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Preface

Bone infections involve enormous social, economic and human impact.

Despite improvements in surgical techniques, asepsis and prevention, the increas-
ing use of surgery in orthopaedics and trauma means that the absolute number of
bone infections is progressively increasing in western countries.

The work of orthopaedic surgeons is increasingly assisted by industrial innovation
designed to meet new requirements and achieve what clinical and scientific evidence
indicates in terms of prevention and treatment of bone and joint infections.

In particular, new technologies in recent years, such as those allowing local treat-
ment with antibiotic-loaded cements and preformed spacers, have made it possible to
improve substantially the effectiveness of infection treatment in orthopaedics.

This book collects the scientific contributions of eminent European and Interna-
tional scientists, which were presented during the International Congress organized
by Tecres Spa (Verona, Italy) and held in Verona at the “Palazzo della Gran Guardia”
(7-9 September 2006).

Specialists of surgery and medicine (orthopaedic, trauma and infection surgeons,
microbiologists and pharmacologists) from all over the world met to exchange the
latest information. This is a collection of their personal clinical experience in the
treatment of orthopaedic implant infections.

With the hope that this book may represent a useful tool for updating those who
dedicate themselves to the difficult art of treating osteo-articular infections, we wish
a good reading!

Enzo Meani

Carlo Romano
Lynn Crosby
Gunther Hofmann
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Introduction

The Socio-economic Burden of Musculoskeletal
Infections

K.N. MaAL1zos, L.A. POULTSIDES

Department of Orthopaedic Surgery, University of Thessalia, Larissa, Greece

Magnitude and Predicted Trends of Burden

Musculoskeletal disorders are the most common cause of severe chronic pain and
physical disability affecting many millions of people. Their impact on the health
related quality of life of the individual, the society and the health care systems is enor-
mous [45]. This trend will increase dramatically over the next years as the population
is ageing and the lifestyle is changing towards more mobility and recreational activi-
ties. These parameters have brought up musculoskeletal disorders as the most expen-
sive disease category, requiring 23 % of the total cost of illness treatment as the Swed-
ish “cost of illness” study has indicated. The indirect costs related to morbidity and
disability are the greatest in most European Union countries and in the United States,
while in both the total Health Expenditures are increasing in relation with the respec-
tive gross domestic products [45]. For example, since 1965, the percentage of the
United States gross domestic product spent on health care has increased from 5 % to
13.4 %, a figure that is expected to continue to rise to 15.9 % by 2010 [75]. However,
the disorders of the bone and the joints have not yet been addressed as health care pri-
orities. The established market economies allocate less than 5% of their national
spending on research related to these conditions.

The burden stemming from Musculoskeletal Infections escalates due to new surgi-
cal innovations, the increasing life expectancy, urbanization and motorization,
expanding application of implants while the number of operated patients at risk of
infection and other adverse outcomes is increasing, as well as lack of training in their
management.

The most commonly occurring Orthopaedic infections are Soft Tissue infections,
Necrotizing fasciitis, Hematogenous Osteomyelitis, Septic Arthritis, Post-traumatic
Osteomyelitis and/or Septic Non-union, as well as infections around Arthroplasties
and Internal Fixation devices. They have a devastating effect on the patient as they
may lead to temporary impairment, long lasting disability or even permanent handi-
cap, inevitably incurring social and economic isolation [25]. The importance of infec-
tions in the musculoskeletal system lies in the fact that the application of implants is
continuously expanding and more operated patients are at risk of developing infec-
tion. Nowadays, antibiotic overuse makes bacteria more resistant to antibiotics. Bac-
teria spread through patients’ transfer among hospitals, making nosocomial infec-
tions a major threat for the hospitalized patients. On the other hand, surgeons are not
always adequately trained to manage musculoskeletal infections. All these factors
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result in increasing burden placed upon the patient, health services or the society as
a whole, which may be of a medical, economic or social nature, depending on the
viewpoint adopted.

The Need for Estimating the Burden

The number of reports examining the cost of musculoskeletal infections in the last
two decades is small in comparison with the unanimous recognition that bone and
joint infections induce major financial cost, and more severely, great human suffer-
ing. Raising awareness of the patient, the physician and the society in general is of
paramount importance. Recognition of the burden of the musculoskeletal infections
will result in greater awareness of the pervasive effect they have on the individual and
of their cost to society. So estimating the burden will facilitate the process of setting
appropriate priorities and adopting relevant strategies towards its reduction.

The cost-of-illness (COI) studies provide a most comprehensive methodology to
assess the scale and nature of musculoskeletal infections as a health problem, and
raise the profile of the patient group who suffer from them. Through identification of
the three basic components of the burden, i.e. the direct costs, the costs due to loss of
productivity (indirect costs) and the psychosocial or intangible costs [34], the COI
studies may assist the decision-making process at policy and planning levels, and
reveal where the major burden of cost might lie in the treatment and care of these
patients [13, 35].

Direct medical and non-medical costs [2, 3, 66], for which actual payments are
made, have an impact on both the patient and health services. They include treatment
costs, hospital and medication costs, which can be divided into fixed and variable
ones. Control of variable costs such as implants and supplies plays a predominant role
in cost-containment programmes. Personal payments such as the cost of transport to
the health provider and specialist aids, as well as the building’s opportunity cost con-
sist the direct non-medical costs.

As for the costs due to loss of productivity [2, 3, 66] no direct payment is actually
made. They include morbidity costs, which consist of lost resources due to the
patient’s or a relative’s absence from work, less production during the work shift, and
early retirement due to illness. The mortality costs also reflect lost production
(potential years of life loss and loss of productive years) due to premature death
caused by a lethal infection.

The third category refers to psychosocial or intangible costs [2, 3, 66], which repre-
sent deterioration in the quality of the patient’s life, as well as their families’ and
friends’. People with musculoskeletal infections suffer from disability, pain, reduced
self-esteem, and feelings of non-well-being, those being factors extremely difficult to
quantify.

Inevitable Burden of Orthopaedic Infections

Data examining deep-space Orthopaedic Infections provide a glimpse of the patient
population where the infection is more severe, the direct and indirect financial costs
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and the sequelae on their functional ability and quality of living. The majority of rele-
vant studies are made on heterogenous groups of patients and infections. Whitehouse
etal [77], studied surgical site infections after orthopaedic surgery and reported dra-
matically greater financial costs for the infected patients. They had twice as many
hospitalizations and operative procedures as those of matched uninfected control
patients, fourteen days longer hospital stay and four times higher median hospital
costs. Infected patients also reported greater physical limitation and greater reduc-
tion in health-related quality of life. In a similar study conducted in the United King-
dom concerning infections occurring after elective orthopaedic surgery the results
indicated a seventeen-day increase in length of hospitalization [61].

It has been shown that joint replacement is among the most successful surgical
procedures performed in terms of consistent improvement of the patient’s quality of
life [65, 78]. As stated above, due to expanded indications for total joint arthroplasties
and the growth and ageing of the population, the number of primary total joint
arthroplasties performed each year is increasing in the United States and in Europe,
resulting unfortunately in a proportionate increase in the absolute number of
infected total joint arthroplasties [38, 56]. The estimated prevalence of infection fol-
lowing total joint arthroplasty has been reported to range from 0.5 % to 7.5 % [4, 31].
Risk factors for infection are influenced by many variables that include the patient,
the procedure, the surgeon, and the hospital characteristics.

Infection often results in the need for multiple reoperations, prolonged use of intra-
venous and oral antibiotics, extended inpatient and outpatient rehabilitation, and fre-
quent follow-up visits. Furthermore, clinical outcomes following single-stage and two-
stage revision total joint arthroplasty have been less favourable than those after revision
for other causes of failure not associated with infection [10]. In a study of infected total
knee replacements [33], the infected patients who underwent revision arthroplasty
averaged thirty-two hospitalization days, which are significantly more than nine and
thirteen days utilized for primary and aseptic revision respectively. Infected patients
required more operative procedures, were re-hospitalized more often and received
more units of blood. Hospital charges were more than four times higher for the patients
undergoing arthroplasty secondary to infection of a primary knee procedure and nearly
three times higher compared to an aseptic knee revision. Surgeons’ billed charges were
50 % more for the infected revisions than for the non-infected revision cohort.

For an infected knee arthroplasty there was an average of 3.4 more operations and
2.4 more hospitalizations, with 3.7 times longer stay than that required for the pri-
mary total knees and 2.7 longer stay than that necessary for an aseptic revision. The
total operative time required for a two-stage revision of an infected knee is 3.4 times
more than that required for a primary total knee replacement and 1.8 times more
than that of an aseptic revision [7, 11]. Bozic et al. [ 16] found that the total direct med-
ical costs associated with revision total hip arthroplasty because of an infection are
2.8 times higher than the direct medical costs associated with revision total hip
arthroplasty because of aseptic loosening and 4.8 times higher than the direct medi-
cal costs associated with primary total hip arthroplasty. Furthermore, revision of a
total hip arthroplasty because of infection was associated with significantly more
hospitalizations, total days in the hospital, number of operations, outpatient visits,
outpatient charges, and complications than was revision because of aseptic loosening
or primary total hip arthroplasty [68].
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Several other studies have further reiterated that the human work and the system
resources required for the treatment of an infected arthroplasty is three to four times
more than those necessary for the treatment of a primary total joint replacement, and
two to three times more than work and resources for an aseptic revision [7-12].
Some groups propose the single-stage exchange revision of an infected joint arthro-
plasty as a means to decrease costs and rehabilitation time and possibly to reduce the
mechanical complications, however, the method is less likely to be more cost-effective
than the two-stage exchange because of the higher probability for re-infection it car-
ries, where the overall financial and emotional cost must also be added [39].

The lost opportunity for patients suffering from other health disorders which
results from bad resource utilization in the management of musculoskeletal infec-
tions is another important parameter. Referring to the experience reported for the
United Kingdom (UK), it has been estimated that in 2003 there have been performed
75,000 total joint replacements. At a mean follow-up of five to seven years, the infec-
tion rate was approximately 3 %, which means that 2250 arthroplasties probably
became infected in the same period of time. With a mean direct cost of 75,000 pounds
per patient, a crude estimation indicated that the total direct cost of management for
the infected joint arthroplasties comes up to 170 million pounds, while the total
health expenditure in the UK for 2003 reached 93 billion pounds [45]. That means
that the treatment cost for the infected arthroplasties exceeded 0.18 % of the total
health expenditures for that particular year. However, the percentage of those who are
provided with the corresponding health services comprises only the 0.0037 % of the
total UK population.

Except for the financial costs the infected joints impose on patients and their fami-
lies, there is the emotional burden as well. Even in patients whose treatment was suc-
cessful, 6- 18 months are necessary in order to be able to regain function similar to
the one they had prior to the infection [1]. Moreover some patients may never return
to pre-infection levels of function.

In the case of life threatening systemic sepsis and when local tissue conditions or
the host’s general health status became severely impaired, a percentage of 5.7 % of
1058 total knee arthroplasties (a combined series) resulted in amputation. Besides, the
periprosthetic infections, although rare, may become lethal with an overall mortality
rate ranging from 1 to 2.7 % concerning patients around 65 years of age, but in patients
older than 85 years it escalates from 2 to 7 %. In the first three months after rejection
arthroplasty, the probability of death increases twofold [17, 23, 27, 37, 39, 73].

Malpractice

Malpractice insurance is most often obligatory, further increasing treatment costs.
Because the presentation, diagnosis, treatment, and sequelae of poor treatment are
well established, lawyers find that it is possible to prove that there was a deviation
from care standards and that the actions of the physician were the proximate cause,
scenario easily reproduced in case of infections [29]. Financial incentive may be a sig-
nificant motivation for malpractice suits in certain populations, or in areas with high
concentrations of attorneys. A 1997 review of a New York State malpractice database
concluded that the incidence of malpractice claims correlated with the number of law
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firms filing malpractice claims, rather than the number of practising board-certified
orthopaedic surgeons [54, 64]. Besides the factors that are beyond the control of the
orthopaedic surgeon, malpractice claims can be broken down into two broad catego-
ries: technical errors and problems with communication. Although at times this is
unavoidable, the literature is replete with various examples of the importance of
strong physician-patient interaction and communication skills as a prophylaxis
against unwarranted litigation [5, 76].

The surgeon’s liability is based on number of procedures, complications and legal
claims. Finally, the opportunity cost of specialized training for each physician spe-
cialized in infectious diseases, although hard to quantify, it must be identified and
calculated as well.

Is There a Solution to the Problem?

It is obvious that the treatment of an infected total joint arthroplasty necessitates a
team approach and especially the cooperation of specialized surgeons in musculo-
skeletal infections and in reconstructive orthopaedic surgery, microbiologists,
pathologists, radiologists and physiotherapists, in order to accomplish a functional
outcome to this devastating complication. In the process of cost identification, it is
imperative to have a better insight on the considerable burden of the surgeon or the
physicians managing bone and joint infections. Firstly, we have to take into consider-
ation the total work of treating and especially the time spent, mental effort, judge-
ment, technical skill, physical effort, stress and preoperative planning. Secondly, the
relative specialty practice cost is of paramount importance. According to Barrack et
al [11], revision procedures require significantly more from the surgeon in terms of
time, mental and physical effort, stress, and exposure to liability. This is not reflected
in the differential in reimbursements that are currently received as the amount reim-
bursed to the surgeon represented only 18 % of the total amount collected for the pro-
cedure. Surgeons, however, have not fared as well. Decreasing the length of stay and
decreasing operative time requires more effort and probably a certain amount of
increased risk on the part of the surgeon. All surgeons must conduct quality improve-
ment as an integral part of patient care rather than viewing it as an externally-
imposed burden unrelated to our practice goals. We should never hesitate to diagnose
an infectious complication in one surgical procedure we have been involved, by
developing a high index of suspicion and proceeding with the appropriate diagnostic
approach and prompt management.

Reducing the Burden and Future Directions

Although, several investigators have demonstrated a direct association between hos-
pital and surgeon procedure volume and better clinical outcomes in terms of read-
missions, reoperations, complications, and mortality rates [41, 43, 69], the economic
burden that results from the disproportionate resource utilization and the concomi-
tant lack of incremental reimbursement will further contribute to the financial prob-
lems that currently plague many tertiary-care referral centers [14, 41, 43]. Due to
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these strong financial disincentives that have been created under current reimburse-
ment patterns, certain high-volume joint replacement centers have already consid-
ered restricting access for patients with an infected total joint arthroplasty, resulting
inevitably in a detrimental impact on access to care and clinical outcomes for patients
who experience this debilitating complication.

The lowest reported rate of infection for total hip replacement is 0.4 % and for the
total knee is up to 0.6 %. The question is then whether it is only difficult or impossible
to reduce the infection rate. Dedicated joint replacement surgical teams help in
decreasing the infection rates which have been higher in community-based hospitals
[41-43]. If “lowest rates” had been reached by all hospitals there would have been
huge cost savings and much less suffering. Following the process of clean room tech-
nology in the operative theatre environment is also of paramount importance
whereas continuum and random evaluation should also be the basic priority of each
surveillance committee.

Focusing on the three specific health care strategies including the prevention,
diagnosis and effective treatment of infection, the wise use of antimicrobials and the
prevention of transmission, the industry, the technology and especially biomedical
engineering should proceed with priority on the manufacturing of implants which
are less vulnerable to bacterial attachment.

The importance of economic analysis in the allocation of critical resources and
evaluation of treatment options in orthopaedics is demonstrated by the growing num-
ber of papers that have been published on the subject [6, 15, 18-21, 24, 26, 28, 30, 32,
36, 40, 44, 46 - 53, 55, 57 - 60, 62, 63, 67, 70 - 72, 74, 79]. Unfortunately, very few of these
studies adhered to the principles of sound economic analysis. In a review of forty eco-
nomic evaluations of total knee arthroplasty published between 1966 and 1996, Saleh
et al. found that none met the established criteria for a comprehensive economic eval-
uation [67]. In fact, many studies that are claimed to be so-called cost-effectiveness
analyses are actually retrospective cost-identification analyses [15, 49]. The vast
majority of the orthopaedic economic evaluations published over the past decade have
been cost-identification or cost-minimization analyses. Many have focused on the
costs associated with total joint arthroplasty [6, 22, 32, 49, 50, 57, 63, 79].

As far as septic joint arthroplasties are concerned, none of the published studies
calculated total costs and especially direct medical costs and non- medical or indirect
costs to the patient and to society associated with lost wages and productivity. So,
limited data are available to payers who comprise increasingly demanding evidence
of real costs and cost-effectiveness analyses. Also, limiting the analysis to data from
a single institution potentially limits the generalizability of the results.

It is concluded from many economic studies that control of variable costs and basi-
cally implant’s cost plays an important role in cost containment programmes.
Research efforts should focus on the recycling of used or unused implants through
biomechanics departments. Standardization and rationing of implants through com-
petitive bidding systems should be an integral part of health care system and hospi-
tal-based strategies. Each hospital should promote a utilization control for reduction
of services and unnecessary supplies. Early transfer to rehabilitation centres is a cost-
shifting method by reducing the hospital cost. Control quality of practices and con-
struction specialized in infectious diseases centres should be promoted by each
national health care system.
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Physicians, society members and politicians need to adopt a global view point of
the musculoskeletal infections not only from the medical but also from the financial
and the social-functional one. There is an urgent need for identification of the bur-
den through further studying of the natural history of each separate group of ortho-
paedic infections, estimation of epidemiologic indices and selection of the best esti-
mates, so that better practices are established to reduce the Burden.
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Introduction

The list of potential complications following total hip arthroplasty is extensive. Aside
from the life threatening complications of total hip replacement, no post-operative
complication can be more devastating than infection.

Deep post-operative wound infection complicating total hip replacement were rel-
atively uncommon since the new era of joint replacement began with Sir John Charn-
ley in the early sixties [3]. The infection rate in those years ranged from 7 % to 10 %
and has been relatively stable since the introduction of prophylactic antibiotics with
gradual improvement (Table 1).

The actual rate of infection ranged from 0.5% to 3.0 % for primary total hip
replacement and 3 -6 % after revision hip surgery. These values were achieved by the
access to laminar flow, body exhaust suite, high airflow, ultraviolet lights, improve-
ments in room discipline (limiting the number of personnel, decreasing traffic,
improved barrier draping, use of sterile suction systems), and better surgical
approaches and techniques [7]. Antibiotic prophylaxis together with a more careful
preoperative evaluation of patients has also been effective in decreasing the infection
rate. Staphylococcus aureus is the most common cause of acute infection after sur-
gery, Staphylococcus epidermidis and Staphylococcus albus are common causes of late
infection [16] (Table 2). The awareness of the emergence of resistant bacterial flora

Table 1. Incidence of

. . Authors Years Incidence
septic primary total
hip arthroplasty Charnley, Eftekhar [3] 1969 6.80
Wilson et al [18] 1972 11.00
Patterson, Brown [11] 1972 8.20
Brady et al [1] 1975 1.30
Hill et al [8] 1981 1.50
Salvati et al [13] 1982 2.00
Lidwell et al [10] 1982 1.50
Schutzer, Harris [15] 1988 1.20
Fitzgerald [7] 1995 0.50
Di Giovanni et al [5] 2000 1.00
Joseph et al [9] 2003 0.30-2.00
Phillips et al [12] 2003 0.50-2.00

Sessa et al [16] 2006 2.2
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Micro-Organism Incidence Table 2'. InfeFtlng
agents In primary

Staphylococcus epidermidis 36% total hip arthroplasty
Staphylococcus aureus 29%
Enterococcus faecalis 4%
Escherichia coli 3%
Pseudomonas spp. 2%
Polymicrobial agents 16%
Anaerobes 5%
Others 5%

and the capacity of micro-organism to form the glycocalyx, a polysaccharide biofilm
that permits increased adherence and survival of bacteria on biosynthetic surfaces,
thereby conferring resistance to the hosts’ humoral and cellular defences has been
helpful in treating delayed infections.

Coventry classified infected total hip in 1975 into three categories: acute postoper-
ative infections (infection is caused by contamination at the time of the operation),
delayed infections (usually at least eight weeks after operation in the form of an indo-
lent, chronic, low grade infection) and late hematogenous infections (it can happen at
any time with a presentation similar to that of acute infection [4]. This classification
was revised by Fitzgerald on the basis of when the symptoms begin and the cause of
the infection. Stage I (Acute postoperative infections) include the classic fulminant
postoperative infection, the infected hematoma and the superficial infection that pro-
gresses to a deep infection [7]. In this stage purulent materials draining from a red
and swollen postoperative wound in a febrile patient can be seen and the major chal-
lenge consists in differentiating a superficial from a deep infection. Stage II (Delayed
deep infections) is characterized by a painful total hip replacement with a patient that
has a well healed wound. Usually the patient has had pain from the time of surgery
without history of fever, chills or postoperative wound drainage. Clinical signs and
radiographic findings can simulate aseptic mechanical loosening of one or both com-
ponents of the implant. Laboratory findings such as serum C-reactive protein level,
ESR, haemoglobin level, peripheral leukocyte count, may or may not be elevated.
Aspiration of the hip permits recovery of the causative agent in more than two thirds
of cases of infected total hip arthroplasty. Scintigraphy, especially the new modern
modalities, is gradually becoming more specific and accurate and could be helpful in
distinguishing aseptic from septic loosening of painful arthroplasties [7]. Stage III
(Late hematogenous infections) diagnosis poses little difficulty. Patients typically
complain of an acute onset of pain, with laboratory tests usually revealing elevation
in sedimentation rate, C-reactive protein, and white blood cell count [7].

Other classifications are described in literature. To better characterize the cause of
deep periprosthetic infection, Schmalzried et al described four modes of infections:
Mode 1 characterized by surgical contaminations, Mode 2 by haematogenous spread,
Mode 3 by a recurrence of sepsis in a previously infected hip and Mode 4 by contigu-
ous spread of infection from local source [14].

Tsukayama et al proposed another four category classification: positive intraope-
rative cultures only (need of revision); early postoperative infections (occurring less
than one month postoperatively); late chronic infections (occurring more than one
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month postoperatively with an insidious onset); and acute haematogenous infections
[17].

Estrada et al refined the classification of periprosthetic infection proposed by Cov-
entry in 1975, with the addition of a category to add the patient who had positive
intraoperative cultures without other features of obvious infection [6]. Those authors
described postoperative infections as occurring either early (within one month after
the operation) or late (more than one month after the operation). In addition, acute
haematogenous infection may present at any stage in a hip joint that has been asymp-
tomatic.

Although classifications are important, diagnosis of infected total hip replacement
is not easy. In our opinion it is imperative to perform an integrated assessment utiliz-
ing all data available through a precise, in depth history, careful physical examina-
tion, laboratory parameters, imaging procedures and microbiological analysis in
order to identify the micro organism responsible for the infection. Often pathogen
identification can be reached only with aspiration of joint fluid or with intraoperative
histological examination of pathologic specimen. With a correct diagnosis it is possi-
ble to establish the best operative treatment with different options that include
debridement with retention of the prosthesis, immediate one stage exchange arthro-
plasty, excision arthroplasty either as a definitive, permanent procedure or as the first
of a two or even three stage reconstructive procedure. The choice of a particular treat-
ment is influenced by many factors including the acuteness or chronicity of the infec-
tion, the causative micro organism, its sensitivity profile to antibiotics, its ability to
manufacture glycocalyx, the overall health of the patient, the fixation of the implant,
the quality and availability of bone stock, and the experience of the surgeon.

Case Series

At the Orthopaedic and Traumatologic Clinic of Catania University, between January
1995 and February 2005, 1422 total hip replacement were performed in 1380 patients
with a mean age of 70 years (range 55 - 87 years). In 557 cases the implant was cemen-
ted in both acetabular and femoral component in 865 we utilized biological prosthe-
sis. The implant was necessary for both degenerative (58 % of cases) and traumatic
disorders (42 %). We had 31 deep infected prosthesis (2.2 %) in 20 females and 11
males with a mean age of 69 years (range 64 - 78 years). According to the classification
proposed by Coventry [4] the infection were acute (3), chronic (23), haematogenous
(5). There were 13 cemented and 18 biological prosthesis that failed after a mean time
of 2 years. One or more co morbidities were present in all of our patients (Table 3).
67 % of our group of study comprised actual or former smoker for more than 35 years.
S. epidermidis and S. aureus were the most frequently isolated causal organism mak-
ing up 65% of all cases.

The group of study was treated with one stage revision procedure in two cases,
with definitive Girdlestone in 3 cases and with two stage procedure for 26 patients
(Fig. 1). We utilized an antibiotic loaded spacer in 63 % of cases, systemic antibiotic
therapy was performed for 35 days, reconstructive procedure was carried out after a
mean time of 8 months when all the laboratory parameter, imaging procedures and
aspiration were negative.
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inseptic primary oty
in septic primary total

Inflammatory arthritis 8% hip arthroplasty
Chronic renal insufficiency 17%
Malignacy 13%
Metabolic diseases 11%
Immunodeficency 7%
Obesity 11%
Skin disorders 6%
Diabetes mellitus 20%
Other conditions 7%

Fig. 1a. X-ray of cemented total hip replacement at the 6-month follow-up
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Fig. 1b. X-ray of septic THR at thel-year FU

Fig. 1c. Bone scintigraphy positive at the
15-months FU. Joint aspiration identified
S. aureus. 2%
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Fig. 1d. X-ray with
excision arthroplasty
after 1 year of pros-
thesis removal

Fig. Te. Bone scintigraphy negative after 1 year of prosthesis removal. Preoperative joint aspira-
tion negative

Fig. 1f. CT-scan performed for preoperative planning to evaluate residual bone stock
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Fig. 1g. X-ray showing revision arthroplasty with antibiotic cemented cup and biological long
stem at the 6-months FU; h follow-up at 3,5 years from revision arthroplasty

At a mean follow up of 43 months, 30 on 31 patients had no evidence of recurrent
infection with only one patient presented with a definitive wound infection treated
with a resection arthroplasty. We had two postoperative dislocation treated conserva-
tively and the modified Harris hip score improved from 39 pre operatively to 71
(range 51 -92). Radiographically we had two cases of heterotopic ossification (Broo-
ker 2) [2], one acetabular component migration that was revised and one peri-pros-
thetic fracture.

Conclusion

In conclusion the incidence of deep infection after total hip replacement has
decreased significantly with improvements in operating room discipline and surgical
technique, better preoperative assessment of the patient and the prophylactic admin-
istration of antibacterial agents. Classification is important but the diagnosis of deep
sepsis is not always easy. It can be made on the basis of clinical history, physical exam-
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ination, laboratory and imaging studies. It is mandatory to detect the micro organism
in order to establish the best treatment.
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Introduction

Today, peri-prosthetic septic complications are considered rare (between 1-2% of
joint arthroplasties) due to the improvement of prophylactic measures and tech-
niques developed in orthopaedic surgery in the recent years, which have enabled to
control infections. However, these are particularly negative in terms of the patients’
outcome due to the high morbidity and the considerable medical costs related to their
management. In the event of infection, two operations are often required after the
original one to try to eradicate it and in many cases the treatment is not successful,
having to sacrifice the prosthesis itself and leaving the patient heavily disabled in his
movements. In the United States it was estimated that a minimum cost of 50,000 $
would be required for the treatment of each single patient, with an annual cost of
250 million $ [11, 18].

Moreover, if in the past identifying a patient carrying an infection around the
prosthetic hardware was considered an uncommon event outside the major hospitals
where this type of surgery is a routine practice, nowadays this problem can be fre-
quently found even in Radiology Departments of small hospitals, according to the
diffusion of prosthetic surgery.

Due to the high diagnostic and the therapeutic management costs spent on septic
patients, as well as the infection’s pronounced tendency to become chronic and to
relapse with time, it is very important to define specific guidelines aimed at reaching
an early and accurate diagnosis of the infection and/or monitoring relapses, thus
avoiding a dangerous waste of economic and instrumental resources through a cor-
rect use of the various diagnostic techniques.

Radiological Techniques

About 60 % of peri-prosthetic infections depend on direct implant of bacteria during
the operation. In the other cases, contamination takes place through the blood, origi-
nating from endogenous centres of chronical infection. During the period straight
after the surgery, traumatized ischemic soft tissues are an ideal ground for the
implant of bacteria. Furthermore, the barrier effect assured by the fasciae is missing
due to their surgical incision. The deep peri-prosthetic tissues are thus exposed to
septic contamination [8, 15, 16].
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Once implanted, the prosthesis is progressively coated by a glycoprotein layer,
which favours the superficial adhesion of bacteria. These are, themselves, coated with
a biofilm composed of polysaccharides (glycocalyx) which protects them from the
host’s immunity system and from antibiotics [3, 7, 24].

This physiopathological background is essential to understand the different ways
in which infections develop, according to the time of onset after the surgical trauma-
tism. Early infections (1 -2 months after the operation) are normally only limited to
peri-prosthetic soft tissues, without affecting the bone-prosthesis interface.

Delayed or late infections (from 6 months to many years after the operation) have
as main target the peri-prosthetic bone. Soft tissues around the prosthesis may or
may not be involved in a subordinate way according to the aggressiveness of the pro-
cess and its extension in the tissues [1, 17].

In the diagnosis of peri-prosthetic infections, the role and the diagnostic power of
the various radiological techniques strongly depend on these critical aspects.

The radiological work-up that can be used in the diagnosis of peri-prosthetic
infections is varied and complicated. This implies that the doctor who prescribes the
radiological tests has a good knowledge of their characteristics as well as their strong
and weak points. This is the only way in which specific diagnostic protocols can be
created, which enable an accurate but even a cost-effective approach to the infection
at the same time.

Radiography

In order to maximize the diagnostic power of plain radiography (PR), it is essential to
have a correct executive technique. In particular, it is important to carry out at least
2 projections (AP and axial for hip prostheses, AP and LL for knee prostheses), since
this is the only way of evaluating the whole bone-prosthesis interface, thus avoiding
“blind areas” that can interfere with the analysis of the radiologist and that can possi-
bly delay the diagnosis. Furthermore, the correct exposure of the radiogram must be
carefully verified. In fact, underexposures can hide initial signs of infection, while
overexposures are often the cause of false positive results. In this context, digital radi-
ology is certainly better than the conventional technique, since it has wider exposure
latitude and reduces the frequency of exposure errors. Finally, in order to allow a bet-
ter evaluation of the details, it is always recommended to have post-operation radio-
grams which show the bone-prosthesis situation at “time zero” making it possible to
identify even minimal changes during follow-up studies, which would not be other-
wise identifiable.

Despite the development of more sophisticated radiological techniques, PR still
remains the mainstay in evaluating arthroplasties. This is both because X-ray films
are easily available at a low cost (no matter how specialized the hospital is) and
because it is essential for a correct interpretation of the information that can be col-
lected from other diagnostic techniques to be eventually applied. In particular, PR is
important for the exclusion of non-septic causes that can cause a painful prosthesis
(sprain, mechanical movement, stress shielding with a tip effect, peri-prosthetic
calcification, etc.). PR is specific: if typical signs of a septic process are identified on
X-ray films (peri-prosthetic osteoporosis, periosteal reaction, erosions of the endos-
teal profile, peri-prosthetic osteolysis) the diagnosis is already carried out (Fig. 1). In



2 Early Radiological Diagnosis and Differential Diagnosis of Infection in Orthopaedic Surgery

23

Fig. 1. Radiological signs of femoral peri-prosthetic infection (a) osteolysis of the trochanters,
multi-laminated periosteal reaction on the internal diaphyseal cortical profile; (b) the same
radiographic findings are better seen in the expanded view of the meta-diaphyseal region

this case all other radiological techniques only have a complementary role: they are
only needed to evaluate the extension of the infection.

Unfortunately, PR has poor sensitivity. Between 3-6 months may be required
from the clinical onset of the infection to have the radiological evidence of the pro-
cess. There is also no correlation between the presence of the infection and the mobi-
lization degree [6, 9, 17, 22, 23].

As a result, the test only has a predictive value if it is positive, but it has a limited
predictive value if it is negative. For painful prostheses, PR must therefore be recom-
mended as a screening procedure in addition to blood inflammation tests [9]. If it has
a negative result, the diagnosis procedure must continue, since the infection cannot
be totally ruled out only on the basis of negative X-ray films.

Finally, it is worth underlining that PR gives informations only on the bone-pros-
thesis interface, while it does not provide significant evidence on what is going on in
the soft tissues around the prosthesis which, as we have reminded, are the main target
of early infections and can be also involved in delayed and late infections.
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Fig. 2. US picture of bulky corpuscolated
inflammatory collection between pseudo-
capsule and prosthesis

Ultrasonography

In the last few years, ultrasonography (US) has acquired a growing importance in the
diagnostic identification and in the follow-up of peri-prosthetic infections. Thanks to
its high spatial resolution, US can easily identify abscesses in soft tissues (Fig. 2)
defining their morphological characters and dimensions, their spatial relations with
local and regional vascular bundles, the existence of fistulous tracts (joined or not to
the skin surface). US is also the most common guiding technique for biopsies, aspira-
tions and for placing drain tubes into abscesses. It is therefore a fundamental diag-
nostic technique. However, US also has some limitations: it is operator dependent,
and, moreover, it is unable to evaluate bony involvement by infectious processes. It is
therefore a cause of false negative results of peri-prosthetic infections that are limited
to the bone. Finally, US has a limited specificity in the differential diagnosis between
abscess and haematoma.

Aspiration/Biopsy of Peri-prosthetic Collections

This is a main step of the diagnostic procedure for peri-prosthetic infections. In fact,
withdrawing peri-prosthetic specimens, not only enables to confirm or exclude the
infection, but it also allows the identification of the bacterial agent. This goal is con-
sidered important for at least two reasons.

The first one is that the bacterial strain determines the biological behaviour of the
infection. For example, Staphylococcus aureus can cause acute and extremely aggres-
sive infections. Instead if the pathogenous are coagulase-negative Staphylococcus or
Gram-negative bacteria, the infectious processes can be more subtle and have a
slower clinical evolution but it has a high tendency to become chronic. In this way the
isolation of the organism in infected prosthesis gives one forecast of the aggressive-
ness the infection.

The second reason is that the identification of the bacteria enables to test their sen-
sitivity towards various antibiotics. It is therefore possible to order a specific and
therefore more effective antibiotic therapy.
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In fact data from literature indicate that antibiotic sensitivity is extremely variable
in bacterial strains that most frequently cause peri-prosthetic infections. S. aureus
sensitivity to methicillin and cephalosporins ranges between 53 % and 95 %. S. epi-
dermidis sensitivity to methicillin is 70 %. The resistance of peri-prosthetic Entero-
coccus to vancomycin reaches 23 % [5]. These data emphasizes the need of identifying
the pathogen before starting with the antibiotic therapy.

Clinical studies dealing with the role of peri-prosthetic aspiration in the diagnosis
of infections have also been shown variable sensitivity (ranging from 50 to 92 %) and
specificity (ranging from 88 to 97 %) [4, 10, 20]. The technique used to perform the
aspiration is a critical factor [23]. The patient should not have been treated for at least
two weeks before the procedure. US or CT must be the imaging modalities of choice
for guiding the aspiration or at least it has to take place under fluoroscopy, in order to
obtain a precise withdrawal. It is also important to collect as much material as possi-
ble (fluid and tissue specimens from the abscess). If direct aspiration is insufficient,
wash-out by means of peri-prosthetic injection of physiological solution is recom-
mended. Part of the material obtained must be submitted to histological evaluation
because if a significative number of neutrophils is found in the sampled tissue, this
can contribute to carry out the diagnosis.

CT and MR

CT and MR are not routinely used in the diagnostic work-up of peri-prosthetic infec-
tions, since the metallic implants heavily degrade the quality of the studies to the
point that they loose most of their clinical significance [25]. Modified acquisition
techniques to the MR have recently been introduced. They reduce the weight of the
metal artefacts and seem to improve the ability of MR in evaluating the location and
extension of peri-prosthetic osteolysis. If these preliminary data will be confirmed by
further studies, in future MR may have a role in the diagnosis of peri-prosthetic infec-
tions [14]. Finally, CT suffers from the same diagnostic limitations of MR due to metal
artefacts, but, anyway, it can be used to guide peri-prosthetic aspiration procedures,
as an alternative technique to fluoroscopy or US (Fig. 3).

Fig. 3. CT-guided needle-aspiration in peri-prosthetic bilateral inflammatory collection
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Radionuclide Imaging

Radionuclide imaging gives an important contribution to the diagnosis of patients
suspected of having infection. Particular reference must be made to three-phase bone
scan (BS) and labelled autologous leukocyte scintigraphy (WBS), while the role of the
FDG-PET in distinguishing aseptically loosened prosthesis and infected one is still
uncertain and it is currently under investigation.

BS with Tc99m methylendiphosphonate (MDP) is the most common nuclear med-
icine procedure used. MDP tends to spread into the tissues, having a bimodal distri-
bution. At an early stage (from the moment of injection up to a few minutes later) it
diffuses in soft tissues and bone, according to the local blood flow. At a later stage
(2-4 hours after the injection) its main target is the bone, where it concentrates in an
amount depending on the rate of new bone formation.

BS is a highly sensitive technique but it is not very specific for infections, since
even only small alterations in the local bone metabolism, despite their matrix, can
produce a positive bone scan. Furthermore, BS shows an increase local uptake for
many months after the prosthesis implant, even if it is well tolerated, which greatly
limits its diagnostic use during the period straight after the operation (normally up
to 6 months). A cautious use even for longer periods after surgery is also recom-
mended [1].

However, an important consideration needs to be made. A completely negative BS
(in all its phases) virtually excludes the infection. A positive BS (hyperaemia of the
peri-prosthetic tissues in the early stages, late increase of the uptake in the bone),
even if this scintigraphic pattern is not limited to the infection, makes the presence of
an infection suspected and therefore justifies further diagnostic procedures
addressed to rule out this complication [13, 19].

Tc99m-hexamethylprophyleneamine oxime (HMPAO) WBS is the currently radio-
nuclide gold standard in the diagnosis of peri-prosthetic infections in immunocompe-
tent patients. Since most of the labelled cells are neutrophils, this procedure is useful
especially in imaging inflammations which have neutrophils as cellular effectors. To
this purpose, it should be underlined that aseptic mobilization is in many cases caused
by an aseptic immune reaction towards the prosthesis, but in these cases the peri-pros-
thetic inflammatory infiltrate is mainly composed of hystiocytes, macrophages and
lymphocytes while neutrophils (the principal cellular line in the infection) are virtually
absent. This explains why WBS is negative in case of aseptic mobilization, while it is
positive in case of septic one, with a diagnostic accuracy higher than 90 % [12].

Unfortunately WBS has same practical limitations. It is a technique based on a
complicated procedure of “in vitro” cell labelling, which requires specialized equip-
ment and staff. It is, therefore, expensive both in terms of time and of economic
resources employed. It is not indicated as a screening technique for peri-prosthetic
infections, but only for those patients that, on the basis of a preliminary diagnostic
work-up, are suspected to harbour a peri-prosthetic infection. In other words, WBS
cannot be performed on patients having a negative BS, since the pre-test probability
of infection is extremely low and therefore the WBS does not give a significant diag-
nostic contribution. Similarly, its use is questionable for those patients whose infec-
tion diagnosis is already sure, on the basis of tests that have already been carried out.
Even in this case, it does not provide any additional information.
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Finally, WBS can give both false positive results (especially if carried out during
the first 2-3 months after surgery, when reactive/reparatory phenomena related to
the surgical trauma are still in course) and false negative results (in chronical peri-
prosthetic infections which have a low activity or if performed without an adequate
break in the antibiotic therapy). Late acquisitions (usually after 24 hours) have shown
to improve the specificity of WBS in these conditions.

As stated before the role of FDG-PET in the diagnosis of peri-prosthetic infections
is still under debate. Initial investigations were encouraging, reporting sensitivity
and specificity higher than 90 % [2, 26]. More recent studies highlight aspecific
uptake of 18F-FDG even in non-infected prosthesis, thus questioning the ability of
FDG-PET to provide a clear diagnosis [21].

Diagnostic Purposes in Infections

Once the features of the available radiological techniques have been defined, their
position with respect to clinical problems needs to be clarified.
In general, the aims of the diagnosis in infections are:

e Differential diagnosis: in the event of a painful prosthesis it is important to distin-
guish if the pain is generated by a mechanical intolerance/mobilization or by an
infection. Moreover, it should be noted that an accurate diagnosis of the infection is
not sufficient. It must be carried out as quickly as possible because the process can
be controlled with minimally invasive medical or surgical therapies only if it has a
limited extension in the tissues. Otherwise, if it is extensive, radical intervention is
required which causes serious limitations to the patient’s “quoad valetudinem”
prognosis. It is also more difficult in this case to eradicate the infection completely.

e Staging: once the infection has been identified, in order to plan a proper surgery it
is important to give to the surgeon clear information on the local extension of the
infection, on its distance from local and regional vascular bundles and on its even-
tual spreading to adjacent anatomical districts (a typical example is the spreading
of infections from hip prosthesis to the pelvic area). In fact, in case of limited pro-
cesses focal surgical “toilette” may be effective, thus sparing the prosthesis. Other-
wise, the implant needs to be removed and a two-stage surgery should be planned.

® Identification of the bacterial strain that causes the infection on the basis of the
above described considerations.

® Monitoring of the relapses: since therapies in many cases do not allow a complete
healing of the septic process but they obtain only its transformation into a chronic
form with a low biological activity, which may develop one or more other acute
relapses during the rest of the patient’s life, it is critical to establish a follow-up pro-
gramme based on few but significant tests in order to improve the diagnostic yield,
while minimizing management costs.

Radiological Diagnostic Protocols

Considering the forementioned diagnostic purposes, the various types of imaging
techniques need to be carefully used in order to get a specific diagnosis, but taking
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into account that since time is a critical factor for the success of therapies, an over-use
of diagnostic procedures is often harmful. This imaging over-use, usually, not only
fails to provide further contributions in the management of the patient’s infections,
but it lengthens the time interval between the clinical onset of the sickness and its
diagnostic identification.

The differential diagnosis obviously represents the nodal and also the most critical
point. First of all, the radiologist needs to know the patient’s clinical background
(existence of local and/or general risk factors, general symptoms and local signs sug-
gesting infection) as well as laboratory data (white blood cells count, erythrocyte sed-
imentation rate, C-reactive protein). As indicated above, in order to decide the best
instrumental approach, it is also important to distinguish infections on the basis of
the time that elapsed between their onset and surgery, because their biological behav-
iour is different and each type has particular properties that influence the diagnostic
and therapeutic options. According to this criterion, infections can be classified in:

® Early: they occur within the first-second month after the prosthetic implant. These
infections are related to bacteria that are implanted during the operation and they
are normally located in the soft peri-prosthetic tissues, since surgical trauma (pro-
ducing ischemia, tissue necrosis and haematomas) creates the ideal conditions in
the muscles and connectives that favour the implant and development of bacteria,
thus causing abscesses. Usually, the bone-prosthesis interface is not involved and
this explains why these infections have a good prognosis and tend to heal and spare
the prosthesis if they are rapidly identified. Considering these characters, if an early
infection is clinically suspected, the first diagnostic technique of choice is US. If US
is negative, it virtually rules out the infection. On the contrary, if it highlights the
existence of deep and/or superficial hypo-anechoic collections, it supports the clin-
ical suspicion, even if the picture is not specific. In fact, as noted above, it is not
always possible to distinguish a simple post-surgical haematoma from an abscess
only on the basis of sonographic elements. Unfortunately in the case of early infec-
tions, both BS and WBS share with US the same limits of specificity. PR does not
normally provide any particular contribution both because the bone usually is not
involved in early infections and because PR, anyway, has a long latency in manifest-
ing the bony signs of the infection. An effective diagnosis of infection is performed
by means of US or CT guided needle aspiration/biopsy of the collections, withdraw-
ing tissue samples that are submitted to microbiological and histological evalua-
tions. In particular, counting white blood cells in the aspirated peri-prosthetic fluid
is very useful. Indeed, if the number of white cells is higher than 400/mm? this
strongly suggests an infection around the prosthesis. It is also highly probable
when the number of neutrophils (per high power field at a magnification of x 400)
detected in peri-prosthetic frozen tissue is more than five. In our institutional expe-
rience, peri-prosthetic aspiration/biopsy has revealed to be a simple method that
has a low cost and allows a reliable diagnosis and monitoring of infections. Once
the real nature of the process has been established, US provides the surgeon with
precious information on the process’s extension in the soft tissues, so that he can
correctly plan a surgical “toilette” to support the antibiotic therapy.

e Delayed and late: these types of infection occur between a few months and 10-15
years after the prosthesis has been implanted. It should be considered that if the
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infection risk reduces with time, it never falls to zero. Delayed and late infections
are caused by a haematogenous spreading of bacteria localized in remote areas
(lungs, intestine, urinary system, teeth, etc.). But the possibility of a local reactiva-
tion of bacteria that reached the bone-prosthesis interface during surgery and har-
boured there in a latent way cannot be totally excluded. Unlike early infections, they
originate in the bone and only later can colonize the peri-prosthetic soft tissues. PR
can show signs of the infection (porosis and/or osteolysis of the peri-prosthetic
bone, periostal reactions, etc.) but due to its well-known sensitivity limits, it can be
falsely negative even if a peri-prosthetic infection is going on. In any case, US must
follow PR. Indeed, if the diagnosis has already been established on radiographic ele-
ments, US completes the evaluation of the extension of the process, identifying a
possible involvement of soft tissues. If PR is negative and US highlights some collec-
tions in the peri-prosthetic soft tissues, the diagnosis of infection is almost certain.
This is because a relatively long period of time has passed after surgery and its
effects have been completely reabsorbed by the tissues. To complete the diagnostic
process, a needle aspiration/biopsy should be carried out, with the aim of identify-
ing bacterial strain and its specific antibiogram. However, as remembered above,
false negative results are also possible not only with PR, but also with US, when
infections are still limited to the bone-prosthesis interface. In this case, a significant
role is played by nuclear medicine procedures, and in particular by WBS which, if
positive, can give a decisive diagnostic contribution, if associated to the clinical ele-
ments and laboratory data, identify-
ing a peri-prosthetic infection, that
would not have otherwise been
detected (Fig. 4).

Fig. 4. Painful hip arthroplasty: PR negative
for infection (a), BS picture suggesting infec-
tion: early peri-prosthetic hyperperfusion
and late increased peri-prosthetic uptake (b),
WBS acquired at 24 hours showing peri-pros-
thetic pathological concentration of labelled
white blood cells, more evident in the para-
trochanteric soft tissues confirming the sep-
tic complication (c)
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Fig. 4 (Cont.)

The patient’s follow-up is primarily based on clinical and laboratory data. If these ele-
ments are negative there is practically no need to carry out any radiological test.
Eventually in case of painful arthroplasty, plain radiographs can be prescribed, which
give indications on the bone’s conditions, identifying any local complications differ-
ent from infection (pathological fractures, calcifications, mobilization of the implant
etc.). Instead, if laboratory data and clinical background suggest a relapse of the
infection, scintigraphic techniques have a major role in monitoring the process. In
fact, the structural changes of peri-prosthetic tissues (related to the complicated
overlapping of lesions connected to the infection, to surgical traumatisms and to the
post-therapy restructuring processes) make the PR and US pictures not completely
reliable. In this context, finding a positive WBS ( especially if it is interpreted taking
into account radiographs and sonography and making an integrated analysis of the
different elements) increases the diagnostic specificity in a decisive way, confirming
the clinical and laboratory suspicion of a relapse of the infection. Even in this case,
needle aspiration/biopsy completes the diagnostic work-up.
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Conclusions

Peri-prosthetic infections are currently considered a rare complication owing to the
improvement of prophylactic measures and surgical techniques. However, when
infections occur, they are characterised by high morbidity, and high costs for therapy
and patient management. Time is often a critical factor in deciding the patient’s out-
come. Any delay in the proper diagnosis, often involves the risk to sacrifice the
implanted prosthesis, with obvious consequences on the patient’s “quoad valetudi-
nem” prognosis. These considerations highlight the critical need to give an accurate
and early diagnosis of the infection. Radiology, with its various diagnostic tech-
niques, has a major role in the diagnostic process. Plain radiography still remains the
first diagnostic aid. However, due to its limited sensitivity, a negative X-ray study
does not exclude the diagnosis. Sonography and Radionuclide imaging, particularly
scintigraphy with labelled autologous leucocytes, give a fundamental contribution in
the specific identification of the process. Needle aspiration/biopsy guided by the
mean of US or CT is a critical step in the diagnostic process, both to confirm the
nature of the complication and to identify the bacterial strain that causes it, in order
to prepare targeted antibiotic therapies.
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Introduction

Staphylococcus aureus remains a frequent cause of infections in both the community
and the hospital. This pathogen accounts for about 13 % of all nosocomial blood
infections, and is the second most common cause of these infections. S. aureus has
been implicated in a multitude of diseases, ranging from minor wound infections to
more serious diseases, including endocarditis, pneumonia, osteomyelitis, and septic
shock. Worldwide, the increasing resistance of S. aureus to various antibiotics com-
plicates treatment of infections due to this microorganism. In contrast, coagulase-
negative staphylococci (CoNS), such as Staphylococcus epidermidis, have long been
dismissed as culture contaminants since they are commonly seen among the normal
flora of human skin and mucous membranes. Bacteraemia caused by CoNS is rarely
life-threatening, especially, if treated promptly and adequately. However, frank sepsis
syndrome and fatal outcome may occur, especially in immunocompromised patients
and/or if one of the more virulent species, such as Staphylococcus lugdunensis, is
involved.

Staphylococci produce a large number of factors that enable them to adhere specif-
ically to host substrates, evade host defenses, and resist antibiotic therapy. The versa-
tility of these pathogens, in particular their ability to adhere to and to accumulate on
surfaces, and thus to form a biofilm, but also their ability to hide within host cells and
to form a sub-population which may persist intracellularly, enables staphylococci to
resist treatment with antimicrobial agents and host immune defense. Among others,
these strategies which may be responsible for persistent and recurrent infections due
to this pathogen are discussed in this short overview.

Discussion

S. aureus can be considered as a facultative intracellular microorganism. Both, adher-
ence and cellular invasion appear to be involved in complicated S. aureus infections.
While some of the basic molecular mechanisms have been elucidated in detail in the
past years, there are still many aspects to be clarified.

Several lines of evidence suggest a central role of fibrinogen-binding proteins
(FnBPs) as S. aureus invasins for the establishment of endovascular infections, and
inducing the full-fledged disease in vivo. This is based on a cooperative binding of
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fibrinogen and fibronectin, but only the latter confers the ability to invade and settle
in the endothelial lining.

Recently identified modulators of invasion, such as pls/Pls have been shown to
strongly reduce cellular invasion. In particular, the pathogenesis of endovascular
infections by S. aureus, such as infective endocarditis appears to be a complex pro-
cess, involving several host and pathogen systems. In addition, cellular invasion may
also play a role in the pathogenesis of invasive and metastatic infection upon hema-
togenous dissemination, such as osteomyelitis and abscess formation. Of particular
interest, the fibrinolytic capacity appears not to be substantially affected by staphylo-
cocci in vitro, as observed in mesothelial cells.

The pathogenesis of foreign-body-associated infections due to staphylococci is
characterised by the ability of these pathogens to colonise the surface of an inserted
or implanted device by the formation of a thick, multi-layered biofilm. Small num-
bers of bacteria from the patient’s skin or mucous membranes probably contaminate
the foreign body during the surgical implantation of the device. Biofilm formation is
a two-step process: first, the bacteria rapidly adhere to the polymer material. During
the following accumulation phase, the bacteria proliferate to form multi-layered cell
clusters on the polymer surface, which are embedded in extracellular material. The
presence of such large adherent biofilms on the surfaces of foreign bodies has been
shown by scanning electron microscopy. In the past ten years, significant progress
has been made in the definition of molecular mechanisms involved in staphylococcal
biofilm formation.

Transposon mutagenesis of a biofilm-positive S. epidermidis strain demonstrated
that different genetic loci are involved in the adherence phase and accumulation
phase of biofilm formation. Cloning and characterization of the genes that were inac-
tivated by transposon insertion revealed that adherence to a polymeric surface is
mediated by an autolysin - the autolysin/adhesin AtlE. Generally, autolysins are bac-
teriolytic enzymes involved in cell separation and cell division, but they also mediate
adherence, invasion, virulence, and antibiotic-induced cell lysis. Shortly after inser-
tion of a medical device, its surface becomes coated with host factors, such as the
plasma and extracellular matrix proteins fibrinogen, fibronectin, vitronectin, throm-
bospondin, elastin, and collagen. Moreover, platelets may be immobilised on surfaces
and thus can mediate the staphylococcal colonization of medical devices or host tis-
sues, such as a damaged endocardium. The autolysin/adhesin AtIE also binds to
vitronectin suggesting that it not only mediates adherence to the naked polymer sur-
face, but also to host factor coated medical devices or host tissues. Besides AtIE,
another autolysin/adhesin, Aae from S. epidermidis and the homologous protein Aaa
from S. aureus, are bacteriolytic enzymes that also bind to fibrinogen, fibronectin,
and vitronectin with high affinity and thus may be involved in colonization. Aae and
Aaa are surface-associated proteins probably bound to the surface by hydrophobic
and/or hydrophilic interactions, because they do not contain the LPXTG motif typical
for Gram-positive cell wall-anchored proteins. Phage display revealed S. aureus fac-
tors that mediate adherence to platelets, such as the extracellular fibrinogen-binding
proteins coagulase and Efb and the fibronectin-binding cell wall proteins FnBPA and
FnBPB. Furthermore, FnBPA, but not FnBPB is able to induce platelet aggregation,
which may lead to an enlargement of the vegetation on a medical device or on a dam-
aged heart valve involved in the pathogenesis of infective endocarditis, and further
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recruitment of bacteria. Adherence to fibronectin deposited on a polymeric surface
or on host tissue may also be mediated by teichoic acid or the extracellular adherence
protein Eap. Once adhered to a surface, bacteria proliferate and accumulate to form
the multi-layered biofilms. Multiple factors are also involved in the accumulation
phase of S. epidermidis, i.e. the polysaccharide intercellular adhesin (PIA), which is
also produced by S. aureus. Synthesis of PIA, which is a 8-1,6 linked N-acetylglucos-
aminoglycan, is mediated by the icaADBC (intercellular adhesion) gene cluster. IcaA
together with IcaD leads to the synthesis of short chains of the N-acetylglucosamin-
polymer, while IcaC seems to be involved in their transport across the cytoplasmic
membrane, where finally the polymer consisting of more than 130 N-acetylglucos-
amin-units is built up. PIA not only mediates intercellular adhesion and accumula-
tion, but also adherence to glass and hemagglutination. Moreover, epidemiological
studies demonstrated a pathogenetic role for the icaADBC gene cluster: more than
85 % of strains that were associated with septicemia contained the icaADBC operon
and were able to form a biofilm, while the icaADBC operon and biofilm formation
only rarely were detectable with harmless skin isolates. Furthermore, the importance
of the autolysin/adhesin AtIE and PIA in pathogenesis was suggested in an experi-
mental rat model of intravascular catheter-associated infection. Besides PIA, a pro-
tein, the accumulation-associated protein AAP is involved in the biofilm accumula-
tion. Recent results demonstrated that proteolytic processing of AAP by either staph-
ylococcal or host proteases is involved in the induction of AAP-mediated biofilm for-
mation.

In addition, there is growing evidence that other, more chronic, polymer-associ-
ated clinical syndromes may also at least partly be associated with CoNS, particularly
with S. epidermidis. These syndromes include the aseptic loosening of hip or other
joint prostheses, fibrous capsular contracture syndrome after mammary augmenta-
tion with silicone prostheses, and late-onset endophthalmitis after implantation of
artificial intraocular lenses after cataract surgery. In these studies, identical clones
were isolated at different times and/or at various multiple sites, indicating the signifi-
cance of the isolated bacteria.

Beside formation of a biofilm, persistent and relapsing infections may also be
related to live S. aureus bacteria actively residing inside epithelial cells. Internaliza-
tion of S. aureus by epithelial cells was found to be time and dose dependent. Trans-
mission electron microscopy revealed that internalized bacteria resided within endo-
cytic vacuoles without any evidence of lysosomal fusion in a 24-h period. The results
of internalization experiments and time-lapse fluorescence microscopy of epithelial
cells infected with green fluorescent S. aureus indicated that, after an initial lag
period, intracellular bacteria began to replicate, with three to five divisions in a 24-h
period, leading to apoptosis of infected cells. Induction of apoptosis required bacte-
rial internalization and was associated with intracellular replication. The slow and
gradual replication of S. aureus inside epithelial cells hints at the role of host factors
or signals in bacterial growth and further suggests possible cross talk between host
cells and S. aureus.

Since the past decade, many reports and prospective studies have supported a
pathogenic role for so-called “Small-Colony Variants” (SCVs), a sub-population of S.
aureus or CoNS in patients with antibiotic-refractory, recurrent, and/or persistent
staphylococcal infections. In particular, patients with chronic osteomyelitis or cystic
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fibrosis patients were found to be infected with these variants. Phenotypically, SCVs
display a slow rate of growth and atypical colony morphology, thereby exhibiting a
high rate of reversion into the normal morphotype. Furthermore, SCVs cultivated
from clinical specimens are often auxotrophic for hemin, menadione and/or thymi-
dine and have further unusual biochemical features making them a challenge for clin-
ical microbiologists to identify. Several studies revealed that S. aureus SCVs are able
to persist within non-professional phagocytes such as endothelial cells due to
decreased alpha-toxin production. It was assumed that the intracellular location of
these variants might shield SCV's from host defences and antibiotics, thus providing
one explanation for the difficulty in removing this subpopulation from host tissues.
To study the physiological characteristics of S. aureus SCVs, stable mutants in elec-
tron transport were generated by interrupting hemin (hemB) or menadione (menD)
biosynthetic genes in S. aureus. In various approaches comprising genomic, trans-
criptomic, proteomic, and metabolomic investigations, the SCV concept, in particu-
lar their significance in chronic and persistent infections, was studied.

To compare the transcriptome of a clinical S. aureus isolate with normal morpho-
type to its hemB mutant mimicking the SCV phenotype, a full-genome DNA microar-
ray was applied. With the standard statistical analysis of the acquired genome-wide
transcription data, pooling values from different growth phases, 170 genes were
found to be significantly changed when comparing the parent strain and the hemB-
disrupted strain. Compared to its parental strain with normal phenotype, 48 of these
genes were significantly down-regulated and 122 genes were significantly up-regu-
lated in the hemB mutant. Furthermore, systems biology advances were used to iden-
tify reporter metabolites and to achieve a more detailed survey of genome-wide
expression differences between both morphotypes. Of particular interest, genes
encoding enzymes involved in glycolytic and fermentative pathways were found to be
up-regulated in the mutant. Among others, profound differences were identified in
the purine biosynthesis as well as in the arginine and proline metabolism. A hypo-
thetical gene of the Crp/Fnr family being part of the arginine-deiminase pathway,
whose homologue in Streptococcus suis is assumed to be involved in intracellular per-
sistence, revealed a significantly increased transcription in the mutant. The hemB
mutant potentially uses the up-regulated arginine-deiminase pathway to produce
ATP or (through ammonia production) to counteract the acidic environment that
prevails intracellularly.

In a proteomic approach, proteins whose levels were changed by the mutation in
hemB were identified. Proteins involved in the glycolytic pathway and related path-
ways as well as in fermentation pathways were found to be induced in exponentially
growing cells of the hemB mutant. These observations indicated that the hemB
mutant generates ATP from glucose or fructose only by substrate phosphorylation. In
addition, the arginine deiminase pathway was induced providing ATP as well. With
regards to the extracellular protein patterns of the parent strain and its hemB mutant
in the stationary growth phase, the comparative proteomic analysis revealed very
strong differences: Most of the known virulence factors expressed during the late
exponential phase were not found in the mutant or were present at low levels.

Both, the menD and the hemB mutant were also studied in a metabolomic
approach. Using Phenotype MicroArrays (PM), the hemB mutant was shown to be
defective in utilizing a variety of carbon sources including Krebs cycle intermediates
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and compounds that ultimately generate ATP via electron transport. The features of
the menD mutant were similar to those of the hernB mutant, but the defects in carbon
metabolism were more pronounced than seen with the hemB mutant. Hexose phos-
phates and other carbohydrates that provide ATP in the absence of electron transport
stimulated growth of both mutants.

Conclusion

Taken together, this overview shows the enormous versatility of the genus Staphylo-
coccus. Pathogenic members of this genus are able to resist antimicrobial agents by
classical mechanisms, but also able to change the phenotype to survive intracellulary,
and/or to form a biofilm, and thus, to resist the host immune defense or the action of
antibiotics.
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Introduction

Bone loss secondary to an infectious process in total joint replacement progresses in
different stages. The first stage is primary osteolysis which is the direct action of the
infecting bacteria and by the host’s immune response to these bacteria. Implant
removal causes additional damage to the bone if not performed carefully. If a two-
stage revision is planned a temporary antibiotic loaded spacer that is not stable can
also cause further bone loss. The soft tissues are involved with a progressive thicken-
ing of the joint capsule, and with an iperplasia of the synovial membrane (Fig. 1). In
the active phase of the infectous process, synovial membrane exudate can be found in
the joint space. In the chronic phase this exudate evolves into a scar tissue.

Primary Osteolysis

Invading bacteria produce enzymes and exotoxins that induce enzymatic degrada-
tion, activation of the fibrinolytic pathway, loss of vasculature, and cell death leading

Fig. 1. Soft tissue
removal is an essential
step in revision sur-
gery for septic loosen-
ing.
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to bone necrosis. In addition to this pathway, another set of events that leads to host-
cell activation rather than cell death, occurs. During infection, the series of events
that are induced may be initiated by bacterial endotoxin (lipopolysaccharide). It is
well recognised that lipopolysaccharides exert potent effects on a variety of target
cells associated with both nonspecific inflammatory and specific immune responses,
including macrophages, neutrophils, and B-lymphocytes. Bone macrophages and
osteoblasts are activated by lipopolysaccharides, as evidenced by cell proliferation,
cytokine secretion, and increased bone resorption. Because cells of both hematopoi-
etic and stromal cell lineage respond to bacterial endotoxin, exposure of marrow cells
to lipopolysaccharides from invading organisms results in the activation of cells from
many different systems [7]. As part of this activation, host cells secrete a genetically
predetermined (and therefore specific) set of cytokines: interleukin-1, granulocyte-
macrophage colony stimulating factor, tumor necrosis factor, and interleukin-6 [9].
Some cytokines are involved in the induction of osteoclastic bone resorption; others
are involved in bone cell maturation, which results in increased number of osteoclasts
and possibly macrophages. This is the common pathway of osteomyelitis; when these
phenomena develop at the bone-implant interface, the endpoint of the process, i.e.
osteolysis, causes bone resorption along the interface with cement or metal which
makes the prosthesis unstable. In fact the main pathogenic mechanism in biomate-
rial-associated infections is microbial colonization of biomaterials. Microbial adhe-
sion is basically a chemical bonding of bacterial extracapsular structures to the sur-
face of an implant, where they adhere, grow and proliferate forming a biofilm. The
biofilm mode of growth offers enhanced protection for the infecting organism
against natural host defences and antibiotics allowing infection and bone damage
progression along the interface.

First Stage Procedure

The surgical procedure to remove an infected implant can cause significant bone loss.
If the prosthesis is uncemented and stable an osteotomy must be performed to pre-
vent devastating bone loss. If unstable the prosthesis usually can be easily removed
but a wider debridement of infected bone may be required. In cemented prosthesis,
implant removal is easier if debonding occurs at the cement-implant interface. If the
cement is stable, its removal can be difficult and special equipment required to pre-
vent excessive bone loss. Aggressive debridement is an important step in the success
of reimplantation after septic loosening. Soft tissue (synovial membrane, scar tissue
and fibrous or pyogenic membranes) and all infected bone must be resected.

Cement Spacer

Most of the authors suggest the use of antibiotic loaded cement spacers to prevent
recolonization in the surgical field after septic loosening in joint replacement. Cus-
tom made and commercial spacers are available for the hip and knee. Static spacers
in the knee have the disadvantage of creating a fix articulation with extensor mecha-
nism shortening, stiffness and more difficult exposure at the time of reoperation.
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Conversely articulating spacers in the knee permit postoperative passive and active
motion with lower risk of stiffness and extensor mechanism shortening. Unfortu-
nately these articulating spacers spread cement micro-particles into the articulation
stimulating a synovial membrane inflammation which may be a source of further
bone and soft tissue damage. Moreover shear forces at the bone cement interface dur-
ing knee joint movement produces micromotion, which may lead to further bone
destruction.

In case of infected hip arthroplasties the choice between commercial and custom
made spacers has less impact. Commercial spacers have a stem with a large head
diameter which articulates with the acetabular cavity. The smooth surface of the head
may avoid acetabular erosion and minimize bone loss. Custom made spacers follow
the same philosophy but are less expensive and the surface is rougher, which may lead
to some bone erosion of the acetabulum.

Second Stage Procedure

At the time of revision surgery, in addition to the osteolysis caused by micromove-
ments at the bone spacer interface, further bone damage may be caused by spacer
removal. Careful debridement of the articular surfaces and of the medullary canals is
necessary. With re-implantation bone loss must be accounted for to gain stability.
Modular implants may be required to fill in defects.

Classfication of Bone Defects in Joint Replacement

The Anderson Orthopaedic Research Institute (AORI) bone defect classification was
proposed by Engh [3] to define the severity of bone loss on the femoral side (F1, F2,
F3) and the tibial side (T1, T2, T3) in total knee replacements. Type 1 defects (F1 and
T1), have almost intact metaphyseal segments with only small defects in the cancel-
lous portions of the bone with no component subsidence or osteolysis (Fig. 2). Type
2 defects involve metaphyseal bone in one (F2A and T2A) or both (F2B and T2B) fem-
oral or tibial condyles; on the femoral side we have a component subsidence or osteo-
lysis distal to epicondyles, on the tibial side a component subsidence or osteolysis up
to or below tip of fibula head (Fig. 3). Type 3 defects (F3 and T3) include major defi-
ciencies of metaphyseal segments, occasionally incorporating loss of ligamentous
structures. On the femoral side we have a component subsidence or osteolysis at or
beyond level of epicondyles (Fig. 4), on the tibial side a component subsidence or
osteolysis at or beyond level of tubercle (Fig. 5). The AORI classification can be help-
ful and simple to use but it does not distinguish between contained and uncontained
defects [5]. The contained or cavitary defects have an intact cortical ring which sur-
rounds the area of bone loss, while the uncontained or segmental defects are more
peripheral and they have not a surrounding intact cortical ring.

Rand has classified these defects according to symmetry, location, and extent [6].
A symmetric deficiency would exist with subsidence of a tibial implant into the centre
of the tibia from an undersized prosthesis. An asymmetric defect would follow angu-
lar subsidence of an implant into the tibia resulting in bone loss on one side alone.



42

Orthopaedic Device-related Infections

Fig. 2. Femoral and tibial type 1 defectaccord-  Fig. 3. Femoral and tibial type 2B defect; bone
ing to the AORI classification loss involves both femoral and tibial condyles

The location of the deficiency may be considered either central or peripheral on the
tibial plateau. A central defect frequently exists from loosening of an older resurfa-
cing implant, leaving an intact peripheral rim of bone. A peripheral defect occurs in
association with angular deformities in primary arthroplasty and it is usually
located posteromedially in varus knee. On the femoral side, bone loss associated
with revision procedures is located distally, posteriorly, or combined. The extent of
the deficiency can be subdivided into minimal (Type I), moderate (Type II), exten-
sive (Type III), and massive cavitary (Type IV) types. The extent of bone loss is esti-
mated after the initial tibial and femoral bone cuts have been made. A minimal
defect would comprise less than 50 % of a single condyle with a depth of less than 5
mm. A moderate defect would comprise an area 50 % - 70 % of a single condyle to a
depth of 5- 10 mm. An extensive bone defect would comprise greater than 70 % of a
condyle to a depth of greater than or equal to 10 mm. A massive cavitary defect can
be considered as two types: with an intact peripheral rim (a), and with a deficient
peripheral rim (b).

The American Academy of Orthopaedic Surgeons (AAOS) Committee on the Hip
introduced a comprehensive classification system of femoral abnormalities in total
hip replacements [2]. This classification system has two basic categories: segmental
and cavitary. A segmental defect is defined as any bone loss in the supporting cortical
shell of the femur. A cavitary defect is a contained lesion and represents an excavation
of the cancellous or endosteal cortical bone with no violation of the outer cortical
shell of the femur. Levels of bone loss involvement are given. Level I is defined as bone
proximal to the inferior border of the lesser trochanter, Level II is from the inferior
lesser trochanter to 10 cm distal, Level III involves bone distal to Level II. Segmental
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Fig. 4. Femoral type 3 defect: osteolysis extends Fig. 5. Tibial type 3 defect: bone loss
beyond the level of the epicondyles. A tibial type 2B extends distally to the tibial tuberos-
defect cohexists ity. A femoral type 3 defect cohexists

proximal deficiencies can be further subdivided into partial or complete. Partial seg-
mental bone loss can be located anteriorly, medialy, or posteriorly and can exist from
proximal though any distal level of the femur. An intercalary defect is segmental cor-
tical bone loss with intact bone above and below such as a cortical window. The
greater trochanter fracture is listed as a separate segmental defect because of the
unique and difficult problems that it can present in femoral reconstruction. Cavitary
defects are classified according to the degree of bone loss within the femur. Cancel-
lous cavitary defects involve only the medullary bone. Cortical cavitary defects sug-
gest a more severe type of erosion where, in addition to cancellous loss, the femoral
cortex is eroded from within. Finally, ectasia is an enlargement of the femoral medul-
lary canal often associated with thinning of the diaphyseal cortex. A separate cate-
gory of combined defects designates the situation where segmental and cavitary
abnormalities co-exist. This may result from osteolysis, stem movement, or iatro-
genic circumstances. Next, the classification system addresses malalignment abnor-
malities and femoral stenosis. Finally, femoral discontinuity describes the lack of
bony integrity that exists with fractures of the femur.
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Fig. 6. Femoral type I defect according  Fig. 7. Femoral type II defect: metaphyseal damage
to Paprosky classification: minimal with minimal diaphyseal damage
damage of the proximal metaphysis

The Paprosky femoral defects classification has the advantage to be more indicative
for surgical strategies [8]. Type I defects present minimal damage of the proximal
metaphysic (Fig. 6). Type II defects present metaphyseal damage with minimal
diaphyseal damage (Fig. 7). Type IIIA defects represent a metadiaphyseal bone loss
where 4 cm scratch-fit can be obtained at isthmus (Fig. 8). Type IIIB defects represent
a metadiaphyseal bone loss where scratch-fit cannot be obtained at isthmus but more
distally (Fig. 9). Finally, Type IV defects represent an extensive metadiaphyseal dam-
age with thin cortices and widened femoral canal (Fig. 10).

The American Academy of Orthopaedic Surgeons (AAOS) Committee on the Hip
devised a classification system for acetabular deficiencies too [1]. This classification
is simple, is applicable to both primary and revision cases, and facilitates an approach
to both preoperative planning and treatment. This classification system has two basic
categories: segmental and cavitary. A segmental deficiency is any complete loss of
bone in the supporting hemisphere of the acetabulum (including the medial wall).
Cavitary defects represent a volumetric loss in bony substance of the acetabular cav-
ity (including the medial wall), but the acetabular rim remains intact. Segmental defi-
ciencies (Fig. 11) can be classified as peripheral (superior, posterior, or anterior) or
central (medial). These deficiencies may be isolated or may exist in combination.
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Fig. 8. (left) Femoral type IIIA defect: metadia-
physeal bone loss; 4 cm scratch-fit can be
obtained at isthmus

Fig. 9. (right) emoral type IIIB defect: metadia-
physeal bone loss; scratch-fit can be obtained dis-
tally to the isthmus

Fig. 10. Femoral type IV defect: extensive meta-
diaphyseal damage with thin cortices and wid-
ened femoral canal
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Fig. 11. Segmental bone loss according to the Fig. 12. Superior cavitary acetabular defect
AAOS acetabular defect classification

Fig. 13. Combined segmental and cavitary Fig. 14. Pelvic discontinuity
defect

Cavitary deficiencies (Fig. 12), likewise, are peripheral (superior, posterior, or ante-
rior) or central (medial wall intact). Similarly, they may be isolated or exist in combi-
nation. It is important to underline that a medial cavitary deficiency implies excava-
tion of the medial wall without violation of the medial rim, even in the case of protru-
sio. Therefore, it must be distinguished from a medial segmental defect where the
complete absence of a portion of the inner medial wall or rim is present. Combined
segmental and cavitary deficiencies may coexist (Fig. 13). For example, a superior
segmental defect and a posterior cavitary defect are frequently present in congenital
hip dysplasia, or with proximal migration of an endoprosthesis. It is not uncommon
to experience superior and posterior segmental deficiencies with coexistent posterior
and superior cavitary deficiencies when socket pelvic migration have occurred. Pel-
vic discontinuity is a defect across the anterior and posterior columns with total sepa-
ration of the superior from the inferior acetabulum (Fig. 14). Arthrodesis is not asso-
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ciated with acetabular bone loss; nevertheless it is included in this classification
because it represents a technical problem.

The Paprosky acetabular defects classification system [4] is based upon the pres-
ence or absence of an intact acetabular rim and its ability to provide initial rigid sup-
port for an implanted acetabular component. Defects are classified by type, indicat-
ing whether the remaining acetabular structures are completely supportive (type 1),
partially supportive (type 2), or not supportive (type 3) of the revision component.
Type 1 acetabular defects present minimal deformity. Cancellous bone is often
retained while lytic defects are present. On the preoperative radiograph the compo-
nent displays no migration, suggesting that the dome is intact. The teardrop is present
indicating that the medial wall is uninvolved, and ischial bone lysis is absent suggest-
ing that the posterior wall is intact. Type 2 acetabular defects represent a distortion of
the acetabular hemisphere with distruction of the dome and/or medial wall but reten-
tion of the anterior and posterior columns. Cancellous bone is often sparse and
replaced with sclerotic bone. Type 2A defects are a generalized oval enlargement of
the acetabulum. Superior bone lysis is present but the superior rim remains intact.
Type 2B defects are similar to type 2A but the dome is more distorted and the supe-
rior rim is absent. Type 2C defects involve destruction of the medial wall. Type 2A and
type 2B defects present less than 2 cm of component migration. In type 2A the cup
migrates superiorly because of the cavitation of the dome, while In type 2B the cup
migrates superolaterally because the superior rim is absent. Both type 2A and 2B
defects show no lysis of the teardrop or the ischium. In type 2C the teardrop is obliter-
ated. The cup may migrates because the medial wall is absent. Type 3 acetabular
defects demonstrate severe bone loss resulting in maior destruction of the acetabular
rim and supporting structures. Type 3A bone loss pattern usually extends from the
ten o’clock to the two o’clock position around the acetabular rim. In type 3B defects
the acetabular rim is absent from the nine o’clock to the five o’clock position. In both
3A and 3B defects the component usually migrates more than 2 cm superiorly. Type
3A defects present moderate but not complete destruction of the teardrop and mod-
erate lysis of the ischium. Because the medial wall is present, the component usually
migrates superolaterally. Type 3C defects show complete obliteration of the teardrop
and severe lysis of the ischium, usually resulting in superomedial cup migration.

These classifications generally refer to the periprosthetic bone loss with no spe-
cific reference to the aetiology of the loosening. In case of infection the process
evolves with some peculiarities. At the beginning the progression of the infection
along the bone-implant interface determines a linear bone loss. Later several osteoly-
sis areas occur as the consequence of bone abscesses; their confluence lead to cavitary
defects with instability of the implant that is cause of further bone loss on mechanical
basis. The process can evolve to segmental defects even because of the additional iat-
rogenic bone damage.
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