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1. INTRODUCTION - BRIEF HISTORY OF BACTERIAL BIOFILM AND OF THE
BIOFILM-ASSOCIATED INFECTIONS.
Bacterial biofilm is defined as "an aggregate of microbial cells surrounded or embedded by a
polymeric matrix, that could be mono- or pluribacterial". The bacterial biofilm may or may not be
adherent to surfaces, it is predominantly found in tissues or biological fluids, at the same time the
presence of host components in its structure could also be possible (1).
In medicine, Niels Nøibi observes for the first time the link between the etiology of the chronic
bacterial infections and the bacterial aggregates, between 1970 and 1972, through routine
microscopic examinations of sputum smears harvested from patients with cystic fibrosis, smears
that were Gram-stained, in patients with chronic lung infections with Pseudomonas aeruginosa,
but also from lung specimens taken from patients who died of chronic lung infections with
Pseudomonas aeruginosa (autopsy samples), between 1974 and 1978.
1977 is the year in which an image of a biofilm was published for the first time, an image that
highlighted a bacterial aggregate surrounded by a slime, slime that would be known later as the
extracellular polymeric substance (2).
J. W. Costerton, a microbiologist and professor at the University of Calgary, Alberta, Canada,
has published numerous observational studies of the cell wall structure of Gram-negative bacteria.
The group of researchers under the coordination of Costerton publishes in 1980 the study on tissue
specimens harvested post-mortem from patients with cystic fibrosis, study that highlights the
presence of microcolonies of Pseudomonas aeruginosa and studies the bacterial glycocalyx in
natural conditions and in case of disease, a term that he replaces it in its subsequent study with the
term BIOFILM (2) (4) (5) (6) (7).
2015 represents the year in which the European Society for Clinical Microbiology and
Infectious Diseases (ESCMID) published its first guideline for the diagnosis and management of
biofilm-related infections.
It can be concluded that the study of bacterial aggregates surrounded by a matrix produced by
them, aggregates either adherent to a surface or located into the tissues or biological fluids, is as
old as microbiology, BUT the concept of infection associated with bacterial biofilm and its
importance in medicine especially in chronic bacterial infections is less than 50 years. With the
understanding of this concept it was also accepted both the importance and frequency of biofilmrelated infections, thus appearing guidelines for diagnosis, treatment, and prevention of these types
of infections (2).
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2. BACTERIAL BIOFILM – AN EMERGING BACTERIAL FORM OF LIFE.
The biofilm represents a structure composed of bacterial cells (belonging to one or more
species of microorganisms), an aggregate of microorganisms, in which the cells are surrounded by
a self-produced matrix by bacteria, a structure in which the bacterial cells adhere to each other
and/or to a surface (8).
The matrix consists of self-produced polymeric compounds, compounds that ate known as
extracellular polymeric substance (EPS) or exopolysaccharides such as: polysaccharides, proteins,
acids, lipids, and extracellular DNA (eDNA) (8). The term "aggregate" is used to describe that
most cells are in contact with other cells forming aggregates, either attached to the surface, in
which case only one layer of the structure is in direct contact with the surface, or in flakes, which
are mobile biofilms, biofilms which are formed in the absence of a substrate/surface. Through
social and physical cell-to-cell interaction systems together with the properties of the matrix,
biofilm certainly represents a distinct form of bacterial cell life (9). Bacterial biofilm is one of the
most widespread and successful life forms on Earth, being engaged in various cyclic biochemical
processes in water, soil, sediments, and underground environments (9).
The biofilm is involved in various technological processes such as filtering drinking water,
degradation of wastewater and solid waste, chemical production, and biofuel production. Humans
can be colonized by microorganisms (bacteria or fungi) that form biofilms, cases in which they
can be associated with persistent or chronic infections. Over 65% of infections are biofilm-related
infections (10). Every year, in the United States, more than 12 million cases of infection are
biofilm-related, the most common being associated with orthopedic implants (endoprosthesis)
(11). However, biofilms are also responsible for the biofouling and contamination of treated water,
and are responsible for the deterioration of drinking water and also have an influence on the
corrosion process (9).
On a small scale, bacterial biofilms can be seen as biogenic habitat formers. Through the
process of generating a network, bacteria in biofilms create a physically distinct habitat with
different functions, such as creating a shelter, a habitat that facilitates the accumulation of nutrients
and physicochemically modifies the environment in the biofilm, and also interactions between
organisms in the biofilm (9).
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3.

CURRENT TRENDS IN THE STUDY OF BACTERIAL BIOFILM.

Surgical interventions that combine the use of implants aims to increase the patient's quality
of life and health, but despite aseptic methods and antibiotic prophylaxis during the implantation
of these devices, bacterial infections definitely still remain a problem. Persistent infections can
lead to serious consequences even when removing the implant, consequences that involve
significantly increase the healthcare assistance costs. Infections associated with implants increase
the length of hospitalization and the cost of treatment of these patients. In general, the bacteria
involved in this type of infection that are associated with implants have as a reservoir the skin of
patients and are mobilized during implantation procedures, or through continuity solutions, or by
hematogenous inoculation (40) (41) (42).
The initial bacterial adhesion is followed by a process of a gradual development of the biofilm,
a process that is a primary factor of virulence of the bacteria that are involved in implants
associated infections. A key feature of these bacterial communities surrounded by a matrix is their
tolerance to antibiotics and to the host's mechanism of phagocytosis. Low antibiotic penetration,
nutrient limitation, slow growth, adaptive response to external stress, low metabolic activity, and
persistence (persistent cells) are all hypotheses that contribute to a multifaceted microbial response
of the biofilm (40).
To improve the diagnosis of orthopedic implants biofilm-associated infections, it is important
not only to investigate the value of the new diagnostic methods or tests but also to re-evaluate
fundamental approaches, including the optimal specimen type or sample combination, appropriate
culture media, and growth conditions (period, temperature, etc.). Taking into consideration that
the microbiological profile of each implant-associated infection differs depending on the location
of the implant, the material, and the surface characteristics, optimal specimens and diagnostic
methods definitely will vary. Therefore, more than one method may be required when culture
results are negative in the context of clinical suspicion of a biofilm-associated infection. The key
to the optimal diagnosis of implant-associated infections is a combination of several diagnostic
tools interpreted alongside the individual patient's personal history. Fluorescence in situ
hybridization is the only method that - in the true sense of the word - looks at infection in situ to
diagnose a biofilm infection and is often able to put into perspective the results obtained by other
diagnostic methods. Because the study of biofilms and implant-associated infections is a relatively
new field of research, many questions remain regarding the pathogenesis and in vivo colonization
used by various species of bacteria in biofilms. A better understanding of these essential aspects
of biofilm-related infections at the molecular level, including specific virulence factors like genes,
will help define the appropriate targets for therapeutic interventions, improve diagnosis and to
develop new antibiofilm materials. In the context of the rapid development of new state of the art
molecular diagnostic methods, DNA sequencing, mass spectroscopy-based proteomics, and
metabolomics, it is possible to study the details of infections in vivo. The resulting knowledge
definitely and undoubtedly will contribute to the understanding of new objectives in the fight
against pathogens capable of developing biofilms, in the case of infections associated with the
presence of implants.
7
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4. PERIPROTHETIC JOINT INFECTIONS.
4.1. Introduction
Over 65% of infections are biofilm-related infections (10). Every year, more than 12 million
cases of biofilm-related infections (BRI) are reported in the United States, of which the most
common are the ones associated with orthopedic implants (11). The surface of the most used
orthopedic implants is made of titanium (or titanium alloy), stainless steel, cobalt-chromium,
various polymeric biomaterials (ceramic, hydroxyapatite, or polyethylene), and
polymethylmethacrylate (PMMA) cement which are structures susceptible to colonization and
therefore the formation of bacterial biofilm (82) (10).
The first hip arthroplasty was performed by Smith-Petersen in 1939. This was a partial
arthroplasty with a cup of vitallium and was considered a breakthrough in the treatment of
osteoarthritis (83). However, a few years later, their initial enthusiasm declined as complications
such as periprosthetic joint infection were observed (84). During the same period, Elek and Conen
(85) reported the consequence of the presence of a foreign body on the virulence of Staphylococcus
aureus, which increases at least by 10,000 times. The reason for the inadequate clearance of
microorganisms adhering to the foreign material is the consequence of the altered functioning of
the granulocytes that surround the endoprosthetic implant (86) (87). In addition to this high
susceptibility to infections, antimicrobial therapy has a limited efficacy on microorganisms that
grow as biofilms, a tolerance that increases with the age of the biofilm (88) (89). Therefore, a quick
and correct diagnosis of the infection associated with an orthopedic implant but not only is
mandatory to try to save the implant.

4.2. Definition and classifications
Surgical site infections (SSIs) are generally classified according to CDC definitions (90). This
classification divides SSIs into superficial infections - incisional, deep, and organ/space.
Periprosthetic joint infections correspond to an SSI of the organ/space. However, there is no
clinical, laboratory, or imaging procedure that can reliably differentiate between these different
types of infections. According to Berbari et al. (91), superficial SSIs represent the highest risk
factor for periprosthetic joint infections (OR 35.9, 95% CI 8.3-154.6). The progression from a
superficial SSI to an organ/space one is very frequent and clinically, unfortunately, unpredictable.
Table 5 presents the criteria for defining cases of periprosthetic joint infections, criteria according
to the IDSA-Infectious Disease Society of America and the MSIS-Musculoskeletal Infection
Society.
Traditionally, periprosthetic joint infections are classified as early (<3 months), delayed (3-24
months), and late (> 2 years after implantation), unfortunately, a classification that is not clinically
useful. Therefore, there is a classification that dictates the optimal surgical management of
periprosthetic joint infection (92). Acute hematogenous periprosthetic joint infection lasting no
more than 3 weeks after a postoperative period without complications. Early postoperative
8
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periprosthetic joint infections are defined as infections that occur within one month after an
invasive procedure, such as arthroplasty or arthrocentesis. Chronic periprosthetic joint infection is
either a hematogenous infection with symptoms that persist for >3 weeks, or an infection
diagnosed >1 month after surgery. Acute hematogenous or early postoperative periprosthetic joint
infections can be successfully treated with implant retention. In contrast, in patients with chronic
periprosthetic joint infection, the chance of removing the biofilm from the implant surface is less
than 50%, even in the context of prolonged antimicrobial therapy.

Table 1 Definition criteria of periprosthetic joint infections acordint to the IDSA and MSIS criteria
IDSA (For the diagnosis of PJI at least one of the five criteria is required) (93):
• Presence of a sinus tract communicating with the prosthetic joint
• Presence of purulence without another known aetiology surrounding the prosthetic device
• Acute inflammation consistent with infection at histopathological examination of
periprosthetic tissue
• Elevated leucocyte count in the synovial fluid and/or predominance of neutrophils (94) (95)
• Growth of identical microorganism in at least two intraoperative cultures or combination of
preoperative aspiration and intraoperative cultures in case of a low-virulence microorganism
(coagulase-negative staphylococci, Propionibacterium acnes etc.). In case of a virulent
microorganism (e.g. Staphylococcus aureus, Escherichia coli etc.), growth in a single specimen
from synovial fluid and/or periprosthetic tissue and/or sonication fluid may also represent PJI.
However, growth in a single specimen must always consider other criteria and constellation of
diagnostic procedure (e.g. previous antimicrobial treatment) in account.
MSIS (For the diagnosis of PJI, at least one major or four minor criteria must be met) (96) (97):
Major criteria
• Presence of a sinus tract communicating with the prosthetic joint
• A pathogen is isolated by culture from two separate tissue or fluid samples obtained from the
affected prosthetic joint
Minor criteria
(a) Elevated ESR (>30 mm/h) and CRP (>10 mg/L)
(b) Elevated synovial fluid leucocyte count (>3000 cell/uL)
(c) Elevated synovial fluid neutrophil percentage (>65%)
(d) Presence of purulence in the affected joint
(e) Isolation of a microorganism in one periprosthetic tissue or fluid culture
(f) >5 neutrophils per high-powered field in five high-power fields observed from histologic
tissue at x400 magnification
PJI, Periprosthetic joint infection; IDSA, Infectious Disease Society of America; MSIS,
Musculoskeletal Infection Society; ESR, Erythrocyte sedimentation rate; CRP, C-reactive protein.

The year 2011 represents the key point of standardization of the management of the
periprosthetic joint infections, the year in which took place the First International Consensus
Meeting on Musculoskeletal Infections in Philadelphia.
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In 2018, the 2nd International Consensus Meeting on Musculoskeletal Infections (ICM) takes
place, which proposes a new set of criteria for the diagnosis of periprosthetic joint infections,
criteria that are based on the old consensus criteria.
Perhaps the easiest way to use to diagnose and classify a periprosthetic joint infection is the
Pocket Guide for the Diagnosis and Treatment of Periprosthetic Joint Infections created by the
PRO-IMPLANT Foundation, Berlin, Germany (coordinated by N. Renz and A. Trampuz) - Pocket
Guide to Diagnosis & Treatment of Periprosthetic Joint Infection (PJI), a guide that is in
accordance with national and international recommendations, and also updated regularly.

4.3

Clinical picture

From the point of view of the clinical picture, there are two types of manifestations of
infections: acute and oliogosymptomatic. Acute manifestations are: fever and chills (caused by
bacteremia), acute inflammation cardinal signs, joint swelling, or active fistula/ sinus tract. When
the source of the infection is a hematogenous one, initially the systemic manifestations can
predominate and later the local ones as in the case of endocarditis, pneumonia, or urinary tract
sepsis. Oligosymptomatic infections are more difficult to differentiate from aseptic loosening or
exceeding the life of the endoprosthetic implant, being characterized by chronic pain, subfebrile,
swollen joints, and radiological signs of loosening.

4.4

Microbiology

Table 11 summarizes the etiological agents involved in periprosthetic joint infections in a
group of 618 patients that underwent a total hip or knee arthroplasty procedure (92). In two recent
cohort studies, the rate of patients with periprosthetic joint infection caused by Gram-negative
bacilli was higher, respectively 42% (63/152) and 28% (632/2288 (101) (102). Several factors are
implicated that may lead to a selective increase in Gram-negative bacilli in patients with
periprosthetic joint infections, namely: (i) the use of vancomycin in prophylaxis, (ii)
decolonization procedures with mupirocin, (iii) unnecessary empirical therapy with antibiotics in
the early postoperative period, and (iv) antibiotic treatment in a patient with wound healing
disorders. Thus, vancomycin prophylaxis should be administered only in case of an increased
prevalence of MRSA (Methicillin-resistant Staphylococcus aureus) (103). In patients with wound
healing disorders, such as a dehiscent wound or the presence of secretions, debridement surgery is
required.

4.5

Paraclinical diagnosis of the orthopedic implants associated infections - medical imaging in
routine implementation

Contemporary arthroplasty interventions began 75 years ago when the predecessor of modern
hip systems was for the first time introduced. A total hip arthroplasty includes both femoral and
10
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acetabular components; a hemiarthroplasty consists only of the femoral component. These
prostheses are integrated into the bone by various methods, including cementing the implant using
PMMA (polymethylmethacrylate) and direct bone integration through the development of bone
tissue at the surface of the endoprosthetic device. Some devices are coated with hydroxyapatite
which induces bone formation and thus the attachment of the newly formed bone tissue to the
prosthetic components. The acetabular component can be stabilized at the acetabulum with or
without screws (stabilization called press-fit) (104). Regarding the knee prostheses, their history
begins about 40 years ago. They consist of a femoral and tibial metal component, a crosslinked
polyethylene insert/liner as well as a polyethylene patella endoprosthesis component. Current knee
implants show a significant improvement in the degree of mobility as well as the increased
durability of the components. Currently, the most common cause of revision of an endoprosthesis
is aseptic loosening, which occurs in a quarter of cases from a reactive inflammatory process to
the presence of endoprosthetic components. Particles resulting from the degradation of prosthetic
components (“free bodies”) attract and activate leukocytes in the periprosthetic tissues, activating
the secretion of cytokines and enzymes that lead to periprosthetic bone tissue degradation - aseptic
loosening (104).
The diagnosis of orthopedic implants associated infections is based on a combination of
clinical signs, laboratory, data and imaging studies. There is no “gold standard” imaging technique:
conventional radiography is indispensable, although in 50% of cases the radiography is unchanged.
Computed tomography (CT), magnetic resonance imaging (MRI), and ultrasonography are
valuable for detecting soft tissue abnormalities. Bone scintigraphy excludes an active infection.
For infections involving the peripheral skeleton, labeled leukocyte scintigraphy associated with
colloidal scintigraphy is the reference technique, while gallium scintigraphy is always required for
imaging of the spine or pelvis. To confirm or rule out infections, arthrocentesis with analysis of
the synovial fluid is the key to the diagnostic algorithm.

4.8

Paraclinical diagnosis of the orthopedic implants associated infections - laboratory diagnosis

Among the laboratory changes, an ESR over 30mm/h or a CRP (C-reactive protein) over
10mg/L is suggestive for acute infection with a sensitivity of 91-97%, a specificity of 70-80%, and
a negative predictive value of 96 %, while in the case of chronic infections (associated with a
mature biofilm) the usefulness of these markers decreases greatly. The American Consensus warns
against these values due to the differences between the laboratories in which these analyzes are
performed, and the changes depending on the patient's age, gender and comorbidities; at the same
time, it warns of the possibility of these markers being raised to 60 days after primary or previous
surgery (98).
Examination of synovial fluid in case of a periprosthetic joint infection may reveal the
following changes: leukocytes over 4200/uL or over 80% polymorphonuclear granulocytes in the
case of hip prostheses, and the case of knee implants, leukocytes over 1700/uL or over 65%
polymorphonuclear granulocytes - values which can be applied in case of a maximum interval of
2 months postoperatively; beyond this range, leukocyte values above 25000/uL are required (139).
11
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Classical diagnostic methods, such as cultures, often do not show the presence of a pathogen
agent (a sensitivity between 13.4% and 94.8%) depending on the number of samples - preferably
collecting at least 3 specimens, but no more than 5 (98).
According to the European guidelines for the diagnosis and treatment of biofilm-related
infections, published in 2014 (33), highlighting of the biofilm can be done either by electron
microscopy or by FISH (Fluorescence in situ hybridization) techniques with a sensitivity between
80 % -100% (10), techniques associated or not with PCR detection methods.
Among the microscopic techniques for highlighting the biofilm, optical microscopy associated
with a Gram stain can be used, which highlights the inflammatory cells, bacteria, and the biofilm
matrix (AII) (32). Techniques such as confocal laser scanning microscopy (CLSM) and electron
microscopy (SEM scanning electron microscopy) are the best methods for highlighting biofilm,
having the disadvantage of not being able to be performed in a routine manner (BIII) (35).
In addition to these previously mentioned techniques, the use of sonication, a relatively cheap
method, significantly increases the diagnosis rate (36). Following sonication, the number of
colony-forming units (CFUs) can also be reported (33). The orthopedic implants are placed in a
sonication bath that produces air microbubbles, which produce enough energy to detach the
biofilm from the implant surface, after which this fluid can be cultured on different culture media
or analyzed with FISH techniques (AII) or PCR techniques can be applied (37) (38).
Studies such as those of Bouza et al. and Percival et al, demonstrated that by sonication or
centrifugation more colony-forming units of Candida spp. are recovered than after
brazing/scarping (140) (141).
In Romania, since 2012, sonication has been used in the National Institute of Infectious
Diseases "Prof. Dr. Matei Bals"; the only published data are from July 2012 to July 2014, a study
that included 39 orthopedic implants (21 hip prostheses, 11 knee prostheses, and 7 fixation
devices) (142).
The histopathological diagnosis criteria are very different; there is a consensus that the
presence of more than 5 neutrophils/microscopic field (400x) in 5 different areas represents an
important suspicion of an infection.
Non-specific proinflammatory markers, such as C-reactive protein, procalcitonin, erythrocyte
sedimentation rate, leukocytes, or various cytokines, cannot distinguish between infections caused
by planktonic bacteria and biofilm (DIII).

4.9

Therapeutic management

The first question is whether the purpose of treatment is to cure or suppress the infection. The
goal of any treatment should be healing/cure, and suppression should be the exception, as it is only
a palliative procedure. We can define healing/cure as the elimination of all microorganisms and
the preservation or restoration of a good joint range of movements. The success of the treatment
12
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was recently defined; in short, it includes eradication of the infection in the context of a completely
healed wound, lack of recurrence without the need for further surgery to eradicate the infection
after reimplantation, and absence of mortality related to periprosthetic joint infection up to 2 years
after definitive surgery associated with the periprosthetic joint infection (150). A therapeutic
option for the management of periprosthetic joint infection targeting treatment requires a
multidisciplinary case discussion, including at least one orthopedic surgeon and a specialist in
infectious diseases. In complex cases, this group should include a clinical microbiologist and a
plastic-reconstructive surgeon. In the case of patients with comorbidities or in the case of those
who cannot ambulate, it may be reasonable to choose a palliative strategy. The same is true for
patients at high risk of reinfection, such as people that actively are using intravenous drugs (151).
Biofilm-related orthopedic implant infections can be prevented by the use of perioperative
antibioprophylaxis (AI) (Song, et al., 2013).
There are clear studies that have shown that the use of antibiotic-impregnated materials, such
as cement (frequently gentamicin but also tobramycin or vancomycin), reduces the rate of biofilmassociated prosthetic joint infections (AI) (Parvizi, et al., 2008) (Marschall, et al., 2013).
The management of periprosthetic joint infections consists of antibiotic therapy both generally
and locally, associated with surgery. There are mainly 7 treatment methods: debridement and
implant retention of the implant (DAIR), one-step revision, two-steps revision, implant removal,
arthrodesis, suppressive antibiotic therapy, and the final option - amputation (Domizia, 2015).

4.10 Conclusions
The diagnosis and management of prosthetic joint infections remain an issue. Prosthetic joint
infections remain the most feared complications associated with arthroplasty interventions.
Despite scientific progress in recent years, the incidence of infections is increasing, both related to
the increase in the number of primary interventions and the emergence of multidrug-resistant
microorganisms. There are a lot of unanswered questions. Is it recommended to use systemic
antibiotics or only local ones? Can we trust bacterial cultures for bacteria that grow in colonies?
Or associate sonication on a regular basis? Should vascularization of the remaining bone be
sacrificed after removal of the infected implant? because we know that biofilm develops on
surfaces. The existence of the 3-week “window” is a key time point in which we either won the
battle for the “surface” or lost it. Is long-term antibiotic therapy necessary? If we managed to
perfume a good debridement and remove the affected tissues from the site, why not perform the
revision in the same surgery? The existence of protocols adapted to the treatment of biofilm-related
infections and new diagnostic methods has improved the rate of eradication of infections, without
having 100% certainty that we have eradicated the infection. Well-equipped treatment centers for
diagnosis and multidisciplinary surgeon-ID specialist-microbiologist teams are needed.
Currently, nuclear medicine is the most valuable investigation that can determine whether or
not it is a "painful" septic arthroplasty. Leukocyte scintigraphy and bone marrow imaging are
13
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currently the best imaging technique available for this purpose. Preliminary data suggest that
SPECT/CT, in addition to providing information on the presence and extent of the infection, may
provide additional information on other causes that may cause arthroplasty to fail. Fluoride-PET
may provide a hitherto unknown perspective related to periprosthetic bone tissue metabolism.

14
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1. THE MOTIVATION OF CHOOSING THE RESEARCH TOPIC.
Orthopedic surgeries for total joint arthroplasties, especially of the hip and knee, along with
that of the shoulder or elbow to a much lesser extent, are the most successful orthopedic surgeries
of the last century, with the primary goal of regaining the activity of people affected by
osteoarthritis but not only (since endoprosthetic implants are used more and more frequently in the
elderly population, a population that is growing, especially for the management of degenerative
pathology but also of fractures). Total joint replacement interventions have a major effect on
people's quality of life, they reduce symptoms, regain joint function, improve mobility and
independence (229). The number of arthroplasty interventions is increasing from year to year, so
in 2010 in the United States were performed 719,000 interventions of total hip arthroplasties (230)
and in 2012 were performed approximately 600,000 total knee arthroplasties (231). By 2030, the
combined annual number of total knee and hip arthroplasties in the United States is expected to
reach 3.5-4 million.
Thus, with the increase in the number of primary and revision interventions, it is obvious the
presence of orthopedic implants associated infections, infections that appear despite hospital
conditions of asepsis and antisepsis, implant production conditions, or prophylactic therapy with
antibiotics, all these measures intend to reduce the rate of infection. The rate of infections
associated with prosthetic implants is between 1% - 9% with its increase following revision
interventions. It is considered that between 0.5% - 2% of patients develop a biofilm-related
infection associated with an orthopedic implant in the first 2 years postoperatively (232) (233)
(234).
A correct and rapid diagnosis of periprosthetic infections is crucial for proper therapeutic
management. The diagnosis is based on a combination of clinical signs, laboratory data, and
imaging studies, however, this diagnosis remains difficult. Periprosthetic joint infections are also
associated with an increased length of hospitalization as well as high treatment costs. The
therapeutic management of cases of aseptic loosening of the endoprosthesis is different from that
of periprosthetic joint infections, and an accurate diagnosis is crucial for the outcome of treatment.
In this context, I decided to conduct scientific research entitled: "Diagnosis and Management
of orthopedic implants biofilm-related infections.", by which I intend to study the true magnitude
of orthopedic implants biofilm-related infections (especially joint arthroplasty implants endoprosthetic implants for the hip and knee) and the implementation of diagnostic and therapeutic
management strategies.

2. SPECIFICAREA PROBLEMEI DE CERCETARE - ÎNTREBĂRILE DE CERCETARE OBIECTIVELE
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3. MATERIAL AND METHOD.
Study design
I conducted a monocentric, observational, cohort study at the Academic Emergency Hospital
Sibiu, Romania, a county hospital with 1054 beds. The study protocol was evaluated and approved
by the institutional evaluation committee before the patients were included in the study. A
standardized diagnostic system was applied to all patients who were candidates for a surgical
intervention of joint arthroplasty revision to determine the cause of endoprosthetic loosening. The
implemented diagnostic strategy included a standardized sampling of at least four tissue samples
harvested intraoperatively (one of the samples being used for histopathological examination
(periprosthetic membrane) and the others were sent to the microbiology laboratory for bacterial
cultures), sonication of endoprosthetic implant components removed or polymethylmethacrylate
(PMMA) spacers and sonication fluid harvesting, bacterial cultures and evaluation of synovial
fluid cellularity, detection of leukocyte esterase and C-reactive protein in synovial fluid and
evaluation of sonication fluid using a bbFISH assay (hemoFISH® Masterpanel, Miacom
diagnostics GmbH Düsseldorf, Germany) as a rapid method for the detection of bacteria. The
specimens were inoculated on aerobic and anaerobic culture media. A 14-day incubation period
was also implemented for all cultures.
The sonication of the implant was performed in the laboratories of the Biochemistry
Department within the “Lucian Blaga” University of Sibiu - Faculty of Medicine following the
establishment of a collaboration protocol.
The microbiology studies were carried out by involving, since the beginning of the study, the
senior management of the European Hospital Polisano Sibiu and especially its laboratory staff.

Study population
I included, in a prospective manner, all consecutive patients over the age of 18 years old,
hospitalized between September 2016 and January 2019, patients who underwent a surgical
procedure of joint revision arthroplasty (either hip or knee), in which the prosthesis or part of it
(such as the liner) was removed for any reason. Also included in the study were the interventions
that involved the removal of a polymethylmethacrylate spacer. Detailed information was extracted
from patients' medical records using a standardized digital data collection form. Medical records
were evaluated in this study for the following data: demographic characteristics; clinical,
radiographic, laboratory, histopathological, and microbiological data; type of surgical treatment;
previous antimicrobial therapy and information on primary arthroplasty and subsequent revisions
(if any). The necessary information was available for all patients enrolled in the study. The patients
were followed until they developed a treatment failure, died, or were lost during the follow-up
period. The follow-up period was extended until January 2020, so the patients were followed for
a maximum period of 39 months.
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The collected data were processed in Microsoft Excel 2020, and subsequently statistically
analyzed using IBM SPSS Statistics® version 26 software. The collected data were analyzed and
verified using the Shapiro-Wilk test. Descriptive statistics were used to summarize demographic,
clinical, and treatment aspects. Quantitative variables were expressed as mean ± SD (standard
deviation) or a median. The qualitative variables were summarized numerically and in percentage.
Quantitative variables were compared using Student`s t-test or Chi-Square test. The KruskalWallis test, the Kaplan-Meier analysis for survival rate, the ROC curve (Receiver operating
characteristic) for the sensitivity and specificity of the different diagnostic methods analyzed, and
the Cox multivariable analysis were also used. The two groups of patients were compared using
the incidence frequency (%), Chi-Square Tests, the Fisher's exact test, the Pearson P-R correlation
coefficient, and bivariate correlation. The significance of the differences between the 2 study
groups was analyzed using the Mann – Whitney U test for non-parametric one-tailed significance.
Regression analysis was also used, through multivariate analysis models - analytical models for
obtaining regression equations, coefficients of regression models. By analyzing the regressions, it
was intended to identify the links between the analyzed variables; through successive commands
Analyze → Regression → Curve Estimation → Curve Estimation window, the types of
multivariate analysis models were selected - analytical models for obtaining regression equations.
The odds ratio and 95% CI (confidence intervals) were calculated for each of the risk factors
included in the logistic regression models. The level of statistical significance was set at p <0.05.

Study definitions and classifications
Periprosthetic joint infections were defined using the criteria published in 2011, which was the
key point for standardizing the management of periprosthetic joint infections, and the year in which
the First International Consensus on Musculoskeletal Infections in Philadelphia took place and the
criteria of the working group within the Musculoskeletal Infection Society published by Javad
Parvizi et al . were elaborated: (i) a sinus tract communicating with the prosthetic joint; (ii) A
pathogen that is isolated by culture from two separate tissue or fluid samples obtained from the
affected prosthetic joint; or (iii) the existence of at least four of the following six criteria: an
increased erythrocyte sedimentation rate (ESR) and an elevated serum C-reactive protein (CRP)
level; an increased number of leukocytes in the synovial fluid; an increased percentage of
neutrophils in synovial fluid (PMN%); the presence of pus around the involved joint; isolation of
a microorganism in one periprosthetic tissue or fluid culture or fluid or more than five neutrophils
per microscopic field (high-power microscopic field) observed during histological analysis of
periprosthetic tissue at a magnification of × 400 (96)
To determine whether or not there is an acute, chronic, or late-acute periprosthetic joint
infection, the classification proposed by Zimmerli et al. was used, a classification that defines
periprosthetic joint infections as early (occurring within 3 months postoperatively), delayed (3 -24
months) and late (> 24 months) (236). Also used was a much simpler classification from the
Pocket Guide for the Diagnosis and Treatment of Periprosthetic Joint Infections created by the
PRO-IMPLANT Foundation, Berlin, Germany (coordinated by N. Renz and A. Trampuz) - Pocket
Guide to Diagnosis & Treatment of Periprosthetic Joint Infection (PJI), a guide that is in line with
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national and international recommendations – PJIs can be acute (perioperative or
hematogenous/continuous) or chronic.

Histopathological classification of the pathology associated with joint implants
From the intraoperative samples of periprosthetic tissue (periprosthetic membrane), one of
them was sent to the Department of Pathological Anatomy.

Synovial fluid cultures
Synovial fluid was aspirated preoperatively under aseptic conditions. The aspirate was
subsequently transferred into two sterile vacutainer vials. One of the vials contains EDTA
(ethylenediaminetetraacetic acid) and was used to determine the number of leukocytes and the
percentage of granulocytes. The other was a native vial used for bacterial culture. The synovial
fluid was inoculated and incubated under aerobic, anaerobic, and high CO2 conditions at 37°C for
14 days and inspected daily for bacterial growth. Isolated bacteria were identified using the VITEK
2 Compact analyzer (bioMérieux, Marcy-l’Étoile, France). MICs (minimum inhibitory
concentrations) were assessed in accordance with the European Committee on Antimicrobial
Susceptibility Testing breakpoints (EUCAST) (94) (93).

Implant sonication and sonication fluid cultures
Both endoprosthesis and polymethylmethacrylate spacers were retrieved and sonicated. In the
operating room, sterile Ringer's solution or 0.9% NaCl saline (saline sterile solution) was added
into the sterile containers designated for implant sonication. The above containers are sterilized
according to the manufacturer's recommendations and packed in a double layer envelope. The
implants were processed within 30 minutes by sonication (1 min) using an ultrasonic bath
(BactoSonic®14.2, Bandelin GmbH, Berlin, Germany) at a frequency of 42 kHz and a power
density of 0.22W/cm2. The resulting sonication fluid was vortexed and subsequently, 50 ml of
sonication fluid were centrifuged at 2500 rpm for 5 minutes. The resulting precipitate was
inoculated on culture media: Columbia agar with sheep blood (incubated aerobically,
anaerobically, and in high CO2 concentration - GENbag-GENbox Atmospheric generators
bioMérieux, Marcy-l'Étoile, France), Sabouraud plate, plate MacConkey agar, glucose broth,
lactose broth, and thioglycolate broth.
The cultures were incubated at 37°C for 14 days and inspected daily for bacterial growth.
Isolated bacteria were identified using the VITEK 2 Compact analyzer (bioMérieux, Marcyl’Étoile, France). The MICs were evaluated according to EUCAST breakpoints. Sonication fluid
cultures were considered positive if >50 CFU/ml (CFU – colony-forming units) of sonication fluid
were counted (52) (162).

19

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

Periprosthetic tissue cultures
Biopsy samples of periprosthetic tissue of approximately 1.5 cm3 in size were sampled
intraoperatively and collected in sterile vials, transported as soon as possible to the microbiology
laboratory where they were individually homogenized in one ml of thioglycolate broth.
Homogenized tissue samples (1 ml) were inoculated on culture media as follows: Columbia agar
with sheep blood (incubated aerobically, anaerobically, and in high CO2 concentration - GENbagGENbox Atmospheric generators bioMérieux, Marcy-l'Étoile, France), Sabouraud plate,
MacConkey agar plate, glucose broth, lactose , and thioglycolate broth. The cultures were
incubated at 37°C for 14 days and inspected daily. Isolated bacteria were identified using the
VITEK 2 Compact analyzer (bioMérieux, Marcy-producétoile, France), and the MICs were
evaluated according to EUCAST breakpoints.

Synovial fluid studies
Synovial fluid was analyzed for cellularity, C-reactive protein levels, and leukocyte esterase.
Preoperatively synovial fluid was aspirated and transferred to sterile vials. One of the vials
contained EDTA to determine the number of leukocytes and the percentage of granulocytes. After
collection, the samples were transported to the laboratory, where the vials were processed within
10-15 minutes. I evaluated previous studies that established optimal levels for the diagnosis of
periprosthetic joint infections, a synovial fluid leukocyte count greater than >1.7 G/l or >65%
neutrophils in knee arthroplasties or leukocyte count > 4.2G/l or >80% neutrophils in hip
arthroplasties (Kurtz, Ong, Lau, Mowat, & Halpern, 2007) (52). Regarding the detection of
leukocyte esterase, I evaluated the synovial fluid using enzymatic colorimetric bands (Dirui A10
Urine Analysis Reagent Strips, Dirui Industrial Co. Ltd, Changchun, China). To limit interference
with the assays, between 1-4 ml of synovial fluid were centrifuged at 2500 rpm for 5 minutes. A
drop of the resulting precipitate was placed on the leukocyte esterase detection strip. The reaction
was evaluated according to the manufacturer's recommendations. Highlighting the color purple
indicated a positive test. Determination of C-reactive protein in synovial fluid was performed by
an automated turbidimetric method using a specific reagent kit and, on an ARCHITECT c4000
system (Abbott Laboratories, Illinois, USA).

Molecular identification of bacteria using 16S rRNA bbFISH technology (beacon-based
fluorescent in situ hybridization) from the sonication fluid
Also, as a rapid method for detecting and analyzing bacteria, I implemented a molecular
identification technique for bacteria using 16S rRNA bbFISH (beacon-based fluorescent in situ
hybridization) technology using a bbFISH kit (hemoFISH® Masterpanel, miacom® diagnostics
GmbH Düsseldorf, Germany. Miacom® diagnostics GmbH combines the advantages of the classic
FISH with the use of fluorescently labeled DNA-molecular beacons as probes, resulting in a very
easy procedure. The bbFISH test was performed according to the manufacturer's
recommendations, using a precipitate sample resulting from 50 ml of pre-centrifuged sonication
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liquid at 2500 rpm for 5 minutes The kit contains beacons for the detection of the following
bacteria: Staphylococcus spp., Staphylococcus aureus, Streptococcus spp., Streptococcus
pneumoniae, Streptococcus agalactiae, Enterococcus faecium, Enterococcus faecalis,
Enterobacteriaceae, Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas
aeruginosa, Acinetobacter spp., and Stenotrophomonas maltophilia.
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4. RESULTS.
4.1
4.1.1

Demographic, clinical, and laboratory aspects. Classification of the periprosthetic joint
infections.
Demographic aspects

A total number of 61 patients were enrolled in this study during the analyzed period (September
2016 - January 2019), representing a total number of 61 implants that were retrieved,
endoprosthesis (n=58) or polymethylmethacrylate (PMMA) spacers (n=3). The diagnosis of
aseptic loosening of an endoprosthetic implant was established in 30 cases (49.18%) and the
diagnosis of infection associated with an endoprosthetic implant (periprosthetic joint infection)
was established in 31 cases (50.81%). Thus, in 2016, 14 patients were enrolled (23%), 7 patients
belonging to the study group of patients diagnosed with aseptic loosening, and 7 patients diagnosed
with a prosthetic joint infection. In 2017, 19 patients were enrolled (31.1%), 13 patients belonging
to the study group of patients diagnosed with aseptic loosening, and 6 patients diagnosed with
periprosthetic joint infection. In 2018, 17 patients were enrolled (27.9%), 8 patients belonging to
the study group of patients diagnosed with aseptic loosening and 9 patients diagnosed with a
periprosthetic joint infection, and in 2019 11 patients were enrolled in the study (18%), 2 patients
belonging to the study group of patients diagnosed with aseptic loosening and 9 patients diagnosed
with periprosthetic joint infection. There were no statistically significant differences between the
2 study groups regarding the patient enrollment year (p=0.690).
Of the 30 retrieved implants from the 30 patients diagnosed with aseptic loosening of an
endoprosthetic implant, 16 implants were hip and 14 knee implants, and in the group of patients
diagnosed with a periprosthetic joint infection, 14 implants were hip implants, 14 knee implants,
and 3 hip polymethylmethacrylate spacers. Regarding PMMA spacers, the initial surgeries (the
first stage of a two-stage revision surgery) were performed before the introduction of the proposed
diagnostic strategy and no pathogen had been isolated.
Compared to the whole study group (n = 61), the mean age of the enrolled patients was 67.62
years (range, 44 - 83 years, standard deviation ± 8.058). In the subgroup of patients diagnosed with
aseptic loosening, the mean age of the enrolled patients was 68.50 years (range, 44 - 83 years,
standard deviation ± 8.768). In the subgroup of patients diagnosed with a periprosthetic joint
infection, the mean age of the patients was 68 years (range, 49 - 83 years, standard deviation ±
7.422).
29 patients were male patients (47.5%) and 32 patients were living in rural areas when
analyzing the entire study population.
22 patients were female patients (73.33%) and 17 patients were living in rural areas (56.66%)
in the subgroup of patients diagnosed with aseptic loosening and when analyzing the subgroup of
patients diagnosed with a periprosthetic joint infection, 10 patients were female patients ( 32.25%)
and 15 patients were living in rural areas (48.38%).
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There were no statistically significant differences between the 2 study groups when analyzing
the age or residence medium, p=0.574, respectively p=0.517. From the gender point of view, there
were statistically significant differences between the 2 subgroups, p=0.001.
A not negligible parameter in the evaluation of an endoprosthetic implant is the year in which
the primary endoprosthesis intervention took place, in the entire study group the interval in which
the primary endoprosthesis intervention took place was between 2000 and 2019 and the duration
from the time of the initial intervention and enrollment in the study was between 2 weeks and 17
years (statistical data for the whole study group, n = 61). These parameters are extremely important
in terms of evaluating an implant and even more so in the case of periprosthetic joint infection.
Thus, in the case of the subgroup of patients diagnosed with a periprosthetic joint infection, the
primary endoprosthesis intervention took place between 2003-2019 and the duration from the time
of initial intervention and the enrollment of the patients in the study was between 2 weeks and 15
years (n=31), and in the subgroup of patients diagnosed with a mechanical loosening of an
endoprosthetic implant, the primary intervention took place between 2000-2016, and the duration
from the initial intervention and enrollment in the study was between 1 year and 17 years (n=30).
Also from this point of view of these 2 parameters, there are statistically significant differences
between the 2 study subgroups, p=0.010 in the case of the period in which the primary intervention
took place, respectively p=0.018 in the case of the interval between the initial intervention and
enrollment in the study.
The most common underlying joint condition in the group of patients diagnosed with aseptic
loosening of an endoprosthetic implant was osteoarthritis (n=22), followed by rheumatoid arthritis
(n=6) and trauma - femoral neck fracture (n=2). In the group of patients diagnosed with a
periprosthetic joint infection, the most common underlying joint condition was osteoarthritis
(n=28), again followed by rheumatoid arthritis (n=2) and trauma - femoral neck fracture (n=1).

4.1.2

Classification of the periprosthetic joint infections.

The diagnostic criteria used in establishing the diagnosis of periprosthetic joint infection that
were used were according to the guidelines of The IDSA (93), MSIS (96)(97), and those of the
First International Consensus Meeting on Musculoskeletal Infections in Philadelphia from 2011
or those from 2018 from the 2nd International Consensus Meeting on Musculoskeletal Infections
in Philadelphia.
Using the classification proposed by Zimmerli et al., a classification that defines periprosthetic
infections as early (occurring within 3 months postoperatively), delayed (3-24 months), and late
(> 24 months) (236) I was able to group the 31 patients diagnosed with periprosthetic infection as
follows: 9 patients diagnosed with early periprosthetic joint infection, 6 patients with delayed
periprosthetic joint infection and 16 patients diagnosed with a late periprosthetic joint infection.
I also used a much simpler classification of the periprosthetic joint infections from the Pocket
Guide for the Diagnosis and Treatment of Periprosthetic Infections created by the PRO-IMPLANT
Foundation, Berlin, Germany (coordinated by N. Renz and A. Trampuz) - Pocket Guide to
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Diagnosis & Treatment of Periprosthetic Joint Infection (PJI); thus, 5 patients were diagnosed with
an acute perioperative infection, 4 patients with acute hematogenous infection, and 22 patients
with chronic prosthetic joint infection. The number of patients diagnosed with an acute
periprosthetic joint infection in 2016 was 2, in 2017 1, in 2018 1, and 2 cases in 2019. Patients
diagnosed with a hematogenous acute periprosthetic joint infection in 2016 were 0, in 2017 1, in
2018 0 and in 2019 2 cases, and patients diagnosed with a chronic periprosthetic joint infection in
2016 were 0 cases, in 2017 4, in 2018 8 and in 2019 5 patients.

4.1.3

Clinical aspects

In the group of patients diagnosed with a periprosthetic joint infection, the mean duration in
years from the time of primary intervention until the onset of symptoms was 3.23 years (± 3.62
years) with 95%CI[1.90 - 4.55] for the mean, with a minimum of 2 weeks and a maximum of 15
years.
51.61% (n = 16) of the episodes of periprosthetic joint infection occurred more than 24 months
after the primary surgical intervention.
The clinical picture, signs, and symptoms, presented by patients diagnosed with a
periprosthetic joint infection, are reported in the following table.

Table 2 Signs and symptoms of the 31 enrolled patients diagnosed with prosthetic joint infections
Signs and symptoms
No. of episodes (%)
Compromised soft tissue:
Slightly damaged soft tissueaa
7 (22.58)
Moderately damaged soft tissueb
3 (9.67)
c
Severely damaged soft tissu
6 (19.35)
Pain
22 (70.96)
Fever
3 (9.67)
Chills
2 (6.45)
Bacteraemia
3 (9.67)
Loose implant
15 (48.38)
a: erythema and induration; b: wounds without discharge; c: wound discharge, sinus tract, and
abscess.
The presence of a fistula was evidenced in 6 patients diagnosed with a periprosthetic joint
infection.
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4.1.4

Laboratory aspect

4.1.4.1 Synovial fluid studies
Synovial fluid was analyzed for cellularity, C-reactive protein levels, and leukocyte esterase.
The performances of the diagnostic methods used in the evaluation of synovial fluid are
summarized in the following table.
Studying the level of C-reactive protein in synovial fluid reported the best performance in terms
of sensitivity, followed by leukocyte count, polymorphonuclear percentage, and leukocyte
esterase.
In terms of specificity, the highest specificity was found in determining the number of
leukocytes, followed by leukocyte esterase, the percentage of polymorphonuclear, and lastly the
level of the C-reactive protein in synovial fluid.

Table 3 Performance of used diagnostic methods in the study of the synovial fluid
% sensibility

% specificity

% PPV (95%

% NPV (95%

(95% CI)

(95% CI)

CI)

CI)

Leukocyte count in

90.32%

100.00%

the synovial fluid

(74.25%-97.96%)

(88.43-100.00)

90.32%

83.33%

5.19%

99.88%

(74.25-97.96)

(65.28-94.36)

(2.38-10.94)

(99.65-99.96)

Percentage of

83.87%

90.00%

7.81%

99.82%

polymorphonuclear

(66.27-94.55%)

(73.47-97.89%)

(2.78-20.04)

(99.59-99.92)

100.00%

70.00%

3.26%

(88.87-100.00)

(50.60-85.27)

(1.91-5.50)

Diagnostic method

Percentage of

99.99%
100.00%
(99.97-100.00)

polymorphonuclear
in the synovial fluid

C-reactive protein
from the synovial
fluid

100.00%

*PPV – Positive predictive value, NPV- Negative predictive value

25

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

4.1.4.2 Study of the blood parameters of the enrolled patients
Among the laboratory performed tests and the parameters that were evaluated preoperatively
in the case of a joint arthroplasty revision surgery introduced in the study are the following: the
number of WBCs, fibrinogen, erythrocyte sedimentation rate (ESR), and serum C-reactive protein.
It was also attempted to collect laboratory parameters related to primary surgery (proinflammatory
biomarker level, pre, and postoperative hemoglobin, or serum glucose), parameters for which it
was not possible to collect data related to all patients, so a detailed analysis was not performed.
The existence of a possible correlation between these parameters and the subsequent development
of a periprosthetic infection was evaluated, a correlation between these two parameters was not
demonstrated.
The following table summarizes all demographic, clinical, and laboratory aspects of the
patients enrolled in the study.

Table 4 Baseline Characteristics Table of the enrolled patients in the study

Evaluated parameter

Patients diagnosed
with aseptic
loosening (n=30)

Patients diagnosed
with prosthetic joint
infections (n=31)

p

Demographic data

Type of implants

16 hip implants
14 knee implants

Age (mean, std. dev., interval) years

68,50 years (±8.768,
44 - 83).

14 hip implants
14 knee implants
3 PMMA hip spacers
68 years (±7.422, 49 83).

Gender (male, n=, %)*

8 (26.67%)

20 (67.77%)

0.001

Residence (U, n=, %)

13 (43.33%)

16 (51.62%)

0.517

Primary surgical intervention period*

2000-2016

2003-2019

0.001

Duration from the time of the initial
intervention and enrollment in the
study *

Between 1 year and
17 years

Between 2 weeks and
15 years

0.018

0.574
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Underlying joint conditions

Osteoarthritis (n=)

22

28

-

Connective tissues disorders**

6

2

-

Trauma***

2

1

-

-

Clinical aspects

Mean duration in years from the time
of the initial intervention until the
onset of the symptoms
(mean, std. dev., interval) years

6.76 years (± 3.57),
1 - 17 years.

3.23 years (± 3.62), 2
weeks - 15 years.

Surgical hip approach (n=)

lateral approach
(n=16)

Lateral approach
(n=16)
antero-lateral minimal
invasive (n=1)

Surgical knee approach (n=)

medial parapatellar
(n=12)
lateral parapatellar
(n=1)
mid-vastus approach
(n=1)

medial parapatellar
(n=9)
lateral parapatellar
(n=4)
mid-vastus (n=1).

0.656

Signs and symptoms (n=, %)
Compromised soft tissue:
Slightly damaged soft tissuea
Moderately damaged soft tissueb
Severely damaged soft tissuc

-

Pain

30 (100%)

22 (70.96)

-

Fever

-

3 (9.67)

-

Chills

-

2 (6.45)

-

Bacteremia

-

3 (9.67)

-

7 (22.58%)
3 (9.67%)
6 (19.35)

-
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Loose implant

23 (76.66%)

15 (48.38)

-

Laboratory studies

Synovial fluid studies

Number of leucocytes (mean, std.
dev., interval) G/l*

645.27
(±502.53), 180.00 2000.00

Percentage of polymorphonuclear
(mean, std. dev., interval) (%)*

52% (±16.270, 20%
- 80%

Leukocyte esterase.* (n=, positive)

3

26

0.000

C-reactive protein (R.V. 0-0.9 mg/L)
(mean, std. dev., interval)*

0.95 mg/L (±3.36),
0.00 – 18.00 mg/L

24.13 mg/L (±56.35),
0.50 – 312 mg/L

0.028

8962.58 (±9488.41),
300.00 G/l - 33000.00 0.000
G/l
82.29% (±13.00), 40%
0.000
- 95%

Studiul parametrilor biologici sangvini
WBCs (R.V. 4000-9000/µl) (mean,
std. dev., interval)
ESR (<20 mm/h) (mean, std. dev.,
interval)
Fibrinogen mg/dL (R.V. 200-400
mg/dL) (mean, std. dev., interval)*

7944/µl (±1732),
8617/µl (±1998), 4960
0.303
5480 – 13490/µl
- 14220/µl
23 mm/h (±13), 7 –
34 mm/h (±19), 10 –
0.170
75 mm/h
86 mm/h
405 mg/dL (±86),
466 mm/h (±106), 261
0.017
250 – 705 mg/dL
– 505 mg/dL
9.7 mg/L (±7.98), 3
36.64 mg/L (±43.85),
C-reactive protein (V.R. <6 mg/L)*
0.003
– 46 mg/L
3- 210 mg /dl
* - statistically significant difference between the 2 study groups; PMMApolymethylmethacrylate; std. dev. –standard deviation; U – urban;** - rheumatoid arthritis,
*** - femoral neck fracture, a a: erythema and induration; b: wounds without discharge; c:
wound discharge, sinus tract, and abscess; R.V. – reference value, ESR – erythrocytes
sedimentation rate,

4.2

Histopathological classification of the periprosthetic tissue pathology

Table 5 Histopathological evaluation of the periprosthetic membrane
Number of cases

p=
28
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Type of classification
according to Krenn
and Morawietz
Type I
Type II
Type III
Type IV

4.3

Patients with
periprosthetic joint
infection.
4
7
18
2

Patients with aseptic
loosening of the
implants.
10
0
11
9

0.59
0.005
0.097
0.016

Considerations on the etiological aspects

Of the 31 patients diagnosed with periprosthetic joint infections, a microbiological diagnosis
was obtained in 29 of the 31 cases (93.54%): 7 cases in 2016 (100%), 6 cases in 2017 (100%), 9
(100%) in 2018, and 7 cases (77.77%) in 2019. The proportion of cases with microbiological
diagnosis varied significantly during the study period (p=0.00) applying a t-Test: Two-Sample
Assuming Unequal Variances preceding being applied an F-test Test Two-Sample for Variances.
Statistically significant variation most likely is in the context of the small number of patients
enrolled in the study.
In total, 12.9% (4 cases) of the total episodes of periprosthetic joint infections were
polymicrobial infections. At the same time, no significant trends were identified overtime in the
increase of the number of polymicrobial infections. Thus, in 2016, 2 cases of polymicrobial
periprosthetic joint infections were diagnosed and one case in 2017 and 2018, respectively. All
cases of polymicrobial infections were associated with endoprosthetic hip implants.

Tabel 6 Polymicrobial infections – distribution by years and etiological agents
Year

Bacterial association

2016

Staphylococcus aureus meticilino-rezistent
(MLSBi -inducible resistance to clindamycin
strains) + Enterobacter cloacae
Staphylococcus epidermidis + Pseudomonas
fluorescens

2017
2018

Ralstonia pickettii + Pseudomonas
aeruginosa
Staphylococcus xylosus + Acientobacter spp.

Table 25 summarizes the etiological agents involved in the etiology of the periprosthetic joint
infections during the study period. Gram-positive aerobic cocci were the most common group of
microorganisms involved in the etiology of the periprosthetic joint infections - 20 positive cultures
representing 57.14%, followed by Gram-negative aerobic bacilli - 13 cultures, representing
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37.14%. In 2 cases of periprosthetic joint infections from cultures, no pathogens were identified
by any of the detection methods that were used in this study. The most common isolated Grampositive cocci were coagulase-negative staphylococci (n=10) followed by Staphylococcus aureus
(n=7), Enterococcus spp. (n=2) and D group Streptococcus (n=1). Among the coagulase-negative
staphylococci, Staphylococcus epidermidis was most frequently isolated (n=7).

Table 7 Microbiological results of the bacterial cultures
Microorganism or group

Total no. of positive cultures (%)

Gram-positive aerobic cocci

20 (57.14%)

CNS - Coagulase-negative staphylococci
Staphylococcus epidermidis
Staphylococcus lentus
Staphylococcus xylosus
Staphylococcus aureus
Methicillin-resistant S. aureus
Methicillin-susceptible S. aureus
Streptococcus species
Streptococcus group D
Enterococcus species
Enterococcus faecalis
Gram-negative aerobic bacilli
Enterobacteriaceae
Escherichia coli
Enterobacter spp.
Enterobacter cloacae complex
Enterobacter amnigenus 2
Klebsiella spp.
Gram-negative nonfermenting bacilli
Pseudomonas spp.
Pseudomonas fluorescens
Pseudomonas aeruginosa
Acinetobacter spp.
Ralstonia pickettii
Without bacterial growth

10 (28.57%)
7 (20%)
2 (5.71%)
1 (2.85%)
7 (20%)
6 (17.14%)
1 (2.85%)
1 (2.85%)
1 (2.85%)
2 (5.71%)
2 (5.71%)
13 (37.14%)
5 (14.28%)
1 (2.85%)
3 (8.57%)
2 (5.71%)
1 (2.85%)
1 (2.85%)
8 (22.85%)
3 (8.57%)
1 (2.85%)
2 (5.71%)
1 (2.85%)
4 (11.42%)
2 (5.71%)
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No significant linear upward or decreasing trend in the number of periprosthetic joint infections
caused by Gram-negative aerobic bacilli (p=0.32) or Gram-positive aerobic cocci (p=0.06) was
observed during the study period.

4.5

Molecular identification of bacteria using 16S rRNA bbFISH (beacon-based fluorescent in
situ hybridization) technology from the sonication fluid

The use of molecular biology techniques to identify bacteria from the sonication fluid and thus
the etiology of the prosthetic joint infections in patients enrolled in the study was the second main
objective of this research study.
The use of 16S rRNA bbFISH (beacon-based fluorescent in situ hybridization) technology on
sonication fluid samples using a bbFISH kit (hemoFISH® Masterpanel, miacom® diagnostics
GmbH Düsseldorf, Germany) with a sample processing time of 30 minutes and having a possible
etiological orientation, in accordance with the types of bacteria that can be identified with this kit,
fast, from the day of the intervention, with the possibility of adapting the empirical antibiotic
therapy centered on a certain species of bacteria. A total of 61 sonication fluid samples,
representing the 61 patients enrolled in the study, were analyzed using the rapid molecular bacteria
detection assay. 26 samples were positive on microscopic examination, thus identifying 26 bacteria
involved in the etiology of periprosthetic joint infections, identification in accordance with the
types of bacteria that can be detected using the hemoFISH ® Masterpanel kit. In addition to the
actual identification, the microscopic evaluation also revealed in situ information about cell
morphology, number, the spatial distribution of the microorganisms, and data regarding the
cellular environment around the bacteria. Thus, all strains of Ralstonia pickettii (n=4) were not
identified in the context in which the diagnostic kit does not contain beacons for the identification
of these bacterial species. Also, the Pseudomonas fluorescens strain was not identified, although
the kit contains beacons for the detection of bacterial species of Pseudomonas aeruginosa type, no
cross-reactions are possible, these beacons being specific to a single bacterial type.

Table 8 Bacterial identification using the 16S rRNA bbFISH technology
Bacterial strains
identified from the
sonication fluid cultures
Methicillin-resistant
Staphylococcus aureus
(MLSBi -inducible
resistance to clindamycin
strains)
Methicillin-susceptible S.
aureus

Bacterial identification
using the 16S rRNA
bbFISH® technology

No. of identified
strains

Staphylococcus aureus

5

Staphylococcus aureus

1

Comments
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Methicillin-resistant
Staphylococcus aureus
(MLSBi -inducible
resistance to clindamycin
strains) + Enterobacter
cloacae
Staphylococcus
epidermidis
Staphylococcus
epidermidis +
Pseudomonas fluorescens
Staphylococcus lentus

Ralstonia pickettii

Staphylococcus aureus +
Enterobacteriaceae

1

Staphylococcus spp

6

Staphylococcus spp

1

Staphylococcus spp

2

-

0

Partial
identification
The kit doesn’t
contain
beacons for
the
identification
of Ralstonia
pickettii strains
Partial
identification

Ralstonia pickettii +
Pseudomonas aeruginosa
1
Pseudomonas aeruginosa
Klebsiella spp.
Enterobacteriaceae
1
Enterococcus faecalis
Enterococcus faecalis
2
Staphylococcus xylosus +
Staphylococcus spp +
1
Acientobacter spp.
Acientobacter spp.
Enterobacter amnigenus
Enterobacteriaceae
1
2
Enterobacter cloacae
Enterobacteriaceae
1
complex
Streptococcus group D
Streptococcus spp.
1
Pseudomonas aeruginosa
Pseudomonas aeruginosa
1
Escherichia coli
Escherichia coli
1
®
The use of the 16S rRNA bbFISH technology resulted in 26 positive (true-positive) and 30
negative (true-negative) tested samples. 5 samples were false negative, 4 of them in the context in
which the kit does not contain beacons to identify the strains of Ralstonia pickettii and
Pseudomonas fluorescens.
Regarding the performance of bacterial identification using molecular biology technique, in
this case, 16S rRNA bbFISH (beacon-based fluorescent in situ hybridization) technology on
samples of sonication fluid with using a bbFISH kit (hemoFISH® Masterpanel, miacom®
diagnostics GmbH Düsseldorf, Germany), the sensitivity of this test is 83.87% (95% CI 66.27% 94.55%) and the specificity is 100.00% (95% CI 88.43% - 100.00%) when analyzing the
test/diagnostic procedure itself-, but when evaluating the same parameters strictly for bacteria that
can be identified using this kit, the parameters are as follows: sensitivity of 100.00% (95% CI
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86.77% - 100.00%), specificity is 100.00% (95% CI 90.00% - 100.00%), and accuracy is 100.00%
(95% CI 94.13% - 100.00%).
The performance of the methods used to identify the etiological agents involved in the
periprosthetic joint infections is different, data that already had been demonstrated and reported in
the literature, and led to the need of using several methods of identification due to the fact that so
far no method has a sensitivity and a specificity of 100%. Thus, in descending order of performance
of bacterial identification methods used in this research study, the best parameters were identified
for the sonication fluid cultures, followed by the molecular identification of bacteria using 16S
rRNA bbFISH®, bacterial cultures from biopsy tissue samples of soft tissues as well as from the
periprosthetic membrane of interface and cultures of the synovial fluid (sensitivity/ specificity:
90.32%/100.00%, 83.87%/100.00%, 80.65%/100.00%, and respectively 32.26%/100.00%).

4.6

Microbiological characteristics of isolated strains

The most important characteristic of a pathogen be it from the bacterial, fungal, or viral
spectrum, is represented by the susceptibility, sensitivity, and resistance to the action of different
classes of drugs.
The MICs (minimum inhibitory concentrations) of isolated bacterial strains were evaluated in
accordance with the European Committee on Antimicrobial Susceptibility Testing breakpoints
(EUCAST). Based on these minimal inhibitory concentrations, the susceptibility to antibiotics of
the isolated strains was also established.
Multiple drug resistance (MDR)/ Extensively drug resistant (XDR)
28 bacterial strains from those isolated during the study period were multidrug-resistant
bacterial strains (according to the definitions reported in the literature)
This grouping of bacterial strains according to resistance to different classes of antibiotics
included 6 strains of Methicillin-resistant S. aureus (2 strains in 2016, 1 strain in 2018, and 3
strains in 2019), 6 strains of Methicillin-resistant S. epidermidis (2 strains in 2016, 1 strain each in
2017 and 2018, and 2 strains in 2019), and one strain of Methicillin-resistant S. lentus. 17 strains
of Gram-negative bacilli were multiple drug resistance strains, of which 5 strains of ESBL
(extended-spectrum beta-lactamases) type. One strain was Extensively drug resistant (XDR)
ESBL (extended-spectrum beta-lactamases) the Pseudomonas fluorescens one. A Gram-negative
MDR bacillus strain and an XDR strain were associated with a Methicillin-resistant S. epidermidis
and Methicillin-resistant S. aureus strains subsequently being involved in the etiology of two cases
of polymicrobial periprosthetic joint infection.

4.7

Comorbidities. Charlson Comorbidity Index
Comorbidities
33

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

In this study, a significant impact on the probability that patients would develop a
periprosthetic joint infection was not associated with the underlying pathology (in terms of OR
and RR values). In general, values of RR close to 1 suggest the same probability of getting the
disease, so the factor has no influence. If RR has values greater than 1, there is a relationship
between the risk factor and the disease (it is not mandatory to be the cause). OR values close to 1,
denote that the exposure does not influence the appearance of the pathology, and a value well
above 1, denotes a correlation tendency that is considered causal in most cases.
I also evaluated the possibility of a correlation between the number of comorbidities and the
presence of a periprosthetic joint infection, there is no statistically significant correlation between
these 2 parameters, r= 0.128, p= 0.326, n= 61. It was attempted to group the number of
comorbidities into subgroups as follows: 1 comorbidity, 2 comorbidities, 3 comorbidities, and 4
or more comorbidities, and then re-evaluate the existence of a possible correlation. Even under
these conditions in this research study, there is no statistically significant correlation between the
number of comorbidities and the presence of a periprosthetic joint infection, r= 0.162, p= 0.213,
n= 61.
The possibility of a statistically significant correlation between the average number of
comorbidities or the average grouping of the number of comorbidities and the presence of a
periprosthetic joint infection was also evaluated, but this association does not correlate with the
same statistical parameters as above.
Although it is not one of the objectives of this research study, it is necessary to mention, as a
reconfirmation, the fact that there is a statistically significant positive correlation between the age
of patients and the number of comorbidities, r= 0.328, p= 0.010, n= 61.
In statistics, the logistic model is used to evaluate the probability of certain existing events,
such as healthy-sick status of a person. In this research, the logistic model could be used to
determine the probability of developing a periprosthetic joint infection. Based on the data in the
table Variables in the Equation there is a probability for a smoking patient to develop a
periprosthetic joint infection 0.001490 times higher (Exp(b)-OR), a statistically significant result,
p= 0.04. The same probabilities are found in patients with ischemic heart disease (p= 0.020), body
mass index greater than 30kg/m2 (p= 0.038), liver disease (p= 0.027), seropositive rheumatoid
arthritis (p= 0.025), and with an increased number of comorbidities (p= 0.048).

Charlson Comorbidity Index
Charlson Comorbidity Index is probably the most widely used index to predict ten-year
mortality (estimated 10-year survival rate, expressed as a percentage) for a patient with several
concomitant conditions. For the whole group of patients (n=61), the Charlson comorbidity index
ranged from 0 to 7 points, with a mean of 3.97 and a standard deviation of ±1.449. The estimated
10-year survival rate ranged from 0 to 98% points, with a mean of 50.67% and a standard deviation
of ±29.399%. The statistical analysis of these data does not show statistically significant
differences between the 2 groups in terms of these 2 parameters (p= 0.218 for the Charlson
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comorbidity index and p= 0.110 survival rate estimated at 10 years). In the group of patients
diagnosed with periprosthetic joint infection (n=31) enrolled in the study, the Charlson
comorbidity index ranged from 0 to 7 points, with a mean of 4 and a standard deviation of ±1.621.
The estimated 10-year survival rate ranged from 0 to 98% points, with an average of 53.00% and
a standard deviation of ±31.626%. In the group of patients diagnosed with aseptic loosening of the
implant (n=30) enrolled in the study, the Charlson comorbidity index ranged from 1 to 7 points,
with a mean of 4 and a standard deviation of ±1.230. The estimated 10-year survival rate ranged
from 0 to 96% points, with a mean of 53.00% and a standard deviation of ±26.002%.

4.8

Therapeutic management
Therapeutic management of the patients diagnosed with periprosthetic joint infections.

All 31 cases of periprosthetic joint infections were analyzed from a therapeutic management
point of view, a surgical procedure being associated with a specific antibiotic treatment in all cases,
no patient being managed with long-term suppressive antibiotic therapy.
Therefore, the types of surgical management implemented, depending on the frequency, were:
1 3SE intervention - Three-stage exchange (3.22%), 4 DAIR interventions - Debridement and
implant retention (12.90%), 12 OSE interventions - One-stage exchange (38.70%), and 14 TSEinterventions - Two-stage exchange (2-stage revision) (45.16%). In 2016, 6 TSE surgeries and one
OSE surgery were performed. In 2017, 4 OSE surgeries were performed, and one OSE and 3SE
surgery. 5 OSE surgeries, 3 TSE surgeries, and one DAIR surgery, were performed in 2018, and
in 2019, 3 DAIR surgeries were performed, 2 OSE surgeries and 4 TSE surgeries.
Analyzing the type of surgical procedure implemented, depending on the type of periprosthetic
joint infection (acute, chronic, or acute hematogenous), and the year of enrollment of the patients
in the study, differences were observed in terms of the adopted treatment strategies, differences
most likely occurred with increasing of the confidence level in the diagnostic and management
strategies implemented through this research and with the publication, in the literature, of the longterm results obtained following the implementation of the same strategies in different reference
centers at international level. If in the first 2 years of study, in the case of acute and acute
hematogenous infections, the most frequently implemented surgical procedure was the OSE type,
in the 2018-2019 study years the most frequently used surgical procedure was DAIR. In the case
of chronic periprosthetic infections, if in the study period 2016-2017 the most common surgical
procedure adopted was 2-stage exchange (TSE), in the last 2 years of study a definite change was
observed towards the implementation of revision-type policies in single stage (OSE).

Table 9 Distribution of the number of type of surgeries by years of study and type of periprosthetic
joint infection
Year of study: 2016
Surgical intervention
Type of periprosthetic joint infection
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Acute Acute hematogenous Chronic
3SE - Three-stage exchange
TSE - Two-stage exchange
1
5
OSE - One-stage exchange
1
DAIR - Debridement and implant retention
Year of study: 2017
Type of periprosthetic joint infection
Surgical intervention
Acute Acute hematogenous Chronic
3SE - Three-stage exchange
1
TSE - Two-stage exchange
1
OSE - One-stage exchange
1
1
2
DAIR - Debridement and implant retention
Year of study: 2018
Type of periprosthetic joint infection
Surgical intervention
Acute Acute hematogenous Chronic
3SE - Three-stage exchange
TSE - Two-stage exchange
3
OSE - One-stage exchange
5
DAIR - Debridement and implant retention
1
Year of study: 2019
Type of periprosthetic joint infection
Surgical intervention
Acute Acute hematogenous Chronic
3SE - Three-stage exchange
TSE - Two-stage exchange
3
OSE - One-stage exchange
2
DAIR - Debridement and implant retention
2
2
Total
Type of periprosthetic joint infection
Surgical intervention
Acute Acute hematogenous Chronic
3SE - Three-stage exchange
1
TSE - Two-stage exchange
1
12
OSE - One-stage exchange
2
1
9
DAIR - Debridement and implant retention
2
3
-

The implemented therapeutic management failed in two cases.
Based on these two cases of failure of a periprosthetic joint infection surgical intervention, I
can state that, in the case of this group of studied patients, the recurrence rate of a periprosthetic
joint infection after a surgical intervention is 6.45%.
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Intravenous antibiotic treatment included vancomycin in eighteen cases, ampicillin/sulbactam
in two cases, and each of the following in one case: meropenem + linezolid, linezolid +
levofloxacin, levofloxacin, vancomycin + meropenem, meropenem, piperacillin/tazobactam, and
vancomycin + cefuroxime. The most commonly prescribed oral antibiotic was cotrimoxazole in
10 episodes, followed by cotrimoxazole + rifampicin in 6 episodes, levofloxacin in 5 episodes,
levofloxacin + rifampicin in 4 episodes, and each in a single episode: ciprofloxacin, cotrimoxazole
+ cefuroxime, amoxicillin/clavulanic acid, and amoxicillin/clavulanic acid + cotrimoxazole. The
total duration of the antibiotic treatment was 3 months, except in one case.

4.9

Follow-up

Patients were followed and evaluated postoperatively until they developed treatment failure,
died, or were lost during the follow-up period. During the study period from the available
documents no patient died, and no patient was lost during study.
Kaplan-Meier analysis of the entire study group
Using the cumulative survival table, the probability of cumulative mortality at 12 months is
1.60%, at 25 months 3.40% and at 39 months 3.40% or the probability of cumulative survival at
12 months is 98.40% at 25 months of 95.30% and at 39 months of 95.30%.
Kaplan-Meier analysis by study groups
This analysis was performed on the two study groups, patients diagnosed with aseptic
loosening and patients diagnosed with periprosthetic joint infection using the following steps - KM
Luni BY infectie /STATUS=Recidivă(0) /PRINT TABLE MEAN /PLOT SURVIVAL /TEST
LOGRANK BRESLOW TARONE /COMPARE OVERALL POOLED.
Using the cumulative survival table again, the probability of cumulative mortality in patients
diagnosed with aseptic loosening of the endoprosthetic implant at 12 months is 0.00%, at 25
months is 0.00%, and at 39 months is 0.00% or the probability of cumulative survival at 12 months
is 100.00%, at 25 months is 100.00%, and at 39 months is 100.00%, and in the case of patients
diagnosed with periprosthetic joint infection the probability of cumulative mortality at 12 months
is 3.20%, at 25 months is 8.30% and at 39 months is 8.30% or the cumulative survival probability
at 12 months is 96.80%, at 25 months is 88.70%, and at 39 months is 88.70%.
Kaplan-Meier analysis by study groups and surgical interventions
This analysis was performed on the two study groups, patients diagnosed with aseptic
loosening and patients diagnosed with periprosthetic joint infection using the following steps - KM
Luni BY infectie /STRATA=Procedeuch /STATUS=Recidivă(0) /PRINT TABLE MEAN /PLOT
SURVIVAL /TEST LOGRANK BRESLOW TARONE /COMPARE OVERALL POOLED.
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Analyzing the cumulative survival table, the only events that were present when using a TSETwo-stage exchange surgical procedure.
Using the cumulative survival table, the probability of cumulative mortality, in the case of
patients in whom a surgical procedure other than the Two-stage exchange was used, is 0.00% at
12 months, 0.00% at 25 months, and 0.00% at 39 months or the cumulative survival probability at
12 months is 100.00%, at 25 months is 100.00%, and at 39 months is 100.00%, and in the case of
patients in whom the TSE-Two-stage exchange surgical procedure was used, (a procedure used
strictly in patients with periprosthetic joint infection) the probability of cumulative mortality at 12
months is 6.9%, at 25 months it is 15.20%, and at 39 months is 15.20% or the probability of
cumulative survival at 12 months is 92.90%, at 25 months is 77.40%, and at 39 months is 77.40%.
It should be recalled that this type of therapeutic management implemented, failed in two cases.
In the first case, the failure was caused by a lack of compliance with the antibiotic regimen (the
patient giving up ciprofloxacin therapy at home after 30 days) and in the context of being an
immunocompromised patient in the context of immunosuppression for a kidney transplant. The
second case, a periprosthetic joint infection caused by a bacterial strain of Enterococcus faecalis
managed by a two-stage exchange procedure, reinfection caused by the same strain of
Enterococcus faecalis.

Therefore, I can summarize the fact that using the Kaplan-Meier estimation function, the
estimated survival rate (translated in the case of this research by the absence of recurrence of
periprosthetic joint infection) compared to the type of surgical procedure used and at 39 months is
100.00% in the case of Debridement and implant retention type, One-stage exchange, and Threestage exchange type of surgery, and in the case of the Two-stage exchange procedure also at 39
months this rate is 77.40%.

4.10 Economic implications. Hospitalization period.
Treatment cost
Using again a one-way ANOVA statistical analysis procedure and then the multiple
comparisons table containing the results of a Tukey post hoc analysis test I can conclude that there
is a statistically significant correlation between the cost of management of a patient and the
presence of a periprosthetic joint infection (p=0.000), so the management costs of a patient were
associated with the diagnosis of periprosthetic joint infection.

Hospitalization period
Another parameter with major implications in the economic burden of periprosthetic joint
infections as well as in all pathologies is represented by the hospitalization period. A factor that
can decisively influence the evolution of any pathology.
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The average duration of hospitalization of a patient with a periprosthetic joint infection,
depending on the surgical chosen procedure, was 9.5 days, 12.25 days, and 26.71 days for DAIR,
OSE, and TSE, respectively.
Longer hospitalization periods were at patients diagnosed with periprosthetic joint infections
(over 25 days) were associated with the following isolated bacterial strains: Methicillin-resistant
Staphylococcus aureus (MLSBi -inducible resistance to clindamycin strains); Methicillin-resistant
Staphylococcus aureus (MLSBi -inducible resistance to clindamycin strains) + Enterobacter
cloacae complex; Staphylococcus epidermidis; Staphylococcus epidermidis + Pseudomonas
fluorescens; Staphylococcus lentus; Ralstonia pickettii, and Enterococcus faecalis.
Using again a one-way ANOVA statistical analysis procedure and the multiple comparisons
table containing the results of a Tukey post hoc analysis test I can conclude that there is a
statistically significant correlation/difference between a patient's hospitalization period and the
presence of a periprosthetic joint infection (p= 0.048), so long hospitalization periods of a patient
were associated with the diagnosis of periprosthetic joint infection.
Using a bivariate correlation procedure, with the calculation of Pearson, Kendall's tau-b or
Sperman correlation coefficients, and the use of a significance test, no statistically significant
correlation was found between the length of hospital stay and the type of surgical procedure used.

5. PREZENTĂRI DE CAZ – RALSTONIA PICKETTII ASOCIATĂ INFECȚIILOR
PERIPROTETICE – ESTE O NOUĂ PROVOCARE?
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6. DISCUSSIONS
The age of patients undergoing primary joint replacement surgery has decreased significantly
in recent decades. This was due, on the one hand, to the good survival rate of primary implants,
and, on the other hand, to the growing expectations of patients (269).
The diagnosis and management of prosthetic joint infections remain an issue. The existence of
the "window" of 3 weeks is a key time point in which we either won the fight for the "surface" or
we lost it. Protocols adapted to the treatment of biofilm-associated infections and new diagnostic
methods have improved the rate of eradication of infections, without having a 100% certainty that
we have eradicated the infection. Well-equipped treatment centers for diagnosis and
multidisciplinary teams of surgeons-infectious disease specialist - clinical microbiologists are
needed. Periprosthetic joint infections are the most feared complication associated with
arthroplasty and require an early, rapid, and accurate diagnosis, able to lead to the implementation
of an adapted therapeutic management strategy.
The diagnosis of periprosthetic infection is based on a number of well-defined criteria (91)
(270) (271). So far, there is no clearly defined gold standard to establish the diagnosis of biofilmassociated orthopedic implant infections, although the First and Second International Consensus
has been able to standardize to a greater extent the diagnosis and the management of these cases (
(272). It is mandatory, for the management of cases of periprosthetic joint infections, to consider
a multidisciplinary approach (orthopedic surgeon - infectious disease specialist - clinical
microbiologist) (91).
Although the implementation of standardized strategies and local or national/international
diagnostic and management protocols, such as the use of laminar flow operating rooms, or the
appropriate administration of antibiotics perioperatively, has contributed to a decrease in the
incidence of periprosthetic joint infection, it continues to show up.
The incidence of periprosthetic joint infection after primary total hip arthroplasty is 1-2% (273;
274; 275), while the rate of periprosthetic joint infection after primary total knee arthroplasty is 14% (275; 276; 277; 278). Periprosthetic joint infection represents 14.8% of the revisions performed
for hip arthroplasty and is the most common cause of revision after knee arthroplasty (25.2%)
(279; 280).
A monocentric, observational, cohort study was conducted in the Academic Emergency
Hospital Sibiu, Romania, study in which there was enrolled a total of 61 patients during the study
period (September 2016 - January 2019), representing a total number of 61 retrieved implants.
Based on the diagnostic criteria, the patients were separated into two groups. The diagnosis of
aseptic loosening of an endoprosthetic implant was established in 30 cases (49.18%) and the
diagnosis of orthopedic implant-associated infections (periprosthetic joint infection) was
established in 31 cases (50.81%). In the subgroup of patients diagnosed with aseptic loosening,
the mean age of the enrolled patients was 68.50 years and in the subgroup of patients diagnosed
with a periprosthetic joint infection, the mean age of the patients was 68 years. Using the
classification proposed by Zimmerli et al. (236), the 31 patients diagnosed with periprosthetic joint
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infection were classified as follows: 9 patients diagnosed with early periprosthetic joint infection,
6 patients with delayed periprosthetic joint infection and 16 patients diagnosed with late
periprosthetic joint infection.
The study of the synovial fluid is a key element in establishing the diagnosis of periprosthetic
joint infection. Synovial fluid for this study was analyzed for cellularity, C-reactive protein levels,
and leukocyte esterase.
My study also had some limitations. First of all, the type of the conducted study, a monocentric,
observational, cohort study. Second, the small population of enrolled patients in the study,
respectively the number of cases with periprosthetic joint infections enrolled in the study
associated with a relatively short period of enrollment and follow-up. Thirdly, the center where
this study was conducted is not a dedicated center for the treatment of periprosthetic joint
infections, but with the introduction of the new protocol and the dedicated team to manage these
cases (orthopedic surgeon - infectious disease specialist - microbiologist), the results are
encouraging, the prevalence of periprosthetic joint infections in the population may be even higher.
Fourth, each method analyzed in this study has a limitation, such as the test with leukocyte esterase
detection strips maybe limited by the ability to read its color due to the presence of blood or tissues,
or the molecular detection 16S rRNA bbFISH (beacon-based fluorescent in situ hybridization)
technology and in this case the bbFISH kit (hemoFISH® Masterpanel, miacom® diagnostics
GmbH Düsseldorf, Germany used, can strictly detect the bacteria for which this kit was developed.
Fifth, the estimated cost of managing these cases did not include the costs of other hospitalizations
(eg, hospitalizations in the Infectious Diseases Departments), nor did it include the costs of
outpatient assessments, including rehabilitation, home care, and outpatient pharmaceutical
treatments. Regarding the estimated costs, the economic burden of the periprosthetic joint infection
calculated in the present study is definitely underestimated. Many social and economic factors can
influence population changes. Larger studies are needed to confirm these results. However, my
results are very promising.
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7. CONCLUSIONS.
It was a long journey to understand the mysterious world of biofilms, a journey with many
discoveries in this field. There is new, extraordinary information that involves the knowledge of
cell-to-cell communication, but we are still at the beginning of our understanding. These findings
will definitely advances in the treatment of biofilm-associated infections.
The diagnosis and management of orthopedic implants associated infections, biofilm-related
infections remain a problem. Periprosthetic joint infection remains the most common and dreaded
complication associated with an arthroplasty. Despite scientific progress in recent years, the
incidence of periprosthetic joint infections is increasing, both due to an increased number of
primary endoprosthesis interventions and the emergence of microorganisms that resistant to
different classes of antibiotics or even pan-resistant. Diagnostic and treatment centers dedicated to
the management of periprosthetic joint infections with multidisciplinary teams (orthopedic
surgeon, infectious disease specialist, and clinical microbiologist) are mandatory to offer the
chance of correct orthopedic management of biofilm-associated infections with endoprosthetic
implants.
Bacterial cultures of the sonication fluid remain the gold standard in diagnosing periprosthetic
joint infections. A negative culture of the preoperative harvested synovial fluid, or the soft tissues
surrounding the endoprosthetic implant or of the implant-bone interface membrane obtained
intraoperatively, does not exclude the presence of bacteria on the implant surface. Molecular
detection technology of the bacteria like 16S rRNA bbFISH (beacon-based fluorescent in situ
hybridization) is a successful new molecular assay that complements traditional approaches and
accelerates the diagnosis of periprosthetic joint infections. These 16S rRNA bbFISH assays should
be optimized for the detection of bacterial strains relevant to the field of orthopedic implant
infections like Cutibacterium (previously known as Propionibacterium) acnes, and why not
Ralstonia pickettii or Pseudomonas spp.
Determining the level of the C-reactive protein in synovial fluid showed the best performance
in terms of sensitivity, followed by leukocyte count, polymorphonuclear percentage, and leukocyte
esterase. In terms of specificity, the highest value was found when determining the number of
leukocytes, followed by leukocyte esterase, the percentage of polymorphonuclear, and finally the
level of C-reactive protein in synovial fluid. The leukocyte esterase strip test proved to be at least
satisfactory, as it is a fast test and less expensive, and is a good option compared to the costs of
detecting C-reactive protein from the synovial fluid. Published data on the level of C-reactive
protein in synovial fluid show that each center should set its own threshold values because, as other
authors have reported, its determination appears to be influenced by the method used for the
detection. Both leukocyte esterase and C-reactive protein from the synovial fluid have a high
diagnostic value. Both the number of leukocytes from the synovial fluid and the percentage of
polymorphonuclear cells in the synovial fluid maintain their role in the diagnosis of periprosthetic
joint infection. The detection of leukocyte esterase, the number of leukocytes from the synovial
fluid, and the percentage of polymorphonuclear in the synovial fluid is reliable and valid, synovial
fluid C-reactive protein levels still need to be evaluated.
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Probably the biggest contribution to the implementation of this diagnostic strategy was the
possibility of identifying and managing cases of periprosthetic joint infections caused by very rare
pathogens identified, among them, the 4 cases of periprosthetic joint infections caused by
Ralstonia pickettii a Gram-negative bacillus with the ability to form biofilms, which was extremely
rarely involved as an etiological agent in such situations. At the same time, based on my
observations, together with the infectious disease specialist involved in the project, I was able to
establish the drug (antibiotic) management strategy of these cases, as there are no international
guidelines or recommendations so far.
The implementation of this strategy for diagnosis and treatment of patients with periprosthetic
joint infections, from my point of view, was a real success for patients, the use of the techniques
implemented below will depend only on the desire of the professionals involved in the
management of these cases. The use of the protocol created except the routine use of the molecular
detection technique of bacteria from my point of view is mandatory when it is desired to treat
patients with periprosthetic joint infections. This paper will be the starting point for my future
scientific research.

In conclusion:
1. Periprosthetic joint infection remains the most common and dreaded complication
associated with arthroplasty.
2. From the total number of 61 implants retrieved, 58 were endoprosthesis type implants and
PMMA/polymethylmethacrylate spacers 3, the diagnosis of aseptic loosening of an
endoprosthetic implant was established in 30 cases (49.18%) and the diagnosis of
periprosthetic joint infection was established in 31 cases (50.81%).
3. The mean age in the group of patients diagnosed with aseptic loosening was 68.50 years
and in the group of patients diagnosed with a periprosthetic joint infection, the mean age
of patients was 68 years.
4. 22 patients were female patients and 17 patients were from rural areas in the first group,
respectively 10 patients were female patients and 15 patients were from rural areas in the
second group.
5. There were no statistically significant differences between the 2 study groups related to age
or residence are, p=0.574, respectively p=0.517. From the gender point of view, there were
statistically significant differences between the 2 groups, p=0.001.
6.

Between the time of the primary intervention and the enrollment in the study between the
two study groups, there were significant differences, p=0.010 and, respectively, p=0.018.

7. The underlying joint pathology, in the group of patients diagnosed with aseptic loosening
of an endoprosthetic implant, was osteoarthritis (n=22), followed by rheumatoid arthritis
(n=6) and trauma - femoral neck fracture (n=2), and in the group of patients diagnosed with
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periprosthetic joint infection, the most common pathology was osteoarthritis (n=28),
followed by rheumatoid arthritis (n=2) and trauma - femoral neck fracture (n=1).
8. The average duration in years from the time of the primary endoprosthetic intervention
until the onset of the periprosthetic joint infection symptomatology was 3.23 years, with a
minimum of 2 weeks and a maximum of 15 years.
9. Among the comorbidities present in the study population, the risk of developing a
periprosthetic joint infection in patients with ischemic heart disease - a risk of 0.077 times
higher 95% CI [0.008 - 0.0765] p=0.029, and in patients with seropositive rheumatoid
arthritis – a risk of 0.040 times higher 95% CI [0.002 - 0.716] p=0.029.
10. The level of the C-reactive protein from the synovial fluid showed the best performance in
terms of sensitivity, followed by the number of leukocytes, polymorphonuclear cells, and
leukocyte esterase.
11. In patients diagnosed with aseptic loosening, the number of leukocytes in the synovial fluid
was 645.27 G/l (± 502.53), versus 8962.58 G/l (± 9488.41), in those with periprosthetic
joint infections.
12. The average percentage of polymorphonuclear neutrophils (PMN) in the synovial fluid was
52% (± 6.27) in patients with aseptic loosening, versus 82.29% (±13.00) in those with
periprosthetic joint infections, statistically significant - p=0.000.
13. In the case of acute periprosthetic joint infection, the mean C-reactive protein in synovial
fluid was 81.40 mg/L, the mean number of leukocytes in synovial fluid was 19700.00 G/l
(±10207.97), and the average percentage of polymorphonuclear neutrophils in the synovial
fluid was 90% (±3.53).
14. In patients diagnosed with an acute hematogenous periprosthetic joint infection, the mean
C-reactive protein in synovial fluid was 36 mg/L the mean number of leukocytes in
synovial fluid was 17000.00 G/l (± 10923.97), and the mean percentage of
polymorphonuclear in the synovial fluid was 91.25 (±2.50).
15. In patients diagnosed with a chronic periprosthetic joint infection, the mean C-reactive
protein in synovial fluid was 8.96 mg/L, the mean number of leukocytes in synovial fluid
was 5060.90 G/l (± 6002.32), and the mean percentage of polymorphonuclear was 78.92%
(±14.02).
16. Regarding the above-evaluated parameters, there are statistically significant differences
between the levels of these parameters concerning the types of infections, p=0.000.
17. A statistically significant correlation between the C-reactive protein serum level and the
presence of a periprosthetic infection, r= 0.378, p= 0.003, n= 61.
18. There is a statistically significant correlation between increased erythrocyte sedimentation
rate and the presence of a periprosthetic joint infection, r= 0.304, p= 0.017, n= 61.
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19. Between the two groups of patients, there were statistically significant differences in
fibrinogen levels, p= 0.017, and a statistically significant correlation between fibrinogen
levels and the presence of a periprosthetic joint infection, r= 0.305, p= 0.017, n= 61.
20. From a histopathological point of view, there is a statistically significant correlation
between type II periprosthetic membrane and the presence of a periprosthetic joint
infection (p=0.005), as well as the fact that type IV periprosthetic membrane is more
frequently associated with cases of mechanical implant orthopedic endoprosthetic
loosening (p=0.016).
21. An etiological diagnosis was possible in 29 of the 31 cases of periprosthetic joint infections
(93.54%).
22. The most common Gram-positive cocci isolated were: Staphylococcus aureus (n=7),
Enterococcus spp. (n=2), Streptococcus grup D (n=1), and Staphylococcus epidermidis
(n=7).
23. Gram-negative bacilli isolated in periprosthetic joint infections were represented by
Escherichia coli, Enterobacter (spp., E. cloacae complex, E. amnigenus), Klebsiella spp.,
Pseudomonas fluorescens, Pseudomonas aeruginosa, Acinetobacter spp., and Ralstonia
pickettii.
24. Regarding the performance of the sonication fluid culture, the sensitivity of this test is
90.32% and the specificity is 100.00%. Sonication allowed the identification of 4 strains
of Raltsonia picketti, not identified by classical methods.
25. 18 strains of aerobic Gram-positive cocci and 6 strains of aerobic Gram-negative bacilli
were also isolated from biopsy tissue cultures, the most commonly identified were
Staphylococcus aureus (n=7), and Staphylococcus epidermidis (n=6).
26. The optimal number of samples taken intraoperatively is 5.
27. Blood cultures and bacteriological examination of the sonication fluid identified the same
pathogen in 3 patients, namely: Klebsiella spp., Methicillin-resistant Staphylococcus
aureus, and Staphylococcus epidermidis.
28. 30 bacterial strains from those isolated during the study were multidrug resistant strains: 6
strains of MRSA, 7 strains of coagulase-negative staphylococci, 17 Gram-negative bacilli,
of which 3 strains of Ralstonia picketti.
29. The 16S rRNA bbFISH molecular detection techniques accelerate the diagnosis of
periprosthetic joint infection – requires Cutibacterium acnes, Ralstonia pickettii, or
Pseudomonas spp.
30. The best parameters were identified for the sonication fluid cultures, followed by molecular
biology detection techniques for identifying bacteria by 16S bbFISH® rRNA, bacterial
cultures from biopsy tissues, and cultures of the synovial fluid.
31. The recurrence rate of periprosthetic joint infection after management was 6.45%.
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32. The average length of hospitalization of the enrolled cases was 15.98 days with a minimum
of 7 days and a maximum length of hospitalization of 66 days; for periprosthetic joint
infections, it was 18.87 days, with a standard deviation of 14.61 days.
33. Longer hospitalization periods over 25 days were associated with Staphylococcus aureus
or coagulase-negative staphylococci infections, microbial associations, and infections with
Pseudomonas fluorescens, Ralstonia pickettii, and Enterococcus faecalis.
34. The cumulative survival probability at 12 months is 92.90%, at 25 months it is 77.40%,
and at 39 months it is 77.40%.
35. Based on the observations in this study, the identification of etiological agents such as
Ralstonia pickettii, I concluded that the introduction of ciprofloxacin into spacers in
combination with aminoglycosides or vancomycin is the best option to extend the
antibacterial efficacy against opportunistic germs.
36. Diagnostic and treatment centers dedicated to the management of periprosthetic joint
infections with multidisciplinary teams (orthopedic surgeon, infectious disease specialist,
and clinical microbiologist) are mandatory to provide the chance for a correct orthopedic
management of biofilm-associated endoprosthetic implants infections.

46

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

Bibliografie
1. Towards diagnostic guidelines for biofilm-associated infections. Hall-Stoodley, L, și alții. 2, 2012, FEMS Immunol,
Vol. 65, pg. 146-57.
2. A short history of microbial biofilms and biofilm infections. Høiby, N. 2017, APMIS, Vol. 125, pg. 272-275.
3. The significance of marine bacteria in the fouling of submerget surfaces. ZoBell, CE și Allen, E. 1935, J Bacterial,
Vol. 29, pg. 239-51.
4. Structure and function of the cell envelope of Gram-negative bacteria. Costerton, JW, Ingram, JM și Cheng, K-J.
1974, Bacteriol Rev, Vol. 38, pg. 87-110.
5. Production of mucoid microcolonies by Pseudomonas aeruginosa within infected lungs in cystic fibrosis. Lam, J,
Lam, CK și Costerton, JW. 1980, Infect Immun, Vol. 28, pg. 546-56.
6. The bacterial glycocalyx in nature and disease. Costerton, JW, Ingram, JM și Cheng, K-J. 1981, Vol. 35, pg. 299324.
7. Bacterial biofilms in nature and disease. Costerton, JW, și alții. 1987, Annu Rev Microbiol, Vol. 41, pg. 435-64.
8. Domizia, S. Infections after total joint arthroplasty. Prague : The Comprehensive Orthopedic Review Course, 2015.
CRC Course during the 16th EFORT Congresss Prague: 28 May 2015.
9. Biofilms: an emergent form of bacterial life. Flemming, HC, și alții. 1, September 2016, Nature Reviews
Microbiology, Vol. 14, pg. 563-575.
10. The role of micorbial biofilm in prosthetic joint infections. Gbejuade, HO, Lovering, AM și Webb, JC. 86, 2015,
Acta Ortopaedica, Vol. 2, pg. 147-158.
11. Biofilm and chronic infections. Wolcott, RD și Ehrlich, GD. 299, 2008, JAMA, Vol. 22, pg. 2682-4.
12. Energy-Dependent Stability of Shewanella oneidensis MR-1 Biofilms. Saville, RM, și alții. 13, s.l. : J Bacteriol,
July 2011, Vol. 193, pg. 3257-3264.
13. Hlem, RF și Potts, M. Their Diversity in Space and Time. [autorul cărții] BA Whitton. [ed.] BA Whitton. Ecology
of Cyanobacteria II. s.l. : Springer Netherlands, 2012, pg. 461-480.
14. Autoinduction of bacterial luciferase. Occurrence, mechanism and significance. Nealson, KH. 1, 4 February 1977,
Arch Microbiol, Vol. 112, pg. 73-9.
15. Communication in bacteria: an ecological and evolutionary perspective. Keller, L și Surette, MG. 4, 2006, Nat
Rev Microbiol, Vol. 4, pg. 249-58.
16. Functional Amyloids Keep Quorum-sensing Molecules in Check. Seviour, T, și alții. 2015, J Biol Chem, Vol. 290,
pg. 6457-69.
17. Community quorum sensing signalling and quenching: microbial granular biofilm assembly. Tan, CH, și alții.
2015, NPJ Biofilms Microbiomes, Vol. 1, p. 15006 .
18. Local and global consequences of flow on bacterial quorum sensing. Kim, MK, și alții. 2016, Nat Microbiol, Vol.
1, p. 15005.
19. Metabolic co-dependence gives rise to collective oscillations within biofilms. Liu, J, și alții. 7562, 2015, Nature,
Vol. 523, pg. 550-4.
20. Ion channels enable electrical communication in bacterial communities. Prindle, A, și alții. 2015, Nature, Vol.
527, pg. 59-63.
21. Flemming, HC și Wingender, J. 9, 2010, Nat Rev Microbiol, Vol. 8, pg. 623-33.

47

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

22. Isolation of new bacterial species from drinking water biofilms and proof of their in situ dominance with highly
specific 16S rRNA probes. Kalmbach, S, Manz, W și Szewzyk, U. 11, 1997, Appl Environ Microbiol, Vol. 63, pg.
4164-70.
23. Self-generated diversity produces "insurance effects" in biofilm communities. Boles, BR, Thoendel, M și Singh,
PK. 47, 2004, Vol. 101, pg. 16630-5.
24. Real-Time Microsensor Measurement of Local Metabolic Activities in Ex Vivo Dental Biofilms Exposed to
Sucrose and Treated with Chlorhexidine. von Ohle, C, și alții. 7, 2010, Appl Environ Microbiol, Vol. 76, pg. 232634.
25. Role of Multicellular Aggregates in Biofilm Formation. Kragh, KN, și alții. 2, 2016, mBio, Vol. 7, pg. e00237-16.
26. Genomics, environmental genomics and the issue of microbial species. Ward, DM, și alții. 2, 2008, Heredity
(Edinb), Vol. 100, pg. 207-19.
27. Advanced techniques for in situ analysis of the biofilm matrix (structure, composition, dynamics) by means of
laser scanning microscopy. Neu, TR și Lawrence, JR. 2015, Methods Mol Biol, Vol. 1147, pg. 43-64.
28. Release of the type I secreted alpha-haemolysin via outer membrane vesicles from Escherichia coli . Balsalobre,
C, și alții. 1, 2006, Mol Microbiol, Vol. 59, pg. 99-112.
29. Microbion Corporation . [Interactiv] [Citat: 11 September 2017.] http://www.microbioncorp.com/ourtechnology/industries/.
30. A personal history of research on microbial biofilms and biofilm infections. Høiby, N. 70, 2014, Pathog Dis, pg.
205-11.
31. Antibiotic resistance of bacterial biofilms. Høiby, N, și alții. 35, 2010, Int J Antimicrob Agents, pg. 322-32.
32. Pseudomonas aeruginosa biofilms in the respirarespiratory. Bjarnsholt, T, și alții. 44, 2009, Pediatr Pulmonol, pg.
547-58.
33. ESCMID guidline for the diagnosis and treatment of biofilm infection 2014. Hoibi, N, și alții. 2015, Clinical
Microbiologi and Infection, pg. 1-25.
34. The role of micorbial biofilm in prosthetic joint infections. Hebert, O Gbejuade, Andrew, M Lovering și Jason, C
Webb. 86, 2015, Acta Ortopaedica, Vol. 2, pg. 147-158.
35. Detection and identification of specific bacteria in wound biofilms. Malic, S, și alții. 155, 2009, Microbiology, pg.
2603-11.
36. The relationship between microbiology results in the second of a two-stage exchage procedure using cement spacer
nad the outcome after revision total joint replacement for infection: the use of sonication to aid bacteriological analysis.
Sorli, L, și alții. 94, 2012, J Bone Join Surg Br, Vol. 2, pg. 249-53.
37. Molecular and biofilm approaches to prosthetic joint infection. Tampuz, A, și alții. 2003, Clin Orthop Relat Res,
Vol. 414, pg. 69-88.
38. Sonication of remoced hip and knee prostheses for diagnosis of infection. . Tampuz, A, și alții. 357, 2007b, N Engl
J Med, Vol. 7, pg. 654-63.
39. bbFISH-ing in the sonication fluid. Birlutiu, RM, și alții. 29, 2019, Medicine, Vol. 98, p. e16501.
40. Microbiological diagnosis of device-related biofilm infections. Xu, Y, și alții. 2017, APMIS, Vol. 125, pg. 289303.
41. Health care-associated infections: a meta-analysis of costs and financial impact on the US Health Care System.
Zimlichman, E, și alții. 22, 2013 : s.n., JAMA Intern Med, Vol. 173, pg. 2039-46.

48

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

42. Diagnosis, prevention, and treatment of catheter-associated urinary tract infection in adults: 2009 International
Clinical Practice Guidelines from the Infectious Diseases Society of America. Hooton, TM, și alții. 5, 2010 : s.n., Clin
Infect Dis, Vol. 50, pg. 625-63.
43. Infections associated with orthopedic implants. Trampuz, A și Widmer, AF. 2006, Curr Opin Infect Dis, Vol. 19,
p. 349.
44. Diagnosis and management of prosthetic joint infection: clinical practice guidelines by the Infectious Diseases
Society of America. Osmon, DR, și alții. 1, 2013, Clin Infect Dis, Vol. 56, pg. e1-e25.
45. Strategies for combating bacterial biofilm infections. Wu, H, și alții. 2015, Int J Oral Sci, Vol. 7, pg. 1-7.
46. Microbiologic diagnosis of prosthetic shoulder infection by use of implant sonication. Piper, KE, și alții. 6, 2009,
J Clin Microbiol, Vol. 47, pg. 1878-84.
47. Sonication of removed hip and knee prostheses for diagnosis of infection. Trampuz, A, și alții. 7, 2007, N Engl J
Med, Vol. 357, pg. 654-63.
48. ‘All in a box’ a concept for optimizing microbiological diagnostic sampling in prosthetic joint infections. Larsen,
LH, și alții. 2014, BMC Res Notes, Vol. 7, p. 418.
49. Microbiologically and clinically diagnosed vertebral osteomyelitis: impact of prior antibiotic exposure. Kim, C-J,
și alții. 4, 2012, Antimicrob Agents Chemother, Vol. 56, pg. 2122-4.
50. Culture-negative periprosthetic joint infection. Parvizi, J, Erkocak, OF și Della Valle, CJ. 5, 2014, J Bone Joint
Surg Am, Vol. 96, pg. 430-6.
51. Towards diagnostic guidelines for biofilm-associated infections. Hall-Stoodley, L, și alții. 2, 2012, FEMS
Immunol Med Microbiol, Vol. 65, pg. 127-45.
52. Sonication of removed hip and knee prostheses for diagnosis of infection. Trampuz, A, și alții. 2007, N Engl J
Med, Vol. 357, pg. 654-63.
53. Improved detection of infection in hip replacements: A currently underestimated problem. Tunney, MM, și alții.
1998, J Bone Jt Surg Br, Vol. 4, pg. 568-72.
54. Microbiologic diagnosis of prosthetic shoulder infection by use of implant sonication. Piper, KE, și alții. 2009, J
Clin Microbiol, Vol. 47, pg. 1878-84.
55. A biofilm approach to detect bacteria on removed spinal implants. Sampedro, MF, și alții. 2010, Spine, Vol. 35,
pg. 1218-24.
56. Laboratory diagnosis of prosthetic joint infection. Part II. Gomez, E și Patel, R. 2011, Clin Microbiol Newsl, Vol.
33, pg. 63-70.
57. Ultrasound increases the rate of bacterial cell growth. Pitt, WG și Ross, SA. 2003, Biotechnol Prog, Vol. 19, pg.
1038-44.
58. Blood culture flasks for culturing synovial fluid in prosthetic joint infections. Font-Vizcarra, L, și alții. 2010, Clin
Orthop Relat Res, Vol. 468, pg. 2238-43.
59. Improved diagnosis of prosthetic joint infection by culturing periprosthetic tissue specimens in blood culture
botles. Peel, TN, și alții. 2016, mBio, Vol. 7, pg. e01776-15.
60. Use of blood culture vial specimens in intraoperative detection of infection. Levine, B și Evans, B. 2010, Clin
Orthop, Vol. 382, pg. 221-31.
61. Improved diagnosis of orthopedic implant-associated infections by inoculation of sonicasonication fluid into blood
culture bottles. Portillo, ME, și alții. 2015, J Clin Microbiol, Vol. 53, pg. 1622-7.

49

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

62. How many samples and how many culture media to diagnose a prosthetic joint infection: a clinical and
microbiological prospective multicenter study. Bemer, P, și alții. 2016, Clin Microbiol, Vol. 54, pg. 385-91.
63. Optimal culture incubation time in orthopedic device-associated infections: a retrospective analysis of prolonged
14-day incubation. Schwotzer, N, și alții. 2014, J Clin Microbiol, Vol. 5, pg. 61-6.
64. Towards diagnostic guidelines for biofilm-associated infections. Hall-Stoodley, L, și alții. 2012, FEMS Immunol
Med Microbiol, Vol. 65, pg. 127-145.
65. Detection of prosthetic hip infection at revision arthroplasty by immunofluorescence microscopy and PCR
amplification of the bacterial 16S rRNA gene. Tunney, MM, și alții. 1999, Clin, Vol. 37, p. 3281.
66. Evaluation of 16S rRNA Gene PCR sensitivity and specificity for diagnosis of prosthetic joint infection: a
prospective multicenter cross-sectional study. Bemer, P, și alții. 2014, J Clin Microbiol, Vol. 52, pg. 3589-3589.
67. Molecular diagnostics of infectious diseases. Muldrew, KL. 2009, Curr Opin Pediatr, Vol. 21, pg. 102-111.
68. Truncated human cytidylatephosphate-deoxyguanylate-binding protein for improved nucleic acid amplification
technique-based detection of bacterial species in human samples. Sachse, S, și alții. 2009, J Clin Microbiol, Vol. 47,
pg. 1050-1057.
69. Phylogenetic classification and the universal tree. Doolittle, WF. 1999, Science, Vol. 284, pg. 2124-2128.
70. Identification of bacteria on the surface of clinically infected and non-infected prosthetic hip joints removed during
revision arthroplasties by 16S rRNA gene sequencing and by microbiological culture. Dempsey, KE, și alții. 2007,
Arthritis Res Ther, Vol. 9, p. R46.
71. Analysis of 525 samples to determine the usefulness of PCR amplification and sequencing of the 16S rRNA gene
for diagnosis of bone and joint infections. Fenollar, F, și alții. 2006, J Clin Microbiol, Vol. 44, pg. 1018-1028.
72. Amplification-based DNA analysis in the diagnosis of prosthetic joint infection. Vandercam, B, și alții. 2008, J
Mol Diagn JMD, Vol. 10, pg. 537-543.
73. Prosthetic joint infection diagnosis using broad-range PCR of biofilms dislodged from knee and hip arthroplasty
surfaces using sonication. Gomez, E, și alții. 2012, J Clin Microbiol, Vol. 50, pg. 3501-3508.
74. Low sensitivity of periprosthetic tissue PCR for prosthetic knee infection diagnosis. Ryu, SY, și alții. 2014, Diagn
Microbiol Infect Dis, Vol. 79, pg. 448-453.
75. Reagent and laboratory contamination can critically impact sequence-based microbiome analyses. SJ, Salter., și
alții. 2014, BMC Biol, Vol. 12, p. 87.
76. Use of rRNA fluorescence in situ hybridization for measuring the activity of single cells in young and established
biofilms. Poulsen, LK, Ballard, G și Stahl, DA. 1993, Appl Environ Microbiol, Vol. 59, pg. 1354-1360.
77. Dependency on medium and temperature of cell size and chemical composition during balanced growth of
Salmonella typhimurium. Schaechter, M, MaalØe, O și Kjeldgaard, NO. 1958, Microbiology, Vol. 19, pg. 592-606.
78. Phylogenetic stains: ribosomal RNA-based probes for the identification of single cells. DeLong, EF, Wickham,
GS și Pace, NR. 1989, Science, Vol. 243, pg. 1360-1363.
79. Nistico, L, Hall-Stoodley, L și Stoodley, P. Imaging bacteria and biofilms on hardware and periprosthetic tissue
in orthopedic infections. [autorul cărții] Donelli G. Microbial Biofilms. New York : Springer New York, 2014, pg.
105-126.
80. Fluorescence in situ hybridization for the identification of Treponema pallidum in tissue sections. Petrich, A, și
alții. 2015, Int J Med Microbiol, Vol. 305, pg. 709-718.

50

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

81. The impact of implementation of rapid QuickFISH testing for detection of Coagulase-negative Staphylococci at a
community-based hospital. Koncelik, DL și Hernandez, J. 2016, Am J Clin Pathol, Vol. 145, pg. 69-74.
82. Influence of material on the development of device-associated infections. Rochford, ET, Richards, RG și Moriarty,
TF. 18, 2012, Clin Microbiol Infect, Vol. 12, pg. 1162-7.
83. Orthopedic surgery. Van Gorder, W. 1942, N Engl J Med, Vol. 227, p. 738.
84. Aufranc, OE, și alții. 1957, N Engl J Med, Vol. 256, pg. 991–9.
85. The virulence of Staphylococcus pyogenes for man; a study of the problems of wound infection. Elek, SD și
Conen, PE. 1957, Br J Exp Pathol, Vol. 38, pg. 573–86.
86. Pathogenesis and treatment concepts of orthopaedic biofilm infections. Zimmerli, W și Moser, C. 2012, FEMS
Immunol Med Microbiol, Vol. 65, pg. 158-168.
87. Pathogenesis of foreing body infection. Evidence for a local granulocyte defect. Zimmerli, W, Lew, PD și
Waldvogel, FA. J Clin Invest, J Clin Invest, Vol. 73, pg. 1191–200.
88. Antimicrobial tolerance in biofilms. Stewart, PS. 2015, Microbiol Spectr, Vol. 3.
89. Effect of antibiotic co-administration on young and mature biofilms of cystic fibrosis clinical isolates: the
importance of the biofilm model. Tre-Hardy, M, și alții. 2009, Int J Antimicrob Agents, Vol. 33, pg. 40-5.
90. CDC definitions of nosocomial surgical site infections, 1992: a modification of CDC definitions of surgical wound
infections. Horan, TC, și alții. 1992, Am J Infect Control, Vol. 20, pg. 271-4.
91. Risk factors for prosthetic joint infection: case-control study. Berbari, EF, și alții. 1998, Clin Infect Dis, Vol. 27,
pg. 1247-54.
92. Zimmerli, W. Periprosthetic joint infection: general aspects. Bone and Joint Infections: From Microbiology to
Diagnostics and Treatment. West-Sussex : John Wiley & Sons, 2015, pg. 113-29.
93. Diagnosis and management of prosthetic joint infection: clinical practice guidelines by the Infectious Diseases
Society of America. Osmon, DR, și alții. 2013, Clin Infect Dis, Vol. 56, pg. e1–25.
94. Synovial fluid leukocyte count and differential for the diagnosis of prosthetic knee infection. Trampuz, A, și alții.
2004, Am J Med, Vol. 117, pg. 556-62.
95. Perioperative testing for joint infection in patients undergoing revision total hip arthroplasty. Schinsky, MF, și
alții. 2008, J Bone Joint Surg Am, Vol. 90, pg. 1869-75.
96. Definition of periprosthetic joint infection: is there a consensus? Parvizi, J, și alții. 2011, Clin Orthop Relat Res,
Vol. 469, pg. 3022-30.
97. Diagnosing periprosthetic joint infection: has the era of the biomarker arrived? Deirmengian, C, și alții. 2014, Clin
Orthop Relat Res, Vol. 472, pg. 3254-62.
98.
Parvizi,
Javad.
AAOS.
[Interactiv]
November
2011.
[Citat:
3
September
2015.]
http://www6.aaos.org/news/PDFopen/PDFopen.cfm?page_url=http://www.aaos.org/news/aaosnow/nov11/clinical1.
asp.
99. Diagnosis and management of orthopedic implant-associated infection: a comprehensive review of the literature.
Birlutiu, RM, și alții. 11, 2017, Biomedical Research, Vol. 28, pg. 5063-5073.
100. Periprosthetic total hip infection: outcomes using a staging system. . McPherson, EJ, și alții. 2002, Clin Orthop
Relat Res, Vol. 403, pg. 8-15.

51

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

101. Microbiological aetiology, epidemiology, and clinical profile of prosthetic joint infections: are current antibiotic
prophylaxis guidelines effective? Peel, TN, și alții. 2012, Antimicrob Agents Chemother, Vol. 56, pg. 2386-91.
102. Time trends in the aetiology of prosthetic joint infections: a multicentre cohort study. Benito, N, și alții. 2016,
Clin Microbiol Infect, Vol. 22, pg. 732.e1-8.
103. Association of a bundled intervention with surgical site infections among patients undergoing cardiac, hip, or
knee surgery. Schweizer, ML, și alții. 2015, JAMA, Vol. 313, pg. 2162-71.
104. Nuclear medicine and the failed joint replacement: Past, present, and future. CJ, Palestro. 7, 2014, World Journal
of Radiiology, Vol. 6, pg. 446-458.
105. Imaging orthopedic implant infections. Cyteval, C și Bourdon, A. 6, 2012, Diagnostic and Interventional
Imaging, Vol. 96, pg. 578-589.
106. Painful infection at the site of hip prosthesis: CT imaging. Cyteval, C, și alții. 2, 2002, Radiology, Vol. 224, pg.
477-83.
107. X-ray-based attenuation correction for positron emission tomography/computed tomography scanners. Kinahan,
PE, Hasegawa, BH și Beyer, T. 3, 2003, Semin Nucl Med, Vol. 33, pg. 166-79.
108. Prospective optimization of patient selection for emergency cranial computed tomography: univariate and
multivariate analyses. Reinus, WR, Zwemer, FL Jr și Fornoff, JR. 2, Radiol : s.n., 1996, Invest, Vol. 31, pg. 101-8.
109. CT scans through metal scanning technique versus hardware composition. Haramati, N, și alții. 6, 1994, Comput
Med Imaging Graph, Vol. 18, pg. 429-34.
110. Overcoming artifacts from metallic orthopedic implants at high-field-strength MR imaging and multi-detector
CT. Lee, MJ, și alții. 3, 2007, Radiographics, Vol. 27, pg. 791-803.
111. Common sonographic findings in the painful hip after hip arthroplasty. Long, SS, Surrey, D și Nazarian, LN. 2,
2012, J Ultrasound Med, Vol. 31, pg. 301-12.
112. Complications of total hip arthroplasty: MR imaging-initial experience. White, LM, și alții. 1, 2000, Radiology,
Vol. 215, pg. 254-62.
113. Radiography, radionuclide imaging, and arthrography in the evaluation of total hip and knee replacement.
Gelman, MI, și alții. 3, 1978, Radiology, Vol. 128, pg. 677-82.
114. Technetium 99Tcm pyrophosphate scanning in the assessment of the painful hip prosthesis. McInerney, DP și
Hyde, ID. 5, 1978, Clin Radiol, Vol. 29, pg. 513-7.
115. Cemented total hip prosthesis: radiographic and scintigraphic evaluaion. Aliabadi, P, și alții. 1, 1989, Radiology,
Vol. 173, pg. 203-6.
116. Diagnosis of peri-prosthetic infection at the hip using triple-phase bone scintigraphy. Nagoya, S, și alții. 2, 2008,
J Bone Joint Surg Br, Vol. 90, pg. 140-4.
117. Prospective study of sequential technetium-99m phosphate and gallium imaging in painful hip prostheses
(comparison of diagnostic modalities). Tehranzadeh, J, Gubernick, I și Blaha, D. 4, 1988, Clin Nucl Med, Vol. 13, pg.
229-36.
118. Scintigraphic examination of total hip arthroplasty: comparison of indium with technetium-gallium in the loose
and infected canine arthroplasty. 1984, Hip, pg. 163-82.
119. Indium-granulocyte scanning in the painful prosthetic joint. Pring, DJ, și alții. 1, 1986, AJR Am J Roentgenol,
Vol. 147, pg. 167-72.

52

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

120. In-111-labeled leukocyte scintigraphy in suspected orthopedic prosthesis infection: comparison with other
imaging modalities. Magnuson, JE, și alții. 1, 1988, Radiology, Vol. 168, pg. 235-9.
121. The value of indium 111 leukocyte scanning in the evaluation of painful or infected total knee arthroplasties.
Rand, JA și Brown, ML. 259, 1990, Clin Orthop Relat Res, pg. 179-82.
122. Diagnosis of infection by preoperative scintigraphy with indium-labeled white blood cells. Wukich, DK, și alții.
9, 1987, J Bone Joint Surg Am, Vol. 69, pg. 1353-60.
123. Infected knee prosthesis: diagnosis with In-111 leukocyte, Tc-99m sulfur colloid, and Tc-99m MDP imaging.
Palestro, CJ, și alții. 3, 1991, Radiology, Vol. 179, pg. 645-8.
124. Combined labeled leukocyte and technetium 99m sulfur colloid bone marrow imaging for diagnosing
musculoskeletal infection. Palestro, CJ, și alții. 3, 2006, Radiographics, Vol. 26, pg. 859-70.
125. Indium-111 leucocyte scanning in the evaluation of painful hip arthroplasty. Mulamba, L, și alții. 5, 1983, Acta
Orthop Scand, Vol. 54, pg. 695-7.
126. Efficacy of combined technetium-99m sulfur colloid/indium-111 leukocyte scans to detect infected total hip and
knee arthroplasties. Joseph, TN, și alții. 6, 2001, J Arthroplasty, Vol. 16, pg. 753-8.
127. 99mTc-HMPAO-leukocyte scintigraphy in patients with symptomatic total hip or knee arthroplasty: improved
diagnostic accuracy by means of semiquantitative evaluation. Pelosi, E, și alții. 3, 2004, J Nucl Med, Vol. 45, pg. 43844.
128. 99mTc-besilesomab (Scintimun®) in peripheral osteomyelitis: comparison with 99mTc-labelled white blood
cells. Richter, WS, și alții. 5, 2011, Eur J Nucl Med Mol Imaging , Vol. 35, pg. 899-910.
129. Technetium-99m-Labelled Sulesomab (LeukoScan) in the Evaluation of Soft Tissue Infections. Quigley, AM, și
alții. 2008, Med Princ Pract, Vol. 17, pg. 447-52.
130. FDG PET of infection and inflammation. Love, C, și alții. 5, 2005, Radiographics, Vol. 25, pg. 1357-68.
131. The importance of the location of fluorodeoxyglucose uptake in periprosthetic infection in painful hip prostheses.
Chacko, TK, și alții. 9, 2002, Nucl Med Commun, Vol. 23, pg. 851-5.
132. Radionuclide imaging of the painful hip arthroplasty: positron-emission tomography versus triple-phase bone
scanning. Reinartz, P, și alții. 4, 2005, J Bone Joint Surg Br., Vol. 87, pg. 465-70.
133. [FDG-PET: a new diagnostic approach in hip prosthetic replacement]. García-Barrecheguren, E, și alții. 4, 2007,
Rev Esp Med Nucl, Vol. 26, pg. 208-20.
134. (99m)tc-Ubiquicidin [29–41], a Promising Radiopharmaceutical to Differentiate Orthopedic Implant Infections
from Sterile Inflammation. Beiki, D, și alții. 2, 2013, Iran J Pharm Res, Vol. 12, pg. 347-353.
135. Radionuclide arthrogram with SPECT/CT for the evaluation of mechanical loosening of hip and knee prostheses.
Chew, CG, și alții. 10, 2010, Ann Nucl Med, Vol. 24, pg. 735-43.
136. Clinical value of SPECT/CT for evaluation of patients with painful knees after total knee arthroplasty- a new
dimension of diagnostics? Hirschmann, MT, și alții. 36, 2011, BMC Musculoskeletal Disorders, Vol. 12.
137. The role of [18F]fluoride positron emission tomography in the early detection of aseptic loosening of total knee
arthroplasty. Sterner, T, și alții. 2, 2007, Int J Surg, Vol. 5, pg. 99-104.
138. Analysis of bone formation on porous and calcium phosphate-coated acetabular cups: a randomised clinical
[18F]fluoride PET study. Ullmark, G, Sörensen, J și Nilsson, O. 2, 2012, Hip Int, Vol. 22, pg. 172-8.
139. Domizia, Suva. Infections after total joint arthroplasty. Prague : The Comprehensive Orthopedic Review Course,
2015. CRC Course during the 16th EFORT Congresss Prague: 28 May 2015.

53

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

140. Can microbiologists help to assess catheter involvement in candidaemic patients before removal? Bouza, E, și
alții. 19, 2013, Clin Microbiol Infect, Vol. EI, pg. 29-35.
141. Tetrasodium EDTA as a novel central venous catheter lock solution against biofilm. Percival, SL, și alții. 26,
2005, Infect Control Hosp Epidemiol, pg. 515-9.
142. Sonication – further progress in the microbiological diagnosis in implant-associated infections. Daniela, Tălăpan,
și alții. 14, 2014, BMC Infectious Diseases, Vol. Suppl 7, p. O37.
143. Treatment of lung infection in patients with cystic fibrosis: current and future strategies. Döring, G, și alții. 11,
2012, J Cyst Fibros, pg. 461-79.
144. Bacteremia and mortality with urinary catheter-associated bacteriuria. Kizilbash, QF, și alții. 34, 2013, Infect
Control Hosp Epidemiol, Vol. 1, pg. 153-9.
145. [Foreign body infections—biofilms and quorum sensing]. Høiby, N, și alții. 169, 2007, Ugeskr Laeger, pg. 41636.
146. EUCAST breakpoints for antifungals. Rodriguez-Tudela, JL, și alții. 23, 2010, Drug News Perspect, pg. 93-7.
147. Randomized trial of biofilm testing to select antibiotics for cystic fibrosis airway infection. Moskowitz, SM, și
alții. 46, 2011, Pediatr Pulmonol, pg. 184-92.
148. Clinically feasible biofilm susceptibility assay for isolates of Pseudomonas aeruginosa from patients with cystic
fibrosis. Moskowitz, SM, și alții. 42, 2004, J Clin Microbiol, pg. 1915-22.
149. Standard versus biofilm antimicrobial susceptibility testing to guide antibiotic therapy in cystic fibrosis. Waters,
V și Ratjen, F. 11, 2012, Cochrane, p. CD009528.
150. Success after treatment of periprosthetic joint infection: a Delphibased international multidisciplinary consensus.
Diaz-Ledezma, C, Higuera, CA și Parvizi, J. 2013, Clin Orthop Relat Res, Vol. 471, pg. 2374-82.
151. Prosthetic joint infections. Zimmerli, W, Trampuz, A și Ochsner, PE. 2004, N Engl J Med, Vol. 351, pg. 645–
54.
152. Antimicrobial treatment concepts for orthopaedic device-related infection. Sendi, P și Zimmerli, W. 2012, Clin
Microbiol Infect , Vol. 18, pg. 1176–84 .
153. Activity of linezolid and high-dose daptomycin, alone or in combination, in an in vitro daptomycin, alone or in
combination, in an in vitro. Parra-Ruiz, J, și alții. 2012, J Antimicrob Chemother, Vol. 67, pg. 2682-5.
154. Efficacy of daptomycin in implant-associated infection due to methicillin-resistant staphylococcus aureus:
importance of combination with rifampin. John, AK, și alții. 2009, Antimicrob Agents Chemother, Vol. 53, pg. 271924.
155. Oritavancin kills stationary-phase and biofilm staphylococcus aureus cells in vitro. Belley, A, și alții. 2009,
Antimicrob Agents Chemother, Vol. 53:, pg. 918–25.
156. Activity of dalbavancin, alone and in combination with rifampicin, against meticillin-resistant staphylococcus
aureus in a foreign-body infection model. Baldoni, D, și alții. 2013, Int J Antimicrob Agents, Vol. 42, pg. 220–5.
157. Microbiological tests to predict treatment outcome in experimental device-related infections due to
Staphylococcus aureus. Zimmerli, W, și alții. 1994, J Antimicrob Chemother, Vol. 33, pg. 959-67.
158. Role of rifampin for treatment of orthopedic implant-related staphylococcal infections: a randomized controlled
trial. Foreign-Body Infection (FBI) Study Group. Zimmerli, W, și alții. 1998, JAMA, Vol. 279, pg. 1537-41.
159. Antimicrobial treatment of orthopedic implant-related infections with rifampin combinations. Widmer, AF, și
alții. 1992, Clin Infect Dis , Vol. 14, pg. 1251-3.

54

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

160. Rifamycin derivatives are effective against staphylococcal biofilms in vitro and elutable from PMMA. Sanchez,
CJ Jr, și alții. 2015, Clin Orthop Relat Res, Vol. 473, pg. 2874-84.
161. Efficacy of a novel rifamycin derivative, ABI-0043, against Staphylococcus aureus in an experimental model of
foreign-body infection. Trampuz, A, și alții. 2007, Antimicrob Agents Chemother, Vol. 25, pg. 2540-5.
162. Factors associated with rifampin resistance in staphylococcal periprosthetic joint infections (PJI): a matched casecontrol study. . Achermann, Y, și alții. 2013, Infection, Vol. 41, pg. 431-7.
163. Killing of nongrowing and adherent Escherichia coli determines drug efficacy in device-related infections.
Widmer, AF, și alții. 1991, Antimicrob Agents Chemother , Vol. 35, pg. 741-6.
164. Gram-negative prosthetic joint infection: outcome of a debridement, antibiotics and implant retention approach.
A large multicentre study. Rodriguez-Pardo, D, și alții. 2014 , Clin Microbiol Infect, Vol. 20, pg. O911-9.
165. Oral versus Intravenous Antibiotics for Bone and Joint Infection. Li, HK, și alții. 5, 2019, N Engl J Med, Vol.
380, pg. 425-436.
166. The management of an infected total knee arthroplasty. Gehrke, T, Alijanipour, P și Parvizi, J. 2015, Bone Joint
J, Vol. 10(Suppl A), pg. 20-9.
167. Outcome of prosthetic knee-associated infection: evaluation of 40 consecutive episodes at a single centre. Laffer,
RR, și alții. 2006, Clin Microbiol Infect, Vol. 12, pg. 433-9.
168. Conservative treatment of staphylococcal prosthetic joint infections in elderly patients. Barberan, J, și alții. 2006,
Am J Med, Vol. 119, pg. 993.e7–10.
169. Validation of a treatment algorithm for orthopaedic implant-related infections with device-retention-results from
a prospective observational cohort study. Tschudin-Sutter, S, și alții. 2016, Clin Microbiol Infect, Vol. 22, pg. 457.e19.
170. The chitranjan ranawat award: fate of two-stage reimplantation after failed irrigation and debridement for
periprosthetic knee infection. Sherrell, JC, și alții. 2011, Clin Orthop Relat Res, Vol. 469, pg. 18-25.
171. Two-stage treatment of hip periprosthetic joint infection is associated with a high rate of infection control but
high mortality. Berend, KR, și alții. 2013, Clin Orthop Relat Res, Vol. 471, pg. 510-8.
172. Sanz-Ruiz, P, Villanueva-Martinez, M și Berberich, C. Benefit and Risks of Antibiotic-Loaded Bone Cement.
[autorul cărții] KD Kuhn. Management of Periprosthetic Joint Infection. s.l. : Springer, 2018.
173. Mechanical failure of articulating polymethylmethacrylate (PMMA) spacers in two-stage revision hip
arthroplasty: the risk factors and the impact on interim function. Yang, FS, și alții. 2019, BMC Musculoskeletal
Disorders, Vol. 20, p. 372.
174. Infection following total knee arthroplasty: prevention and management. Garvin, KL și Konigsberg, BS. 12,
2011, J Bone Joint Surg Am, Vol. 93, pg. 1167-75.
175. Prevention of Periprosthetic Joint Infection. Shahi, A și Parvizi, J. 2, 2015, Arch Bone Jt Surg, Vol. 3, pg. 72-81.
176. Management of periprosthetic joint infection: the current knowledge: AAOS exhibit selection. Parvizi, J, și alții.
14, 2012, J Bone Joint Surg Am, Vol. 94, p. e104.
177. The Mark Coventry Award: white blood cell gene expression: a new approach toward the study and diagnosis of
infection. Deirmengian, C, Lonner, JH și Booth Jr, ER. 2005, Clin Orthop Relat Res, Vol. 440, pg. 38-44.
178. A genomic and proteomic analysis of activation of the human neutrophil by lipopolysaccharide and its mediation
by p38 mitogen-activated protein kinase. Fessler, MB, și alții. 35, 2002, j bIOL cHEM, Vol. 277, pg. 31291-302.

55

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

179. How the host 'sees' pathogens: global gene expression responses to infection. Manger, ID și Relman, DA. 2,
2000, Curr Opin Immunol, Vol. 12, pg. 215-8.
180. Proceedings of the International Consensus Meeting on Periprosthetic Joint Infections. Gehrke, T și Parvizi, J.
2014, J Arthroplasty, Vol. 29, pg. 1-4.
181. A simple, cost-effective screening protocol to rule out periprosthetic infection. Austin, MS, și alții. 1, 2008, J
Arthroplasty, Vol. 23, pg. 65-8.
182. Interleukin-6, procalcitonin and TNF-alpha: markers of peri-prosthetic infection following total joint
replacement. Bottner, F, și alții. 1, 2007, J Bone Joint Surg Br, Vol. 89, pg. 94-9.
183. Serum procalcitonin, interleukin-6, soluble intercellular adhesin molecule-1 and IgG to short-chain exocellular
lipoteichoic acid as predictors of infection in total joint prosthesis revision. Worthington, T, și alții. 2, 2010, Br J
Biomed Sci, Vol. 67, pg. 71-6.
184. Procalcitonin, C-reactive protein, interleukin-6, and soluble intercellular adhesion molecule-1 as markers of
postoperative orthopaedic joint prosthesis infections. Drago, L, și alții. 2, 2011, Int J Immunopathol Pharmacol, Vol.
24, pg. 433-40.
185. Diagnosing periprosthetic joint infection: has the era of the biomarker arrived? Deirmengian, C, și alții. 11, 2014,
Clin Orthop Relat Res, Vol. 472, pg. 3254-62.
186. Synovial fluid biomarkers for periprosthetic infection. Deirmengian, C, și alții. 8, 2010, Clin Orthop Relat Res,
Vol. 468, pg. 2017-23.
187. Antimicrobial peptides and proinflammatory cytokines in periprosthetic joint infection. Gollwitzer, H, și alții. 7,
2013, J Bone Joint Surg Am, Vol. 95, pg. 644-51.
188. Molecular markers for diagnosis of periprosthetic joint infection. Jacovides, CL, și alții. 6 Suppl, 2011, J
Arthroplasty, Vol. 26, pg. 99-103.e1.
189. Use of leukocyte esterase-nitrate activity as predictive assays of significant bacteriuria. Smalley, DL și Dittmann,
AN. 5, 1983, J Clin Microbiol, Vol. 18, pg. 1256-7.
190. Diagnosis of periprosthetic joint infection: the utility of a simple yet unappreciated enzyme. Parvizi, J, și alții.
24, J Bone Joint Surg Am, Vol. 93, pg. 2242-8.
191. Evaluation of leukocytes esterase activity as a rapid screening technique for bacteriuria. Perry, JL, Matthews, JS
și Wessner, DE. 5, 1983, J Clin MIcrobiol, Vol. 15, pg. 852-4.
192. Use of leukocyte esterase-nitrate activity as predictive assays of significant bacteriuria. Smalley, DL: Dittmann,
AN. 5, 1983, J Clin Microbiol, Vol. 18, pg. 1256-7.
193. Measurement of urinary leukocyte esterase activity: A screening test for urinary tract infections. . Chernow, B,
și alții. 3, 1984, Ann Emerg Med, Vol. 13, pg. 150-4.
194. Leukocyte esterase strip test: matched for musculoskeletal infection society criteria. Tischler, EH, Cavanaugh,
PK și Parvizi, J. 22, 2014, J Bone Joint Surg Am, Vol. 96, pg. 1917-20.
195. Leukocyte esterase reagent strips for the rapid diagnosis of periprosthetic joint infection. Wetters, NG, și alții. 8
Suppl, 2012, j aRTHROPLASTY, Vol. 27, pg. 8-11.
196. Combined measurement of synovial fluid α-Defensin and C-reactive protein levels: highly accurate for
diagnosing periprosthetic joint infection. Deirmengian, C, și alții. 17, 2014, J Bone Joint Surg Am, Vol. 96, pg. 143945.

56

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

197. Structure, function, and membrane integration of defensins. White, SH, Wimley, WC și Selsted, ME. 4, Curr
Opin Struct Biol : s.n., 1995, Vol. 5, pg. 512-7.
198. Alpha-defensin-novel synovial fluid biomarker for the diagnosis of periprosthetic joint infection. Pupaibool, J, și
alții. 12, 2016, Int Orthop, Vol. 40, pg. 2447-2452.
199. Human α-defensins are immune-related Kv1.3 channel inhibitors: new support for their roles in adaptive
immunity. Xie, Z, și alții. 10, 2015, FASEB J, Vol. 29, pg. 4324-33.
200. Increased levels of α-defensin (-1, -2 and -3) in type 1 diabetic patients with nephropathy. Saraheimo, M,
Forsblom, C și Pettersson-Fernholm, K. 3, 2008, Nephrol Dial Transplant, Vol. 23, pg. 914-18.
201. False-positive synovial fluid alpha-defensin test in a patient with acute gout affecting a prosthetic knee. Partridge,
DG, Gordon, A și Townsend, R. 4, 2017, Eur J Orthop Surg Tr, Vol. 27, pg. 549-51.
202. The accuracy of the alpha defensin lateral flow device for diagnosis of periprosthetic joint infection: comparison
with a gold standard. Gehrke, T, Lausmann, C și Citak, M. 1, 2018, J Bone Joint Surg Am, Vol. 100, pg. 42-8.
203. Dying and necrotic neutrophils are anti-inflammatory secondary to the release of α-defensins. Miles, K. 3, 2009,
J Immunol, Vol. 183, pg. 21122-32.
204. Activated alpha 2-macroglobulin is a principal defensin-binding protein. Panyutich, A și Ganz, T. 2, 1991, Am J
Respir Cell Mol Biol, Vol. 5, pg. 101-6.
205. Human neutrophil defensin and serpins form complexes and inactivate each other. Panyutich, AV, Hiemstra și
PS, van Wetering, S. 3, 1995, Am J Respir Cell Mol Biol, Vol. 12, pg. 351-7.
206. Accuracy of the α-defensin lateral flow assay for diagnosing periprosthetic joint infection in Asians. Ding, BT,
și alții. 1, 2019, J Orthop Surg (Hong Kong), Vol. 27, p. 2309499019828459.
207. Copy number polymorphism and expression level variation of the human alpha-defensin genes DEFA1 and
DEFA3. Aldred, PM, Hollox și EJ, Armour, JA. 14, 2005, Hum MOl Genet, Vol. 14, pg. 2045-52.
208. Human defensin gene copy number polymorphisms: comprehensive analysis of independent variation in alphaand beta-defensin regions at 8p22-p23. . Linzmeier și RM, Ganz, T. 4, 2005, Genomics, Vol. 86, pg. 423-30.
209. Polymorphisms in α-Defensin–Encoding DEFA1A3 associate with urinary tract infection risk in children with
vesicoureteral reflux. . Schwaderer, AL, Wang și H, Kim, SH. 10, 2016, J Am Soc Nephrol: JASN, Vol. 27, pg. 317586.
210. Single nucleotide polymorphisms in human Paneth cell defensin A5 may confer susceptibility to inflammatory
bowel disease in a New Zealand Caucasian population. Ferguson, LR, și alții. 9, 2008, Dig Liver Dis, Vol. 40, pg.
723-30.
211. Human neutrophil peptide 1-3, a component of the neutrophil extracellular trap, as a potential biomarker of lupus
nephritis. . Cheng, FJ, și alții. 5, 2015, Int J Rheum Dis, Vol. 18, pg. 533-40.
212. Increased genomic copy number of DEFA1/DEFA3 is associated with susceptibility to severe sepsis in Chinese
Han population. Chen, Q, și alții. 6, 2010, Anesthesiology, Vol. 112, pg. 1428-34.
213. Inflammatory disorders mimicking periprosthetic joint infections may result in false-positive α-defensin. Palet,
A, și alții. 11, 2018, Clincal Microbiology and Infection, Vol. 24, pg. 1212.e1-e6.
214. The epidemiology of antibiotic resistance. Gould, IM. Suppl1, 2008, Int J Antimicrob Agents, Vol. 32, pg. S2-9.
215. Current concepts in antimicrobial therapy against resistant gram-negative organisms: extended-spectrum betalactamase-producing Enterobacteriaceae, carbapenem-resistant Enterobacteriaceae, and multidrug-resistant
Pseudomonas aeruginosa. Kanj, SS și Kanafani, ZA. 3, 2011, Mayo Clin Proc., Vol. 86, pg. 250-9.

57

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

216. Gram-negative prosthetic joint infection: outcome of a debridement, antibiotics and implant retention approach.
A large multicentre study. Rodríguez-Pardo, D, și alții. 11, 2014, Clin Microbiol Infect., Vol. 20, pg. O9119-9.
217. Predicting Multidrug-Resistant Gram-Negative Bacterial Colonization and Associated Infection on Hospital
Admission. Tseng, WP, și alții. 10, 2017, Infect Control Hosp Epidemiol, Vol. 38, pg. 1216-1225.
218. Epidemiology of multi-drug-resistant gram-negative bacteria: data from an university hospital over a 36-month
period. Vonberg, RP, și alții. 3-4, 2008, Int J Hyg Environ Health., Vol. 211, pg. 251-7.
219. [Microbiological characteristics and patterns of resistance in prosthetic joint infections in a referral hospital].
Ortega-Peña, S, și alții. 5, 2015, Cir Cir., Vol. 83, pg. 371-7.
220. Executive summary of management of prosthetic joint infections. Clinical practice guidelines by the Spanish
Society of Infectious Diseases and Clinical Microbiology (SEIMC). Ariza, J, și alții. 3, 2017, Enferm Infecc Microbiol
Clin, Vol. 35, pg. 189-195.
221. Bacterial adherence to separated modular components in joint prosthesis: A clinical study. Gómez-Barrena, E, și
alții. 10, 2012, J Orthop Res, Vol. 30, pg. 1634-9.
222. Ceftolozane/Tazobactam: A Novel Cephalosporin/β-Lactamase Inhibitor Combination with Activity Against
Multidrug-Resistant Gram-Negative Bacilli. Zhanel, GG, și alții. 1, 2014, Drugs, Vol. 74, pg. 31-51.
223. Ceftazidime-Avibactam: a Novel Cephalosporin/β-lactamase Inhibitor Combination. Zhanel, GG, și alții. 2,
2013, Drugs, Vol. 73, pg. 159-77.
224. Antimicrobial treatment concepts for orthopaedic device-related infection. Sendi, P și Zimmerli, W. 12, 2012,
Clin Microbiol Infect, Vol. 18, pg. 1176-84.
225. Complex prosthetic joint infections due to carbapenemase-producing Klebsiella pneumoniae: A unique challenge
in the era of untreatable infections. de Sanctis, J, și alții. 2014, Int J Infect Dis, Vol. 25, pg. 73-8.
226. Antibiotic resistance in orthopaedic surgery: Acute knee prosthetic joint infections due to extended-spectrum
beta-lactamase (ESBL)-producing Enterobacteriaceae. Martínez-Pastor, JC, și alții. 8, 2010, Eur J Clin Microbiol
Infect Dis, Vol. 29, pg. 1039-41.
227. Extended-Spectrum Beta-Lactamase Infections in Orthopedic-Related Devices and Prosthetic Joints. . Antony,
SJ, și alții. 4, 2016, Orthopesics, Vol. 39, pg. e668-73.
228. Orthopedic Implant-Associated Infection by Multidrug Resistant Enterobacteriaceae. Pfang, BG, și alții. 2, 2019,
J Clin Med, Vol. 8, p. oii.
229. Executive Summary: Diagnosis and Management of Prosthetic Joint Infection: Clinical Practice Guidelines by
the Infectious Diseases Society of America. Douglas, R. Osmon, și alții. 56, 2013, Clinical Infection Diseases, Vol. 1,
pg. 1-10.
230. CDC. Center for Disease Control and Prevention. [Interactiv] 2010. [Citat: 30 07 2015.] ww.cdc.gov.
231. Cram, Peter. Physicians Weekley. [Interactiv] 19 02 2013.
www.physiciansweekley.com/total-knee-arthroplasty-medicare-beneficiaries/.

[Citat:

30

07

2015.]

232. Molecular and imaging techniques for bacterial biofilms in joint arthroplasty infections. Stoodley, P, și alții. 437,
2005, Clin Orthop Relat Res, pg. 31-40.
233. Treatment approaches to prosthetic joint infections: results. Johannsson, B, și alții. 66, 2010, Diagn Microbiol
Infect Dis, pg. 16-23.
234. Prosthetic joint infection: recent developments in diagnosis and management. Cataldo, MA, și alții. 61, 2010, J
Infect, pg. 443-8.

58

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

235. Functional Imaging in Diagnostic of Orthopedic Implant-Associated Infections. Potapova, Inga. 3, 2013,
Diagnostics, pg. 356-71.
236. Prosthetic-Joint infection. Zimmerli, W, Tampuz, A și Ochsner, PE. 351, 2004, N Engl J Med, Vol. 16, pg. 164554.
237. Revised histopathological consensus classification of joint implant related pathology. Krenn, V, și alții. 12, 2014,
Pathol Res Pract, Vol. 210, pg. 770-86.
238. Differentiating the growing nosocomial infectious threats Ralstonia pickettii and Ralstonia insidiosa. Ryan, MP,
Pembroke, JT și Adley, CC. 10, 2011, Eur J Clin Microbiol Infect Dis, Vol. 30, pg. 1245-7.
239. Characterization of clinically isolated Ralstonia mannitolilytica strains using random amplification of
polymorphic DNA (RAPD) typing and antimicrobial sensitivity, and comparison of the classification efficacy of
phenotypic and genotypic assays. Daxboeck, F, și alții. Pt 1, 2005, J Med Microbial, Vol. 54, pg. 55-61.
240. Infection by Ralstonia species in cystic fibrosis patients: identification of R. pickettii and R. mannitolilytica by
polymerase chain reaction. Coenye, T, Vandamme, P și LiPuma, J. 7, 2002, Emerg Infect Dis, Vol. 8, pg. 692-6.
241. Taxonomic position of “pseudomonas oxalaticus” strain ox14T (DSM 1105T) (Khambata and Bhat, 1953) and
its description in the genus Ralstonia as Ralstonia oxalatica comb. nov. Sahin, N, și alții. 2, 2002, Syst Appl Microbiol,
Vol. 23, pg. 206-9.
242. Classification of Ralstonia picketii biovar 3/‘thomasii’ strains (Pickett 1994) and of new isolates related to
nosocomial recurrent meningitis as Ralstonia mannitolytica sp. nov. De Baere, T, și alții. 2001, Int J Syst Evol
Microbiol, Vol. 51, pg. 547-58.
243. Ralstonia taiwanensis sp. nov., isolated from root nodules of mimosa species and sputum of a cystic fibrosis
patient. Chen, WM, și alții. Pt 2, 2001, Int J Syst Evol Microbiol, Vol. 51, pg. 1729-35.
244. Classification of metal-resistant bacteria from industrial biotopes as Ralstonia campinensis sp. nov., Ralstonia
metallidurans sp. nov. and Ralstonia basilensis Steinle et al. 1988 emend. Goris, J, și alții. Pt 5, 2001 : s.n., Int J Syst
Evol Microbiol, Vol. 52, pg. 1773-82.
245. A multistate nosocomial outbreak of Ralstonia pickettii colonization associated with an intrinsically contaminated
respiratory care solution. Labarca, JA, și alții. 5, 1999, Clin Infect Dis, Vol. 29, pg. 1281-6.
246. Nosocomial Ralstonia pickettii colonization associated with intrinsically contaminated saline solution—Los
Angeles, California, 1998. . (CDC)., Centers for Disease Control and Prevention. 14, 1998, MMWR Morb Mortal
Wkly Rep., Vol. 47, pg. 285-6.
247. Lobar pneumonia caused by Ralstonia pickettii in a sixty-five-year-old Han Chinese man: a case report. Pan, W,
Zhao, Z și Dong, W. 2011, J Med Case Reports, Vol. 5, p. 377.
248. A community acquired pneumonia case caused by Ralstonia pickettii. Küçükbayrak, A, și alții. 2, 2009,
Mikrobiyol Bul, Vol. 43, pg. 331-4.
249. Classification of Ralstonia pickettii-like isolates from the environment and clinical samples as Ralstonia
insidiosa. Coenye, T, și alții. Pt 4, 2003, Int J Syst Evol Microbiol. , Vol. 53, pg. 1075-80.
250. Ralstonia picketti neonatal sepsis: a case report. Sharma, D, și alții. 1, 2017, BMC Res Notes, Vol. 10, p. 28.
251. Outbreak of Ralstonia pickettii bacteremia in a neonatal intensive care unit. Kimura, AC, și alții. 12, 2005, Pediatr
Infect Dis J, Vol. 24, pg. 1099-103.
252. Neonatal sepsis caused by Ralstonia pickettii. Vitaliti, SM, și alții. 3, 2008, Pediatr Infect Dis J, Vol. 27, p. 283.

59

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

253. Recognition of pseudomonas pickettii in the clinical laboratory: biochemical characterization of 62 strains. Piley,
PS și Weaver, RE. 1, 1975, J Clin MIcrobiol, Vol. 1, pg. 61-4.
254. Ralstonia pickettii colonization of patients in an obstetric ward caused by a contaminated irrigation system.
Yoneyama, A, și alții. 2000, J Hosp Infect, Vol. 46, pg. 79-80.
255. Ralstonia pickettii involved in spinal osteitis in an immunocompetent adult. . Elsner, HA, și alții. 3, 1998, J Inf
Secur, Vol. 36, p. 352.
256. Ralstonia pickettii osteomyelitis of the trapezium. Degeorges, R, și alții. 2005, Chir Main, Vol. 24, pg. 174-6.
257. An unusual case of bacterial meningitis caused by Burkholderia pickettii. . Heagney, MA. 3-4, 2005, Chir Main,
Vol. 24, pg. 174-6.
258. Ralstonia pickettii meningitis in a child with hydrocephalus. Bonatti, H, și alții. 5, 2009, Eur J Pediatr Surg, Vol.
19, pg. 341-2.
259. Ralstonia Pickettii Bacteremia. Pandey, R, Barman, P și Sengupta, S. 2014, J Infect Dis Ther, Vol. 2, p. 179.
260. Microflora of retained Intracochlear electrodes from infected Cochlear implants. Varadarajan, VV, Dirain, CO și
Antonelli, PJ. 2017, Otolaryngol Head Neck Surg. doi: 10.1177/0194599817693228. [Epub ahead of print].
261. Seminal infection with Ralstonia pickettii and cytolysosomal spermophagy in a previously fertile man. Carrell,
DT, Emery, BR și Hamilton, B. 2003, Fertil Steril, Vol. 79, pg. 1665-7.
262. AAOS Guideline on the Diagnosis of Periprosthetic Joint Infection of the Hip and Knee, Guideline and Evidence
Report adopted by American Academy of Orthopaedic Surgeons, Board of Directors,. [Interactiv] 2010. [Citat: 24
March 2017.] http://www.aaos.org/. .
263. Molecular diagnostics in periprosthetic joint infection. Parvizi, J, Walinchus, L și Adeli, B. 9, 2011, Int J Artif
Organs, Vol. 34, pg. 847-55.
264. Bacterial adherence to separated modular components in joint prosthesis: a clinical study. Gomez-Barrena E,
Esteban, J, și alții. 2012, J Orthop Res, Vol. 30, pg. 1634-9.
265. Periprostheti knee infection caused by Ralstonia pickettii leading to knee arthrodesis. A case report and review
of the literature. Lepetsos, P, și alții. Estoril Lisboa Portugal : s.n., 2015. 34th Annual Meeting of the European
Bone&Joint Infection Society. pg. P28 – (#220) – poster.
266. Identification of silent prosthetic joint infection: preliminary report of a prospective controlled study. Bereza, PL,
și alții. 10, 2013, Int Orthop. , Vol. 37, pg. 2037-43.
267. Sonication of Intramedullary nails: clinically-related infection and contamination. Esteban, J, și alții. 2012, Open
Orthop J, Vol. 6, pg. 255-60.
268. Sonication contribution to identifying prosthetic joint infection with Ralstonia pickettii: a case report and review
of the literature. Birlutiu, RM, și alții. 2017, BMC Musculoskelet Disord , Vol. 18, p. 311.
269. Two stage revision with a proximal femur replacement. Dieckmann, R, și alții. 1, 2019, BMC Musculoskelet
Disord, Vol. 20, p. 58.
270. Factors influencing the incidence and outcome of infection following total joint arthroplasty. Poss, R, și alții. 1,
1984, Clin Orthop Relat Res, Vol. 182, pg. 117-126.
271. Anemia, allogenic blood transfusion, and immunomodulation in the critically ill. Raghavan, M și Marik, PE.
2005, Chest, Vol. 127, pg. 295-307.
272. Predictors of wound infection in hip and knee joint replacement: results from a 20 year surveillance program.
Saleh, K, și alții. 2002, J Orthop Res, Vol. 20, pg. 506-515.

60

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

273. Periprosthetic infection: are current treatment strategies adequate? Parvizi, J, și alții. 6, 2008, Acta Orthop Belg,
Vol. 74, pg. 793-800.
274. Increasing risk of revision due to deep infection after hip arthroplasty. Dale, H, și alții. 6, 2009, Acta Orthop,
Vol. 80, pg. 639-645.
275. Reporting surgical site infections following total hip and knee arthroplasty: impact of limiting surveillance to the
operative hospital. Yokoe, DS, și alții. 9, 2013, Clin Infect Dis, Vol. 57, pg. 1282-1288.
276. Infection in total knee replacement: a retrospective review of 6489 total knee replacements. Peersman, G, și alții.
2001, Clin Orthop Relat Res, Vol. 392, pg. 15-23.
277. Prosthetic joint infection risk after TKA in the Medicare population. Kurtz, SM, și alții. 2010, Clin Orthop Relat
Res, Vol. 468, pg. 52-56.
278. The incidence of deep prosthetic infections in a specialist orthopaedic hospital: a 15-year prospective survey.
Phillips, JE, și alții. 7, 2006, J Bone Joint Surg Br, Vol. 88, pg. 943-948.
279. The epidemiology of revision total knee arthroplasty in the United States. Bozic, KJ, și alții. 1, 2010, Clin Orthop
Relat Res, Vol. 468, pg. 45-51.
280. Periprosthetic joint infection: the economic impact of methicillin-resistant infections. Parvizi, J, și alții. Suppl 6,
2010, J Arthroplasty, Vol. 25, pg. 103-107.
281. The urine dipstick test useful rule out infections. A meta-analysis of the accuracy. Berger, RE. 3, 2005, J Urol,
Vol. 13, pg. 941-942.
282. Use of leucocyte esterase reagent strips in the diagnosis or exclusion of prosthetic joint infection. Shafafy, R, și
alții. 9, 2015, Bone Joint J, Vol. 97-b, pg. 1232-1236.
283. Definition of periprosthetic joint infection. Parvizi, J și Gherke, T. 7, 2014, J Arthroplasty, Vol. 29, p. 1331.
284. Comparison of Leukocyte Esterase Testing of Synovial Fluid with Synovial Histology for the Diagnosis of
Periprosthetic Joint Infection. Li, R, și alții. 2017, Med Sci Monit, Vol. 23, pg. 4440-4446.
285. Synovial Fluid Leukocyte Esterase in the Diagnosis of Peri-Prosthetic Joint Infection: A Systematic Review and
Meta-Analysis. Wang, C, și alții. 3, 2018, Surg Infect (Larchmt), Vol. 19, pg. 245-253.
286. Leucocyte esterase, glucose and C-reactive protein in the diagnosis of prosthetic joint infections: A prospective
study. De Vecchi, E, și alții. 6, 2016, Clin Microbiol Infection, Vol. 22, pg. 555-560.
287. Diagnosis of periprosthetic joint infection using synovial C-reactive protein. . Parvizi, J, McKenzie, JC și
Cashman, JP. 8 Suppl, 2012, J arthroplasty, Vol. 27, pg. 12-16.
288. Cell count and differential of aspirated fluid in the diagnosis of infection at the site of total knee arthroplasty. .
Ghanem, E, și alții. 8, 2008, J Bone Joint Surg Am, Vol. 90, pg. 1637-1643.
289. Periprosthetic joint infection diagnosis: a complete understanding of white blood cell count and differential.
Zmistowski, B, și alții. 2012, j Arthroplasty, Vol. 27, pg. 1589-1593.
290. Synovial fluid white cell and differential count in the diagnosis or exclusion of prosthetic joint infection. Dinneen,
A, și alții. 4, 2013, Bone Joint J, Vol. 95-B, pg. 554-557.
291. Inflammatory blood laboratory levels as markers of prosthetic joint infection: a systematic review and
metaanalysis. Berbari E, Mabry, T, și alții. 2010 : s.n., J Bone Joint Surg Am, Vol. 92, pg. 2102-2109.
http://dx.doi.org/10 .2106/JBJS.I.01199..
292. Diagnosis of periprosthetic joint infections of the hip and knee. Della Valle, C, și alții. 2010, J Am Acad Orthop
Surg, Vol. 18, pg. 760-770.

61

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

293. New definition for periprosthetic joint infection: from the Workgroup of the Musculoskeletal Infection Society.
Parvizi, J, și alții. 2011, Clin Orthop Relat Res, Vol. 169, pg. 2992-2994.
294. Combined serum biomarker analysis shows no benefit in the diagnosis of periprosthetic joint infection. Klim,
SM, și alții. 2020, International Orthopaedics, Vol. 10.1007/s00264-020-04731-6.
295. The pathology of the joint tissues and its clinical relevance in prosthesis failure. Mirra, JM, și alții. 1976, Clin
Orthop Relat Res, Vol. 117, pg. 211-240.
296. The role of intraoperative frozen sections in revision total joint arthroplasty. Feldman, DS, și alții. 1995, J Bone
Joint Surg Am, Vol. 77, pg. 1807-1813.
297. Proposal for a histopathological consensus classification of the periprosthetic interface membrane. Morawietz,
L, și alții. 2006, J Clin Pathol, Vol. 59, pg. 591-597.
298. Aspiration as a guide to sepsis in revision total hip arthroplasty. Fehring, TK și Cohen, B. 1996, J Arthroplasty,
Vol. 11, pg. 543-547.
299. Aspiration of the hip joint before revision total hip arthroplasty. Clinical and laboratory factors influencing
attainment of a positive culture. Lachiewicz, PF, Rogers, GD și Thomason, HC. 1996, J Bone Joint Surg Am, Vol. 78,
pg. 749-754.
300. The value of aspiration of the hip joint before revision total hip arthroplasty. Barrack, RL și Harris, WH. 1993, J
Bone Joint Surg Am, Vol. 75, pg. 66-76.
301. Culture with BACTEC Peds Plus/F bottle compared with conventional methods for detection of bacteria in
synovial fluid. Hughes, JG, și alții. 2001, J Clin Microbiol, Vol. 39, pg. 4468-4471.
302. Accuracy of joint aspiration for the preoperative diagnosis of infection in total hip arthroplasty. Ali, F, și alții.
2006, J Arthroplasty, Vol. 21, pg. 221-226.
303. Diagnosing infection in hip replacements. The use of fine-needle aspiration and radiometric culture. Roberts, P,
Walters, AJ și McMinn, DJ. 1992, J Bone Joint Surg Br, Vol. 74, pg. 265-269.
304. Rapid molecular microbiologic diagnosis of prosthetic joint infection. Cazanave, C, și alții. 2013, J Clin
Microbiol, Vol. 51, pg. 2280-2287.
305. Preoperative aspiration culture for preoperative diagnosis of infection in total hip or knee arthroplasty. Qu, X, și
alții. 2013 : s.n., J Clin Microbiol, Vol. 51, pg. 3820-3834.
306. Aerobic and anaerobic bacteria in deep infections after total hip arthroplasty: differential diagnosis between
infectious and non-infectious loosening. Kamme, C și Lindberg, L. 1981, Clin Orthop Relat Res, Vol. 154, pg. 201207.
307. Prospective evaluation of criteria for microbiological diagnosis of prosthetic-joint infection at revision
arthroplasty. Atkins, BL, și alții. 1998 : s.n., J Clin Microbiol , Vol. 36, pg. 2932-2939.
308. Role of universal 16S rRNA gene PCR and sequencing in diagnosis of prosthetic joint infection. Marin, M, și
alții. 2012 : s.n., J clin Microbiol, Vol. 50, pg. 583-589.
309. Acomprehensive microbiological evaluation of fifty-four patients undergoing revision surgery due to prosthetic
joint loosening. Bjerkan, G, și alții. 2012, J Med Microbiol, Vol. 61, pg. 572-581.
310. Prosthetic infection: improvement of diagnostic procedures using 16S ribosomal deoxyribonucleic acid
polymerase chain reaction. Suda, AJ, și alții. 2013, Int Orthop, Vol. 37, pg. 2515-2521.
311. Molecular and antibiofilm approaches to prosthetic joint infection. Trampuz, A, și alții. 2003, Clin Orthop Relat
Res, Vol. 414, pg. 69-88.

62

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

312. Sonication cultures of explanted components as an add-on test to routinely conducted microbiological diagnostics
improve pathogen detection. Holinka, J, și alții. 2011, J orthop Res, Vol. 29, pg. 617-622.
313. Evaluation of quantitative analysis of cultures from sonicated retrieved orthopedic implants in diagnosis of
orthopedic infection. Esteban, J, și alții. 2008, J Clin Microbiol, Vol. 46, pg. 488-492.
314. Implant sonication for the diagnosis of prosthetic elbow infection. Vergidis, P, și alții. 2011, J Sholder Elbow
Surg, Vol. 20, pg. 1275-1281.
315. Sonication of explanted prosthetic components in bags for diagnosis of prosthetic joint infection is associated
with risk of contamination. Trampuz, A, și alții. 2006, J Clin Microbiol, Vol. 44, pg. 628-631.
316. Defining periprosthetic infection: do we have a workable gold standard? Oussedik, S, și alții. 11, 2012, J Bone
Joint Surg Br, Vol. 94, pg. 1455-6.
317. Diagnosis and management of prosthetic joint infection: clinical practice guidelines by the Infectious Diseases
Society of America. Osmon, DR, și alții. 56, 2013, Clin Infect Dis, pg. e1-25.
318. FISH-BASED DETECTION OF BACTERIA IN ORTHOPAEDIC IMPLANT-RELATED INFECTIONS.
Boot, W, și alții. Supp-16, 2015, Orthopaedic Proceedings. , Vol. 97-B, pg. 65-65.
319. Prosthetic joint infection. Tande, AJ și Patel, R. 2014, Clin Microbiol rev, Vol. 27, pg. 302-345.
320. Guiding empirical antibiotic therapy in orthopaedics: the microbiology of prosthetic joint infection managed by
debridement, irrigation and prosthesis retention. Moran, E, și alții. 2007, J Infect, Vol. 55, pg. 1-7.
321. Microbiological aetiology, epidemiology, and clinical profile of prosthetic joint infections: are current antibiotic
prophylaxis guidelines effective? Peel, TN, și alții. 2015, Antimicrob Agents Chemother, Vol. 56, pg. 2386-2391.
322. Organism profile in periprosthetic joint infection: pathogens differ at two arthroplasty infection referral centers
in Europe and in the United States. Aggarwal, VK, și alții. 2014, J Knee Surg , Vol. 27, pg. 399-406.
323. Epidemiology and outcomes of surgical site infections following orthopedic surgery. Li, G, și alții. 2013, Am J
Infect Control, Vol. 41, pg. 1268-71.
324. Etiology of surgical site infections after primary total joint arthroplasties. 2014, J Orthop Res, Vol. 32, pg. 633637.
325. Berríos-Torres SI, Yi SH, Bratzler DW, Ma A, Mu Y, Zhu L, et al. Activity of commonly used antimicrobial
prophylaxis regimens against pathogens causing coronary artery bypass graft and arthroplasty surgical site infections
in the United States, 2006e2009. Berríos-Torres, SI, și alții. 2014, Infect Control Hosp Epidemiol, Vol. 35, pg. 231-9.
326. Control., European Centre for Disease Prevention and. Annual epidemiological report 2014. Antimicrobial
resistance and healthcare-associated infections. [Interactiv] 2015. http://ecdc.europa.eu/en/publications/
Publications/antimicrobial-resistance-annual-epidemiological-report.pdf..
327. Antimicrobial resistance in hospital- acquired gram-negative bacterial infections. Mehrad, B, și alții. 2015, Chest,
Vol. 147, p. 1413.
328. Clinical practice guidelines for antimicrobial prophylaxis in surgery. Bratzler, DW, și alții. 2013, Am J Heal
Pharm, Vol. 70, pg. 195-283.
329. The infected knee arthroplasty. A 6-year follow-up of 357 cases. Bengtson, S și Knutson, K. 1991, Acta Orthop
Scand, Vol. 62, pg. 301-311.
330. Early prosthetic joint infection: outcomes with debridement and implant retention followed by antibiotic therapy.
Cobo, J, și alții. 2011, Clin Microbiol Infect, Vol. 17, pg. 1632-1637.

63

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

331. Polymicrobial prosthetic joint infections: risk factors and outcome. Marculescu, CE și Cantey, JR. 2008, Clin
Orthop Relat Res, Vol. 466, pg. 1397-1404.
332. Two-stage revision arthroplasty of the hip for infection using an interim articulated Prostalac hip spacer: a 10- to
15-year follow-up study. Biring, GS, și alții. 2009, J Bone Joint Surg Br, Vol. 92, pg. 1431-1437.
333. Assessing the gold standard: a review of 253 two-stage revisions for infected TKA. Mahmud, T, și alții. 2012,
Clin Orthop Relat Res, Vol. 470, pg. 2730-2736.
334. Prior use of antimicrobial therapy is a risk factor for culture-negative prosthetic joint infection. Malekzadeh, D,
și alții. 2010, Clin Orthop Relat Res, Vol. 468, pg. 2039-2045.
335. Microbiological, clinical, and surgical features of fungal prosthetic joint infections: a multi-institutional
experience. Azzam, K, și alții. Suppl 6, 2009, J Bone Joint Surg Br, Vol. 91, pg. 142-149.
336. Fungal peri-prosthetic joint infection after primary total knee replacement. Hwang, BH, și alții. 2012, J Bone
Joint Surg Br, Vol. 94. 656-659.
337. Severe prosthetic joint infection in an immunocompetent male patient due to a therapy refractory Pseudallescheria
apiosperma. Lackner, M, și alții. Suppl 3, 2013 : s.n., Mycoses, Vol. 54. 22-27.
338. Arthroplastic and osteosynthetic infections due to Propionibacterium acnes: a retrospective study of 52 cases,
1995- 2002. Lutz, MF, și alții. 2005, Eur J Clin Microbiol Infect, Vol. 24, pg. 739-744.
339. Outbreak of postoperative shoulder arthritis due to Propionibacterium acnes infection in nondebilitated patients.
Berthelot, P, și alții. 2006, Infect Control Hosp Epidemiol, Vol. 27, pg. 987-990.
340. Prognostic factors for bacterial cultures positive for Propionibacterium acnes and other organisms in a large series
of revision shoulder arthroplasties performed for stiffness, pain, or loosening. Pottinger, P, și alții. 2012, J Bone Joint
Surg Am, Vol. 94, pg. 2075-2083.
341. Risk factors associated with surgical site infection in 30,491 primary total hip replacements. Namba, RS, Inacio,
MC și Paxton, EW. 2012, J Bone Joint Surg B, Vol. 94, pg. 1330-1338.
342. Periprosthetic joint infection: the incidence, timing, and predisposing factors. Pulido, L, și alții. 2008 : s.n., Clin
Orthop Relat Res, Vol. 466, pg. 1710-1715.
343. Low incidence of haematogenous seeding to total hip and knee prostheses in patients with remote infections.
Uckay, I, și alții. 2009, J Infect, Vol. 59, pg. 337-345.
344. Risk factors associated with deep surgical site infections after primary total knee arthroplasty: an analysis of
56,216 knees. Namba, RS, Inacio, MC și Paxton, EW. 2013, J Bone Joint Surg Am, Vol. 95, pg. 775-782.
345. Morbidly obese, diabetic, younger, and unilateral joint arthroplasty patients have elevated total joint arthroplasty
infection rates. Malinzak, RA, și alții. 2009, J Arthroplasty, Vol. 24, pg. 84-88.
346. Obese diabetic patients are at substantial risk for deep infection after primary TKA. Dowsey, MM și Choong,
PF. 2009, Clin Orthop Relat Res, Vol. 467, pg. 1577-1581.
347. Risk factors for prosthetic hip and knee infections according to arthroplasty site. Peel, TN, și alții. 2001, J Hosp
Infect, Vol. 79, pg. 129-133.
348. Incidence and risk factors of prosthetic joint infection after total hip or knee replacement in patients with
rheumatoid arthritis. Bongartz, T, și alții. 2008, Arthritis Rheum, Vol. 59, pg. 1713-1720.
349. Risk factors for infection after knee arthroplasty. A register-based analysis of 43,149 cases. Jamsen, E, și alții.
2009, J Bone Joint Surg Am, Vol. 91, pg. 38-47.

64

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

350. The use of erythromycin and colistinloaded cement in total knee arthroplasty does not reduce the incidence of
infection: a prospective randomized study in 3000 knees. Hinarejos, P, și alții. 2013, J Bone Joint Surg Am, Vol. 95,
pg. 769-774.
351. Risk factors for subsequent diagnosis of prosthetic joint infection. Aslam, S, Reitman, C și Darouiche, RO. 2010,
Infect Control Hosp Epidemiol, Vol. 31, pg. 298-301.
352. Infection control rate of irrigation and debridement for periprosthetic joint infection. Koyonos, L, și alții. 2011,
Clin Orthop Relat Res, Vol. 469, pg. 3043-3048.
353. One hundred and twelve infected arthroplasties treated with ‘DAIR’ (debridement, antibiotics and implant
retention): antibiotic duration and outcome. Byren, I, și alții. 2009, J Antimicrob Chemother, Vol. 63, pg. 1264-1271.
354. Results of direct exchange or debridement of the infected total knee arthroplasty. Silva, M, Tharani, R și
Schmalzried, TP. 2002, Clin Orthop Relat Res, Vol. 351, pg. 125-131.
355. Consensus document on controversial issues in the diagnosis and treatment of prosthetic joint infections. Leone,
S, și alții. Suppl 4, 2010, Int J Infect Dis, Vol. 14.
356. Acute hematogenous infection following total hip and knee arthroplasty. Konigsberg, BS, și alții. 3, 2014, J
Arthroplasty, Vol. 29, pg. 469-472.
357. Treatment of acute post-surgical infection of joint arthroplasty. Soriano, A, și alții. 2006, Clin Microbiol Infect,
Vol. 12, pg. 930-933.
358. Early prosthetic joint infections treated with debridement and implant retention: 38 primary hip arthroplasties
prospectively recorded and followed for median 4 years. Westberg, M, Grogaard, B și Snorrason, F. 2012, Acta
Orthop, Vol. 83, pg. 227-232.
359. Irrigation and debridement in the management of prosthetic joint infection: traditional indications revisited.
Azzam, KA, și alții. 2010, J Arthroplasty, Vol. 25, pg. 1022-1027.
360. Irrigation and debridement for periprosthetic infections: does the organism matter? Odum, SM, și alții. 2011, J
Arthroplasty, Vol. 26, pg. 114-118.
361. Aggressive early debridement for treatment of acutely infected cemented total hip arthroplasty. Sukeik, M, S,
Patel. și FS., Haddad. 2012, Clin Orthop Relat Res, Vol. 470, pg. 3164-3170.
362. Value of debridement and irrigation for the treatment of peri-prosthetic infections. A systematic review. Romano,
CL, și alții. Suppl 8, 2012, Hip Int, Vol. 22, pg. S19-S24.
363. Efficacy and safety of rifampin containing regimen for staphylococcal prosthetic joint infections treated with
debridement and retention. Eur. El Helou, OC, și alții. 2010, J Clin Microbiol, Vol. 29, pg. 961-967.
364. Management of deep infection of total hip replacement. Buchholz, HW, și alții. 1981, J Bone Joint Surg Br, Vol.
63, pg. 342-353.
365. One-stage revision of total hip arthroplasty for deep infection. Long-term followup. Raut, VV, Siney, PD și
Wroblewski, BM. 1995, Clin Orthop Relat Res, Vol. 321, pg. 202-207.
366. nfected total hip arthroplasty revision: one- or two-stage procedure? Klouche, S, și alții. 2012, Orthop Traumatol
Surg Res, Vol. 98, pg. 144-150.
367. One stage revision arthroplasty of the hip for deep Gram-negative infection. Raut, VV, și alții. 1996, Int Orthop,
Vol. 20, pg. 12-14.
368. Surgical procedures in the treatment of 784 infected THAs reported to the Norwegian Arthroplasty Register.
Engesaeter, LB, și alții. 2011, Acta Orthop, Vol. 82, pg. 530-527.

65

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

369. Direct-exchange arthroplasty for the treatment of infection after total hip replacement. An average ten-year
follow-up. Ure, KJ, și alții. 1998, J Bone Joint Surg Am, Vol. 89, pg. 961-968.
370. One-stage revision of infected total hip replacements with discharging sinuses. Raut, VV, Siney, PD și
Wroblewski, BM. 1994, J Bone Joint Surg Br, Vol. 76, pg. 721-724.
371. One-stage revision of infected total hip arthroplasty with bone graft. Rudelli, S, și alții. s.l. : J Arthroplasty, 2008,
Vol. 23, pg. 1165-1177.
372. One-stage revision surgery of the infected hip. A minimum 10-year followup study. Callaghan, JJ, Katz, RP și
Johnston, RC. 1999, Clin Orthop Relat Res, Vol. 369.
373. Deep infection of cemented total hip arthroplasties caused by coagulase-negative staphylococci. Hope, PG, și
alții. 1989, J Bone Joint Surg Br, Vol. 71, pg. 851-855.
374. Chronic infections in hip arthroplasties: comparing risk of reinfection following one-stage and two-stage revision.
Lange, J, și alții. 2012, Clin Epidemiol, Vol. 4, pg. 57-73.
375. One-stage revision of infected cemented total hip arthroplasty. Wroblewski, BM. 1986, Clin Orthop Relat Res,
Vol. 211, pg. 103-107.
376. The use of two-stage exchange arthroplasty with depot antibiotics in the absence of long-term antibiotic therapy
in infected total hip replacement. Stockley, I, și alții. 2008, J Bone Joint Surg Br, Vol. 90, pg. 145-148.
377. An articulating antibiotic spacer controls infection and improves pain and function in a degenerative septic hip.
Fleck, EE, și alții. 2011, Clin Orthop Relat Res, Vol. 469, pg. 3055-3064.
378. Two-stage revision of infected hip arthroplasty using a shortened post-operative course of antibiotics. McKenna,
PB, O’Shea, K și Masterson, EL. 2009, Arch Orthop Traum Surg, Vol. 129, pg. 489-494.
379. Reinfection after two-stage revision for periprosthetic infection of total knee arthroplasty. Kubista, B, și alții.
2012, Vol. 36, pg. 65-71.
380. Revision of infected total knee arthroplasty: two-stage reimplantation using an antibiotic-impregnated static
spacer. Silvestre, A, și alții. 2013, Clin Orthop Surg, Vol. 5, pg. 180-187.
381. Twostage exchange arthroplasty for infected total knee arthroplasty: predictors of failure. Mortazavi, SM, și alții.
2011, Clin Orthop relat Res, Vol. 469, pg. 3049-3054.
382. Treatment of the infected total knee arthroplasty with insertion of another prosthesis. The effect of
antibioticimpregnated bone cement. Hanssen, AD, Rand, JA și Osmon, DR. 1994, Clin Orthop Relat Res, Vol. 309,
pg. 44-55.
383. 2-stage reimplantation for infected total knee replacement. Goldman, RT, Scuderi, GR și Insall, JN. 1996, Clin
Orthop Relat Res, Vol. 331, pg. 118-124.
384. Mid-term to long-term followup of two-stage reimplantation for infected total knee arthroplasty. Haleem, AA,
Berry, DJ și Hanssen, AD. 2004, Clin Orthop Relat Res, Vol. 428, pg. 35-39.
385. Outcome of prosthesis exchange for infected knee arthroplasty: the effect of treatment approach. Jamsen, E, și
alții. 2009, Acta Orthop, Vol. 80, pg. 67-77.
386. Resection arthroplasty as a salvage procedure for a knee with infection after a total arthroplasty. Falahee, MH,
Matthews, LS și Kaufer, H. 1987, J Bone Joint Surg Am, Vol. 69, pg. 1013-1021.
387. Comparison of intramedullary nailing and external fixation knee arthrodesis for the infected knee replacement.
Mabry, TM, și alții. 2007, Clin Orthop Relat Res, Vol. 464, pg. 11-15.

66

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

388. The Girdlestone pseudarthrosis in the treatment of infected hip replacements. Castellanos, J, și alții. 1998, Int
Orthop , Vol. 22, pg. 178-181.
389. Resection arthroplasty of the hip. Grauer, JD, și alții. 1989, J Bone Joint Surg Am, Vol. 71, pg. 669-678.
390. Above-the-knee amputation after a total knee replacement: prevalence, etiology, and functional outcome. Sierra,
RJ, Trousdale, RT și Pagnano, MW. 2003, J Bone Joint Surg Am, Vol. 85, pg. 1000-1004.
391. Emergency hemipelvectomy as a result of uncontrolled infection after total hip arthroplasty: two case reports. .
Krijnen, MR și Wuisman, PI. 2004, J Arthroplasty, Vol. 19, pg. 803-808.
392. The diagnosis and management of prosthetic joint infections. Moran, E, Byren, I și Atkins, BL. Suppl 3, 2010, J
Antimocrob Chemother, Vol. 65, pg. iii45-iii54.
393. Variation in Prosthetic Joint Infection and treatment strategies during 4.5 years of follow-up after primary joint
arthroplasty using administrative data of 41397 patients across Australian, European and United States hospitals.
Marang-van de Mheen, PJ, și alții. 1, 2017, BMC Musculoskelet Disord, Vol. 18, p. 207.
394. Economic Impact of Prosthetic Joint Infection – an Evaluation Within the Portuguese National Health System.
Sousa, A, și alții. 4, 2018, J Bone Joint Infect, Vol. 3, pg. 197-202.
395. Economic burden of periprosthetic joint infection in the United States. Kurtz, SM, și alții. 2012, J Arthroplasty,
Vol. 27, pg. 61-65.e61.
396. A financial analysis of revision hip arthroplasty: the economic burden in relation to the national tariff. Vanhegan,
IS, și alții. 2012, J Bone Joint Surg Br, Vol. 94, pg. 619-623.
397. Total hip arthroplasty revision due to infection: a cost analysis approach. Klouche, S, Sariali, E și Mamoudy, P.
2010, Orthop Traumatol Surg Res, Vol. 96, pg. 124-132.
398. The economic impact of periprosthetic infections following total knee arthroplasty at a specialized tertiary-care
center. Kapadia, BH, și alții. 5, 2014, J Arthroplasty, Vol. 29, pg. 929-932.
399. The Economic Impact of Periprosthetic Infections After Total Hip Arthroplasty at a Specialized Tertiary-Care
Center. . Kapadia, BH, și alții. 7, 2016, J Arthroplasty, Vol. 31, pg. 1422-1426.
400. Economical analysis on prophylaxis, diagnosis, and treatment of periprosthetic infections. Fernandez-Fairen, M,
și alții. 2013, Open Orthop J, Vol. 7, pg. 227-242.
401. Increased periprosthetic hip and knee infection projected from 2014 to 2035 in Taiwan [published online ahead
of print, 2020 May 21]. Chang, CH, și alții. 20, 2020, J Infect Public Health, Vol. S1876-0341, pg. 30463-9.
402. A short history of microbial biofilms and biofilm infections. Høiby, N. 4, 2017, APMIS, Vol. 125, pg. 272-275.
403. Microbial biofilm formation: a need to act. Römling, U, și alții. 2, 2014, J Intern Med, Vol. 276, pg. 98-110.
404. Diagnosis and tratment of implant-associated septic atthritis and osteomyelitis . Tampuz, A și Zimmerli, W. 10,
2008, Curr Infect Dis Resp, Vol. 5, pg. 394-403.
405. ESCMID* guideline for the diagnosis and management of Candida diseases 2012: developing European
guidelines in clinical microbiology and infectious diseases. Ullmann, AJ, și alții. 18, 2012, Clin Microbiol Infect, Vol.
Suppl. 7, pg. 1-8.
406. Periprosthetic joint infection. Parvisi, J și Haddad, FS. 9, September 2015, Bone Joint J, Vol. 97-B, pg. 1157-9.
407. Preventing surgical-site infections in nasal carriers of Staphylococcus aureus. Bode, LGș Kluytmans, JA, și alții.
1, 2010, N Engl J Med, Vol. 362, pg. 9-17.

67

Diagnosis and Management of orthopedic implants biofilm-related infections
summary

408. A review of the scientific evidence for biofilms in wounds. Percival, SL, și alții. 20, 2012, Wound Repair Regen,
pg. 647-57.
409. Executive summary: 2012 Infectious Diseases Society of America clinical practice guideline for the diagnosis
and treatment of diabetic foot infections. Lipsky, BA, și alții. 54, 2012, Clin Infect Dis, pg. 679-84.
410. Prosthesis infections after orthopedic joint replacement: the possible role of bacterial biofilms. Song, Z, și alții.
5, 2013, Orthop Rev (Pavia), pg. 65-71.
411. Efficacy of antibiotic-impregnated cement in total hip replacement. Parvizi, J, și alții. 79, 2008, Acta Orthop, pg.
335-41.
412. Current management of prosthetic joint infections in adults: results of an Emerging Infections Network survey.
Marschall, J, și alții. 41, 2013, Int J Antimicrob Agents, pg. 272-7.
413. Antimicrobial treatment concepts for orthopaedic device-related infection. Sendi, P și Zimmerli, W. 18, 2012,
Clin Microbiol Infect, pg. 1176-84.
414. Risk factors associated with acute hip prosthetic joint infections and outcome of treatment with a rifampin based
regimen. Choong, PF, și alții. 2007, Acta Orthop, Vol. 79, pg. 755-765.
415. Multiple irrigation, debridement, and retention of components in infected total knee arthroplasty. Mont, MA, și
alții. 1997, J Arthroplasty, Vol. 12, pg. 426-433.
416. Use of rifampicin and ciprofloxacin combination therapy after surgical debridement in the treatment of early
manifestation prosthetic joint infections. Berdal, JE, și alții. 2005, Clin Microbiol Infect, Vol. 11, pg. 842-845.

68

