTOR Surgical Flaps EXPLODE ALL AND CENTRAL:TARGET (1387)
37. (wound* or cover* or flap* or reconstruct* or closure): AB,EH,KW,KY,MC,MH,TI,TO (61359)
38.MESH DESCRIPTOR Anti-Bacterial Agents EXPLODE ALL AND CENTRAL:TARGET (19892)
39. (antibiotic* or antimicrob* or anti bacteria* or antibacteria*): AB,EH,KW,KY,MC,MH,TI,TO AND CENTRAL:TARGET (40619)
40. (coamoxiclav or amoxicillin or cephalosporin or gentamicin or teicoplanin or cefuroxime or cefazolin or ceJriazone or penicillin or
clindaymycin or aminoglycosides or vancomycin or levofloxacin or metronidazole or tazocin or piperacillin or tazobactam or linezolid or
flucloxacillin or ampicillin): AB,EH,KW,KY,MC,MH,TI,TO AND CENTRAL:TARGET (20332)
41. 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 AND CENTRAL:TARGET (114515)
42. 41 and 26 AND CENTRAL:TARGET (292)

Search 2

43. 01/04/2020_TO_04/02/2021:CRSCREATED AND CENTRAL:TARGET (117722)
44. #42 AND #43 (15)

MEDLINE (Ovid Online)

The MEDLINE search was run in two stages: the first search was run in April 2020 and a second top-up search was run in February 2021.

Search 1

1 exp lower extremity/ or exp upper extremity/ or exp "bones of lower extremity"/ or exp "bones of upper extremity"/ (466379)
2 exp Arm Bones/ (22773)
3 Leg bones/ or exp Femur/ or Fibula/ or Tibia/ (87437)
4 (femur or femoral or tibia* or fibula* or humor* or radius or radii or radial or ulna*).tw. (384735)
5 (leg* or foot or feet or hip* or knee* or ankle).tw. (854297)
6 (arm* or hand* or elbow* or shoulder*).tw. (891988)
7 (lower extremit* or lower limb or upper extremit* or upper limb or forelimb* or forearm*).tw. (164389)
8 Radius fractures/ or Humeral fractures/ (16000)
9 Femoral fractures/ or Tibial fractures/ or exp Ulna fractures/ (32240)
10 Ankle fractures/ or Shoulder fractures/ (4725)
11 or/1-10 (2200617)
12 Fractures, Open/ (5367)
13 (plateau ankle or Weber or Monteggia or Galeazzi or Ho$a or Pilon or Schatzker).tw. (7532)
14 ((open or compound or trauma* or Gustilo or Tscherne or high energy) adj3 fracture).tw. (6376)
15 or/12-14 (18108)
16 11 and 15 (9119)
17 Debridement/ (16066)
18 exp Wound Infection/pc (16061)
19 surgical wound dehiscence/ or surgical wound infection/ (41731)
20 debrid*.tw. (26704)
21 Surgery, Plastic/ (26143)
22 Reconstructive Surgical Procedures/ (49465)
23 exp Fracture Fixation/ or exp Orthopedic Fixation Devices/ (108906)
24 exp Surgical Flaps/ (60732)
25 (wound* or cover* or flap* or reconstruct* or closure).tw. (936164)
26 exp Anti-Bacterial Agents/ (720155)
27 (antibiotic* or antimicrob* or anti bacteria* or antibacteria*).tw. (489360)
28 (coamoxiclav or amoxicillin or cephalosporin or gentamicin or teicoplanin or cefuroxime or cefazolin or ceJriazone or penicillin or
clindaymycin or aminoglycosides or vancomycin or levofloxacin or metronidazole or tazocin or piperacillin or tazobactam or linezolid or
flucloxacillin or ampicillin).tw. (142291)
29 or/17-28 (2031635)
30 Randomized Controlled Trial.pt. (503318)
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31 Controlled Clinical Trial.pt. (93602)
32 randomized.ab. (475360)
33 placebo.ab. (206664)
34 drug therapy.fs. (2192418)
35 randomly.ab. (330644)
36 trial.ab. (500803)
37 groups.ab. (2030386)
38 or/30-37 (4672916)
39 exp Animals/ not Humans.sh. (4686353)
40 38 not 39 (4050902)
41 16 and 29 and 40 (672)

Search 2

42 (202004* or 202005* or 202006* or 202007* or 202008* or 202009* or 202010* or 202011* or 202012* or 2021*).ed,dt. (1900359)
43 41 and 42 (64)

Embase (Ovid Online)

The Embase search was run in two stages: the first search was run in April 2020 and a second top-up search was run in February 2021.

Search 1

1 exp Lower limb/ or exp "bones of the leg and foot"/ (450347)
2 exp arm bone/ (28290)
3 leg bone/ or exp femur/ or fibula/ or tibia/ (91786)
4 (femur or femoral or tibia* or fibula* or humor* or radius or radii or radial or ulna*).tw. (454316)
5 (leg* or foot or feet or hip* or knee* or ankle).tw. (1050310)
6 (arm* or hand* or elbow* or shoulder*).tw. (1149997)
7 (lower extremit* or lower limb or upper extremit* or upper limb or forelimb* or forearm*).tw. (212843)
8 radius fracture/ or humerus fracture/ (15749)
9 femur fracture/ or tibia fracture/ or exp ulna fracture/ (30949)
10 ankle fracture/ or shoulder fracture/ (5427)
11 or/1-10 (2632965)
12 open fracture/ (5462)
13 (plateau ankle or Weber or Monteggia or Galeazzi or Ho$a or Pilon or Schatzker).tw. (9332)
14 ((open or compound or trauma* or Gustilo or Tscherne or high energy) adj3 fracture).tw. (7639)
15 or/12-14 (20604)
16 11 and 15 (10900)
17 debridement/ (38624)
18 exp wound Infection/pc (3343)
19 wound dehiscence/ or surgical infection/ (57627)
20 debrid*.tw. (32650)
21 plastic surgery/ (56920)
22 reconstructive surgery/ (8876)
23 fracture fixation/ or exp orthopedic fixation device/ (94668)
24 surgical flaps/ (6029)
25 (wound* or cover* or flap* or reconstruct* or closure).tw. (1141069)
26 antiinfective agent/ (166221)
27 (antibiotic* or antimicrob* or anti bacteria* or antibacteria*).tw. (612200)
28 (coamoxiclav or amoxicillin or cephalosporin or gentamicin or teicoplanin or cefuroxime or cefazolin or ceJriazone or penicillin or
clindaymycin or aminoglycosides or vancomycin or levofloxacin or metronidazole or tazocin or piperacillin or tazobactam or linezolid or
flucloxacillin or ampicillin).tw. (183924)
29 or/17-28 (1995990)
30 Randomized controlled trial/ (593991)
31 Controlled clinical study/ (463848)
32 Random*.ti,ab. (1505365)
33 randomization/ (86346)
34 intermethod comparison/ (258522)
35 placebo.ti,ab. (297508)
36 (compare or compared or comparison).ti. (483777)
37 ((evaluated or evaluate or evaluating or assessed or assess) and (compare or compared or comparing or comparison)).ab. (2072561)
38 (open adj label).ti,ab. (78166)
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39 ((double or single or doubly or singly) adj (blind or blinded or blindly)).ti,ab. (222479)
40 double blind procedure/ (168096)
41 parallel group*1.ti,ab. (25162)
42 (crossover or cross over).ti,ab. (101324)
43 ((assign* or match or matched or allocation) adj5 (alternate or group*1 or intervention*1 or patient*1 or subject*1 or
participant*1)).ti,ab. (322408)
44 (assigned or allocated).ti,ab. (379673)
45 (controlled adj7 (study or design or trial)).ti,ab. (339873)
46 (volunteer or volunteers).ti,ab. (237652)
47 trial.ti. (289564)
48 or/30-47 (4548570)
49 (exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.) (5942953)
50 48 not 49 (3927766)
51 16 and 29 and 50 (794)

Search 2

52 (2020* or 2021*).dc,yr. (2450928)
53 51 and 52 (108)

BIOSIS Citation Index (Web of Science)

#1 TS=((femur or femoral or tibia* or fibula* or humor* or radius or radii or radial or ulna*) NEAR/5 (fracture*)) Indexes=BCI Timespan=All
years (16,395)
#2 TS=((leg* or foot or feet or hip* or knee* or ankle) NEAR/5 (fracture*)) Indexes=BCI Timespan=All years (12,560)
#3 TS=((arm* or hand* or elbow* or shoulder*) NEAR/5 (fracture*)) Indexes=BCI Timespan=All years (1,558)
#4 TS=((extremit* or limb or forelimb* or forearm*) NEAR/5 (fracture*)) Indexes=BCI Timespan=All years (2,968)
#5 TS=(plateau ankle or Weber or Monteggia or Galeazzi or Ho$a or Pilon or Schatzker) Indexes=BCI Timespan=All years (7,195)
#6 TS=((open or compound or trauma* or Gustilo or Tscherne or “high energy”) NEAR/5 (fracture*)) Indexes=BCI Timespan=All years (6,786)
#7 #1 OR #2 OR #3 OR #4 OR #5 OR #6 Indexes=BCI Timespan=All years (40,248)
#8 TS=(debrid*) Indexes=BCI Timespan=All years (8,991)
#9 TS=(wound* or cover* or flap* or reconstruct* or closure) Indexes=BCI Timespan=All years (755,692)
#10 TS=(antibiotic* or antimicrob* or anti bacteria* or antibacteria*) Indexes=BCI Timespan=All years (794,696)
#11 TS=(coamoxiclav or amoxicillin or cephalosporin or gentamicin or teicoplanin or cefuroxime or cefazolin or ceJriazone or penicillin or
clindaymycin or aminoglycosides or vancomycin or levofloxacin or metronidazole or tazocin or piperacillin or tazobactam or linezolid or
flucloxacillin or ampicillin) Indexes=BCI Timespan=All years (174,198)
#12 #8 OR #9 OR #10 OR #11 Indexes=BCI Timespan=All years (1,555,579)
#13 #7 AND #12 Indexes=BCI Timespan=All years (4,029)
#14 TS=( random* or factorial* or crossover* or "cross-over*" or placebo* or "doubl* blind*" or "singl* blind*" or assign* or allocat* or
volunteer* or "trial" or "groups" or "controlled") Indexes=BCI Timespan=All years (3,033,546
#15 #13 AND #14 Indexes=BCI Timespan=All years (631)
#16 TI=(RAT OR RATS OR MOUSE OR MOUSE OR DOG OR DOGS OR RABBIT OR RABBITS OR PIG OR PIGS OR SWINE OR PORCINE) Indexes=BCI
Timespan=All years (2,080,685)
#17 #15 NOT #16 Indexes=BCI Timespan=All years (567)

National Technical Information Service (NTIS)
Title: Open Fracture OR Keyword: Open Fracture (308)

Open Grey
Open Fracture (68)

Grey Literature Report
Fracture (5)

Clinicaltrials.gov
Open Fracture (127)

The WHO International Clinical Trials Registry Platform
Open Fractures (107)

Appendix 2. Template data extraction form
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Methods Study design:

Review comparison group:

Participants Total number of randomised participants:

Inclusion criteria:

Exclusion criteria:

Setting:

Baseline characteristics

Group 1 (specify intervention)

• Age, mean (SD), years:

• Gender, M/F, n:

• Fracture site, n:

• Mechanism of injury, n:

• Grade of injury, n or mean (SD):

• Wound size, mean (SD), cm:

• Timing of start of prophylactic antibiotics, mean (SD), hours/days:

• Duration of antibiotic treatment, mean (SD), hours/days:

• Timing of wound debridement, mean (SD), hours/days:

• Time to surgical reconstruction, mean (SD), hours/days:

Group 2 (specify intervention)

• Age, mean (SD), years:

• Gender, M/F, n:

• Fracture site, n:

• Mechanism of injury, n:

• Grade of injury, n or mean (SD):

• Wound size, mean (SD), cm:

• Timing of start of prophylactic antibiotics, mean (SD), hours/days:

• Duration of antibiotic treatment, mean (SD), hours/days:

• Timing of wound debridement, mean (SD), hours/days:

• Time to surgical reconstruction, mean (SD), hours/days:

Interventions General details (if not included as baseline characteristics, include details of antibiotics, duration of
antibiotic treatment, wound debridement, staging and timing of reconstructive surgery, type of so8
tissue reconstruction, type of skeletal fixation):

Group 1

• Number randomised = ; losses = (with reasons for losses); analysed in the review =

• Details of intervention:

Group 2

• Number randomised = ; losses = (with reasons for losses); analysed in the review =

• Details of intervention:

Outcomes Outcomes reported by study authors:

Outcomes relevant to the review:

Notes:
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Notes Study dates:

Funding/sponsorship source:

Declarations of interest by study authors:

  (Continued)

 

Appendix 3. Assessment of risk of bias tool

 

Domain Consider whether
there was a risk of:

Author’s risk
of bias judge-
ment (low/un-
clear/high)

Support for
judgement
(quote/com-
ment)

Notes

Random sequence genera-
tion

(selection bias)

 

Selection bias (biased
allocation to interven-
tions) due to inade-
quate generation of a
randomised sequence.

    Describe the method used to gen-
erate the allocation sequence in
sufficient detail to allow an assess-
ment of whether it should produce
comparable groups.

Allocation concealment
(selection bias)

Selection bias (biased
allocation to interven-
tions) due to inade-
quate concealment of
allocations prior to as-
signment.

    Describe the method used to con-
ceal the allocation sequence in
sufficient detail to determine
whether intervention allocations
could have been foreseen in ad-
vance of, or during, enrolment.

 

In particular this might apply
where blocked randomisation
is used in that the balancing of
assignment within blocks could
result in some prediction of se-
quence.

Blinding of participants
and personnel
(performance bias)

Subjective outcomes: e.g.
limb function and HRQoL
using PROMs, physical
function, pain

Performance bias due
to knowledge of the
allocated interven-
tions by participants
and personnel during
the study.

    Describe all measures used, if
any, to blind study participants
and personnel from knowledge of
which intervention a participant
received. Provide any information
relating to whether the intended
blinding was effective.

Blinding of participants
and personnel 
(performance bias)

Objective outcomes: e.g.
deep SSI, amputation, un-
planned operations, flap
failure, wound infection,
wound dehiscence, pri-
mary wound related in-
fections, thromboembolic
events, pressure sores

Performance bias due
to knowledge of the
allocated interven-
tions by participants
and personnel during
the study.

    As above
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Blinding of outcome as-
sessment 
(detection bias)

Subjective outcomes: e.g.
limb function and HRQoL
using PROMs, physical
function, pain

Detection bias due to
knowledge of the allo-
cated interventions by
outcome assessors.

    Describe all measures used, if any,
to blind outcome assessors from
knowledge of which intervention a
participant received. Provide any
information relating to whether
the intended blinding was effec-
tive.

Blinding of outcome as-
sessment 
(detection bias)

Objective outcomes: e.g.
deep SSI, amputation, un-
planned operations, flap
failure, wound infection,
wound dehiscence, pri-
mary wound related in-
fections, thromboembolic
events, pressure sores

Detection bias due to
knowledge of the allo-
cated interventions by
outcome assessors.

    As above

Incomplete outcome data
(attrition bias)

Subjective outcomes: e.g.
limb function and HRQoL
using PROMs, physical
function, pain

Attrition bias due to
amount, nature or
handling of incom-
plete outcome data.

    Describe the completeness of out-
come data for each main outcome,
including attrition and exclusions
from the analysis. State whether
attrition and exclusions were re-
ported, the numbers in each inter-
vention group (compared with to-
tal randomised participants), rea-
sons for attrition/exclusions where
reported, and any re-inclusions in
analyses performed by the review
authors.

Incomplete outcome data
(attrition bias)

Objective outcomes: e.g.
deep SSI, amputation, un-
planned operations, flap
failure, wound infection,
wound dehiscence, pri-
mary wound related in-
fections, thromboembolic
events, pressure sores

Attrition bias due to
amount, nature or
handling of incom-
plete outcome data.

    As above

Selective reporting
(reporting bias)

 

 

Reporting bias due to
selective outcome re-
porting.

    We will record if the study was
prospectively registered with a tri-
al registry and whether there was a
prospectively published protocol.
Where a trial registry entry or pro-
tocol was available prospectively
we will compare the planned out-
come reporting with the final trial
report.

Other bias
(other performance bias)

Bias due to the provi-
sion of other interven-
tions that should be

    This is incompletely covered in the
‘blinding (performance bias)’. De-
scribe the measures taken to avoid

  (Continued)
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Performance bias: for in-
stance, provision of other
interventions that should
be comparable in both
groups; or clear differ-
ences in personal charac-
teristics of lead clinicians.
 

comparable in both
groups; or clear dif-
ferences in personal
characteristics of lead
clinicians.

performance bias, such as compa-
rable training in the interventions.

Other bias Bias due to other is-
sues that we did not
anticipate

    Describe the details of the other
bias.

  (Continued)

 
Footnotes

HRQoL: health-related quality of life
PROM: patient-reported outcome measure
SSI: surgical site infection
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Review information

• Review authors: one new review author joined the review team (SL)

• Title: following consumer feedback, we edited the review title from 'Timing and staging of antibiotic administration and surgery for
open long bone fractures of the upper and lower limbs' to 'Timing of antibiotic administration, wound debridement, and stages of
reconstructive surgery for open long bone fractures of the upper and lower limbs'.

Objectives

• We made a minor change to the objectives to reflect edits made to the title.

Methods

Criteria for considering studies for this review

• Types of interventions: for 'duration of prophylactic antibiotic treatment', we expanded the comparative time points to include any short
versus long course of antibiotic treatment. This was consistent with other comparisons, in which other thresholds were considered in
otherwise eligible studies. We removed some text from this section related to co-interventions (about negative pressure wound therapy)
and added this to the Data extraction and management section. We also removed some text related to operations (for flap loss, wound
dehiscence); this is already included in the Types of outcome measures (adverse events) .

• Types of outcome measures: we found that eligible studies did not use our protocol definitions to describe infection. Therefore, we
expanded the definition criteria for infection by explaining that we made judgements about the type of infection from other information
in the study report. We explained what we did in the event that time points did not match those described in the list of outcomes, or
time points were not defined.

Search methods for identification of studies

• Searching other resources: we did not conduct forward citations searching for included studies (in Web or Science or Scopus), searches
of orthopaedic-specific sources or reference lists of evidence-based guidelines. We judged the search of electronic databases in this
review to be su$iciently broad.

Data collection and analysis

• Selection of studies: we specified using Covidence to screen titles and abstracts.

• Data extraction and management: we included a template data extraction in Appendix 2. We also clarified that we made judgements
about clinical management in the event that contact with study authors was unsuccessful.

• Assessment of risk of bias in included studies: we did not consider baseline imbalances as 'other bias' in this review; this imbalance
would indicate possible selection bias and we therefore considered this when judging risk of selection bias (sequence generation). We
removed this row from the table in Appendix 3, and we added an additional row for 'other bias' to account for biases which we had
not anticipated.

• Assessment of reporting bias: we explained that we also used clinical trials register searches in an attempt to assess the risk of selective
reporting bias.

• Data synthesis: we explained the decision to use a random-e$ects model. In this review, we combined data from two studies for only
one outcome measure. Lack of information in the studies meant that we could be certain of di$erences in clinical management; we
used a random-e$ects model to account for these possible di$erences.
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• Summary of findings tables: we were unable to ascertain the time points of collection of some outcomes (deep infection and surgical
infection) and therefore we have removed the 90-day time point from the Methods section for the summary of findings tables.
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