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Abstract

Background Amputations sustained owing to combat-
related blast injuries are at high risk for deep infection and
development of heterotopic ossification, which can ne-
cessitate reoperation and place immense strain on the pa-
tient. Surgeons at our institution began use of intrawound
antibiotic powder at the time of closure in an effort to
decrease the rate of these surgical complications after initial
and revision amputations, supported by compelling clinical
evidence and animal models of blast injuries. Antibiotic
powder may be useful in reducing the risk of these infec-
tions, but human studies on this topic thus far have been
inconclusive.

Purpose We sought to determine whether administration
of intrawound antibiotic powder at the time of closure

would (1) decrease the risk of subsequent deep infections
of major lower-extremity combat-related amputations, and
(2) limit formation and decrease severity of heterotopic
ossification common in the combat-related traumatic re-
sidual limb.

Methods Between 2009 and 2015, 252 major lower ex-
tremity initial and revision amputations were performed by
a single surgeon. Revision cases were excluded if per-
formed specifically to address deep infection, leaving 223
amputations (88.5%) for this retrospective analysis. We
reviewed medical records to collect patient information,
returns to the operating room for subsequent infection, and
microbiologic culture results. We also reviewed radio-
graphs taken at least 3 months after surgery to determine
the presence and severity of heterotopic ossification using
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the Walter Reed classification system. We grouped cases
according to whether limbs underwent initial or revision
amputations, and whether the limbs had a history of a prior
infection. Apart from the use of antibiotic powder and
duration of followup, the groups did not differ in terms of
age, mechanism of injury, or sex. We then calculated the
absolute risk reduction for infection and heterotopic ossi-
fication and the number needed to treat to prevent an
infection.

Results Overall, administration of antibiotic powder
resulted in a 13% absolute risk reduction of deep infection
(14 of 82 [17%] versus 42 of 141 [30%]; p=0.03; 95% CI,
0.20%-24.72%). In revision amputation surgery, the ab-
solute risk reduction of infection with antibiotic powder
use was 16% overall (eight of 58 versus 17 of 57; 95% CI,
1.21%-30.86%), and 25% for previously infected limbs
(eight of 46 versus 14 of 33; 95% CI, 4.93%-45.14%). The
number needed to treat to prevent one additional deep in-
fection in amputation surgery is eight in initial amputa-
tions, seven in revision amputations, and four for revision
amputation surgery on previously infected limbs. With the
numbers available, we observed no reduction in the risk of
heterotopic ossification with antibiotic powder use, but
severity was decreased in the treatment group in terms of
the number of residual limbs with moderate or severe
heterotopic ossification (three of 12 versus 19 of 34; p =
0.03).

Conclusions Our findings show that administration of
intrawound antibiotic powder reduces deep infection in re-
sidual limbs of combat amputees, particularly in the setting
of revision amputation surgery in apparently aseptic residual
limbs at the time of the surgery. Furthermore, administration
of antibiotic powder for amputations at time of initial closure
decreases the severity of heterotopic ossification formation,
providing a low-cost adjunct to decrease the risk of two
complications common to amputation surgery.

Level of Evidence Level 111, therapeutic study

Introduction

As of December 1, 2016, more than 1705 United States
service members have sustained traumatic extremity
amputations related to combat operations in Iraq and
Afghanistan. Primarily resulting from blast trauma, injuries
resulting in immediate or subsequent limb amputation often
are massive and subject to ubiquitous bacterial and foreign-
body contamination. To preserve limb length and salvage
functional joint levels, definitive amputation often is per-
formed through the zone of injury after serial débridement of
obviously devitalized tissue. This practice of amputation
through the zone of injury, while independently associated
with heterotopic ossification (HO) formation, has not been

correlated with subsequent deep infection to date. Many
combat extremity wounds are contaminated with virulent and
drug-resistant organisms requiring multiple operations to
adequately control [2, 14, 15]. Deep infection of residual
limbs warrants deconstruction of the myoplasty and myod-
esis, frequently results in residual bone shortening, and may
necessitate a prolonged period of nonweightbearing, pros-
thetic modification, and gait retraining when it occurs after
initial rehabilitation. Twenty-seven percent of combat-
related amputations require the patient be returned to the
operating room for reexploration and débridement of wounds
after initial closure, taxing health system resources, the pa-
tient, and the treatment team [26].

In April 2009, to decrease the rate of deep surgical site
infection after definitive or revision amputation we began
application of antibiotic powder in amputation wounds at
the time of closure. We progressively increased routine use
until 2013 when antibiotic powder was used in all closures,
as increasing evidence supported its use for infection pro-
phylaxis. While there are few published orthopaedic
trauma studies, to our knowledge, regarding the efficacy of
antibiotic powder for decreasing deep wound infection
[27], studies in spine surgery have shown a fairly consistent
and promising decrease in the rate of deep surgical site
infection with application of vancomycin powder [1, 4, 5,
10]. Additionally, recently established animal models of
traumatic HO suggest that bacterial contamination of
wounds can potentiate the severity of HO development,
and that early intrawound antibiotic administration may
mitigate chronic infection and HO formation [18, 23].
Seavey et al. [23] tested antibiotic use in traumatic ampu-
tations in a rodent model, and showed that vancomycin
powder administration limits HO formation in infected and
noninfected residual limbs when administered early.

We therefore asked the following: (1) Does routine
administration of topical, intrawound antibiotic powder
reduce deep surgical site infection at the time of initial
closure or revision of combat-related lower extremity
amputations? (2) Does antibiotic powder administration
reduce the incidence and/or severity of HO in combat-
related lower extremity amputations?

Materials and Methods

After receiving approval from our institutional review
board, the surgical scheduling system at our institution was
retrospectively reviewed to identify all patients who un-
derwent planned definitive closure or revision of a lower
extremity amputation by a single surgeon (BKP) between
September 2008 and January 2015. We identified 252
major lower extremity initial and revision amputations
meeting these criteria; we subsequently excluded all

{E}QWolters Kluwer

Copyright © 2018 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



804 Pavey et al.

Clinical Orthopaedics and Related Research™

revision cases if performed specifically to address deep
infection, leaving 223 amputations (88.5%) for final anal-
ysis. This surgeon’s patients were selected because he
performs most of the primary and revision amputations at
our institution, thus limiting the number of potential
confounders in terms of differing thresholds for amputa-
tion closure or operative technique among surgeons, and
because he had, with time, begun to administer antibiotic
powder to all amputation wounds at the time of closure or
revision (Fig. 1). He initiated the practice of intrawound
antibiotic application in April 2009, primarily in difficult
or previously infected cases, and gradually increased
frequency as experiential evidence suggested positive
results from routine use. By 2013, all initial and revision
amputation closures received intrawound antibiotic
powder, regardless of intraoperative concern.

We distinguished patient cohorts based on whether the
residual limb received antibiotic powder, and subclassified
the treatment and control groups as initial amputation or
revision closure and if the limb had a prior, culture-positive
infection. Combat-related amputations were defined as

Fig. 1 A-B Intraoperative photographs show placement of
topical antibiotic powder (A) in the intramedullary canal and
beneath the myodesis, and (B) above the myoplasty at the
time of definitive closure of traumatic amputations sustained
by combat-wounded service members.
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initial amputations if no previous definitive closure was
performed. Revision amputations consisted of a previously
closed residual limb subsequently treated with reexplora-
tion and deconstruction of the myodesis or myoplasty. We
collected patient demographics, level of amputation, time
since initial surgery, and antibiotics used to describe the
patient population (Table 1). Microbiologic culture data
were collected from previous deep wound infections. This
information was used to illustrate the frequency of infect-
ing organisms before primary amputation closure, and in
the setting of infection before revision (Table 2). Treating
each limb as its own entity, all culture findings were
reviewed when obtained in the zone of amputation before
initial or revision closure, or when a subsequent
débridement was performed in a clinically infected limb.
One of the authors (GJP) reviewed all radiographs for ev-
idence of subsequent HO formation after initial amputation
closure, and graded severity according to the Walter Reed
HO classification system [21].

One hundred forty-one limbs were treated without
topical antibiotic powder application. The antibiotic used
was primarily vancomycin, unless prior cultures indicated
resistance or the patient reported an allergy, in which case
daptomycin was applied. This group included patients with
84 initial and 57 revision amputations. Eighty-two limbs
were treated with intrawound antibiotic powder and in-
cluded 24 initial and 58 revision closures (Fig. 2). Limbs in
the control and the antibiotic powder treatment groups
underwent revision amputation for various reasons in-
cluding symptomatic HO (30 control, 36 treatment),
myodesis failure (five control, four treatment), symptom-
atic neuromata refractory to nonsurgical methods (five
control, one treatment), sterile dehiscence (two control,
four treatment), soft tissue revision (eight control, four
treatment), or a combination of these (eight control, eight
treatment).

Our primary study outcome was a culture-positive in-
fection verified by tissue obtained during open
débridement during an unplanned return to the operating
room. Indications for unplanned return to the operating
room included wound dehiscence, new fluid collection in
the setting of inflammatory response, and other clinical
indicators of deep residual limb infection. We compared
the frequency of culture-positive infection in groups that
received prophylactic antibiotic powder during the initial
definitive or revision closure with control extremities
which did not receive antibiotic powder before wound
closure. We also performed a subgroup analysis comparing
our primary study outcome on residual limbs that pre-
viously had positive cultures, and between limbs un-
dergoing their initial definitive attempt at closure and those
undergoing major revision procedures.

Our secondary outcome was presence and severity of HO
after initial amputation. Where available, orthogonal residual
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Table 1. Patient demographics, level of amputation, time since initial surgery, and antibiotics used

Variable Controls (- antibiotic powder) Treatment (+ antibiotic powder) Total
Age (mean in years) 27.7 26.8 274
Male:Female 139:2 81:1 220:3
Amputation level
Transfemoral 56 54 110
Knee disarticulation 6 1 7
Transtibial 79 27 106
Followup (years) 3.1 2.6 29
Antibiotic powder used
Vancomycin (%) None 52 (63) 52 (63)
Tobramycin (%) None 6 (7) 6 (7)
Vancomycin + tobramycin (%) None 19 (23) 19 (23)
Tobramycin + meropenem (%) None 5(6) 5(6)

limb radiographs were examined if obtained later than 3
months after amputation. Using these criteria, 72 limbs of the
108 initial amputations (52 control and 20 treatment) were
available for radiographic analysis. Limb radiographs were
measured at the most severe level of involvement on the
orthogonal radiograph with the greatest radiographically ap-
parent burden of HO. The measurements were performed by
a single blinded reviewer (GJP) and graded according to the
Walter Reed HO classification system as mild (0%-25%),
moderate (25%-50%, or severe (> 50%) based on the cross-
sectional percentage affected by HO at the level selected [26].
We compared the incidence of HO after treatment and the
severity between the control and treatment groups for initial
amputation closures only.

We obtained patient outcomes using the Armed Forces
Health Longitudinal Technology Application, the out-
patient medical records application of the Military Health
System.

The average followup for the primary study outcome
when last seen by a musculoskeletal specialty care provider
for the operative limb was 1071 days (range, 383-2982
days). For the control group, the mean followup was 1139
days (range, 385-2596 days; SD, 520 days), which was
significantly greater than that for the antibiotic powder
treatment group at 957 days (range, 383-2982 days; SD,
445 days; p = 0.008). Return to the operating room for
irrigation and débridement for the control group occurred at
a median 77 days and for the antibiotic treatment group
52.5 days. No patients were lost to followup before 1 year.
Followup was not calculated for radiographic outcomes as
previous work in this patient population showed that no
clinically meaningful development of HO or progression of
radiographic severity beyond 3 months, if patients did not
report symptoms [8, 20, 21].

We performed data analysis using RStudio (Ver-
sion 0.98.953; RStudio, Inc, Boston, MA, USA).

Chi-square test was used to determine potential differ-
ences in comparing proportions between treatment and
control groups among initial and revision limbs and
with those that did and did not have prior infection
(Table 3). We defined statistical significance as a two-
tailed o less than 0.05. We identified the absolute risk
reduction with the use of antibiotic powder and the
number needed to treat to prevent one additional deep
infection.

Results

The risk of infection overall after amputation surgery was
lower in patients who received antibiotic powder than those
who did not (17%, 14 of 82, versus 30%, 42 of 141; ab-
solute risk reduction [ARR], 12.7%; 95% CI, 1.6%-23.8%;
p = 0.034). The number needed to treat to prevent one
infection was eight (95% CI, 4.2-62.1). In cases of residual
limbs after revision surgery, the overall risk of infection
also was lower in patients who received antibiotic powder
than those who did not (14%, eight of 58 versus 30%, 17 of
57; ARR, 16%; 95% CI, 1.2%-30.9%; p = 0.037). The
number needed to treat to prevent one infection was seven
(95% C1, 3.2-82.9). In cases of residual limbs after revision
surgery with a previous history of infection, despite
a higher infection incidence, those treated with antibiotic
powder experienced fewer infections than those who did
not (17%, eight of 46, versus 42%, 14 of 33; ARR, 25.03%;
95% CI, 4.9%-45.1%; p = 0.01). The number needed to
treat to prevent one infection was four (95% CI, 2.0-28.1).

With the numbers available, there was no between-
group difference in the proportion of patients who
had HO develop after initial amputation, with HO
developing in 65% (34 of 52) of control residual
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Table 2. Microorganisms isolated in residual limbs before patients were returned to operating room

Initial Initial Revision Revision
Variable (- antibiotic powder) (+ antibiotic powder) (- antibiotic powder) (+ antibiotic powder)
Previous Enterococcus (10), MSSA  Enterococcus (3), MSSA (8), Enterococcus Enterococcus (14), CoNS

(6), MRSA (6), CoNS (5),
Escherichia coli (5),

(8), CoNS (8),
Pseudomonas (4),

(13), E. coli (11),
Acinetobacter baumannii

Enterobacter (3),
Pseudomonas (3),

microorganisms

Enterobacter (5),
Pseudomonas (5),
Aspergillus (4),
Acinetobacter (4), Candida
(2), Group A Streptococcus
(2), Serratia (2),
Clostridium, Burkholderia,
Bacteroides,
Poststreptococcus,
Staphylococcus
epidermidis, lugdunensis,
Penicillium, Prevotella

Subsequent
microorganisms (6), Group A Streptococcus
(3), MRSA (3), Finegoldia
(2), Enterococcus faecium
(2), Group B Streptococcus
(2), Poststreptococcus (2),
Achromobacter,
Corynebacterium,
Candida, Bacteroides,
Klebsiella, Serratia,
Acinetobacter baumannii,
Pseudomonas,
Enterobacter

MSSA (7), CoNS (7), E. coli  MSSA (4), CoNS (4)

Aeromonas (2), Proteus (2), Klebsiella (4), Enterobacter (8), Enterobacter (7), MSSA
MSSA, CoNS, E. coli,
Acinetobacter, Bacillus

(3), MRSA (3), (5), Pseudomonas (4),
Acinetobacter baumannii  Bacteroides (3), Serratia
(3), Bacillus (2), Aspergillus  (2), Aspergillus (2), Bacillus
(2), E. coli (2), (2), MRSA (2), Penicillium,
Corynebacterium, B Aeromonas, Morganella,
Hemolytic Streptococcus,  Klebsiella, Proteus
Candida, Bacteroides,
Achromobacter, Mycelia
sterilia, Chryseobacterium,
Prevotella, Penicillium,
Stenotrophomonas,
Propionibacterium acnes
MSSA (4), CoNS (4),
Micrococcus (2), Group B
Streptococcus (2), MRSA,
Peptostreptococcus, E. coli

MSSA (3), E. coli,
Enterococcus, Klebsiella

MSSA = methicillin-sensitive Staphylococcus aureus
MRSA = methicillin-resistant Staphylococcus aureus
CoNS = coagulase-negative Staphylococcus.

limbs compared with 60% (12 of 20) of limbs that re-
ceived antibiotic powder (p = 0.68). However, fewer
(25%) of the limbs that had HO develop in the treatment
group were Grade 2 or 3 (moderate or severe), com-
pared with 56% in the control group (p =0.03) between
cohorts.

Discussion

Deep infection in residual limbs of a patient with a combat-
related amputation is a frequent complication that can have
profound effects on rehabilitation of combat-wounded
service members. A previous study showed a 27% rate of
reoperation for combat-related lower extremity amputa-
tions for presumed infection and a 24% reoperation rate for
symptomatic HO formation [24]. In our practice, reopera-
tion for deep infection typically includes myodesis and
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bony revision with possible delayed closure, prolonged
parenteral antibiotic therapy, at least 6 weeks non-
weightbearing on the lower extremity, and often a costly
replacement or modification of a previously used prosthe-
sis and gait retraining. We sought to determine if use of
inexpensive intraoperative antibiotic powder would de-
crease the risk of these costly deep infections. Secondarily,
we attempted to answer whether its use would decrease the
risk or severity of HO formation, which is also a frequent
indication for amputation revision surgery in this patient
population. Our study shows that the use of antibiotic
powder, particularly in the setting of revision amputation
surgery (including procedures performed for HO resection,
myodesis failure, neuroma excision, or other major soft
tissue revision), decreased subsequent clinical deep infec-
tions, and may reduce the severity of HO when used during
initial amputation closure.

There are several limitations to the current study. First, it
is a retrospective cohort analysis, which relies on the
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Fig. 2 A demographic tree shows the cohort breakdown of residual limbs in which antibiotic powder was used. Cohorts are further
subdivided into whether the treatment was done during the initial closure of an amputation or at the time of revision closure. These
additionally were subclassified as having culture-positive infection in the limb before amputation closure.

accuracy and completeness of the electronic medical record
for acquisition of data. The mean followup of our patients
was approximately 2.6 years for the treatment group and
3.1 years for the control group, which was found to rep-
resent a statistically significant difference, but not a clini-
cally significant difference as these were well beyond the
median time to reoperation for infection in the control and
antibiotic powder treatment groups (median, 77 and 52.5
days, respectively). The times to followup represent the last
visit of the patient to a musculoskeletal care provider who
specifically commented on the health of the residual limb at
the time of assessment. It is unlikely any patient with an
infection treated elsewhere was missed, as our electronic
medical record is universal among military treatment fa-
cilities across the Department of Defense. Loss to followup
occurs only when patients retire from military service and
seek treatment at either Veterans Affairs medical facilities
or civilian treatment facilities. Furthermore, medical re-
tirement in the military is a lengthy process that does not
occur until at least a year after initial amputation closure
owing to rehabilitation and administrative requirements.
Another limitation was patient selection. The treatment
and control cohorts were not randomly selected, but rather
the indications for treatment with intraoperative antibiotics,

and therefore inclusion into the treatment group, evolved
with time owing to increasing evidence from the spine
literature and anecdotal evidence of efficacy in infection
prophylaxis. Initially, antibiotic powder was used in cases
that the primary surgeon felt to be at higher risk of infection
typically owing to history of multiple or resistant prior
infections. The indications expanded during the course of
the study, and by the final year of the study, antibiotic
powder was used in all residual limbs. While this lends
toward a degree of selection bias, it would more likely
favor the null hypothesis as the prior infection subgroup of
the control cohort had a higher rate of infection than
baseline, indicating that treatment was favored in higher-
risk patients. There is also a possibility that as a single-
surgeon study, infection outcomes may have been influ-
enced by the orthopaedic learning curve and greater am-
putation experience acquired with time.

Next, our primary outcome measure, deep infection,
was assessed by the findings of intraoperative cultures
that were taken during débridement or revision surgery;
therefore, subclinical or superficial infection did not re-
ceive consideration in our study. The decision to return
for reoperation was made by the primary surgeon in
nearly all cases, and was based on a reliable clinical

Table 3. Data summary of treatment and control cohorts with a statistically significant decrease in deep infection in all limbs

- Antibiotic Subsequent + Antibiotic Subsequent P
Variable powder deep infection Proportion powder deep infection Proportion Value
Initial (history of infection) 35 1 0.31 9 3 0.333 p=0.77
Initial (no history of infection) 49 14 0.29 15 3 0.2 p=0.52
Initial (total) 84 25 03 24 6 0.25 p=0.74
Revision (history of infection) 33 14 0.42 46 8 0.174 p =0.01
Revision (no history of infection) 24 3 0.125 12 0 0 p=02
Revision (total) 57 17 03 58 8 0.138 p = 0.037
All limbs 141 42 03 82 14 0.17 p = 0.034
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picture concerning for infection taking into account pain,
wound drainage or overt dehiscence, erythema, systemic
inflammatory response, and elevated inflammatory
markers [19]. The use of positive cultures as a component
of'the endpoint prevents this outcome measure from being
unduly biased by false-positive indications for reopera-
tion. While there is a possibility, albeit minor, that deep
infections were missed, such a scenario is fairly unlikely
given the aforementioned captive patient population, and
that untreated deep infections of residual limbs are un-
likely to remain subclinical. In addition, the Walter Reed
classification for grading HO severity is not yet validated
for intra- or interobserver reliability, although it was used
effectively by one reviewer for this purpose [21].

Last, we do not know the utility of this treatment mo-
dality in other patient populations with amputations, and
can only assume this study population is generalizable to
other patients with trauma. The deep infection rates for
major amputations attributable to civilian trauma are re-
markably close to those sustained in combat [9]. However,
the occurrence of HO in the civilian population with
amputations is much lower than in patients with combat
injuries, and does not appear to be affected by the in-
dication for amputation, which may limit the generaliz-
ability of our findings [12].

The administration of intrawound vancomycin pow-
der has been studied extensively in spine surgery and
generally found to be safe and effective in decreasing
postoperative surgical site infections [4, 5, 10, 11, 13,

17]. Procedures performed between 2001 and 2008,
before systematic application of concentrated bacitracin
powder, had a postoperative infection rate of 13%,
whereas procedures performed with antibiotic powder
between 2008 and 2013 had a postoperative infection
rate of 1%. One of the largest studies in patients with
trauma found no postoperative infections in 93 elbow
contracture releases in which intrawound vancomycin
powder was applied, compared with a 6.5% deep in-
fection rate in patients who received perioperative par-
enteral antibiotics alone [27]. The introduction of
intrawound vancomycin powder allows a high concen-
tration of local antibiotic with little adverse clinical
effects seen in prior studies, and has been shown to reach
a minimum inhibitory concentration against methicillin-
resistant Staphylococcus aureus (MRSA) and coagulase
negative staphylococcus for several days [4, 25]. This is
particularly important in combat-related wounds as
a previous study showed MRSA colonization rates of
26% [2]. One potential drawback of intraoperative local
antibiotic prophylaxis on a large scale is the risk of
consequent selective pressure favoring the emergence
of, or selection for, antibiotic-resistant strains [3]. This
concern, however, largely focuses on the specter of po-
tential biofilm formation, particularly with antibiotic-
coated delivery systems used in the setting of treating
active infection. Among the limited reports of selective
antibiotic resistance is a case report of the presence of
a gentamicin-resistant staphylococcal strain from the

Fig. 3 A-B AP radiographs are shown of the residual limb of a patient who (A) received
intrawound antibiotic powder at the time of initial closure with development of less-severe
heterotopic ossification formation, compared with (B) a limb that did not receive antibiotic
powder at the time of initial closure.
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surface of gentamicin-impregnated antibiotic beads 5
years after being placed for periprosthetic infection [16].
In our culture data, we found no increased selection to-
ward resistant organisms in patients who received
intraoperative antibiotics (Table 2). In short, to the best
of our knowledge there is no current evidence to make
a compelling argument against prophylactic use of top-
ical antibiotics.

Research efforts in our institution have focused on the
mitigation of traumatic HO formation in the extremities of
patients with combat wounds. A previous study showed
highly concentrated local antibiotic is inhibitory to osteo-
blast formation [6]. Furthermore, since HO potentiation has
been shown to be associated with MRSA infection in ro-
dent models of traumatic ectopic bone formation [18],
vancomycin has been trialed as a potential prophylaxis in
this model and shows promise as an adjunctive treatment
for preventing HO formation in a recent study [23]. In the
current investigation, while there was not a difference in
the absolute rate of HO formation, we did note decreased
HO severity, which may be clinically relevant in terms of
the likelihood of symptoms resulting in surgical excision.
While no published study, to our knowledge, specifically
compares HO grade with severity of symptoms and in-
cidence of surgical excision, our experience is strongly
supportive of such an association, particularly when the
ectopic bone burden is profound (Fig. 3). Whether the ef-
fect of intrawound antibiotics is the result of potent oste-
oblastic inhibition or secondary to reduction of bioburden-
induced local inflammatory cytokine production requires
further study; however, these effects were noted even in the
absence of proven bacterial contamination and prior clin-
ical infection.

Given the low cost of topical antibiotics in general, and
vancomycin specifically, this intervention is likely to be
highly cost-effective. Surgical site infections, particularly
those involving deep tissues, strain hospital resources. One
study that focused on change in hospital profit attributable to
surgical site infections showed a USD 2,268,589 loss of
potential profit during a 2-year period [24]. A study con-
ducted in Veteran’s Affairs hospitals determined that
patients with deep surgical site infections were associated
with 1.93 times greater costs compared with patients without
infection, with an average excess cost of USD 25,721 per
patient with a deep surgical site infection [22]. In a spine
study, Emohare et al. [7] noted that routine vancomycin
powder application resulted in an overall cost reduction of
USD 572,745. In our study, applying relatively inexpensive
antibiotic powder prophylactically reduced the infection rate
from 30% to 17%, potentially alleviating the cost of return to
the operating room in addition to the substantial cost of
amputee rehabilitation that is required for prosthesis re-
vision, gait retraining after revision amputation surgery,

Copyright © 2018 by the Association of Bone and Joint Surgeons.

government wages, and cost of nonmedical attendants and
lodging during rehabilitation.

Combat-related major extremity amputations have a high
risk of complications and revision surgery, the most frequent
of which are deep infection and symptomatic HO. We found
that routine use of antibiotic powder decreased the risk of
deep infection, particularly after revision amputation sur-
gery, and may help decrease the severity of HO after
combat-related trauma. Given the potential for reducing
these complications, future studies must be performed in this
and other trauma populations. In the interim, given the low
cost of topical antibiotics, there is little apparent downside to
routine use of intrawound antibiotic powder during closure
of combat-related amputations, and there may be a role for
antibiotic powder application in other types of orthopaedic
trauma surgery in which the risk of infection is high.
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