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ABSTRACT Time and manpower constraints associated with acute combat casualty care can make antibiotic bead
production at the point of care prohibitively difficult, if not impossible. The purpose of this study is to evaluate our technique
for the sterile prefabrication of antibiotic-impregnated polymethylmethacrylate (PMMA) beads in the combat hospital
environment by assessing their sterility at the time of use. This investigation is a prospective study of a consecutive series
of specimens. Imipenem-impregnated antibiotic beads were sterilely prepared, threaded on a suture strand, and packaged.
Over a 6-week period, 50 consecutive packages were evaluated for sterility with aerobic and anaerobic culture swabs
performed at the time of opening. Culture results, as well as number of shelf days for each specimen, were then reviewed.
Of the 50 packages of antibiotic-impregnated PMMA beads, the average number of days on the shelf before use was
9.3 (range: 2–17). None of the packages showed growth of organisms from the cultures, indicating that antibiotic-impregnated
PMMAbeads can be sterilely produced andmaintained in their sterile state for future use in the combat hospital environment.
This practice should be considered a safe adjunct in the management of contaminated, open traumatic injuries in this setting.

INTRODUCTION
Combat extremity injuries routinely present with large open

wounds, and are often associated with extensive foreign con-

tamination. These wounds also evolve over time and produce

a large and progressive zone of injury. As a result, serial

debridements are required to obtain a soft tissue envelope

amenable to definitive fixation and wound closure. In addi-

tion, wound management adjuncts, such as antibiotic beads

and negative pressure wound therapy (NPWT), are often used

to help decrease the risk of deep wound infection. The pri-

mary indications for the use of antibiotic beads in the man-

agement of combat extremity injuries are (1) the management

of dead space associated with cavitary defects, (2) local anti-

biotic delivery in the setting of known infection to assist with

eradication of infection, and (3) local antibiotic delivery for

infection prophylaxis in the setting of at-risk, complex, and

contaminated traumatic wounds.

Infection rates in the treatment of combat casualty wounds

have been reported between 35 and 89%.1–3 With such a high

risk of infection, a multimodal approach to controlling bacte-

rial contamination is used from the outset of care. Early and

frequent surgical debridement with high volume irrigation is

often augmented with the use of antibiotic beads with or

without NPWT. Antibiotic beads, in particular, have the

advantage of delivering a high concentration of antibiotics at

the local level while systemic levels remain low.4 Their use is

well documented in the management of combat extremity

injuries,5–7 and in open fractures, antibiotic beads have been

shown to decrease rates of infection when combined with

contemporary debridement principles.8–13

In a combat setting, surgical resources can become

strained. Multiple casualties often present simultaneously,

and require fracture stabilization and debridement of wounds.

Given the inherently time-consuming process of generat-

ing polymethylmethacrylate (PMMA) antibiotic beads, time

and manpower limitations often make their use untenable.

Gentamicin- and tobramycin-impregnated antibiotic beads

are commercially available; however, cost, limited antibiotic

choices, and supply issues render them inappropriate for use

in the combat hospital environment.14 Therefore, most

patients initially receive systemic antibiotics and surgical

debridement with irrigation alone. Use of local antibiotic

delivery modalities is usually not initiated until the patient

arrives at a higher echelon of care. This delay can be days to

weeks later, thereby transitioning therapy from one of con-

tamination eradication to early infection treatment.

One potential solution to this problem is the sterile pre-

fabrication of antibiotic-impregnated PMMA beads during

periods of lower tempo clinical operations, which can then be

maintained on the shelf until needed. The purpose of our study

was to describe an “all-sterile” technique to prefabricate and

sterilely package PMMA antibiotic beads, as well as to vali-

date this technique by confirming their sterility at the time of

implantation. This is in contrast to previously described

methods involving the production, and subsequent gas sterili-

zation, of bead packages.9–11 Our hypothesis is that these bead

strands remain sterile over the relatively short time interval

expected before use in the combat hospital setting.

MATERIALS AND METHODS
Over a 6-week period between December 2010 and January

2011, 50 sterile packages of PMMA antibiotic beads were
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produced and implanted in combat-related open wounds. All

wounds were additionally treated with NPWT. Aerobic and

anaerobic culture swabs were obtained from each set of beads

at the time of opening the sterile package. The beads them-

selves, as well as their suture string, were cultured. Cultures

were then incubated for 3 days and were considered negative

if there was no bacterial growth after 72 hours of incubation.

Documented outcome measures were the culture results, the

number of shelf days before implantation, and number of

patients, as well as the type of wounds treated.

Statistical analysis was performed by c2 test, using avail-

able historical controls for accepted contamination rates for

surgical instrument trays.

Bead Preparation Technique

For each strand of beads, one 40-g package of Palacos

PMMA cement (Zimmer; Warsaw, Indiana) was mixed with

1 g imipenem antibiotic powder. Imipenem was chosen on

the recommendation of the infectious disease specialist at our

institution based on the local antibiogram and the preponder-

ance of Escherichia coli isolates in our facility as the domi-

nant pathogen encountered. The cement was hand-mixed

under sterile conditions in the operating room during periods

of low casualty flow. The beads were prepared by individuals

who had scrubbed their hands per standard technique, and

who were masked, gowned, and gloved as is standard for the

performance of sterile procedures. A sterile table was pre-

pared, and the beads were produced using the same technique

as is used when made intraoperatively. Approximately 1-cm-

diameter beads were produced and strung onto a Number 1

Ethicon Prolene suture (Johnson & Johnson; New Brunswick,

New Jersey). Approximately 15 to 20 bead packages were

prepared at a time, as determined by the available supply of

PMMA cement and antibiotic powder. The operating staff

and surgeons involved in bead production were all familiar

with producing antibiotic beads. The beads were then sealed

into sterilized pouches. Each package was then marked

with the date of production and an arbitrary expiration date

30 days after production (Fig. 1).

RESULTS
The beads were implanted in 42 extremities in 23 patients

with open wounds, all resultant from blast injuries. Some

patients returned to the operating room for debridement and

irrigation procedures on multiple occasions when antibiotic

beads were implanted. Thirty-one of the wounds were resid-

ual limbs of combat-related traumatic amputations. The

remainder of the wounds included six open fractures and

five open wounds involving volumetric soft tissue loss with-

out fracture.

Cultures were taken at the time of implantation of all bead

strands. The average time between preparation and implanta-

tion of bead packages was 9.3 days (range: 2–17 days). None

of the cultures taken from any of the 50 specimens showed

any growth from the aerobic or anaerobic cultures.

Based on the lowest reported value in prior investigations

of the rate of contamination of surgical trays, a 4% positive

culture rate was used as a historical acceptable value for the

purpose of statistical analysis. The zero percent rate of posi-

tive cultures from our specimens could represent a random

finding. Using the c2 test, however, we can be 87% confident

that the culture-positive rate in this study is less than or equal

to this historical control (p < 0.15). This finding is not statis-

tically significant (Fig. 2).

DISCUSSION
The use of antibiotic-impregnated PMMA beads in the man-

agement of open fractures and in combat extremity injury is

well documented.5–13 They have been shown to effectively

decrease the rate of osteomyelitis in open fracture manage-

ment, and to be an effective adjunct in the treatment of

chronic osteomyelitis. They have also been shown to be a

cost-effective adjunct in the management of open fractures,

with an average cost of $419.12 Antibiotic beads have also

proven to be helpful in the management of extremity blast

injuries,5,6 and have been used both in conjunction with

NPWT and in bead pouches. In applying these two tech-

niques, the method by which antibiotic beads are prepared
FIGURE 1. Sterilely prefabricated package of antibiotic-impregnated
PMMA beads.
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and implanted is identical. When creating an antibiotic bead

pouch, the wound is then sealed in an impervious dressing,

which contains the wound effluent, and the wound remains

bathed in a high concentration of antibiotics. When an NPWT

is used, this effluent is drawn from the wound, along with

much of the eluted antibiotic.

Although there are other compelling reasons for the use of

NPWT in open wounds associated with combat-related blast

injury, there is evidence that the use of a bead pouch may

result in decreased infection rates when compared to the use

of NPWT alone.7 There is also recent evidence that the bead

pouch is superior to antibiotic beads used in conjunction with

NPWT. In a study at the U.S. Army Institute of Surgical

Research, NPWT decreased the effectiveness of antibiotic

beads in a goat complex musculoskeletal wound model inoc-

ulated with Staphylococcus aureus. However, in that investi-

gation, antibiotic beads used in conjunction with NPWT

was more effective in decreasing bacterial burden than

NPWT alone.8

Prefabrication of antibiotic PMMA beads is not a new

technique. The production of tobramycin-impregnated beads,

and their “off-the shelf” use, has been previously described

by Cunningham et al,9 and others.15–17 Their technique used

gas sterilization of nonsterilely prepared bead strands to

avoid heat denaturation of the antibiotic during sterilization.

Although effective, this method of ensuring sterility of the

prefabricated beads is not possible in the combat hospital

environment. It is for this reason that we decided to attempt

an “all-sterile” prefabrication method, and decided to vali-

date the sterility of this technique by culturing the beads at

the time of implantation. Acceptable antibiotic release from

prefabricated beads has also been previously shown. The

antibiotic elution profile of tobramycin-impregnated beads

undergoing gas sterilization remained unchanged at 1 year

after production compared to the time of production.15 This

shelf life interval is substantially longer than we would

expect in the combat hospital environment.

To date, all investigations involving prefabricated beads

have used tobramycin, whereas imipenem was used in this

study. Imipenem is a heat-stable carbapenem antibiotic,

which has a proven record of incorporation into PMMA

beads.16 In our combat hospital, antibiotic-impregnated

PMMA beads are used nearly exclusively in the management

of blast injuries, as an adjunct in the prevention of infection.

Multiple drug-resistant E. coli is the predominant pathogen

infecting the wounds of blast-injured patients in our combat

hospital. In accordance with local clinical practice guidelines,

we chose to use imipenem-impregnated PMMA in this study

in response to the local institutional antibiogram.

The sample size in our study was limited by the available

resources of our combat hospital, both with respect to the

supply of culture swabs themselves and to the laboratory

resources available for incubation of culture specimens.

Although no specimens in this investigation were culture

positive at the time of implantation, the statistical signifi-

cance of this finding depends on how this compares to

historical controls.

Historical controls for an acceptable percentage of con-

taminated surgical instruments and implants are difficult to

assess. In one study, the percentage of culture-positive surgi-

cal instrument trays was 4% at 30 minutes and 14% at 1 hour

after opening.17 Another study showed positive cultures in

10% of wooden surfaces, and 33% of metal surfaces were

culture positive at 90 minutes.18 The specimens in these stud-

ies were collected using appropriate sterile technique, and the

same process of specimen collection was used in this investi-

gation. These rates of culture positivity can be considered to

be additive between the true rate of contamination and any

false positives resultant from contamination of the cultures

themselves. This rate of positive cultures taken from instru-

ments is accepted in clinical practice. It remains despite

modern infection control procedures, modern sterilization

techniques, and with much more sophisticated air purification

processes than exist in a combat surgical setting. Despite this,

FIGURE 2. Antibiotic beads after implantation in a combat-related open tibia fracture.
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there were no positive cultures in this investigation, whereas

there is a not insignificant rate of culture positivity histori-

cally shown from open instrument trays after just 1 hour of

surgery. This is likely to be at least partially because of the

inherently antibacterial nature of the beads when compared to

surgical instruments. Secondary to the high rate of bead use

at our combat hospital, the number of shelf days of the sterile

bead packages was reasonably low.

The average number of bead packages used in each surgi-

cal case was greater than two. This shows the potential bene-

fit of this technique, as it is applied to multiply injured

patients in the combat hospital environment. In that clinical

setting, multiple surgeons may be working on multiple limbs

simultaneously, which places significant time pressure on the

surgical technician assisting with the case. This is not only

compounded by the potential need to fabricate antibiotic

cement beads at the point of care, but further multiplied by

the need shown in this study for multiple strands of antibiotic

cement beads.

The sample size in this investigation is relatively small,

and the average shelf life of our bead packages was short. It is

possible that with either a larger number of specimens or a

longer period of shelf time, that the rate of culture positivity

could be significantly higher. Repeating this investigation

with a longer period of shelf storage and increasing sample

size could account for these limitations in potential future

investigations. In addition, in the future, the use of calcium

sulfate prefabricated antibiotic beads could be considered, as

they have been shown to have superior antibiotic elution pro-

files over the short duration typically used in the management

of combat extremity injuries.19–21 Production of antibiotic-

impregnated PMMA beads at the point of care in the operating

room is a time-intensive process. In the combat environment,

casualty flow is seldom constant, with frequent periods of low

clinical load, punctuated by intervals where a large number of

severely injured patients present within a narrow window of

time. In these instances, time and manpower resources can be

significantly strained, making the time required to produce

antibiotic beads prohibitive. We believe that antibiotic beads

represent an important adjunct to surgical debridement and

wound irrigation in the management of combat extremity blast

injuries. In addition, the sterile prefabrication of antibiotic-

impregnated PMMA beads during ebbs in casualty flow is a

safe and effective way to expand the capability to use this

adjunct even in cases of high casualty flow. We recommend

that this technique of prefabrication of antibiotic beads be

considered for use in blast-injured patients in the combat

hospital setting.
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