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ABSTRACT: Proper and rapid diagnosis of orthopedic device-related infection is important for successful treatment. Sonication has been
shown to improve the diagnostic performance. We hypothesized that the combination of sonication with a novel method called
microcalorimetry will further improve and accelerate the diagnosis of implant infection. We prospectively included 39 consecutive patients
(mean age 59 years, 62% males) at our institution from whom 29 orthopedic prostheses and 10 osteosynthesis material were explanted. The
explanted device was sonicated. The resulting sonication fluid was analyzed using microcalorimetry. Using standardized criteria to define
orthopedic device-related infection, 12 cases (31%) were defined as infected. In all, positive periprosthetic tissue cultures were found. The
sensitivity and specificity of microcalorimetry of sonication fluid were 100% and 97%, respectively. Mean time to detection, defined as time
to reach a rising heat flow signal of 20 mW measured after equilibiration needed to get accurate measurement, was 10.9 h. In summary,
microcalorimetry of sonication fluid is a reliable and a fast method in detecting the presence of microorganisms in orthopedic device-related
infection.� 2013 Orthopaedic Research Society. Published by Wiley Periodicals, Inc. J Orthop Res 31:1700–1703, 2013
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Orthopedic implants such as joint prosthesis and
fracture fixation devices are increasingly used to
restore the functionality of the affected joint and the
fractured bone.1,2 Unfortunately, it is estimated that
1–2% of these implants become infected.3 Orthopedic
device-related infections are associated with signifi-
cant morbidity and substantial health expenditures.4

It is essential to differentiate implant-related infec-
tions from aseptic loosening because of the difference in
clinical consequences.4 However, it is difficult to make
the diagnosis of implant-related infections because of
variable and often subtle clinical presentation. Moreover,
there are no uniform criteria for the diagnosis.4 The
diagnosis of implant related infection relies frequently
on combination of clinical, imaging and histological
findings, together with isolation of microorganisms from
joint fluid or tissue.5 Next of being accurate, a diagnostic
method for implant-related infection should be rapid in
order to prompt appropriate treatment and shorten the
duration of patient’s morbidity.

More recently, microbial cultures of samples
obtained by sonication of prostheses have been shown
to improve the diagnosis of prosthesic joint infection.6

Yet, it can take up to five days before the definitive
results can be released. More rapid diagnosis of
implant-related infection is arguably needed in order
to provide appropriate treatment.4 Isothermal micro-
calorimetry is a newly introduced technique in ortho-
pedics. It can be used to detect the presence of
microorganisms rapidly by measuring microbial heat
production produced by microbial growth and metabo-
lism.7–9 This technique has been applied in medicine
where rapid detection of microorganisms is crucial, for

example in detecting the presence of microorganism in
blood transfusion products.9

The purpose of the present prospective study was
twofold: firstly, to compare microcalorimetry of sonica-
tion fluid with conventional tissue culture in detecting
bacteria in orthopedic device-related infection and
secondly, to evaluate the speed of microcalorimetry in
the diagnosis of implant associated infection.

PATIENTS AND METHODS
Study Design and Patient Population
Consecutive patients older than 18 years who underwent
complete removal of implanted orthopedic-devices between
October 2009 and February 2010 at Lausanne University
Hospital were prospectively included. Demographic and clini-
cal data were recorded. The study was approved by the
institutional review board of our institution.

Removed implants (hip and knee prostheses, cement
spacers, plates, screws and nails) from each patient were
subjected to sonication followed by microbial culture and
calorimetry of sonication fluid.

Definitions of Orthopedic Device-Related Infection
Implant-related infection was defined according to standard-
ized criteria,4 if at least 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
periprosthetic tissue sections by histopathology as deter-
mined by the pathologist; (iv) synovial fluid with more than
1,700 leukocytes per cubic millimeter or more than 65%
neutrophils; or (v) microbial growth in preoperative joint
aspirate or intraoperative periprosthetic tissue. Infections
were categorized as: early (less than 3 months after surgery),
delayed (between 3 and 48 months after surgery), or late
(longer than 48 months after surgery).

Conventional Microbiologic Methods
Preoperatively, synovial fluid was aspirated for leukocyte
count or swab of the fistula was performed at the surgeon’s
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discretion. Intraoperatively, biopsy specimens from peripros-
thetic tissue or bone with the most obvious inflammatory
changes were obtained for microbiologic and histopatholog-
ical studies. Biopsy specimens were collected in sterile vials
and were individually homogenized in 3 ml trypticase soy
broth for 1 min using a mortar and pestle. The tissue
homogenate was inoculated in aliquots of 0.1 ml to aerobic
and anaerobic sheep blood agar plates and in aliquots of 1 ml
into thioglycollate broth. Cultures of the tissue, the bone and
the deep swab were incubated at 35 � 1˚C for 10 days. A
terminal sub-culture was performed from all thioglycollate
broth specimens on blood agar plates and incubated at
35 � 1˚C for further 5 days. Each unique colony of isolated
microorganisms was identified and their antimicrobial sus-
ceptibility was tested using standard microbiological techni-
ques. Microorganisms were considered as causative if an
organism was cultured from synovial fluid or periprosthetic
tissue.

Sonication
The removed implants were placed into sterile air-tight
container (Lock&Lock, Vetrag AG, Stäfa, Switzerland) and
were processed within 48 h in the microbiology laboratory.
Ringer solution was added into the container until it covered
the whole device. The container with the device was vortexed
for 30 s, subjected to sonication (BactoSonic, Bandelin
GmbH, Berlin, Germany) for 1 min at maximum power and
vortexed again for 30 s. The resulting sonication fluid was
plated in aliquots of 0.1 ml onto aerobic and anaerobic sheep
blood agar plates and 1 ml was inoculated in thioglycollate
broth. All cultures were incubated at 35˚C for 7 days and
inspected daily for bacterial growth. Microorganisms on
plates were enumerated (i.e., number of colony-forming unit/
ml sonication fluid) and classified by using routine microbio-
logical techniques.

Microcalorimetry
The remaining sonication fluid was transferred to 50 ml
falcon tubes and centrifuged at 3,000g for 10 min. The
supernatant was removed and the remaining pellet was
resuspended in 3 ml trypticase soy broth. The bacterial
suspension was transferred to 4 ml calorimeter ampoules
and sealed with a rubber cup. The ampoules were then
inserted in isothermal microcalorimeter equipped with 48
measuring channels (thermal activity monitor, model 3102

TAM III; TA Instruments, New Castle) first in the equilibra-
tion position for 15 min to reach 37˚C and another 30 min to
get accurate measurement of heat flow. Heat production was
then measured continuously and expressed as heat flow over
time in microwatts (mW). Positive microcalorimetric heat
detection was defined as a heat flow signal rising exponen-
tially and exceeding the predetermined threshold of 20 mW
above baseline. Time to detection was defined as time to
reach 20 mW measured after the equilibration needed to get
accurate measurement of the heat flow.

Statistical Analysis
Numbers and percentages were calculated. Two by two
contingency table was used to calculated the sensitivity and
specificity of microcalorimetry compared to conventional
microbiological culture. True positive was defined as positive
result of microcalorimetry when the conventional culture
was also positive. False positive was defined as positive
result of microcalorimetry when the conventional culture
was negative. McNemar test was used for comparing the
diagnostic tests microcalorimetry of sonication fluid and
culture of sonication fluid with conventional microbiology
methods. The Pearson correlation coefficient between time to
detection and number of colony-forming unit was calculated.
Differences were considered as statistical significant when p-
value was <0.05. All analysis was performed using SPSS
Statistics version 20.0 (IBM Corp, Armonk, NY).

RESULTS
Demographic and Clinical Data
Thirty-nine patients were included, 24 (62%) of them
were males (Table 1). The median age was 59 years
(range 18–86 years). Orthopedic prostheses were
explanted from 29 patients: 14 hips, 11 knees, one
shoulder and three joint spacers. Osteosynthesis mate-
rials were explanted from 10 patients: six screws,
three plates and one cement-nail.

Twelve patients were defined to have orthopedic
device-related infection. Conventional cultures were
positive in all cases: Nine from prosthesis and three
from osteosynthesis material (Table 2). Early and
delayed infections were found in four and eight
patients, respectively. There was no late infection.

Table 1. Characteristics of 39 Patients With Removed Orthopedic-Device

Characteristics All (n ¼ 39) Infection (n ¼ 12, 31%) No Infection (n ¼ 27, 69%)

Mean age (range), years 59 (18–86) 56 (18–83) 66 (41–86)
Males (%) 25 (64) 8 (62) 17 (65)

Implanted orthopedic device
Prostheses 29 (74%) 9 (31%) 20 (69%)
Hip 14 4 10
Knee 11 5 6
Shoulder 1 0 1
Joint spacer 3 0 3

Osteosynthesis material 10 (26%) 3 (30%) 7 (70%)
Screw 6 1 5
Nail 1 1 2
Plate 3 1 0

Values are number (%), otherwise indicated.
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Comparison of Culture and Microcalorimetry
Every positive culture grew a single microorganism.
From the 12 positive conventional cultures, Staphylo-
coccus epidermidis was found in 6(50%), Staphylococ-
cus aureus in 5 (42%) and Staphylococcus capitis in 1
(8%) case (Table 2).

Example of microcalorimetric signals can be seen on
Figure 1. Microcalorimetry of sonication fluid was
positive in all positive conventional cultures. In one
case, positive result was shown in microcalorimetry
while no bacteria were grown in conventional culture.
This false positive result with time to detection of
11.6 h was found in microcalorimetry of sonication
fluid of a hip prosthesis explanted from a 51-year-old
man. The sensitivity and specificity of microcalorime-
try of sonication fluid was 100% and 97%, respectively.

Cultures of sonication fluid were positive in 10 out
of 12 cases. One discordant case was found in a tibia
nail of a 39-year-old patient with delayed infection.

Another discordant case was from a case of an early
infection of tibia plated from an 18-year-old patient.
Both patients received high dose of antibiotics prior to
surgery.

Mean Detection Time
The mean detection time (measure after equilibrium
procedures) for all types of pathogens was 10.9 h
(range: 0.2–20.9) (Table 3). The mean detection time for
Staphylococcus epidermidis was 13.2 h (range: 2–20.9)
and for Staphylococcus aureus was 8.4 h (0.2–15.5).
Higher colony-forming unit was associated with signifi-
cant faster detection of the presence of microorganism
(Pearson correlation coefficient �0.6, p ¼ 0.03) (Fig. 2).

DISCUSSION
We show in the present study that microcalorimetry of
sonication fluid is a reliable and a fast method in
detecting the presence of microorganisms that cause
orthopedic implant-related infection.

Proper and early identification of the infecting
microorganism are important for successful treatment
of implanted device infections. Culture of sonication
fluid of removed implants has improved the diagnostic
performance of orthopedic device-related infection.6 In
the present study, we show that the performance and

Table 2. Comparison of Conventional Cultures, Cultures of Sonication Fluid, and Microcalorimetry

Microorganism

Conventional
(Periprosthetic)
Culture (n ¼ 39)

Sonication
Fluid Culture

Microcalorimetry of
Sonication Fluid

Positive results 12 10 (83%) 12 (100%)
Staphylococcus epidermidis 6 5 —
Staphylococcus aureus 5 5 —
Staphylococcus capitis 1 1 —

Figure 1. Example for microcalorimetric signals

Table 3. Time to Detection (TTD) at 20 mW

Microorganism
TTD 20 mW mean

(range) hours

Staphylococcus epidermidis (n ¼ 6) 8.4 (0.2–15.5)
Staphylococcus aureus (n ¼ 5) 13.2 (2.0–20.9)
Staphylococcus capitis (n ¼ 1) 9.9 (9.9)
Total 10.9 (0.2–20.9) Figure 2. Positive microcalorimetry-results: Influence of patho-

gen quantity on positive heat detection.
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especially the rapidity in detecting infections of
implanted orthopedic device are further improved by
using isothermal microcalorimetry. This technique
allows measurement of heat generated by biological
processes of living microorganisms.7,9 The observation
that the sensitivity of microcalorimetry is even higher
than culture of sonication fluid might be explained by
the fact that microcalorimetry can detect the presence
of organisms in inoculums as low as 10 colony-forming
unit/ml.11 In two patients where false negative results
were found in culture of sonication fluid, the inocu-
lums were low (50 colony forming-unit/ml). When
living microorganisms are present, microcalorimetry
can measure the produced heat continuously. In our
study, the presence of all microorganisms is detected
within 24 h. This time to detection is influenced by the
inoculum: the more pathogens the shorter the time to
detection; this finding supports the findings of previ-
ous studies.11,12

To the best of our knowledge, no studies have been
published that investigate the clinical use of isother-
mal microcalorimetry in diagnosing orthopedic device-
related infection. In other fields of medicine, this
technique has been investigated for example to be
used in the screening of microorganisms in blood
transfusions product11 and in urine samples.13 Isoca-
lorimetry has also been used in basic research to test
susceptibility of antimicrobials.10 Microorganims ex-
posed to bacteriostatic agents will mostly result in a
lower heat production rate and microorganisms ex-
posed to bactericidal agent will mostly result in a
delayed heatflow pattern since a fraction of the inocu-
lum is killed.14,15

There are several limitations of the present study.
Firstly, there is no golden-standard of implant-related
infections. We use a criterion instead of combination of
the criteria to define infection, and all infections are
indeed detected using conventional microbiologic cul-
ture. Secondly, isothermal microcalorimetry is not
specific. Ideally, calorimetry of sonication fluid is used
for the fast screening of the presence of infection.
When it is positive, further identification can be
performed by additional methods slower than micro-
calorimetry such as MALDI-TOF (matrix-assisted la-
ser desorption/ionization mass spectrometry–time of
flight) and PCR (polymerase chain reaction).

In conclusion, the present study shows that micro-
calorimetry of sonication fluid of implanted orthopedic
devices is reliable in detecting orthopedic devices-
related infection. Furthermore, this method might be
used as a rapid and a reproducible screening method
for possible infection of implanted orthopedic device.
The results of our study should be confirmed in other
study populations. More studies are also warranted in
the use of microcalorimetry for susceptibility testing.

The use of microcalorimetry for susceptibility testing
could help in choosing the right antimicrobials to treat
orthopedic device-related infection.
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