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1. Introduction

Comprehensive algorithms have been devised to improve the management of periprosthetic
joint infections of the hip and the knee (Gomez & Patel, 2011a, 2011b; Peel et al., 2011). There
is still no single best method for diagnosis, as stressed for instance in a guideline published
recently by the American Association of Orthopedic Surgeons (AAOS) (Della Valle et al.,
2010). An important reason for this is lacking consensus on how to define arthroplasty
infection accurately. Nevertheless, it is beyond dispute that microbiologic techniques play a
key role in assessment for these infections.

The chapter consists of three sections. Firstly, a general introduction to the special nature of
arthroplasty infection is given, which highlights the necessity of reliable microbiological
diagnostics. Secondly, a critical appraisal of the various technical and interpretive aspects of
microbiologic procedures is featured. Thirdly, our own diagnostic approaches are
presented, and a prospect on probable useful developments in the future is offered.

2. Identification of infected implants: The need for microbiological testing

2.1 Epidemiology

Periprosthetic joint infections are a feared complication of hip and knee arthroplasty.
Infection is supposed to be the underlying cause in about 15% of hip revision arthroplasties
and 25% of knee revision arthroplasties (Bozic et al., 2009, 2010). Depending on the onset of
infection after the primary implantation, periprosthetic infections have been defined as
“early” (up to 3 months), “delayed” (3-24 months), and “late” (more than 24 months) after
surgery (Zimmerli et al., 2004). However, a different classification makes more sense from
the therapeutic point of view. According to this, infections which occur within 4 weeks after
arthroplasty implantation are recognized as “early”. These are most often caused by highly
virulent organisms (e. g. Staphylococcus aureus) acquired during or shortly after implantation
and can be treated with the prospect of survival of the implant. In contrast, infections which
become manifest after more than 4 weeks (“late” infections) require removal of the
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prosthesis. Late infections are low-grade infections due to less virulent agents belonging to
the normal skin flora (e. g. coagulase-negative staphylococci, Propionibacterium species,
coryneform bacteria), which are mostly also attained during the operation procedure or are
infections which result from hematogenous spreading from remote sites (Cui et al., 2007;
Hanssen & Osmon, 2002; Virolainen et al., 2002).

2.2 Pathogenetic aspects
The characteristics of arthroplasty infection reflect a unique pathogenesis which is
ultimately marked by two features: biofilm development and manifestation of a
periprosthetic membrane.

2.2.1 Biofilms

Biofilm-forming bacteria share the ability to colonize foreign implant materials by initial
attachment to the surface, followed by agglomeration in multi-cellular layers. During the
accumulation process the bacteria excrete matrix substances into which the infectious agents
themselves become embedded. Due to alterations in cellular metabolism, regulated by
complex signal pathways within the biofilm, the bacteria switch from the planktonic state to
a sessile condition in which proliferation rates are extremely low (Costerton et al., 1999;
Donlan & Costerton, 2002; Donlan, 2005; Gristina & Costerton, 1985).

Infections involving biofilm formation are both difficult to identify and to treat. On one
hand, the biofilm matrix provides a substantial barrier to host defense mechanisms and to
diffusion of antibiotics. On the other hand, the low proliferation levels of the sessile
organisms may dramatically impair their antibiotic susceptibility, especially to bactericidal
agents (Jones et al., 2001; Monzon et al.,, 2002; Stewart & Costerton, 2001), and their
cultivation for diagnostic purposes in vitro.

As biofilm formation is a gradual process, this mechanism is the characteristic feature of
late, low-grade infections. Implants with an established biofilm are definitely subject to
removal although the causative agents are less virulent by themselves than the bacteria
which cause early arthroplasty infections.

2.2.2 Periprosthetic membrane

The periprosthetic membrane is the histomorphologic hallmark of joint implant failure. It is
a seam of connective tissue which develops at the interface between the bone and the
implant in the course of the inflammatory process that leads to septic or aseptic prosthetic
loosening. Interestingly, there are four morphologic types which can be linked to different
etiologies of inflammation. Of these, the infectious type (type II) is particularly often
associated with periprosthetic infection. It is characterized by predominant infiltration with
neutrophilic polymorphonuclear leukocytes (Krenn et al., 2011; Morawietz et al., 2006).

As the periprosthetic membrane must be removed if the surgical revision procedure is to be
successful, it is ideal sample material for characterizing the type of inflammation by
histology, thus providing valuable evidence for the underlying cause of implant loosening.

2.3 Inflammation parameters: Utility to detect infections

Early periprosthetic infections are mostly associated with typical clinical signs of infectious
disease. However, in low-grade (late) infections the clinical symptoms and radiologic signs
are often unspecific and therefore not suitable for ruling out aseptic implant failure
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(Virolainen et al.,, 2002). Nuclear imaging techniques used to detect periprosthetic
inflammation are generally regarded as optional tests which may be of use if the diagnosis
cannot be established otherwise, but they are not recommended for routine application
(Della Valle et al., 2010). In contrast, the following procedures do play important roles in
patient assessment for arthroplasty infection.

2.3.1 Blood laboratory markers

Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) level are the parameters
most widely used for preoperative evaluation of patients with suspected arthroplasty
infection. While sensitivity is mostly high, specificity is limited, especially in patients with
systemic inflammatory diseases (e. g., rheumatoid arthritis) (Bottner et al., 2007; Della Valle
et al., 2007; Fink et al., 2008; Greidanus et al., 2007; Kamme & Lindberg, 1981). Nevertheless,
from the studies with reliable data the AAOS strongly recommends testing of both ESR and
CRP in all patients assessed for arthroplasty infection (Della Valle et al., 2010).

Other inflammation markers (interleukin 6, procalcitonin, tumor necrosis factor o) are
evaluated increasingly for periprosthetic infections, but at present there seems to be no
advantage over CRP testing (Berbari et al., 2010; Bottner et al., 2007; Di Cesare et al., 2005).

2.3.2 Microscopic detection of inflammatory cells

Joint aspiration fluid. Total and differential white blood cell counts in synovial fluid are
routinely determined in many settings. Some studies of knee patients have reported that
total leukocyte counts or neutrophils percentages which exceed a certain cutoff level are
highly indicative of arthroplasty infection. However, the thresholds differ considerably
between studies (Della Valle et al., 2007; Ghanem et al., 2008; Trampuz et al., 2004).

In contrast, there are less data available for hip patients because aspiration of this joint is
more prone to complications and is therefore only recommended if there is substantial
clinical or laboratory evidence for infection (Della Valle et al., 2010; Schinsky et al., 2008).
Frozen tissue sections. Neutrophils are the predominant histomorphologic factor in
periprosthetic infection (Krenn et al., 2011; Morawietz et al., 2006). As a consequence, the
histologic diagnosis of probable infections is based on the tissue neutrophil concentration, as
defined by i) the number of neutrophils in a high-power (400x) microscopic field, and ii) the
minimum number of fields (usually 10) containing that concentration of neutrophils. The
available studies report 5 or 10 neutrophils per high-power field as suitable thresholds for
diagnosis of arthroplasty infection (Banit et al., 2002; Della Valle et al., 2007; Fehring &
McAlister, 1994; Fink et al., 2008; Frances Borrego et al., 2007; Ko et al., 2005; Lonner et al.,
1996, Nunez et al.,, 2007; Schinsky et al., 2008). Patients with inflammatory arthropathy,
which often display tissue infiltration by neutrophils in the absence of infection, were
excluded in some of these investigations (Fehring & McAlister, 1994; Ko et al., 2005; Pandey
et al.,, 1999; Schinsky et al., 2008). However, all in all there is not enough information to
enable a clear-cut preference of the lower or the higher threshold.

Despite the considerable advances in recent years with respect to the histomorphologic
characterization of periprosthetic infections, it is not possible to treat affected patients
sufficiently unless the causative microorganisms are identified precisely. Thus, customized
local and systemic antibiotic therapy of a known infectious agent is inherently superior to
calculated therapy because treatment failure arising from antibiotic resistance can be
avoided (Bejon et al., 2010).
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3. Microbiological diagnosis: Pros and cons of different approaches

Adequate microbiological procedures must reflect the special character of periprosthetic
infections in order to identify the causative agents accurately. Although largely
interdependent, eight issues which may influence the significance of microbiologic testing
are addressed separately in the following: i) patient-specific factors, ii) the sample character,
iii) the logistic interface between the clinic and the laboratory, iv) the method of sample
processing, v) the means of identification, vi) the culture conditions, vii) the means of
discriminating between infection and contamination, and viii) the stage at which sample
materials are drawn (pre-operatively versus intra-operatively).

3.1 Patient-specific factors

3.1.1 Sample origin (hip versus knee)

Joint aspiration prior to revision arthroplasty is widely utilized. For knee patients the
procedure is comparatively straightforward, whereas hip aspiration may impose a higher
risk of iatrogenic infection. Thus, it is often argued that invasive diagnostic samples from
hip patients should be obtained only if a there is a high probability of infection (Bozic et al.,
2009, 2010).

Regarding periprosthetic tissue biopsies, the diagnostic sensitivity of pre-operative
sampling may be lower in hip infections compared with knee infections (Fink et al., 2008;
Meermans & Haddad, 2010; Williams et al., 2004), possibly because infected tissue is more
difficult to assess without dislocating the joint.

3.1.2 Underlying systemic diseases

The definitive identification of microorganisms is especially important in patients with
systemic inflammatory diseases because, as mentioned before, inflammation markers can be
elevated in aseptic implant failure. At the same time, the differentiation between an
infecting and a contaminating agent is challenging in these patients (see 3.7).

3.1.3 Previous antibiotic therapy

False-negative results of microbiological cultures and even PCR tests have been reported in
patients who received antibiotic therapy within 2 weeks prior to obtaining intra-articular
sample material (Achermann et al., 2010). Furthermore, it is also suggested that peri-
operative antibiotic prophylaxis should be withheld if possible until samples for
microbiological analysis have been obtained, but that the risk of false-negative sample
results also should be weighed against the protective effect of pre-operative administration
of antibiotic prophylaxis (Achermann et al., 2010; Engesaeter et al., 2003; Jamsen et al., 2009;
Trampuz et al., 2007).

3.2 Sample character

3.2.1 Tissue swabs

In a report on hip and knee patients organisms cultured from swabs of sinus tracts showed
no concordance with the culture results from specimens obtained intra-operatively (Sadiq et
al., 2005). There are limited data which suggest that the results of superficial swabs show a
reasonable correlation with culture yield from intra-operative tissue biopsy material (Cune
et al.,, 2009). However, other studies have rated results from swab material as both
insensitive and unspecific (Font-Vizcarra et al., 2010; Levine & Evans, 2001). Swabs cannot
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absorb nearly as much material as can be harvested from tissue biopsies or joint fluid, which
alone would account for inferior sensitivity. Furthermore, as most etiologic agents of
arthroplasty infections belong to the normal skin flora, it is hardly possible to discern
between infectious strains and contaminants using swab material. In summary, tissue swabs
cannot be recommended to assess prosthetic infections reliably.

3.2.2 Joint aspiration fluid

The overall significance of culture from pre-operative synovial fluid to detect periprosthetic
infection is valued as high. However, sensitivity may be reduced if the infection does not
involve the synovia or if the concentration of planktonic bacteria in the fluid is limited due
to a mature biofilm. Furthermore, false positive results from skin flora occur (Barrack &
Harris, 1993; Della Valle et al., 2007; Eisler et al., 2001; Fink et al., 2008; Lachiewicz et al.,
1996, Malhotra & Morgan, 2004; Williams et al., 2004).

3.2.3 Periprosthetic tissue biopsies

Analysis of tissue biopsies offers the advantage that multiple samples can be obtained from
different locations within the suspicious area. Repeated isolation of bacteria (e. g., isolation
of the same organism in at least 2 tissue samples) increases the probability of infection.
Thus, there are several reports in which higher sensitivity of tissue culture compared with
synovial fluid culture is observed (Fink et al., 2008; Meermans & Haddad, 2010; Roberts et
al., 1992; Sadiq et al., 2005; Williams et al., 2004).

3.3 Logistics between clinic and laboratory

Pre-analytical sampling errors have been claimed to contribute significantly to false-
negative culture results, with highly sensitive PCR techniques being a means to overcome
these drawbacks (Achermann et al., 2010). Guidelines devised by the German Society of
Hygiene and Microbiology have proposed that periprosthetic sample material intended for
microbiological cultivation should be processed within one hour post-drawing. Although
such stringent demands are not realistic for the routine setting, it is indeed crucial to
establish a standardized work flow between the clinic and the laboratory regarding the
procedures of sample drawing, transportation to the laboratory, and specimen processing.
The organizational structure in our laboratory comprises a courier service as well as evening
and weekend laboratory duty, which ensures that over 95% of culture samples are
processed within 6 hours post-operatively (see 4.1.1).

3.4 Sample processing
The efforts made to obtain significant sample material are futile if the laboratory process is
not optimized. However, costs and benefits should be well-balanced.

3.4.1 Native material

The simplest way of tissue sample processing is mincing by a scalpel. This allows efficient
investigation of multiple samples from each patient (see 3.2.3). If carried out under a laminar
air flow workbench it is not highly prone to contamination (Atkins et al., 1998; Schéfer et al.,
2008; Trampuz et al., 2006, 2007).

Some authors favor scraping the surface of the explanted material. This has been reported to
be more sensitive than tissue culture but also liable to contamination (Bjerkan et al., 2009;
Neut et al., 2003).
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3.4.2 Blood culture vials

Automated incubation and fluorometric detection of bacterial growth improves sensitivity
compared with conventional liquid culture broths (Font-Vizcarra et al., 2010; Levine &
Evans, 2001). However, there are potential drawbacks. Firstly, the possibility to determine
leukocyte counts is lost if no native material is saved. Secondly, if the sample volume falls
short of three milliliters, standard aerobic and anaerobic blood culture bottles may lack
sensitivity. Pediatric vials are optimized for culture of lower sample volumes, but it is
possible that some anaerobic bacteria are missed due to the composition of the medium
(Morello et al., 1991).

3.4.3 Sonication of explants
Sonication of explanted prosthesis components to disrupt bacterial biofilms has been

assessed by several authors (Achermann et al., 2010; Kobayashi et al., 2006; Trampuz et
al., 2003, 2007; Tunney et al., 1998). Culture of the sonication fluid appears to be more
sensitive than native sample processing. However, it is cumbersome and not suitable for
high-throughput analysis. The possible destruction of planktonic bacteria is an issue that
has not been raised systematically to date, but may be of importance in cases of prosthetic
infection caused by bacteria which do not establish classical biofilms (Sampedro et al.,
2010). There also may be an increased risk of contamination (Holinka et al., 2011;
Trampuz et al., 2006).

3.4.4 Bead mill processing of tissue biopsies

The bacterial yield using a bead mill is probably enhanced due to facilitated tissue
disruption (Roux et al.,, 2011). However, careful evaluation of conditions for different
bacterial species is necessary in order to avoid overheating of samples and mechanical
disruption of planktonic bacteria. At present it cannot be decided whether bead mill
processing offers significant advantages.

3.5 Identification of infectious agents

3.5.1 Conventional microbiological detection

Direct gram staining of periprosthetic samples is insensitive and therefore not
recommended as a routine test (Banit et al., 2002; Parvizi et al., 2006; Spangehl et al., 1999).
However, it can be useful in certain cases of early infection, where prompt treatment of
agents which show characteristic morphology (e. g. Clostridium perfringens) is enabled.
Classic microbiologic culture confirms the presence of viable bacteria and permits testing for
antibiotic susceptibility.

3.5.2 PCR strategies

Universal bacterial detection by PCR-based amplification of the 165 rRNA gene allows the
identification of bacteria or fungi which are not viable by conventional culture methods. The
overall sensitivity may be higher compared with culture (Bergin et al., 2010; Dempsey et al.,
2007; Ince et al., 2004; Levine et al., 1995; Panousis et al., 2005; Tunney et al., 1999). On the
other hand, singular specific PCR assays (Kobayashi et al., 2009; Piper et al., 2009; Tarkin et
al., 2003) or multiplex assays (Achermann et al.,, 2010) are sensitive but limited to the
organisms included in the test panel.
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Although important antibiotic resistance mechanisms like methicillin resistance can be
identified genotypically with PCR (Kobayashi et al., 2009; Tarkin et al., 2003), for most
substance classes phenotypic susceptibility testing will be necessary in the foreseeable
future.

There is no straightforward method to determine whether microbial DNA as detected by
PCR reflects living organisms. On the other hand, it cannot be ruled out that previous
therapy with antibiotics hampers the sensitivity not only of culture, but also of PCR
(Achermann et al., 2010).

3.6 Culture conditions
3.6.1 Culture media

A combination of solid (usually blood agar, chocolate agar, and Schaedler agar) and liquid
media (e. g. brain-heart infusion broth and Schaedler broth) is used by standard for aerobic
and anaerobic cultivation. Solid media alone lack sensitivity to detect low-grade infections
because because the medium eventually dries out. On the other hand, infections involving
more than one agent can be overlooked if only broth media are utilized because slower-
growing organisms may be inhibited in the presence of fast-growing bacteria.

3.6.2 Culture duration

“Standard” cultivation periods (mostly <7 days in the literature) are generally questionable
in infections where biofilms are involved, due to low cell counts of planktonic bacteria and
impaired growth rates of sessile organisms in the biofilm. However, the issue was not
addressed for a long time. Prolonged cultivation for 14 days was described sporadically
(Ince et al., 2004) and even included as a standard recommendation into German practice
guidelines, but not assessed under controlled conditions. Thus, our group systematically
evaluated a 14-day culture period with periprosthetic tissue samples from hip and knee
patients (Schifer et al., 2008).

Using the algorithm described under 3.1.1 to distinguish infecting agents from
contaminating strains, only 74% of the infections (caused by “early” agents) were found
within the first week of cultivation (Schéfer et al., 2008). In the second week we not only
identified a significant amount of additional infections, but also a completely different
spectrum of causative (“late”) species (Table 1).

isolated organisms frequency median time to detection
(%) (days)
early species Staphylococcus aureus 8.9 2
coagulase-negative 55.4 4
staphylococci
Enterococcus species 3.8 2
Streptococcus species 3.8 1.5
Enterobacteriaceae 1.9 5
late species coryneform bacteria 7.6 10
Propionibacterium species 13.4 11
Finegoldia species 3.2 8
others 1.9 9.5

Table 1. Spectrum of bacteria detected over a 14-day cultivation period.
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Regarding the late species, the sensitivity would have been merely 27% if cultures had been
monitored for only 7 days (Fig. 1).
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—/— early species
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detection rate

0% / L) L) L) L) L) L) L) L) L) L)
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days of incubation

Fig. 1. Detection rates of early and late species depending on the cultivation period. Whisker
bars span the Hall-Wellner 95% confidence intervals.

3.7 Discrimination between infection and contamination

There is no standardized procedure which would define infection over contamination
accurately. Regarding tissue samples, usually a combined algorithm of neutrophil
infiltration scores (2.3.2) and culture detection of identical organisms from multiple tissue
samples is used. However, due to the missing consensus criteria the approaches vary
considerably between studies (Atkins et al., 1998; Bori et al., 2007; Fink et al., 2008; Ko et al.,
2005; Mirra et al., 1976; Pandey et al., 1999).

A problem we encountered was that the algorithms we have adopted to define infections
(Atkins et al., 1998; Pandey et al., 1999; Virolainen et al., 2002) were evaluated in the
context of “standard” microbiological cultivation periods. Thus, with prolonged culture
duration (3.6.2) a larger amount of contaminants might have impaired the significance of
this algorithm. However, our findings allowed us to refute the concern that prolonged
culture of tissue biopsies could lead to over-proportional contamination rates (Schéfer et
al., 2008). It became clear that among both the “early” and the “late” agents (Table 1) a
highly significant correlation existed between positive histology and the number of
culture-positive tissues (Fig. 2).
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Fig. 2. Correlation between positive histology and the number of culture-positive tissue
biopsies. (A) early species. (B) late species. Statistical significance was demonstrated by
the x2 test.

3.8 Stage at which samples are attained

Although an additional risk and cost factor at first glance, preoperative evaluation of tissue
samples in addition to joint aspiration can be helpful to identify the causative agent of
arthroplasty infection accurately before the revision is carried out (Fink et al., 2008). This
enables a one-stage replacement procedure, if clinically viable. Moreover, it allows to design
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an individual regimen of systemic and localized antibiotic treatment for two-stage
approaches using cement spacers supplemented with antibiotics (Fink et al.,, 2011).
However, the utility of pre-operative biopsies is controversial between studies, mainly due
to differences regarding the number of biopsies obtained and the definitions of infection
(Fink et al., 2008, 2009; Meermans & Haddad, 2010).

4. Our own approach and future prospects

4.1 The value of both pre-operative and intra-operative sampling

We are convinced that pre-operative identification of the causative agent is a key factor for
successful eradication of arthroplasty infections. It enables the design of individualized
systemic and localized antibiotic therapy, while intra-operative tissue samples confirm the
diagnosis and allow modification of the systemic antibiotic regimen if necessary. The
diagnostic workflows we have established to identify hip and knee infections are outlined
below.

To minimize the effect of false-negative results, we call for an antibiotic-free interval of 4
weeks before sampling for microbiological diagnosis. At our clinic we withhold peri-
operative antibiotic prophylaxis until samples have been drawn, and we have not
experienced adverse outcomes.

4.1.1 Samples and diagnosis
An overview of the laboratory procedures is given in Table 2.

sample storage detection method  processing no. of definition of
material method samples infection
synovial room  14-day automated pediatric
aspiration temp. culture blood
fluid culture vial
tissue 4°C 14-day aerobic and native 5 identical
biopsies anaerobic culture organisms in = 2
samples
sheep blood agar
chocolate agar
Schaedler agar
brain-heart
infusion broth
Schaedler broth
-20°C histological frozen 5 > 5 neutrophils
staining sections per
400 x field in 10
fields

Table 2. Overview over the laboratory methods used to detect arthroplasty infection.

The definitive diagnosis of arthroplasty infection is established with multiple tissue biopsies
taken from the periprosthetic membrane and other macroscopically conspicuous sites
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during revision surgery. We have experienced that the inflammation process can be
assessed with high reliability if 5 samples each are obtained for culture and for histologic
analysis. The definition that i) growth of indistinguishable bacteria in > 2 specimens or ii)
microbial growth in one specimen combined with a histology score of 3+ (= 5 neutrophils
per high-power field in 10 fields) (Atkins et al., 1998; Pandey et al., 1999; Virolainen et al.,
2002) has proven feasible with respect to the clinical outcomes (Fink et al., 2008, 2009).

Until now we use native tissue biopsies for culture. Tissue mincing is simple to perform and
not too prone to contamination if carried out under a laminar air flow workbench. In our
opinion, the prolonged incubation period of 14 days we carry out before cultures are cleared
is a decisive measure. The persuasiveness of this approach has been shown in detail in 3.6.2.
Although it would be interesting to compare the allegedly most sensitive sonication culture
method directly with prolonged tissue cultivation, we doubt that the cumbersome and
potentially contamination-prone sonication concept would prove significantly superior to
our own approach.

As we are convinced that prolonged cultivation over 14 days is the key to detecting infecting
organisms with optimal sensitivity, we also currently refrain from using PCR techniques on
a routine basis.

If overnight storage of unprocessed samples is necessary, which occurs in less than 5% of
cases in our setting, tissue specimens are kept at 4°C and processed at the laboratory the
next morning with highly reproducible results. Synovial fluid, when inoculated into
pediatric blood culture vials immediately post-drawing, is stable for at least 24 hours at
room temperature. Subsequent supplementation with the appropriate enhancing medium,
which is necessary to cultivate blood-free sample fluids, can then be done at the
laboratory.

Taken together, our diagnostic measures have contributed significantly to the high

eradication rates we observe with the treatment of both hip and knee arthroplasty infections
(Fink et al., 2008, 2009).

4.1.2 Hip infections

By default, we carry out two-stage revisions of infected hips in our clinic (Fink et al., 2009).
Localized antibiotics applied via cement spacer and systemic antibiotics are customized for
administration at the time of revision surgery (Fink et al., 2011).

The general sampling algorithm is depicted schematically in Fig. 3. In addition, we obtain
pre-operative tissue biopsies for culture and histology if the joint aspiration culture is
negative but the risk assessment suggests indicates septic implant failure.

4.1.3 Knee infections

We perform pre-operative tissue biopsies rather than joint aspiration if it is clear that
revision operation is necessary due to an unstable implant (Fig. 4). Five biopsies for culture
are obtained in a blind fashion without instillating fluid in the intra-articular space (to avoid
possible losses in sensitivity due to sample dilution). Afterwards standard arthroscopy is
performed to rule out possible joint damage, and during this process 5 additional tissue
samples are obtained for histological analysis.

We define infection using the same combined culture and histology algorithm as in biopsy
samples taken during revision surgery. Our experience is that pre-operative biopsies are
more sensitive than culture from aspirated synovial fluid (Fink et al., 2008).
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risk assessment

clinical symptoms
radiological signs

laboratory markers

pain, hyperthermia
joint loosening
elevated CRP

pre-operative sampling l

joint aspiration

\ pediatric blood
culture vial
(14 days incubation)
x J

intra-operative sampling

tissue biopsies 5 x culture
(14 days incubation)

5 x histology

Fig. 3. Sampling algorithm for suspected periprosthetic hip infection. If joint aspiration
cultures are negative but the risk assessment suggests indicates septic implant failure, pre-
operative tissue biopsies are drawn additionally for culture and histology.

In stable implants, we do not undertake the risk of causing joint damage by blinded tissue
biopsy. Instead, joint aspiration culture is performed, which has shown accuracy of 89%
(Fink et al., 2008).

The pre-operative diagnostic approach of combined tissue culture histology has shown an
accuracy of 98.6% compared to the definitive results obtained during revision surgery (Fink
et al., 2008).

4.2 Future prospects

The detection of bacterial RNA rather than DNA by reverse transcription PCR is a
potentially useful new approach to arthroplasty infection (Bergin et al., 2010). On one
hand, RNA should be present only in viable bacteria and therefore indicate infections
more accurately than DNA. On the other hand, the much shorter half-life of RNA should
make its presence as a contaminant less likely. It remains to be seen whether this concept
will prevail.

Rapid identification of bacteria and fungi to the species level by matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry is utilized
increasingly. There are already promising data on the detection of Staphylococcus epidermidis
in tissue samples of patients with periprosthetic joint infections (Harris et al., 2010). It
appears that it should even be possible in the near future to prove clonal identity of strains
from the same species isolated from different tissue samples with this technique. This
should facilitate the decision whether bacteria isolated from multiple tissue biopsies are
likely to be involved in infection or rather reflect contaminating strains.
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Fig. 4. Sampling algorithm for suspected periprosthetic knee infection.

5. References

Achermann, Y.; Vogt, M.; Leunig, M.; Wust, J. & Trampuz, A. (2010). Improved diagnosis of
periprosthetic joint infection by multiplex PCR of sonication fluid from removed
implants. Journal of Clinical Microbiology, Vol. 48, No. 4, (April 2010), pp. 1208-1214,
ISSN 1098-660X

Atkins, B.L.; Athanasou, N.; Deeks, ].J.; Crook, D.W.; Simpson, H.; Peto, T.E.; McLardy-
Smith, P. & Berendt, A.R. (1998). Prospective evaluation of criteria for
microbiological diagnosis of prosthetic-joint infection at revision arthroplasty. The

www.intechopen.com



452 Recent Advances in Arthroplasty

OSIRIS Collaborative Study Group. Journal of Clinical Microbiology, Vol. 36, No. 10,
(October 1998), pp. 2932-2939, ISSN 0095-1137

Banit, D.M.; Kaufer, H. & Hartford, J.M. (2002). Intraoperative frozen section analysis in
revision total joint arthroplasty. Clinical Orthopaedics and Related Research, Vol. 401,
(August 2002), pp. 230-238, ISSN 0009-921X

Barrack, R.L. & Harris, W.H. (1993). The value of aspiration of the hip joint before revision
total hip arthroplasty. Journal of Bone and Joint Surgery, Vol. 75, No. 1, (January
1993), pp. 66-76, ISSN 0021-9355

Bejon, P.; Berendt, A.; Atkins, B.L.; Green, N.; Parry, H.; Masters, S.; McLardy-Smith, P,;
Gundle, R. & Byren, 1. (2010). Two-stage revision for prosthetic joint infection:
predictors of outcome and the role of reimplantation microbiology. Journal of
Antimicrobial Chemotherapy, Vol. 65, No. 3, (Mar 2010), pp. 569-575, ISSN 1460-2091

Berbari, E.; Mabry, T.; Tsaras, G.; Spangehl, M.; Erwin, P.J.; Murad, M.H.; Steckelberg, J. &
Osmon, D. (2010). Inflammatory blood laboratory levels as markers of prosthetic
joint infection: a systematic review and meta-analysis. Journal of Bone and Joint
Surgery, Vol. 92, No. 11, (September 2010), pp. 2102-2109, ISSN 1535-1386

Bergin, P.F.; Doppelt, ].D.; Hamilton, W.G.; Mirick, G.E.; Jones, A.E.; Sritulanondha, S.;
Helm, J.M. & Tuan, R.S. (2010). Detection of periprosthetic infections with use of
ribosomal RNA-based polymerase chain reaction. Journal of Bone and Joint Surgery,
Vol. 92, No. 3, (March 2010), pp. 654-663, ISSN 1535-1386

Bjerkan, G.; Witso, E. & Bergh, K. (2009). Sonication is superior to scraping for retrieval of
bacteria in biofilm on titanium and steel surfaces in vitro. Acta Orthopaedica, Vol. 80,
No. 2, (April 2009), pp. 245-250, ISSN 1745-3682

Bori, G.; Soriano, A.; Garcia, S.; Mallofre, C.; Riba, J. & Mensa, J. (2007). Usefulness of
histological analysis for predicting the presence of microorganisms at the time of
reimplantation after hip resection arthroplasty for the treatment of infection. Journal
of Bone and Joint Surgery, Vol. 89, No. 6, (June 2007), pp. 1232-1237, ISSN 0021-9355

Bottner, F.; Wegner, A.; Winkelmann, W.; Becker, K, Erren, M. & Gotze, C. (2007).
Interleukin-6, procalcitonin and TNF-alpha: markers of periprosthetic infection
following total joint replacement. Journal of Bone and Joint Surgery. British Volume,
Vol. 89, No. 1, (January 2007), pp. 94-99, ISSN 0301-620X

Bozic, K|J.; Kurtz, S.M,; Lau, E.; Ong, K,; Vail, T.P. & Berry, D.J. (2009). The epidemiology of
revision total hip arthroplasty in the United States. Journal of Bone and Joint Surgery,
Vol. 91, No. 1, (January 2009), pp. 128-133, ISSN 1535-1386

Bozic, K.J.; Kurtz, SM.; Lau, E.; Ong, K.; Chiu, V.; Vail, T.P.; Rubash, H.E. & Berry, D.J.
(2010). The epidemiology of revision total knee arthroplasty in the United States.
Clinical Orthopaedics and Related Research, Vol. 468, No. 1, (January 2010), pp. 45-51,
ISSN 0009-921X

Costerton, ].W.; Stewart, P.S. & Greenberg, E.P. (1999). Bacterial biofilms: a common cause of
persistent infections. Science, Vol. 284, No. 5418, (May 1999), pp. 1318-1322, ISSN
0036-8075

Cui, Q.; Mihalko, W.M.; Shields, J.S.; Ries, M. & Saleh, K.J. (2007). Antibiotic-impregnated
cement spacers for the treatment of infection associated with total hip or knee
arthroplasty. Journal of Bone and Joint Surgery, Vol. 89, No. 4, (April 2007), pp. 871-
882, ISSN 0021-9355

www.intechopen.com



Infections in Hip and Knee Arthroplasty:
Challenges to and Chances for the Microbiological Laboratory 453

Cune, J.; Soriano, A.; Martinez, ].C.; Garcia, S. & Mensa, ]. (2009). A superficial swab culture
is useful for microbiologic diagnosis in acute prosthetic joint infections. Clinical
Orthopaedics and Related Research, Vol. 467, No. 2, (February 2009), pp. 531-535, ISSN
0009-921X

Della Valle, C.; Parvizi, J.; Bauer, T.W.; Dicesare, P.E.; Evans, R.P.; Segreti, J.; Spangehl, M.;
Watters, W.C., 3rd; Keith, M.; Turkelson, C.M.; Wies, J.L.; Sluka, P. & Hitchcock, K.
(2010). Diagnosis of periprosthetic joint infections of the hip and knee. Journal of the
American Academy of Orthopaedic Surgeons, Vol. 18, No. 12, (December 2010), pp. 760-
770, ISSN 1067-151X

Della Valle, C.J.; Sporer, S.M.; Jacobs, ].J.; Berger, R.A.; Rosenberg, A.G. & Paprosky, W.G.
(2007). Preoperative testing for sepsis before revision total knee arthroplasty.
Journal of Arthroplasty, Vol. 22, No. 6 Suppl 2, (September 2007), pp. 90-93, ISSN
0883-5403

Dempsey, K.E.; Riggio, M.P.; Lennon, A.; Hannah, V.E.; Ramage, G.; Allan, D. & Bagg, ]J.
(2007). Identification of bacteria on the surface of clinically infected and non-
infected prosthetic hip joints removed during revision arthroplasties by 165 rRNA
gene sequencing and by microbiological culture. Arthritis Res Ther, Vol. 9, No. 3,
(May 2007), pp. R46, ISSN 1478-6362

Di Cesare, P.E.; Chang, E.; Preston, C.F. & Liu, C.J. (2005). Serum interleukin-6 as a marker
of periprosthetic infection following total hip and knee arthroplasty. Journal of Bone
and Joint Surgery, Vol. 87, No. 9, (Sep 2005), pp. 1921-1927, ISSN 0021-9355

Donlan, R.M. & Costerton, J.W. (2002). Biofilms: survival mechanisms of clinically relevant
microorganisms. Clinical Microbiology Reviews, Vol. 15, No. 2, (April 2002), pp. 167-
193, ISSN 0893-8512

Donlan, R.M. (2005). New approaches for the characterization of prosthetic joint biofilms.
Clinical Orthopaedics and Related Research, Vol. 437, (August 2005), pp. 12-19, ISSN
0009-921X

Eisler, T.; Svensson, O.; Engstrom, C.F.; Reinholt, F.P.,; Lundberg, C.; Wejkner, B.;
Schmalholz, A. & Elmstedt, E. (2001). Ultrasound for diagnosis of infection in
revision total hip arthroplasty. Journal of Arthroplasty, Vol. 16, No. 8, (December
2001), pp. 1010-1017, ISSN 0883-5403

Engesaeter, L.B.; Lie, S.A.; Espehaug, B.; Furnes, O.; Vollset, S.E. & Havelin, L.I. (2003).
Antibiotic prophylaxis in total hip arthroplasty: effects of antibiotic prophylaxis
systemically and in bone cement on the revision rate of 22,170 primary hip
replacements followed 0-14 years in the Norwegian Arthroplasty Register. Acta
Orthopaedica Scandinavica, Vol. 74, No. 6, (December 2003), pp. 644-651, ISSN 0001-
6470

Fehring, T.K. & McAlister, J.A., Jr. (1994). Frozen histologic section as a guide to sepsis in
revision joint arthroplasty. Clinical Orthopaedics and Related Research, Vol. 304, (July
1994), pp. 229-237, ISSN 0009-921X

Fink, B.; Makowiak, C.; Fuerst, M.; Berger, I.; Schéfer, P. & Frommelt, L. (2008). The value of
synovial biopsy, joint aspiration and C-reactive protein in the diagnosis of late
periprosthetic infection of total knee replacements. Journal of Bone and Joint Surgery.
British Volume, Vol. 90, No. 7, (July 2008), pp. 874-878, ISSN 0301-620X

www.intechopen.com



454 Recent Advances in Arthroplasty

Fink, B.; Grossmann, A.; Fuerst, M.; Schifer, P. & Frommelt, L. (2009). Two-stage cementless
revision of infected hip endoprostheses. Clinical Orthopaedics and Related Research,
Vol. 467, No. 7, (July 2009), pp. 1848-1858, ISSN 0009-921X

Fink, B.; Vogt, S.; Reinsch, M. & Buchner, H. (2011). Sufficient Release of Antibiotic by a
Spacer 6 Weeks after Implantation in Two-stage Revision of Infected Hip
Prostheses. Clinical Orthopaedics and Related Research, in press

Font-Vizcarra, L.; Garcia, S.; Martinez-Pastor, ].C.; Sierra, ].M. & Soriano, A. (2010). Blood
culture flasks for culturing synovial fluid in prosthetic joint infections. Clinical
Orthopaedics and Related Research, Vol. 468, No. 8, (August 2010), pp. 2238-2243,
ISSN 0009-921X

Frances Borrego, A.; Martinez, F.M.; Cebrian Parra, J.L.; Graneda, D.S.; Crespo, R.G. &
Lopez-Duran Stern, L. (2007). Diagnosis of infection in hip and knee revision
surgery: intraoperative frozen section analysis. International Orthopaedics, Vol. 31,
No. 1, (February 2007), pp. 33-37, ISSN 0341-2695

Ghanem, E.; Parvizi, J.; Burnett, R.S.; Sharkey, P.F.; Keshavarzi, N.; Aggarwal, A. & Barrack,
R.L. (2008). Cell count and differential of aspirated fluid in the diagnosis of
infection at the site of total knee arthroplasty. Journal of Bone and Joint Surgery, Vol.
90, No. 8, (August 2008), pp. 1637-1643, ISSN 1535-1386

Gomez, E. & Patel, R. (2011a). Laboratory diagnosis of prosthetic joint infection, Part I.
Clinical Microbiology Newsletter, Vol. 33, No. 8, (April 2011), pp. 55-60, ISSN 0196-
4399

Gomez, E. & Patel, R. (2011b). Laboratory diagnosis of prosthetic joint infection, Part II.
Clinical Microbiology Newsletter, Vol. 33, No. 9, (May 2011), pp. 63-70, ISSN 0196-
4399

Greidanus, N.V.; Masri, B.A.; Garbuz, D.S.; Wilson, S.D.; McAlinden, M.G.; Xu, M. &
Duncan, C.P. (2007). Use of erythrocyte sedimentation rate and C-reactive protein
level to diagnose infection before revision total knee arthroplasty. A prospective
evaluation. Journal of Bone and Joint Surgery, Vol. 89, No. 7, (July 2007), pp. 1409-
1416, ISSN 0021-9355

Gristina, A.G. & Costerton, J.W. (1985). Bacterial adherence to biomaterials and tissue. The
significance of its role in clinical sepsis. Journal of Bone and Joint Surgery, Vol. 67, No.
2, (February 1985), pp. 264-273, ISSN 0021-9355

Hanssen, A.D. & Osmon, D.R. (2002). Evaluation of a staging system for infected hip
arthroplasty. Clinical Orthopaedics and Related Research, Vol. 403, (October 2002), pp.
16-22, ISSN 0009-921X

Harris, L.G.; El-Bouri, K.; Johnston, S.; Rees, E.; Frommelt, L.; Siemssen, N.; Christner, M.;
Davies, A.P.; Rohde, H. & Mack, D. (2010). Rapid identification of staphylococci
from prosthetic joint infections using MALDI-TOF mass-spectrometry. International
Journal of Artificial Organs, Vol. 33, No. 9, (September 2010), pp. 568-574, ISSN 1724-
6040

Holinka, J.; Bauer, L.; Hirschl, A.M.; Graninger, W.; Windhager, R. & Presterl, E. (2011).
Sonication cultures of explanted components as an add-on test to routinely
conducted microbiological diagnostics improve pathogen detection. Journal of
Orthopaedic Research, Vol. 29, No. 4, (April 2011), pp. 617-622, ISSN 1554-527X

Ince, A.; Rupp, J.; Frommelt, L.; Katzer, A.; Gille, J. & Lohr, J.F. (2004). Is "aseptic" loosening
of the prosthetic cup after total hip replacement due to nonculturable bacterial

www.intechopen.com



Infections in Hip and Knee Arthroplasty:
Challenges to and Chances for the Microbiological Laboratory 455

pathogens in patients with low-grade infection? Clinical Infectious Diseases, Vol. 39,
No. 11, (December 2004), pp. 1599-1603, ISSN 1537-6591

Jamsen, E.; Huhtala, H.; Puolakka, T. & Moilanen, T. (2009). Risk factors for infection after
knee arthroplasty. A register-based analysis of 43,149 cases. Journal of Bone and Joint
Surgery, Vol. 91, No. 1, (January 2009), pp. 38-47, ISSN 1535-1386

Jones, S.M.; Morgan, M.; Humphrey, T.J. & Lappin-Scott, H. (2001). Effect of vancomycin
and rifampicin on meticillin-resistant Staphylococcus aureus biofilms. Lancet, Vol.
357, No. 9249, (January 2001), pp. 40-41, ISSN 0140-6736

Kamme, C. & Lindberg, L. (1981). Aerobic and anaerobic bacteria in deep infections after
total hip arthroplasty: differential diagnosis between infectious and non-infectious
loosening. Clinical Orthopaedics and Related Research, Vol. 154, (January-February
1981), pp. 201-207, ISSN 0009-921X

Ko, PS; Ip, D.; Chow, K.P; Cheung, F; Lee, O.B. & Lam, J.J. (2005). The role of
intraoperative frozen section in decision making in revision hip and knee
arthroplasties in a local community hospital. Journal of Arthroplasty, Vol. 20, No. 2,
(February 2005), pp. 189-195, ISSN 0883-5403

Kobayashi, N.; Bauer, T.W.; Sakai, H.; Togawa, D.; Lieberman, I.H.; Fujishiro, T. & Procop,
G.W. (2006). The use of newly developed real-time PCR for the rapid identification
of bacteria in culture-negative osteomyelitis. Joint Bone Spine, Vol. 73, No. 6,
(December 2006), pp. 745-747, ISSN 1778-7254

Kobayashi, N.; Inaba, Y.; Choe, H.; Iwamoto, N.; Ishida, T.; Yukizawa, Y.; Aoki, C.; Ike, H. &
Saito, T. (2009). Rapid and sensitive detection of methicillin-resistant
Staphylococcus periprosthetic infections using real-time polymerase chain reaction.
Diagnostic Microbiology and Infectious Disease, Vol. 64, No. 2, (June 2009), pp. 172-176,
ISSN 1879-0070

Krenn, V.; Morawietz, L.; Jakobs, M.; Kienapfel, H.; Ascherl, R.; Bause, L., Kuhn, H.;
Matziolis, G.; Skutek, M. & Gehrke, T. (2011). Joint endoprosthesis pathology:
Histopathological diagnostics and classification. Pathologe, Vol. 32, No. 3, (May
2011), pp. 210-219, ISSN 0172-8113

Lachiewicz, P.F.; Rogers, G.D. & Thomason, H.C. (1996). Aspiration of the hip joint before
revision total hip arthroplasty. Clinical and laboratory factors influencing
attainment of a positive culture. Journal of Bone and Joint Surgery, Vol. 78, No. 5,
(May 1996), pp. 749-754, ISSN 0021-9355

Levine, B.R. & Evans, B.G. (2001). Use of blood culture vial specimens in intraoperative
detection of infection. Clinical Orthopaedics and Related Research, Vol. 382, (January
2001), pp. 222-231, ISSN 0009-921X

Levine, M.J.; Mariani, B.A.; Tuan, R.S. & Booth, R.E,, Jr. (1995). Molecular genetic diagnosis
of infected total joint arthroplasty. Journal of Arthroplasty, Vol. 10, No. 1, (February
1995), pp. 93-94, ISSN 0883-5403

Lonner, J.H.; Desai, P.; Dicesare, P.E.; Steiner, G. & Zuckerman, J.D. (1996). The reliability of
analysis of intraoperative frozen sections for identifying active infection during
revision hip or knee arthroplasty. Journal of Bone and Joint Surgery, Vol. 78, No. 10,
(October 1996), pp. 1553-1558, ISSN 0021-9355

Malhotra, R. & Morgan, D.A. (2004). Role of core biopsy in diagnosing infection before
revision hip arthroplasty. Journal of Arthroplasty, Vol. 19, No. 1, (January 2004), pp.
78-87, ISSN 0883-5403

www.intechopen.com



456 Recent Advances in Arthroplasty

Meermans, G. & Haddad, F.S. (2010). Is there a role for tissue biopsy in the diagnosis of
periprosthetic infection? Clinical Orthopaedics and Related Research, Vol. 468, No. 5,
(May 2010), pp. 1410-1417, ISSN 1528-1132

Mirra, ] M.; Amstutz, H.C.; Matos, M. & Gold, R. (1976). The pathology of the joint tissues
and its clinical relevance in prosthesis failure. Clinical Orthopaedics and Related
Research, Vol. No. 117, (June 1976), pp. 221-240, ISSN 0009-921X

Monzon, M.; Oteiza, C.; Leiva, J.; Lamata, M. & Amorena, B. (2002). Biofilm testing of
Staphylococcus epidermidis clinical isolates: low performance of vancomycin in
relation to other antibiotics. Diagnostic Microbiology and Infectious Disease, Vol. 44,
No. 4, (December 2002), pp. 319-324, ISSN 0732-8893

Morawietz, L.; Classen, R.A.; Schroder, J.H.; Dynybil, C.; Perka, C.; Skwara, A.; Neidel, J.;
Gehrke, T.; Frommelt, L.; Hansen, T.; Otto, M.; Barden, B.; Aigner, T.; Stiehl, P.;
Schubert, T.; Meyer-Scholten, C.; Konig, A.; Strobel, P.; Rader, C.P.; Kirschner, S.;
Lintner, F.; Ruther, W.; Bos, I.; Hendrich, C.; Kriegsmann, J. & Krenn, V. (2006).
Proposal for a histopathological consensus classification of the periprosthetic
interface membrane. Journal of Clinical Pathology, Vol. 59, No. 6, (June 2006), pp. 591-
597, ISSN 0021-9746

Morello, J.A.; Matushek, S.M.; Dunne, WM. & Hinds, D.B. (1991). Performance of a
BACTEC nonradiometric medium for pediatric blood cultures. Journal of Clinical
Microbiology, Vol. 29, No. 2, (February 1991), pp. 359-362, ISSN 0095-1137

Neut, D.; Van Horn, J.R.; Van Kooten, T.G.; Van Der Mei, H.C. & Busscher, H.J. (2003).
Detection of biomaterial-associated infections in orthopaedic joint implants. Clinical
Orthopaedics and Related Research, Vol. No. 413, (August 2003), pp. 261-268, ISSN
0009-921X

Nunez, L.V,; Buttaro, M.A.; Morandi, A.; Pusso, R. & Piccaluga, F. (2007). Frozen sections of
samples taken intraoperatively for diagnosis of infection in revision hip surgery.
Acta Orthopaedica, Vol. 78, No. 2, (April 2007), pp. 226-230, ISSN 1745-3674

Pandey, R.; Drakoulakis, E. & Athanasou, N.A. (1999). An assessment of the histological
criteria used to diagnose infection in hip revision arthroplasty tissues. Journal of
Clinical Pathology, Vol. 52, No. 2, (February 1999), pp. 118-123, ISSN 0021-9746

Panousis, K.; Grigoris, P.; Butcher, I; Rana, B.; Reilly, J.H. & Hamblen, D.L. (2005). Poor
predictive value of broad-range PCR for the detection of arthroplasty infection in 92
cases. Acta Orthopaedica, Vol. 76, No. 3, (June 2005), pp. 341-346, ISSN 1745-3674

Parvizi, J.; Ghanem, E.; Menashe, S.; Barrack, R.L. & Bauer, T.W. (2006). Periprosthetic
infection: what are the diagnostic challenges? Journal of Bone and Joint Surgery, Vol.
88 Suppl 4, (December 2006), pp. 138-147, ISSN 0021-9355

Peel, T.N.; Buising, K.L. & Choong, P.F. (2011). Prosthetic joint infection: challenges of
diagnosis and treatment. ANZ Journal of Surgery, Vol. 81, No. 1-2, (January 2011),
pp- 32-39, ISSN 1445-2197

Piper, K.E.; Jacobson, M.].; Cofield, R.H.; Sperling, ].W.; Sanchez-Sotelo, J.; Osmon, D.R;;
Mcdowell, A.; Patrick, S.; Steckelberg, ].M.; Mandrekar, ].N.; Fernandez Sampedro,
M. & Patel, R. (2009). Microbiologic diagnosis of prosthetic shoulder infection by
use of implant sonication. Journal of Clinical Microbiology, Vol. 47, No. 6, (June 2009),
pp. 1878-1884, ISSN 1098-660X

www.intechopen.com



Infections in Hip and Knee Arthroplasty:
Challenges to and Chances for the Microbiological Laboratory 457

Roberts, P.; Walters, A.J. & Mcminn, D.J. (1992). Diagnosing infection in hip replacements.
The use of fine-needle aspiration and radiometric culture. Journal of Bone and Joint
Surgery. British Volume, Vol. 74, No. 2, (March 1992), pp. 265-269, ISSN 0301-620X

Roux, A.L.; Sivadon-Tardy, V.; Bauer, T.; Lortat-Jacob, A.; Herrmann, J.L.; Gaillard, J.L. &
Rottman, M. (2011). Diagnosis of prosthetic joint infection by beadmill processing
of a periprosthetic specimen. Clinical Microbiology and Infection, Vol. 17, No. 3,
(March 2011), pp. 447-450, ISSN 1469-0691

Sadiq, S.; Wootton, J.R.; Morris, C.A. & Northmore-Ball, M.D. (2005). Application of core
biopsy in revision arthroplasty for deep infection. Journal of Arthroplasty, Vol. 20,
No. 2, (February 2005), pp. 196-201, ISSN 0883-5403

Sampedro, M.F.; Huddleston, P.M.; Piper, K.E.; Karau, M.].; Dekutoski, M.B.; Yaszemski,
M.].,; Currier, B.L.; Mandrekar, J.N.; Osmon, D.R.; Mcdowell, A.; Patrick, S
Steckelberg, .M. & Patel, R. (2010). A biofilm approach to detect bacteria on
removed spinal implants. Spine, Vol. 35, No. 12, (May 2010), pp. 1218-1224, ISSN
1528-1159

Schifer, P.; Fink, B.; Sandow, D.; Margull, A.; Berger, I. & Frommelt, L. (2008). Prolonged
bacterial culture to identify late periprosthetic joint infection: a promising strategy.
Clinical Infectious Diseases, Vol. 47, No. 11, (December 2008), pp. 1403-1409, ISSN
1058-4838

Schinsky, ML.E.; Della Valle, C.J.; Sporer, S.M. & Paprosky, W.G. (2008). Perioperative testing
for joint infection in patients undergoing revision total hip arthroplasty. Journal of
Bone and Joint Surgery, Vol. 90, No. 9, (September 2008), pp. 1869-1875, ISSN 1535-
1386

Spangehl, M.].; Masterson, E.; Masri, B.A.; O'connell, ].X. & Duncan, C.P. (1999). The role of
intraoperative gram stain in the diagnosis of infection during revision total hip
arthroplasty. Journal of Arthroplasty, Vol. 14, No. 8, (December 1999), pp. 952-956,
ISSN 0883-5403

Stewart, P.S. & Costerton, J.W. (2001). Antibiotic resistance of bacteria in biofilms. Lancet,
Vol. 358, No. 9276, (July 2001), pp. 135-138, ISSN 0140-6736

Tarkin, 1.S.; Henry, T.J.; Fey, P.I; Iwen, P.C; Hinrichs, S.H. & Garvin, K.L. (2003). PCR
rapidly detects methicillin-resistant staphylococci periprosthetic infection. Clinical
Orthopaedics and Related Research, Vol. No. 414, (September 2003), pp. 89-94, ISSN
0009-921X

Trampuz, A.; Osmon, D.R.; Hanssen, A.D.; Steckelberg, ].M. & Patel, R. (2003). Molecular
and antibiofilm approaches to prosthetic joint infection. Clinical Orthopaedics and
Related Research, Vol. No. 414, (September 2003), pp. 69-88, ISSN 0009-921X

Trampuz, A.; Hanssen, A.D.; Osmon, D.R.;; Mandrekar, J.; Steckelberg, ].M. & Patel, R.
(2004). Synovial fluid leukocyte count and differential for the diagnosis of
prosthetic knee infection. American Journal of Medicine, Vol. 117, No. 8, (October
2004), pp. 556-562, ISSN 0002-9343

Trampuz, A.; Piper, K.E.; Hanssen, A.D.; Osmon, D.R.; Cockerill, F.R.; Steckelberg, ] M. &
Patel, R. (2006). Sonication of explanted prosthetic components in bags for
diagnosis of prosthetic joint infection is associated with risk of contamination.
Journal of Clinical Microbiology, Vol. 44, No. 2, (February 2006), pp. 628-631, ISSN
0095-1137

www.intechopen.com



458 Recent Advances in Arthroplasty

Trampuz, A. Piper, KE.; Jacobson, M.J; Hanssen, A.D.; Unni, K.K.; Osmon, D.R;
Mandrekar, J.N.; Cockerill, F.R.; Steckelberg, ].M.; Greenleaf, J.F. & Patel, R. (2007).
Sonication of removed hip and knee prostheses for diagnosis of infection. New
England Journal of Medicine, Vol. 357, No. 7, (August 2007), pp. 654-663, ISSN 1533-
4406

Tunney, M.M.; Patrick, S.; Gorman, S.P.; Nixon, J.R.; Anderson, N.; Davis, R.I.; Hanna, D. &
Ramage, G. (1998). Improved detection of infection in hip replacements. A
currently underestimated problem. Journal of Bone and Joint Surgery. British Volume,
Vol. 80, No. 4, (July 1998), pp. 568-572, ISSN 0301-620X

Tunney, M.M,; Patrick, S.; Curran, M.D.; Ramage, G.; Hanna, D.; Nixon, ]J.R.; Gorman, S.P.;
Davis, R.I. & Anderson, N. (1999). Detection of prosthetic hip infection at revision
arthroplasty by immunofluorescence microscopy and PCR amplification of the
bacterial 16S rRNA gene. Journal of Clinical Microbiology, Vol. 37, No. 10, (October
1999), pp. 3281-3290, ISSN 0095-1137

Virolainen, P.; Lahteenmiki, H.; Hiltunen, A.; Sipola, E.; Meurman, O. & Nelimarkka, O.
(2002). The reliability of diagnosis of infection during revision arthroplasties.
Scandinavian Journal of Surgery, Vol. 91, No. 2, (August 2002), pp. 178-181, ISSN
1457-4969

Williams, J.L.; Norman, P. & Stockley, 1. (2004). The value of hip aspiration versus tissue
biopsy in diagnosing infection before exchange hip arthroplasty surgery. Journal of
Arthroplasty, Vol. 19, No. 5, (August 2004), pp. 582-586, ISSN 0883-5403

Zimmerli, W.; Trampuz, A. & Ochsner, P.E. (2004). Prosthetic-joint infections. New England
Journal of Medicine, Vol. 351, No. 16, (October 2004), pp. 1645-1654, ISSN 1533-4406

www.intechopen.com



Recent Advances in Arthroplasty

RECENT ADVANCES IN

ARTHROPLASTY Edited by Dr. Samo Fokter

Laied try Samao K. Fokier

ISBN 978-953-307-990-5

Hard cover, 614 pages

Publisher InTech

Published online 27, January, 2012
Published in print edition January, 2012

The purpose of this book was to offer an overview of recent insights into the current state of arthroplasty. The
tremendous long term success of Sir Charnley's total hip arthroplasty has encouraged many researchers to
treat pain, improve function and create solutions for higher quality of life. Indeed and as described in a special
chapter of this book, arthroplasty is an emerging field in the joints of upper extremity and spine. However,
there are inborn complications in any foreign design brought to the human body. First, in the chapter on
infections we endeavor to provide a comprehensive, up-to-date analysis and description of the management of
this difficult problem. Second, the immune system is faced with a strange material coming in huge amounts of
micro-particles from the tribology code. Therefore, great attention to the problem of aseptic loosening has
been addressed in special chapters on loosening and on materials currently available for arthroplasty.
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