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REVIEW

The Management of Open Fractures
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This is a review of Medline and PubMed articles on open fractures published in the English literature
between 1945 and April 2005. The emphasis of most published articles has been placed on definitive
treatment of these injuries at sophisticated referral hospitals. The prehospital emphasis has been on
rapid evacuation and referral to ensure that definitive treatment can be initiated as quickly as possible.
Little has been discussed about the management of these injuries in remote settings where evacuation
may consume considerably more time. Contemporary recommendations for management of these
injuries are reviewed.
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Introduction

Approximately 6 million fractures occur annually in the
United States.1 Almost 250 000 or 4% of these fractures
are open.2 Open fractures remain one of the most poten-
tially devastating of orthopaedic injuries, with associated
complications such as amputation, osteomyelitis, and
nonunion. In view of the complexity of these injuries
and their management, they have received significant at-
tention; however, most of this attention has been directed
at definitive treatment after arrival to an emergency de-
partment. The prehospital emphasis has been on rapid
evacuation and referral to ensure that definitive treatment
can be initiated as rapidly as possible. Little has been
discussed about the management of these injuries in re-
mote settings where evacuation may consume consid-
erably more time.

Methods

A search of the US National Library of Medicine Med-
line and PubMed database for articles on open fractures
was conducted. Terms used in the search included open
fractures, compound fractures, and wilderness injuries.
Articles in the English language or with English ab-
stracts published between 1945 and April 2005 were re-
viewed. The bibliographies of pertinent articles were
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also reviewed for manuscripts that may not have been
indexed in Medline or PubMed. These articles and ab-
stracts were reviewed in light of the first author’s
(R.H.Q.) experience treating open fractures in the wil-
derness setting and at a level I trauma center.

Discussion

An open fracture involves a break in the overlying skin
that leads to direct communication between the fractured
bone and the environment in which the injury occurred.
This communication results in contamination and the po-
tential for infection.

Open fractures are most widely classified according
to the system of Gustillo et al3 and Gustillo and Ander-
son4 (Table 1). This classification scheme provides
guidelines for prognosis and helps predict outcome
based on the degree of soft tissue injury. Although orig-
inally described by Gustillo et al3 as a means to grade
open tibia fractures, the system is currently used to de-
scribe all open fractures. Examples are shown in Figures
1 and 2.

The initial treatment of a patient with an open fracture
consists of a primary survey as outlined by the Ad-
vanced Trauma Life Support protocol.5 After the patient
has been assessed and stabilized, the injured limb should
be realigned and a neurovascular assessment per-
formed.5–8 There is no evidence to support the concept
of splinting a deformed extremity as it lies in the field,
and this practice can lead to an unnecessary level of
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Table 1. Classification of open fractures

Type Description

1 Clean wound less than 1 cm long
2 Wound greater than 1 cm long without extensive soft tissue damage, flaps, or avulsions
3A Extensive soft tissue laceration or flaps but adequate soft tissue coverage possible without flaps;

any wound associated with high-energy trauma
3B Extensive soft tissue loss with periosteal stripping and bone exposure; requires local or free tis-

sue transfer to cover exposed bone
3C Open fracture associated with arterial injury requiring repair

Figure 1. Clinical photograph (a) and radiograph (b) of a type 1 open fracture of the ulnar shaft.
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Figure 2. Clinical photograph (a) and radiograph (b) of a type 3B open fracture of the tibial shaft.

pain, increased neurovascular compromise, as well as
increased tension on soft tissue that is already compro-
mised. If gross contamination is present, or if a delay in
the time to debridement is anticipated, the wound should
be irrigated with 1 L of sterile normal saline and then
covered with a sterile dressing, and the fracture should
be splinted. The dressing should not be removed until
the patient is in the operating room for definitive treat-
ment. A substantial increase in infection rate occurs with
multiple inspections of the wound before debridement.9

Second to ischemia from vascular injury, infection
represents the most potentially severe complication of
open fractures. Staphylococcus aureus and coagulase-
negative staphylococci are the most common organisms
causing infection in open fractures,10,11 though infec-

tions caused by gram-negative organisms have increased
recently.12,13 Injuries occurring in water may lead to in-
fection with Aeromonas or Pleisomonas.14 Puncture
wounds of the foot are often associated with Pseudo-
monas aeroginosa infection.14 Contamination with soil
can lead to clostridial infection.15

Patzakis16 reported a contamination rate of 64% in
open fractures. Despite the high rate of contamination,
infection is unlikely to occur with fewer than 105 bac-
teria per gram of tissue.17 Robson and associates18

showed in an animal model that a bacterial colony count
greater than 105 colony-forming units occurs in a trau-
matic wound within 5 hours of injury. Because 5 hours
is required for an inoculation to result in more than 105

bacteria per gram of tissue, this defines the ‘‘golden pe-
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Table 2. Systemic therapy for open fractures in adults*

Agent

Open fracture type

1 2 3

Cephazolin 1 g IV/IM every 8 h†‡ X X X
Aminoglycoside 5 mg·kg�1·d�1 IM/IV divided

every 12 h§ X
Penicillin 2 000 000 U IV/IM every 4 h‡ X � X� X
Tetanus prophylaxis X X X

*IV indicates intravenously; IM, intramuscularly; PO, by mouth; QID, 4 times per day; and BID, 2 times per day.
†Alternatives to cephazolin: ceftriaxone 1 g IM every 24 hours; cephalexin 500 mg PO QID � ciprofloxacin 750 mg PO BID, erythromy-

cin 500 mg PO every 6 hours, and amoxicillin 500 mg PO every 8 hours.
‡For penicillin/cephalosporin allergic: clindamycin 900 mg IV every 8 hours or 450 mg PO every 6 hours.
§May need to be altered with impaired renal function.
�With contamination in a farm environment.

riod,’’ after which the risk of infection increases dra-
matically as more time elapses between injury and de-
finitive treatment in an operating room.

Because all open fracture wounds are potentially con-
taminated, systemic antibiotics are administered to treat
the contamination, not as prophylaxis. For this reason,
antibiotics should be administered as soon as possible
after the injury.

A prospective, controlled, randomized study com-
pared 3 groups of patients with open fractures.11 The
first group received cephalothin, the second group re-
ceived penicillin and streptomycin, whereas the third
group received no antibiotics. The infection rates were
2.3%, 9.7%, and 13.9%, respectively. A similar study
reported an infection rate of 4.8% in open fractures treat-
ed with antibiotics compared with 28% in patients treat-
ed with placebo.19 Antibiotics with broad-spectrum
gram-positive coverage such as a first-generation ceph-
alosporin should therefore be used for all open fractures
(Table 2). This coverage appears adequate for types 1
and 2 fractures. For type 3 fractures, the addition of an
aminoglycoside is recommended to provide added gram-
negative coverage. A single daily dose of gentamicin (6
mg·kg�1) is as effective as divided doses and is not as-
sociated with an increase in adverse effects.20 All type
3 open fractures and any open wounds occurring around
farms have a higher risk of clostridial contamination,
and these patients should also be given anaerobic cov-
erage in the form of penicillin or metronidazole. Anti-
biotics are generally administered for 3 days in types 1
and 2 fractures and for 5 days in type 3 fractures, though
this duration is somewhat empiric. All patients not im-
munized within 5 years of their injuries should receive
a tetanus toxoid injection. Patients who have never been
immunized should receive tetanus immunoglobulin in
addition to a tetanus toxoid injection.

Although antibiotic administration is an important ad-
junct in the treatment of open fractures, irrigation and
debridement are by far the most important measures in
preventing infection. Antibiotics alone cannot be relied
upon to prevent infection in an inadequately debrided
wound.21–23

Hair around an open wound should be removed to
facilitate wound care and healing. This should be accom-
plished by clipping, not shaving, because shaving in-
creases the wound infection rate by traumatizing the skin
and hair follicles, resulting in a dermatitis.24–29

Adequate surgical debridement is the single most im-
portant factor in minimizing the risk of infection with
open fractures.30,31 Devitalized soft tissues increase the
risk of infection by acting as a culture medium for bac-
teria, by directly inhibiting leukocytic phagocytosis, and
by providing an anaerobic environment that further in-
hibits leukocyte function.24 Optimally, debridement
should be performed in an operating room. The wound
should be generously extended to expose the entire
wound area to healthy tissue. Early after injury, it is
often difficult to determine the zone of devitalization of
soft tissues. Sharp excision of 1 to 2 mm of the exposed
skin edges should be performed. By 24 hours after in-
jury, devitalized skin is clearly demarcated. Devitalized
subcutaneous fat and fascia should be sharply debrided.
Necrotic muscle is the major medium for bacterial
growth, and its presence increases the risk of anaerobic
infection.32,33 Retained necrotic muscle can also have
potentially serious systemic effects, including myoglo-
binuria and renal failure. Underestimating the extent of
muscle damage at the time of initial debridement is com-
mon. Muscle that is not contractile, is discolored, or does
not bleed when cut should be excised. Tendons are not
a major source of infection and should be preserved
where possible. The associated paratenon (the thin are-
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olar layer surrounding a tendon) is necessary for tendon
survival and, if exposed, should be kept moist until the
wound can be closed or covered with a soft tissue flap.32

Minor vessels can be ligated. Major vessels and nerves
should be preserved. In type 3C fractures, circulation
should be restored to the limb as quickly as possible.
Complete loss of blood supply to a limb for more than
8 hours nearly always results in amputation.6 Bone frag-
ments that lack soft tissue attachment, and therefore
blood supply, should be excised. Avascular fragments of
bone become necrotic and may serve as sequestra. A
50% increase in infection rate has been reported in a
study of high-grade open tibia fractures with retention
of large segments of necrotic bone.34 Major segments of
bone containing articular cartilage should be retained re-
gardless of soft tissue attachments or wound type, as
meaningful reconstruction of the joint may be dependent
upon these segments.

Irrigation of contaminated wounds has been shown to
be an effective means of decreasing bacterial load and
removing foreign debris.35–45 Anglen46 has provided an
excellent review of wound irrigation in musculoskeletal
injury. High-pressure pulsatile lavage is thought to fur-
ther enhance microorganism removal.41,42,45 By provid-
ing alternating pulse compression and decompression
phases, soft tissue recoil is allowed, which may enhance
dislodgement of particulate matter. Some studies, how-
ever, have shown no benefit of pulsatile lavage over con-
tinuous-flow irrigation.44,47 High-pressure irrigation
does carry a risk of potential complications. One in vivo
study demonstrated visible bone damage at the fracture
site and delayed healing associated with high-pressure
pulse lavage.40 Another study reported that high-pres-
sure irrigation of in vitro fractured tibiae resulted in mac-
roscopic bony damage and pushed surface bacteria into
the intramedullary canal.48 Low-pressure irrigation caus-
es less bone damage and can be as effective as high-
pressure lavage in removing bacteria when performed
soon after contamination. Bhandari et al49 showed less
microscopic and macroscopic bone damage with low-
pressure than with high-pressure irrigation and no dif-
ference in ability to remove bacteria if either procedure
is performed within 3 hours of contamination. However,
low-pressure irrigation was less effective in removing
bacteria if performed more than 3 hours after injury. The
pressure exerted by fluid delivered through a 19-gauge
needle by a 35-mL syringe is 8 psi.50 Pressures of 8 psi
or higher have been designated high pressure. Madden
et al47 irrigated contaminated wounds in rabbits with 300
mL of saline at pressures of 0.5, 10, and 25 psi after
delays of 5 minutes, 2 hours, and 4 hours. Increasing
pressure increased bacterial removal at all times, but

with the 2- and 4-hour delays only irrigation at 25 psi
significantly decreased the rate of infection.

The optimal volume of irrigation that should be used
is not clear. One animal study has demonstrated that in-
creasing volume of saline irrigation from 0.1 L to 1.0 L
increased the effectiveness of bacterial removal, but fur-
ther increases up to 10 L provided no additional bene-
fit.51 No human studies have been reported.

Various studies have evaluated the use of additives to
irrigation as well as the effectiveness of topical solu-
tions. Mixed results have been reported. The 3 general
categories of additives include antiseptics, antibiotics,
and surfactants.

Antiseptics act by damaging the cell wall or cell mem-
brane of the pathogen, but as a result of this mechanism
of action they are also toxic to host cells. Examples in-
clude povidone-iodine solution, hydrogen peroxide,
hexachlorophene, sodium hypochlorite, and others.
There are few data to support a lower infection rate with
the use of these agents in musculoskeletal wounds; how-
ever, there is substantial evidence that further wound
damage may occur with their use.46,52

The addition of antibiotics to irrigation solutions has
also demonstrated mixed results. There is little convinc-
ing evidence that the topical use of antibiotics adds any
benefit over systemic administration alone, and reports
of anaphylaxis and other major complications have been
reported.46,53–55

Surfactants act by inhibiting bacterial adhesion. Al-
though some surfactants are also antiseptic agents, most
act simply by enhancing removal of bacteria through ir-
rigation. Studies have demonstrated enhanced bacteria
removal with surfactants compared with saline.51,56–61

There are reports attributing toxicity to host tissues with
the use of surfactants, but these are largely in vitro stud-
ies that use high surfactant concentration and allow pro-
longed exposure.62–64 Although no analyses of the use
of soap solutions in the treatment of open fractures in
humans have been performed, their use appears to en-
hance the effectiveness of bacterial removal through
wound irrigation and carries a low risk for tissue toxicity
if promptly removed through adequate irrigation.46

Once adequate debridement and irrigation have been
performed, the bone is stabilized. Stabilization generally
consists of external fixation, intramedullary nailing, or
plate and screw fixation. Small wounds are occasionally
closed primarily, though most wounds are left open ini-
tially to allow repeated debridement. Optimal wound
closure should occur within 3 to 7 days.7

Application to wilderness medicine

The preceding describes the ‘‘state-of-the-art’’ for open
fracture management, but it assumes that the injury oc-
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curred in urban surroundings and that evacuation to a
definitive treatment center can be performed in a timely
fashion. In the wilderness, evacuation can be prolonged
well beyond the so-called golden period. Little has been
written about the management of open fractures when
they occur in remote areas where definitive management
may be many hours, or even days, removed.

Open fractures that occur in a setting where it can be
anticipated that the patient will be treated within 5 to 8
hours should optimally be treated with administration of
antibiotics. Antibiotic administration is most convenient-
ly given intravenously, though intramuscular administra-
tion results in equivalent serum levels. If parenteral an-
tibiotics are not available, the oral forms listed in Table
2 should provide adequate bone penetration. Irrigation
of the wound should be performed with a 35-mL syringe
with a 19-gauge needle or a 12-mL syringe with a 22-
gauge needle. If these are not available, low-pressure
irrigation delivered by any available means appears to
be as effective if administered promptly. Tap water has
been shown to be as safe and effective as sterile sa-
line.65,66 Some reports have shown a lower infection rate
with tap water.65 Presumably, filtered or treated water
obtained in the wilderness should be as effective as tap
water, though this has not been formally studied. At least
1 to 3 L should be used, more if available. Application
of a soap solution (such as castile soap, commonly used
in the wilderness) before irrigation is probably benefi-
cial, particularly in highly contaminated wounds, pro-
vided it can be removed through adequate irrigation. The
optimal concentration of the soap solution is unknown.
After irrigation, the wound should be covered with a
sterile dressing and the fracture should be reduced and
splinted.

When open fractures occur in a remote setting where
the patient is not likely to receive definitive treatment
within 5 to 8 hours of the injury, adding hematoma evac-
uation and debridement to the above recommendations
appears reasonable if these can be performed by an ex-
perienced care provider with adequate equipment. De-
bridement should be performed only if it can be done
safely with minimal risk of hemorrhage or further injury
to vital neurovascular structures. The risk of infection,
as well as its consequences, and therefore the decision
to perform debridement and the degree to which it is
performed can be stratified in open fractures. Open frac-
tures of the lower extremity, particularly the tibia, have
the highest risk of infection and the most severe mor-
bidity with established infection. Open fractures in the
upper extremity, particularly the hand, are less likely to
become infected, and their established infections are
generally easier to treat. Antibiotic treatment should be
continued until the patient reaches a hospital setting, if

possible. The initial dressing should not be changed if
applied after appropriate irrigation has been performed.

Caloric requirements in the injured patient are high,
and nutrition should be maintained with prolonged ex-
trication. Hypothermia and frostbite are additional con-
cerns with wilderness injuries; warming should be a pri-
ority and extremities must be protected from frostbite.

Conclusion

Two hundred fifty thousand open fractures occur annu-
ally in the United States, most as a result of vehicular
trauma. The number of these fractures that occur in wil-
derness settings is unknown. Nevertheless, a significant
percentage of wilderness injuries likely produce open
fractures. Appropriate early management of these inju-
ries can decrease the risk of serious sequellae, including
limb loss. Little has been published about the early man-
agement of these injuries in the field, with emphasis in
the literature placed primarily on evacuation and timely
definitive treatment. Extrapolating the recommendations
for definitive management of open fractures from the
hospital setting to the field, particularly in those cases
where definitive treatment may be significantly delayed,
may result in a substantial decrease in devastating com-
plications, most notably infection.
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