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Abstract

Open fractures complicated by infection, or those requir-
ing extensive soft-tissue procedures, are disabling prob-
lems for patients and result in significant costs for the 
health care system. As an adjuvant to current protocols 
involving open fractures, antibiotic bead pouches (ABPs) 
provide high concentrations of local antibiotics and can 
help reduce infection rates. Vacuum-assisted closure 
(VAC) has been shown to decrease the need for, and 
enhance the success of, free-flap coverage for traumatic 
wounds that are significant enough to preclude primary 
closure, delayed primary closure, or healing by second-
ary intention. These 2 modalities may help decrease the 
complications and costs involved in the management of 
severe open fractures. 
   In this article, we review the theory, technique, and 
efficacy of ABPs and VAC in the management of severe 
open fractures.

Open fractures are injuries in which the skin and 
soft-tissue integument are disrupted and the under-
lying bone is exposed to the external environment. 
This communication results in contamination by 

microorganisms that can cause deep or superficial infection. 
Impaired vascularity, devitalized tissue, and loss of skeletal 
stability are all factors leading to increased susceptibility to 
infection after open fracture.1 The goals in managing such 
injuries include infection prevention, fracture union, func-
tion enhancement, long-term skin and soft-tissue coverage, 
cosmesis, adjacent joint mobility, and cost and physiologic 
efficiency. Such injuries are typically classified using the 
system proposed by Gustilo and Anderson1 and later modi-
fied by Gustilo and colleagues.2 Despite reportedly poor 

interobserver agreement in its use, this system is prognostic 
with respect to complications associated with open fractures. 
Mean rates of infection have ranged from 0% to 2% for type 
I open fractures, from 2% to 5% for type II, from 5% to 10% 
for type IIIA, from 10% to 50% for type IIIB, and from 25% 
to 50% for type IIIC.1-3

Current protocols for treating open fractures include 
early administration of antibiotics, timely surgical débride-
ment, skeletal stabilization, sterile dressing, systemic 
support, and establishment of soft-tissue coverage in a 
wound environment that is clean.3,4-8 According to a recent 
Cochrane review, infection rates can be reduced 59% with 
prompt administration of systemic antibiotics.4 In addi-
tion, thorough surgical débridement of these wounds is 
of utmost importance in preventing infection.1,5,7-9 Other 
adjunctive modalities, including pulsatile lavage, use of 
antibiotic bead pouches (ABPs), and vacuum-assisted clo-
sure (VAC) of wounds, remain controversial.

In several studies, investigators have promoted early 
coverage of open fractures by demonstrating decreased 
infection rates and improved flap survival.10 Even so, 
there is always concern about clostridial myonecrosis (gas 
gangrene), which can arise from premature closure of such 
wounds. Also, in many cases, treating physicians early on 
deem open fractures not closeable because of contamina-
tion and the need for repeat débridements. Another prob-
lem arising at many institutions is that the “fix and flap” 
protocol is not feasible, as microvascular surgery con-
sultations cannot be obtained promptly, and polytrauma 
patients with high injury-severity scores are unstable. Free 
flaps also incur significant financial and physiologic costs. 
Such scenarios demonstrate a need for alternative mea-
sures for treating traumatic open wounds. In addition, as 
most organisms cultured from infected open fractures are 
nosocomial, it would be advantageous to provide an early 
barrier between the wound and the hospital environment. 
In a study by Carsenti-Etesse and colleagues,11 92% of 
infected open fractures were caused by bacteria acquired 
in the hospital.

Antibiotic beAd Pouches
Antibiotic beads were initially used in treating total joint 
infections and chronic infections, but gradually their 
use as a prophylactic measure was implemented in open 
fractures.12 Results from multiple studies have shown that 
ABPs can help reduce infection rates in such traumatic 
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wounds.2,5,13-16 ABPs provide both a high concentration 
of locally delivered antibiotics17-18 and a barrier to the 
hospital-dwelling pathogenic bacteria that cause many of 
the infections resulting from open fractures.11 The most 
commonly used delivery vehicle is polymethylmethacry-
late (PMMA) cement, but research has been focused on 
alternative materials that do not require later removal.17,19-21 
Besides helping prevent infection, ABPs provide a moist 
environment that prevents desiccation of exposed tendons, 
bone, and neurovascular structures.

PMMA, which is inexpensive and widely available, 
elutes significant amounts of antibiotic into the surround-
ing wound, providing significant local concentrations 
without causing systemic toxicity.22-27 The downside of 
PMMA is that its removal requires reoperation. There is 
much focus on developing bioabsorbable delivery vehicles, 
which would obviate the need for removal. Materials being 
investigated include plaster of Paris, calcium sulfate, poly-
glycolic acid, polylactide-polyglycolide copolymers, and 
fibrin clots.8,17,20,28 The elution rate is higher for plaster of 
Paris than for PMMA.29 Studies have also shown elution 
differences between brands of PMMA cement and between 
commercially and noncommercially made beads.19,30

Many factors govern elution of antibiotic beads. Already 
mentioned is delivery vehicle type. Bead size and shape are 
also important. Beads that are elliptical and approximately 
7 mm in diameter maximize the surface-area-to-volume 
ratio.31,32 A surrounding fluid environment is necessary for 

elution, and an impermeable dressing is used to maintain 
a fluid medium in the wound. Obviously, the turnover rate 
for this fluid environment determines the antibiotic concen-
tration maintained within the implanted area. Therefore, 
suction drains are not used for open fractures being treated 
with ABPs. Some authors advocate using a sump drain in 
such systems.13,32-35 Antibiotic leaching is highest during 
the first day, declines gradually over the next few days, and 
stabilizes after about 5 days.19

Beads are made by first mixing antibiotic powder and 
packets of PMMA polymer to obtain uniform distribution 
of the antibiotic. Then the liquid monomer is added and 
the components mixed until the cement begins to set. The 
antibiotics that can be used must be in powder form and 
must be heat-stable enough to withstand the exothermic 
reaction produced during cement mixing. Vancomycin and 
aminoglycosides are most widely used secondary to their 
broad spectrum of activity, high bioavailability, and low 
allergenicity. Antibiotics should be selected according to the 
suspected microorganisms involved, and there should always 
be concern about creating resistant bacteria.17,22,25,31,36  
A typical dose of antibiotic added to 40 g of PMMA 
cement is 4.0 g vancomycin or 3.6 g tobramycin or genta-
mycin.29,31,36 Beads are either rolled by hand or made with 
molds. Then they are strung on wire or on heavy, nonab-
sorbable suture for ease of removal from the wound. After 
all avascular, necrotic, and contaminated tissue is removed 
surgically, and the wound copiously irrigated, the beads are 
placed in any dead space, and a film dressing (OpSite; Smith 
& Nephew, Memphis, Tenn) is applied (Figure 1).

In one of the first reported series on the clinical efficacy of 
ABPs, Henry and colleagues13 reviewed 404 open fractures 
treated with either systemic antibiotic therapy plus an ABP 
or systemic antibiotic therapy alone. Decisions to use an 
ABP as adjuvant therapy were a matter of attending surgeon 
preference or bead availability. Acute wound infection rates 
were 2.7% for patients who received the combination ther-
apy and 11.4% for patients who received systemic therapy 
alone. There were significantly more type IIIC fractures in 
patients who received systemic therapy alone. There was 
a statistically significant decrease in combination-therapy 
patients’ infection rate for all types of open fractures, except 
type I. Again, this study was retrospective, and treatment 
groups were not randomized.

In the largest series on ABP efficacy, Ostermann and 
colleagues35 retrospectively reviewed 1,085 open fractures 
and found that the infection rate was statistically signifi-
cantly (P<.001) lower for patients treated with combina-
tion therapy (3.7%) than for patients treated with systemic 
antibiotics alone (12.1%). When Gustilo–Anderson types 
were compared, the lower infection rate was statistically 
significant only for type III fractures. Decisions to include 
antibiotic beads were once again not randomized and were 
a matter of attending surgeon preference or bead availabil-
ity. In addition, soft-tissue management differed between 
the groups; wounds that were treated more frequently with 
local antibiotic therapy closed sooner.

Figure 1. (A) Lateral radiograph of type IIIC open tibia fracture 
in 77-year-old man. (B) Clinical photograph of open wound 
before débridement. (C) Clinical photograph of wound after 
débridement and placement of string of antibiotic beads. (D) 
Clinical photograph after external fixation and placement of 
impermeable dressing around wound.
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Keating and colleagues37 examined open tibial fractures 
and found local antibiotic therapy in addition to systemic 
antibiotics to be associated with lower risk for infection (4% 
vs 16%) compared with systemic antibiotics alone. These 
results were not statistically significant. After patients who 
were lost to follow-up or required amputation were excluded, 
only 58 patients remained for the study group. It is therefore 
possible that, with a larger sample, results may have shown a 
significant difference. Moehring and colleagues18 conducted 
a randomized prospective study on management of type II, 
IIIA, and IIIB open fractures. Even though the authors’ intent 
was to compare local versus systemic antibiotics, all patients 
received an initial dose of systemic antibiotics before being 
taken to the operating suite. Because of inadequate powering 
(small sample size, large attrition rate), a statistical differ-
ence in infection rates could not be shown. In addition, 13 
fractures were inadvertently randomized to receive local and 
systemic antibiotics.

VAcuum-Assisted closure
VAC is being used to obviate the need for, or enhance the 
success of, free-flap coverage in open fractures that are 
significant enough to preclude primary closure, delayed 
primary closure, or healing by secondary intention.9,14,38-40 
The idea of wound VAC was introduced by Morykwas and 
colleagues.41 With VAC devices, a reticulated polyurethane 
foam dressing is placed into the wound and connected 
to a suction tube. Figure 2A shows a VAC device and its 
components, which in a closed system expose the open 
wound bed to negative pressure. This pressure removes 
edema or hemorrhage, mechanically pulls on the wound 
edges, improves circulation, and enhances proliferation of 
granulation tissue. VAC devices have been used in many 
surgical disciplines but only recently have become popular 
in orthopedics.7,9,14,15,38-44

The VAC device is applied to an open traumatic wound 
only after thorough surgical débridement and wound clean-
ing. Before application, meticulous hemostasis should be 
obtained, and vital structures should be covered by mobi-
lizing muscle or other soft tissue in the surrounding area. 
(There have been case reports of VAC devices eroding into 
vascular structures and causing significant hemorrhage.45) 
The wound is then measured, and the sponge is cut to 
conform to it. The sponge is then laid into the wound, with 
care taken to ensure that the edges of the sponge do not 
overlie the surrounding skin. An adhesive drape is then 
applied over the sponge and on the adjacent skin to obtain 
an airtight seal (Figure 2B). The tubing is connected to the 
collection canister, which in turn is connected to the vacu-
um pump. Negative pressure can then be adjusted from 50 
to 200 mm Hg, and suction set to be either continuous or 
intermittent. The dressings are placed after the wound is 
deemed clean and typically are changed at bedside every 
48 to 72 hours thereafter. Dressings are typically applied in 
a clean fashion and provide a barrier to hospital-acquired 
pathogenic bacteria. VAC use allows for definitive recon-
struction with delayed primary closure, flap coverage, or 
skin grafting several weeks later, on an elective basis.42 

There has been much investigation into the basic sci-
ence by which application of subatmospheric pressure 
to wounds increases the healing rate. Several animal 
studies have demonstrated increased local perfusion to 
wounds subject to negative pressure as measured by laser 
Doppler.32,41 Studies have shown that this increased blood 
flow results from decreased capillary afterload leading to 
improved inflow.15,38,41 Increased local blood flow then 
leads to proliferation of granulation tissue. DeFranzo and 
colleagues42 demonstrated an 80% increase in formation of 
granulation tissue with VAC use versus traditional wet-to-
dry dressings. Evacuation of wound fluid removes factors 
that suppress fibroblasts, vascular endothelial cells, and 
keratinocytes, all of which are known to promote wound 
healing.14,15,38 The postulation is that continuous removal 
of this fluid also removes any accumulating purulence 
or slime.38 However, VAC-treated wounds have not dem-
onstrated lower bacterial loads.16 Finally, VAC applies a 
mechanical force to surrounding soft tissues and causes the 
wound to contract.15,16,40,41 In a randomized, prospective 
trial, Mouës and colleagues16 showed a positive effect on 
wound healing because of a significant decrease in wound 
surface area compared with controls.

Only a handful of studies have specifically examined 
the clinical efficacy of wound VAC in the acute setting 
of open traumatic wounds, and they all had the primary 
focus of attempting to avoid a local or free-tissue transfer. 
Parrett and colleagues9 retrospectively reviewed 290 open 
tibia fractures, specifically examining the number of free-
tissue transfers required over a 12-year period. Since VAC 
was introduced in 1997, those authors have used it in most 
type III open fractures and in 50% of all open fractures. 
They have demonstrated that there has been a significant 
decrease in use of free-flap procedures since 1997. They 

Figure 2. (A) Vacuum-assisted closure (VAC) device and nec-
essary components. (B) Clinical photograph of VAC placed in 
traumatic open wound after both-bone forearm fracture.
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were unable to demonstrate any differences in infection, 
amputation, or malunion/nonunion rates.

Dedmond and colleagues39 reported on 50 type III open 
tibia fractures, all treated with wound VAC before defini-
tive closure or coverage. Of these 50 fractures, 24 were 
classified IIIB, indicating need for major soft-tissue recon-
struction. Ultimately, only 14 of these 24 wounds required 
flap or free-tissue coverage. In addition, 7 of 24 type IIIA 
fractures required flap or free-tissue coverage. The authors 
demonstrated, in total, a 29% reduction in flap coverage 
required as per Gustilo–Anderson fracture grading. In 
terms of infection rates and union, results were equivalent 
to those reported for other modalities, including ABPs and 
early flap coverage. In another retrospective review, of 15 
pediatric patients with open tibia fractures treated with 
wound VAC, Dedmond and colleagues46 reported an esti-
mated 50% reduction in need for free-tissue transfer but a 
33% infection rate.

For a minimum of 6 months, Herscovici and colleagues14 
followed 21 patients with high-energy open wounds. 
Twelve of these patients did not need treatment beyond 
VAC sponge changes every 72 hours. Five of the other 9 
patients required only a split-thickness skin graft, and all 
9 required free-tissue transfer. There were no VAC-related 
complications in the series. Mean cost was $103 per day 
for VAC therapy versus $100 per day for wet-to-dry dress-
ing changes. The cost of having nursing personnel perform 
dressing changes was factored into the total cost of each 
modality. The cost of surgical fee alone (Medicare rates) for 
free-tissue transfer was estimated to be $6,000. The authors 
therefore concluded that VAC use can reduce the need for 
expensive traditional soft-tissue reconstructions and that 
the overall cost of this modality is only slightly higher than 
the cost of traditional wound care.

Kanakaris and colleagues47 performed a comprehensive 
review of the clinical evidence in the English-language litera-
ture regarding use of negative pressure wound therapy in the 
setting of acute trauma and burns to the lower extremity. They 
evaluated 11 papers on acute blunt and penetrating trauma 
but did not conduct a meta-analysis. Only 3 of the 11 papers 
specifically examined wound VAC in the setting of acute 
open fractures. All 3 of these papers9,39,46 are discussed in the 
present article. The conclusion drawn by Kanakaris and col-
leagues was that “existing clinical evidence does support the 
use of [negative pressure wound therapy] in the acute phase of 
blunt, penetrating and thermal trauma of the extremities.” 

summAry
The morbidity and costs associated with open fractures that 
secondarily become infected are devastating to patients and to 
the health care system. Clearly, all trauma patients who sus-
tain open fractures require prompt application of prophylactic 
antibiotics, skeletal stabilization, and meticulous débridement 
in the operating suite. The adjuvant therapies of pulse lavage, 
local antibiotic therapy, and wound VAC have less substantial 
support in the literature. Although minimal cost, lack of sys-
temic effects, and ease of use lend much credibility to use of 

ABPs in treating open fractures, randomized clinical trials that 
more clearly demonstrate the effectiveness of ABPs in pre-
venting infection would be helpful. Wound VAC has proved 
its efficacy in treating open wounds by reducing the need for 
costly free-flap transfers, which also cause significant donor-
site morbidity. Because of the difficulty in obtaining early 
flap coverage, we place VAC devices over open fractures 
that are clean but that will later require flap coverage or skin 
grafting. We still advocate performing soft-tissue reconstruc-
tion (when necessary) at the earliest opportunity. The ability 
of VAC devices to help prevent infection is questionable, and 
we believe that using them for extended periods while delay-
ing definitive coverage may expose patients to a higher risk 
for infection. Better designed clinical studies are once again 
necessary to improve the level of evidence for using these 
devices. Although both local antibiotic therapy and wound 
VAC are in widespread use,40 these modern advances are 
merely adjuvants to thorough surgical débridement.
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