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Background. Periprosthetic joint infection (PJI) is the most severe complication, following joint arthroplasty. Identification of the
causal microbial factor is of paramount importance for the successful treatment. Purpose. The aim of this study is to compare
the sonication fluid cultures derived from joint prosthetic components with the respective periprosthetic tissue cultures.Methods.
Explanted prosthesis components for suspected infection were placed into a tank containing sterile Ringer’s solution and sonicated
for 1 minute at 40 kHz. Sonication fluid cultures were examined for 10 days, and the number and identity of any colonymorphology
was recorded. In addition, periprosthetic tissue specimens (>5) were collected and cultured according to standard practice. The
duration of antimicrobial interruption interval before culture sampling was recorded. Results. Thirty-four patients composed the
study group. Sonication fluid cultures were positive in 24 patients (70.5%). Sixteen of thirty four periprosthetic tissue cultures
(47.1%) were considered positive, all revealing the same microbial species with the respective sonication fluid cultures: 3 tissue
samples showed polymicrobial infection. All tissue cultures were also found positive by the sonication fluid culture. Conclusions.
Sonication fluid cultures represent a cheap, easy, accurate, and sensitive diagnostic modality demonstrating increased sensitivity
compared to periprosthetic tissue cultures (70.5 versus 47.1%).

1. Introduction

Over the last decades the number of total joint replace-
ment procedures has been explosively increased with nearly
800.000 primary THR and TKR performed in the United
States and 130.000 in England in 2006 [1, 2]. Their number is
expected to rise by 174% and 673%, respectively, by year 2030
[3].

Periprosthetic joint infection (PJI) is the most severe
complication, occurring in 0.3 to 1.7% of THR and 0.8 to
1.9% of TKR [4–8], while these rates rise up to 40% after
revision surgery [9]. Their associated mortality is estimated
to be between 1.0 and 2.7 percent [10–12]. Although they are
still considered as an uncommon problem, PJIs pose a heavy
social and economic burden with an estimated cost of up
to $50.000 per patient and $250 million per year [10, 13],

while others estimate that hospital costs per patient requiring
revision THR due to infection reach nearly 5 times that of a
primary THR [14].

Identification of the causal microbial factor is of para-
mount importance for successful treatment. Staphylococci
(aureus and coagulase-negative species) account for more
than half of the cases of PJI [11, 15], but in up to 20% of
the cases more than one microorganism is identified (usually
involvingmethicillin-resistant staphylococci aureus or anaer-
obes) [16]. Existing conventional methods for the detection
of the underlying pathogen include microbiological cultures
of synovial fluid and intraoperative soft tissue samples.
However, 7 to 39% of the cases demonstrate negative cultures,
attributed mainly to prior use of antibiotics, formation of
protective biofilm at the surface of the implant (which allows
proliferation of microorganisms on the prosthesis with no
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presence at the surrounding soft tissue), and ability of the
bacteria to change to a dormant metabolic form with small-
colony variants [17–23].

The use of low-intensity ultrasound for the disintegra-
tion of biofilm (sonication) on removed implants and the
subsequent culture of the sonication fluid is an alternative
method for the diagnosis of PJI that has been proved to
be more sensitive than conventional periprosthetic tissue
cultures [14].The purpose of the present studywas to evaluate
the sensitivity of a sonication protocol based on the method
of Trampuz et al. [15] in comparison to traditional culture
methods for the identification of causal pathogens in PJI
following total joint arthroplasties.

2. Materials and Methods

Between October 2011 and June 2012, a prospective cohort
study was conducted at the authors institution, a University
levelATraumaCentre.The study protocol had been approved
by the hospital scientific review board. The patients with
periprosthetic joint infections composed the study group.
Diagnosis of infection was confirmed on the basis of pos-
itive laboratory markers, cultures of preoperative aspirates,
technetium-methylene diphosphonate (MDP) bone scintig-
raphy, and intraoperative tissue cultures. Prosthesis or its
components (metal fixed or polyethylene mobile compo-
nents) were removed for diagnosis of infection as a part
of a two-stage revision protocol [11]. The first step of the
surgical protocol included the explanation of the prosthetic
components: an extensive debridement of the infected joint
and the implantation of a temporary spacer. The second
surgery was performed at a minimum of twelve weeks after
first stage operation.

The explanted prosthesis was sent for sonication to detect
microorganisms of the biofilm.Thepatientswhohad received
intravenous antibiotic for at least 24 h in the 10 days before
surgery or perioperative antimicrobial prophylaxis before
surgery were excluded. Subjects were also excluded if obvious
contamination of a removed component occurred in the
operating room or fewer than three periprosthetic tissue
samples were collected for culture.

Medical records including demographic characteris-
tics; clinical, radiographic, laboratory, histopathological, and
microbiological data; type of surgical management; informa-
tion about the primary arthroplasty and subsequent revisions
(if any) and antimicrobial therapy were reviewed and ana-
lyzed.

2.1. Study Definitions. PJI was considered if one of the
following criteria was present: (i) visible purulence of a
preoperative aspirate or intraoperative periprosthetic tissue
(as determined by the surgeon), (ii) presence of a sinus tract
communicating with the prosthesis, (iii) acute inflammation
in intraoperative permanent periprosthetic tissue sections
by histopathology (as determined by the pathologist), (iv)
increased synovial fluid leukocyte count with 1700 leuko-
cytes and/or 65% granulocytes, or (v) microbial growth in
intraoperative periprosthetic tissue or sonication fluid of the
removed implant. Low-virulence microorganisms, such as

coagulase-negative staphylococci orPropionibacteriumacnes,
were considered pathogens if at least one additional (culture-
independent) criterion for PJI was fulfilled.

2.2. Periprosthetic Cultures. For all patients, at least two
intraoperative periprosthetic tissue specimens were retrieved
from the bone-cement/bone-prosthesis interface, from sights
with obvious inflammatory changes. Tissue specimens were
collected in sterile vials and individually homogenized in
3mL trypticase soy broth for 1min using mortar and pes-
tle. Tissue homogenate samples were inoculated in 0.1mL
aliquots into aerobic (SBA) and anaerobic sheep blood agar
(ASBA) plates and in 1mL aliquots into thioglycolate broth.
The cultures were incubated at 35∘C for 10 days. A terminal
subculture was performed from all thioglycolate broth spec-
imens on blood agar plates and incubated at 35∘C for 5 more
days. Each unique colony of isolated microorganisms was
identified, and their antimicrobial susceptibility was tested
using standard microbiological techniques. Positive tissue
cultures were considered those with the samemicroorganism
isolation of at least two periprosthetic tissue samples.

2.3. Sonication Fluid Cultures. The explanted prosthesis (or
its components) was aseptically removed in the operating
room and transported to the microbiology laboratory in
sterile solid air-tight containers (Lock & Lock; Vertrag AG,
Stafa, Switzerland) (Figure 1). Sonication of the implant was
performed according to the Trampuz et al. technique [22].
Briefly, sterile Ringer solution (solution volume ranged from
50 to 200mL depending on the size of implant) was added
to the container in a laminar airflow biosafety cabinet to
cover 85–90% of the volume of a big sized prosthesis or the
entire volume of small sized components.The container with
the implant was vortexed for 30 s, followed by sonication
for 1min (at a frequency of 40 kHz and power density of
0.22W/cm2), as determined by a calibrated hydrophone (type
8103; Bruel and Kjær, Naerum, Denmark). For sonication,
ultrasound bath BactoSonic (Bandelin GmbH, Berlin, Ger-
many) was used according to the manufacturer’s instructions
(http://www.bactosonic.info/) (Figure 2). No differences in
frequency or power density were observed at various loca-
tions within the ultrasound bath during the study period.The
container was subsequently vortexed for an additional 30 s to
remove any residual microorganisms and to homogeneously
distribute them in the sonication fluid. Aliquots of 0.1mL
sonicate fluid were inoculated into sheep blood agar (SBA)
and anaerobic sheep blood agar (ASBA) plates. Additionally,
1mL of the remaining of sonication fluid was added in 10mL
thioglycollate broth (TGB). The SBA plates and TSB were
incubated at 37∘Caerobically and theASBAplates andTGB at
37∘C anaerobically and inspected daily for bacterial growth.
Every distinct morphotype colony of microorganisms on
plates was enumerated (i.e., number of CFU/mL sonication
fluid), identified, and subjected to susceptibility testing by
means of routine microbiological techniques.

2.4. Negative Controls. Ten consecutive explanted prostheses,
revised due to aseptic loosening frompatients with no history
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Table 1: Sensitivity and ESR-CRP values prior to and six weeks after prosthesis explantation.

Tissue culture Sonication fluid culture ESR (mean ± SD) CRP (mg/L) (mean ± SD)
No. of pts 16/34 24/34 Prior to explantation 56.4 ± 36.2 160.8 ± 45.7

Sensitivity 47.1% 70.5% 6w after explantation 29.1 ± 6.3 8.8 ± 4.8

Figure 1

Figure 2

of previous infection, were included as controls. Following
removal, the prosthesis was subjected initially to sonication
and then to culture similarly to the prosthesis of the study
group.

2.5. Statistical Analysis. Comparisons of individual diag-
nostic tests were performed using the McNemar test. For
mixed infections, the test was considered positive if all
infecting organisms were detected. Differences were consid-
ered significant when 𝑃 values were ≤0.05. All calculations
were performed using the statistical software package SPSS
(version 13, NC).

3. Results

Thirty-four patients undergoing joint prosthesis removal
composed the study group. Mean patients’ age was 73.1 years
(range 54–89 yrs). Erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP) values prior to and six weeks after
prosthesis explantation are shown in Table 1.

Sonication fluid cultures were positive in 24 patients
(70.5%): 12 coagulase-negative staphylococci (8 methicillin-
resistant), 7 Escherichia coli, 4 Staphylococcus aureus (1
methicillin-resistant), 3 Proteus spp., 2 Pseudomonas spp.,
and 1 Candida albicans were identified. In 5 of 24 infected
implants (25.2%), mixed infections were found. Different
susceptibility testing was received for the same microbial
species, especially for CNS (𝑛 = 4) and E. coli (𝑛 = 2). For
periprosthetic tissue cultures, 16 of 34 samples (47.1%) were
considered positive, all revealing the same microbial species
with the respective sonication fluid cultures: three tissue
samples demonstrated polymicrobial infection. All positive
periprosthetic tissue cultures were also confirmed by the
sonication fluid cultures. In 8 out of 34 patients (23.5%)
in whom sonication fluid cultures were negative, the drug
interruption interval before culture sampling was less than 7
days.

4. Discussion

Diagnosis of PJI is often challenging sincemany of the typical
symptoms of infection can be missing. Several diagnostic
modalities such as laboratory tests (white blood cell count,
ESR, CRP, Il-6, TNF-𝛼, and procalcitonin C), synovial fluid
characteristics, histopathological studies of intraoperative
samples of periprosthetic tissue, microbiological studies
(conventional cultures of five to six intraoperative specimens
of periprosthetic tissue), and radiological studies (predom-
inately technetium-methylene diphosphonate (MDP) bone
scintigraphy) can be applied to identify the pathogen [23];
however differential diagnosis of low-grade infections can be
extremely challenging. Sensitivity and specificity of the afore-
mentioned methods are currently not optimal for single use
for the diagnosis of PJI, although several studies have shown
that histopathology has a superior sensitivity compared to
the microbiological and laboratory exams [24–26]. However,
histological diagnosis has the disadvantage that the causative
pathogen cannot be identified and so the optimal antibiotic
treatment cannot be administered. On the contrary, cultures
of periprosthetic tissue and the subsequent antibiogram can
provide this essential information. Unfortunately, there is a
high rate of negative cultures, a fact that often misleads the
clinical decision.

The ability of the bacteria to formbiofilms at the surface of
implants is a major factor for chronic PJI and one of the main
causes for the lack of positive cultures of periprosthetic soft
tissue samples obtained intraoperatively [16, 17]. Bacteria can
exist in twomain forms: the planktonic form characterized by
rapid cellular division and the sessile form characterized by
slower cellular division, thus being more difficult to grow in
cultures [27]. Biofilms are structured consortiums of bacteria
in sessile form embedded in a self-produced biopolymer
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matrix consisting of polysaccharide, protein, and DNA that
originate from the microbes. Quite often these consortiums
consist ofmore than one species living in a harmonicway.The
matrix provides structural support to the bacteria, facilitating
the communication and protecting them from the host’s
immune system and antibiotics [27, 28].

Utilization of ultrasound to dislodge biofilms from the
surface of removed implants (sonication) has been effective
in increasing the sensitivity of microbiological studies to
identify the underlying pathogen. In a study of 331 patients
with THR and TKR comparing sonication to standard tissue
culture, the sensitivities of periprosthetic tissue and soni-
cation fluid cultures were 60.8% and 78.5% (𝑃 < 0.001),
respectively, and the specificities were 99.2% and 98.8%,
respectively.There were 14 cases of PJI detected by sonication
fluid cultures but not by conventional cultures. Of note,
in patients receiving antimicrobial therapy within 14 days
prior to surgery, the sensitivity of sonication fluid cultures
was significantly superior to that of periprosthetic tissue
cultures (75.0% versus 45.0%, 𝑃 < 0.001) [14]. In another
similar study with 136 patients undergoing shoulder revision
arthroplasty (33with PJI), sonication fluid culturesweremore
sensitive than periprosthetic tissue cultures (66.7% versus
54.5%, 𝑃 = 0.046) while specificities were similar to the
previous study [29].

The results of our study show that sonication fluid cul-
tures of microorganisms from removed orthopedic implants
aremore sensitive than tissue cultures (70.5% and 47.1%, resp.,
𝑃<0.005). The technique is simple and can be performed in
most microbiology laboratories. Additionally, as also shown
in this study, it demonstrates a higher sensitivity for polymi-
crobial prosthetic-joint infections compared to intraoperative
tissue cultures [15].

Nowadays, even for aseptic loosening, several studies
suggest a possible role for bacteria and bacterial biofilm in
implant failure [30, 31]. However, since sonication typically
yields high numbers of organisms, one has to be aware of false
positive results due to explanted prostheses contamination at
the operating room or the microbiology laboratory. Further
studies are required to quantify the number of microorgan-
isms in sonicate fluid and assess the boundaries between PJI
and contamination of explanted prosthesis following aseptic
loosening [15].

5. Conclusions

Sonication of removed arthroplasty components using low-
frequency ultrasound (35–40 kHz) was shown to improve
microbiologic diagnosis of periprosthetic infections. Soni-
cation fluid culture represents a cheap, easy, accurate, and
sensitive diagnostic modality compared to periprosthetic
tissue cultures. Staphylococci (especially coagulase-negative
staphylococci) were the predominant pathogen, followed by
E. coli.
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